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Chapter One Basictheory ofair conditioning

Section one Basic features of humid air

Any air that contains vaporis called humid air. Vapor always exists in the air,so

there isno absolutely dry airin nature. Therefore:
Humid air = dry air + vapor

Dry airis considered as ideal gas inthe engineering thermodynamics. The vapor in
humid air has low partial pressure (generally withinseveral tens of millimeters of mercury)
but has large specific volume, which can betreated as ideal airin engineering calculation.
Humid air can be taken as an example of mixed gases and it isin conformity with the ideal
gas law. Therelations between the various state parameterscan be described by an ideal
gas state equation, i.e.:

Pv=RTor PV=mRT
of which: P [] pfCessure ofthe gas (Pa)
v [ s@ecific volume of the gas (m*/kg)
T C0Ghermodynamic temperature of the gas (K)
G [J@ross mass of the gas (kg)
V [OG/olume ofthe gas (m?)
R [OGonstant ofthe gas, depending upon the nature of the gas (J/kg.K)
Dry air: Ra=287 J/kg.K
Vapor: Ra=461J/kg.K

1-1 Basicfeatures of humid air
Humid airis the object ofair conditioning. First ofall, letus study the basic features. i.e.
the physical parameters, such as pressure, temperature, humidity and enthalpy.

Pressure

Because humid air is composed ofdry airand vapor, so, according to Dalton's law, the
total pressure is the sum ofthe partial pressure ofthe dry air (Pa) and the partial pressure of
the vapor (Pw):

P=Pa+Pw

Because air is to be processed into humidair in the air conditioning engineering, so
the pressure of the humid air P isthe local atmospheric pressure.

Atmospheric pressure varies with the altitudes and geographic latitudes and with
the changes of seasons and weather. The standard atmospheric pressure or physical
atmospheric pressure refers to the perennial average atmospheric pressure onthe sea level
at latitude 45° (mmHg). One standard atmospheric pressure equals 760mmHg. The altitude,
which affects the atmospheric pressure significantly, can be obtained from local meteorolo-
gical departments.
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Saturated air and unsaturated air

Under specific temperature conditions, the more of vapor molecules in the air, the larger
the partial pressure ofthe vapor.If the vapor contentin the air exceeds a specific value, moisture
will emanate from the air. This shows that underspecific temperature conditions, thereis a
maximum limit of vapor content in the humidair, i.e. there isa maximum value ofpartial
pressure of the vaporin the humid air. The maximum value is the saturated vapor partial press-
ure under such temperature Pw. If the quantity of water evaporated into vaporis equal to that of
vapor condensed into water, it shows that the vapor inthe airreaches the maximum value,i.e.
reaches saturation. This isthe above-mentioned air and vapor mixture - saturated humid air or
saturated air. [fthe partial pressure ofthe vaporis lower than the saturated partial pressure un-
der aspecific temperature, the vapor will be in an overheat state. This humid air, amixture of
dry air and overheat vapor, iscalled unsaturated air. From the above we can see that under sp-
ecific temperature conditions, the partial pressure of the vapor is a basic factor in the judgment
of vapor content, i.e. whether the air is dry or humid. The higher the temperature, the larger the
partial pressure of the vapor.

1-2 Temperature
Since humid air is the mixture of dry air and vapor, thetemperature ofthe humid air will be
the temperature of the dry air,i.e. the temperature ofthe vapor,because the two arein evenly
mixed state due to the thermal motion of molecules. Itis alsocalled "dry-bulb temperature t".
T=Ta=Tw t=ta=tw
Temperatureis usually indicated byt or T. tstands for centigrade temperatureJ , T stands
for absolute temperature K.
T=t+273K

The dew point temperatureis indicated by t" .

When the temperature dropsto t” under specific (t) and pressure (p), the vaporin the air
will be condensed into water drops (dew), i.e. reach the saturated state in the humid air. Now it
is called dew point temperature.

"Dew" isa common phenomenon. Inthe morning during summer, slabs and grass in the
open are usually covered by tiny water drops, as ifit rained during the night. Where do these
tiny water drops come from? They are formed by the vapor inthe humid air. Suppose the max
temperature during the daytime in summeris 360 , dueto evaporation of underground moi-
stures, the partial pressure of vaporin the air is 35.67mmHg and the saturated partial pressure
of vaporat 360 is 44.57mmHg. Accordingto Table 1-1.1, it isnot in the saturated state. Duri-
ng the night, the temperature dropsto 360 and the corresponding saturated partial pressure of
the vaporis 17.53mmHg. The 35.67mmHg partial pressure of vapor in the air goes far beyond
the partial pressure of vapor at 200 ,so the vapor will be condensed into water because the air
can not contain that much vapor,until the saturated partial pressure of the vaporin the air is
dropped to 17.53mmHg. Therefore, dew isresulted from the change of partial pressure ofthe
vapor inthe air caused by the temperature drop, because the extra moistures will be emanated
in the saturated state.From the above example we can see that the partial pressure of the vapor
in the air at 360 is 35.67mmHg, it is still ina unsaturated state. According to Table 1-1.1, we
know thatthe saturated partial pressure of the vapor inthe airis 35.67mmHgat 320 . Thatis to
say thatthe airis ina saturated state when the temperature drops to 320 . Ifthe temperature
continues to drop, the vapor inthe humid air will condense. We call this temperature "dew
point temperature".
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Wet-bulb temperature t”

Water orice will absorb heatin the air and cause the temperature to drop. The temperature
obtained atthe sensing bulb is a saturated temperature value when waterand ice are under
adiabatic conditions,i.e. continuousevaporation of water atthe sensing bulb causes the tem-
perature todrop until saturation isreached. Thetemperature isthe ambienttemperature under
such acondition (atmospheric pressure [P] and the state at that time), i.e. the wet bulb temper-
ature atthe dry bulb temperature [t] time. The wetbulb temperature of the wet bulb temperature
thermometer is the reading of humid air between the dry bulb temperature t and dew point tem-
perature t” . Forexample, thedry bulb temperature tis 240 , the wet bulbtemperature t” is
200 (relative humidityis [(p] =69.6%, thedew point temperature t” =18.10 ). The airflow
speed andradiant heatare 10~17% higher onthe wetbulb temperature thermometer. The larger
the airspeed, the smaller thereading. Air speeds higher than Sm/sec are taken as the adiabatic
saturated temperature value.

1-3 Humidity
Humidity shows the vapor content in the air. It has the following ways of indication:
Absolute humidity x

The vapormass in 1 cubic meter of humid airis called absolute humidity, which can be
expressed by kg/m?. For example, ifthe absolute humidity of humid airat 200 is 0.015 kg/m3,
it shows that the vapor massin 1 cubic meter of such humid airis 0.015kg. Because the volume
of humid air changes with the changes oftemperature, which causes corresponding changes
of unit volume vapor. This will cause trouble to calculation. Therefore, absolute humidity is
not used in application.

Humidity contentd is the vapor mass mixed with 1 kg of dry air.

Suppose there are Ga (kg) dry air and Gw (kg) vapor inthe humid air, then
Gw

Humidity content(d) = — (g/kg” dry air)
Ga

Relative humidity p is theratio of the absolute humidity x of humid air and the absolute
humidity xb of saturated air under the same temperature.

=" 100%

Xb

For example, if the saturated humidity content ofair at220 is 16.66g/kg dry air, the
relative humidity ¢(p=100%. Ifthe vapor content in each kilogram of humid air under such
temperatureis 8.33g, the relative humidity ¢p=50%. Therefore, relative humidity is a major
parameter in design and application, whichis usually obtained through the readings of dry
bulb temperature and wetbulb temperature, or obtained by consulting Table 1-1.2.

*kg” stands forkilogram dry air.
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Table 1-1.1 Air table (Atmospheric pressure=760mmHg, air below OU ice contact)

f L A A T .
2 g/kg J/kg m°/kg’ 3
) kg/em™ \mmHgl o0y | (dryair) | (dryair) | M’k
-20.0 1.052x10° 0.7739 0.6340x10° -18.593 0.7179 0.7172
-18.0 1.273x10° 0.9362 0.7671x10° -14.961 0.7237 0.7228
-16.0 1.535x10° 1.129 0.9255x10° -10.850 0.7296 0.7285
-14.0 1.846x10° 1.358 1.113x10° -8.900 0.7355 0.7342
-12.0 2.214x10° 1.629 1.336x10° -6.881 0.7414 0.7398
-10.0 2.648x10° 1.948 1.598x10" -4.7828 0.7474 0.7455
-8.0 3.159x10° 2.323 1.907x10° -2.5940 0.7535 0.7512
-6.0 3.757x10° 2.764 2.270x10" -0.2970 0.7596 0.7568
-4.0 4.458x10° 3.279 2.695x10° 2.1246 0.7658 0.7625
-2.0 5.275x10° 3.880 3.192x10° 4.6907 0.7721 0.7682
0.0 6.228x10° 4.581 3.772x10° 7.4214 0.7785 0.7738
2.0 7.194x10° 5.292 4.361x10° 10.1751 0.7850 0.7795
4.0 8.290x10° 6.098 5.031x10° 13.0904 0.7915 0.7852
6.0 9.531x10° 7.010 5.791x10° 16.1867 0.7982 0.7908
8.0 1.0933x10° 8.042 6.652x10° 19.4906 0.8050 0.7965
10.0 1.2504x10° 9.205 7.625x10° 23.018 0.8120 0.8021
12.0 1.4294x107 10.514 8.725x10° 26.807 0.8192 0.8078
14.0 1.6292x107 11.98 9.964x10° 30.875 0.8265 0.8135
16.0 1.8531x10° 13.61 0.01136 35.246 0.8341 0.8191
18.0 2.104x107 15.47 0.01293 39.989 0.8420 0.8248
20.0 2.383x10~ 17.53 0.01469 45.13 0.8501 0.8305
22.0 2.695x107 19.82 0.01666 50.69 0.8585 0.8361
24.0 3.042x10° 22.38 0.01887 56.76 0.8673 0.8418
26.0 3.427x10° 25.21 0.02134 63.34 0.8766 0.8475
28.0 3.854x107 28.35 0.02410 70.52 0.8862 0.8531
30.0 4.327x107 31.83 0.02718 78.40 0.8963 0.8588
32.0 4.849x107 35.67 0.03063 86.99 0.9070 0.8645
34.0 5.427x10° 39.90 0.03447 96.38 0.9183 0.8701
36.0 6.055x107 44 .57 0.03875 106.73 0.9304 0.8758
38.0 6.759x107 49.70 0.0435 118.06 0.9431 0.8815
40.0 7.523x107 55.34 0.04884 130.57 0.9568 0.8871
42.0 8.363x10° 61.52 0.05478 144.31 0.9714 0.8928
44.0 9.284x10~ 68.29 0.06140 159.83 0.9872 0.8985
46.0 0.10288 75.68 0.06878 176.29 1.004 0.9041
48.0 0.11386 83.75 0.07703 194.87 1.022 0.9089
50.0 0.12583 92.6 0.08625 215.49 1.042 0.9155
52.0 0.13886 102.4 0.09657 238.39 1.064 0.9211
54.0 0.15303 112.6 0.1081 263.92 1.088 0.9268
56.0 0.16842 123.9 0.1211 292.44 1.114 0.9325
58.0 0.18511 133.2 0.1358 324.39 1.143 0.9381
60.0 0.2032 149.5 0.1523 360.26 1.175 0.9438
62.0 0.2228 163.8 0.1709 400.88 1.210 0.9495
64.0 0.2439 179.5 0.1922 446.67 1.250 0.9551
66.0 0.2667 196.2 0.2164 498.71 1.295 0.9608
68.0 0.2913 214.3 0.2442 558.33 1.346 0.9665
70.0 0.3178 233.8 0.2763 627.18 1.404 0.9721
72.0 0.3464 254.8 0.3136 706.89 1.471 0.9778
74.0 0.3770 277.3 0.3573 799.78 1.548 0.9835
76.0 0.4099 301.5 0.4090 910.13 1.640 0.9891
78.0 0.4452 327.5 0.4709 1041.56 1.748 0.9948
4
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Table 1-1.1 Air table (Atmospheric pressure=760mmHg, air below OU ice contact)

t ps hs ds(Xs) is 3Vs Va
kg/kg kl/kg’ m°/kg’
2 3
) kg/em mmHg (dry air) (dry air) (dry air) m'/kg
80.0 0.4830 355.3 0.5460 1201.0 1.879 1.0004
82.0 0.5235 385.1 0.6387 1397.6 2.040 1.0061
84.0 0.5668 416.9 0.7557 1645.4 2.241 1.0112
86.0 0.6130 450.9 0.9072 1966.5 2.502 1.0174
88.0 0.6623 487.2 1.111 2397.0 2.850 1.0231
90.0 0.7150 525.9 1.3970 3002.8 3.340 1.0288
92.0 0.7710 567.1 1.8290 3916.6 4.076 1.0344
94.0 0.8307 611.0 2.551 5441.7 5.306 1.0401
96.0 0.8942 657.7 3.999 8501.8 7.770 1.0458
98.0 0.9616 707.3 8.352 17698.6 15.17 1.0514
100.0 1.03323 760.0 1.0571

t = temperature, ps, hs = saturated vapor pressure, xs = absolute humidity of saturated air,

is= enthalpy value in saturated air

specific volume
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Table 1-1.2 Corresponding ¢p values of different air temperatures and dew point temperatures

Air Relative humidity of humid air ¢p (%)
tempe-
rature

@)

60 65 70 75 80 85 90 95 100

+30 +20.9 | +22.3 | +23.6 | +24.8 | +25.9 | +27.0 | +28.1 | +29.1 | +30.0
28 19.0 204 |21.7 |229 (240 |25.1 |26.1 |27.1 |28.0
26 17.2 | 185 |19.8 |21.0 |22.1 |23.1 |24.1 |25.1 |26.0
24 15.3 6.6 |17.8 |[19.0 |20.1 |21.1 |22.1 |23.1 |24.0

22 13.4 | 147 | 159 |17.0 |18.1 19.1 [20.2 |21.1 |22.0
+20 11.5 | 12.8 | 14.0 | I5.1 16.2 | 17.2 |18.2 | 19.1 |20.0
18 9.9 10.9 | 12.1 13.2 | 142 | 152 |16.2 | 17.1 18.0
16 7.7 9.0 10.2 | 11.3 |12.3 13.3 14.3 152 | 16.0

14 5.8 7.0 8.2 9.3 103 | 11.3 | 123 | 13.2 | 14.0
12 3.9 5.1 6.3 7.4 8.4 9.4 10.3 | 11.2 | 12.0
+10 2.1 3.3 4.4 5.4 6.4 7.4 8.3 9.2 10.0

8 +0.3 | +1.4 |25 3.5 4.5 5.4 6.3 7.2 8.0
6 -1.5 -0.4 +0.7 | +1.7 | 2.7 3.6 4.4 5.2 6.0
4 3.2 2.1 -1.1 -0.2 +0.7 | +1.6 | 2.5 3.3 4.0
2 4.9 3.9 3.0 2.1 -1.2 -0.3 +0.5 | +1.3 | 2.0
+0 6.5 5.5 4.6 3.7 2.9 2.1 -1.3 -0.6 0.0
2 8.4 7.4 6.4 5.6 4.8 4.0 3.3 2.6 -2.0
4 10.3 | 9.3 8.3 7.5 6.7 6.0 5.3 4.6 4.0
6 12.1 11.2 | 103 |9.5 8.7 8.0 7.3 6.6 6.0
8 139 | 139 |12.2 |11.4 |10.7 |10.0 |9.3 8.6 8.0

-10 154 | 14.8 | 14.1 13.3 126 | 11.9 | 11.2 |10.6 | 10.0
12 17.7 | 16.7 | 15.9 | 15.1 14.4 | 13.8 |13.2 | 12.6 | 12.0
14 19.8 | 18.8 | 17.9 | 17.1 164 | 1.8 15.2 | 14.6 | 14.0
16 11.9 (209 |200 |19.2 (185 |17.8 |17.8 |16.5 | 16.0

18 24.1 |23.0 222 |21.4 209 |19.8 19.8 | 18.5 18.0
-20 -26.2 | -25.2 | -24.2 | -23.4 | -22.8 | 21.8 |-21.8 |[-20.5 | -20.0
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1-4 Enthalpy

In airconditioning engineering, the cooling or heating is doneunder constant pressure,
during which the heatexchange isusually calculated by the enthalpy potentials before and
after theprocess. Theenthalpy potentialis:

i-1=Cp (t2-t1)(kJ/kg)

of which:

i [ e@thalpy contentin the air after heating or cooling, kJ/kg;

i [ e@thalpy contentin the air before heating or cooling, kJ/kg;

Cy,0sfecific heatat constant pressure of humid air,kJ/kg - O ;

t: O aiftemperature after heating or cooling, U ;

t: 1@ir temperature before heating or cooling, U .

Therefore, enthalpy potential canreflect the heat variationin the air. If the enthalpy pote-
ntial ispositive, itmeans the air absorbs heat, and vice versa, but the absolute value of enthalpy
is meaningless. The enthalpy content in (1+0.001d) kg humid airis the sum of enthalpy content
in 1kgdry air and enthalpy content indg (g) vapor.

Enthalpy in humid airis indicated by I, so

I=ia +0.0011Iw (kJ/kg)

Of which

ia =enthalpy contentin lkgdry air, kJ/kg;

iw =enthalpy contentin l1kg vapor, kl/kg.

Neither the enthalpy contentin dry air nor enthalpy contentin vaporis absolute value, but
is arelative value. If the enthalpy contentin dry air at 00 is 0 and the specific heatat constant
pressure of dry air and overheat vapor within the air conditioning engineering sphere is constant,
then:

i«=Cp -t=1.01(t-0)=1.01¢;
iw=2500+1.84t.
The enthalpy in humid air I 1is:

1=1.01t+0.001d (2500+1.84t)(kJ/kg)

Of which 1.01 --specific heatat constant pressure ofdry air,kJ/kg - O ;
1.84 --specific heatat constant pressure of vapor, kJ/kg- U ;
2500 [J Heat of water vaporizationat 0J , kJ/kg.

From the above formula we can see thatthe enthalpy in humid air is composed by two
parts: 1.01t+0.001d > 1.84t is air temperaturerelated sensible heat, 0.001d > 2500 is the
absorbed heatof vaporization, called latent heat.
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Section two  Humid air I-d diagram (enthalpy [] limidity diagram)
2-1Humid air I-d diagram

Humid air I-d diagrams under differentatmospheric pressures are made to facilitate use in
engineering. The diagram contains various values of enthalpy content, humidity, specific
volume and vapor partial pressure of humid air under specific atmospheric pressures H(mmHg),
which has direct impacton the normal operationof air conditioners. Therefore, humid air
enthalpy humidity diagrams are proposed to express the above parameters. Humid air enthalpy-
humidity diagram is also called Mollier diagram, which was first proposed by a German
scientist named Mollier in 1923. Though amended several times, the basic contents are similar.
Now there are no uniform standards in China, so the listed enthalpy - humidity diagram is often

used (see the attached diagram).

What isan i-d diagram used for then? Ani-d diagram shows various parameters ofthe
mixture of dry air and vaporunder specific pressure H. (When an i-d diagramis made, some
specific values below 760mmHg are considered. But the most often used is the 760mmHg
pressure.) the following parameters will be shown in the diagram:

Enthalpy i (kJ/kg);

Humidity contentd (g/kg);

Temperaturet (U );

Relative humidity ®(%);

Vapor partial pressure Pw (mmHg); and some relevant diagrams.

Twoheat systems are available in the diagram: metrical (kcal/kg) and SI (kJ/kg).

Fig. 1-11s asketch map of ani-d diagram. Now letus study the positions and uses of various

lines of the map:

10°xPa 35.3%10°Pa |
nmHg Pw=26.4mmHg
d=22.4g/kg O

=28  wet bulb
t =27 dew point

33
21

Fig. 1-1Humid air enthalpy [J Hiimidity diagram sketch map
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In the figure:

1. Isenthalpy (i)

Isenthalpy is a group of parallel straight lines, with an angle of approximately 45° with the

horizontal line. The i value atthe pointof A in the map is 90kJ/kg.

2. Equi-humidity content line ( d)

A group ofvertical lines in the i-d diagram. The d value above the pointof A in the map is
22.4g/kg.

3. Isotherm (t)

A group ofupward slanting straight lines in the i-d diagram. The pointof A in the map is on
the 330 isotherm (From the isotherm and therelative humidity line and the isenthalp, the wet
bulb temperaturet” and dew point temperaturet” can be determined. See paragraphs below).

4. Equi-relative humidity line (P )

The relative humidity line of the saturated humid air withrelative humidity @=100% is an
upward extending parabola. Other @ lines have the similar shape and arranged in an ascending
way. But they seem more similar as they are closer to the lower temperature zones. The pointof
A in the map is on the 70% equi-relative humidity line.

5. Relation curve between the vapor partial pressure hs and humidity content in the i-d diagram.

The upperhorizontal coordinate is d and the upper one is Pw. So the Pw value canbe easily
obtained according to the line relation. The humidity content at Ain the map isd=22.4g/kg'
and so the Pw value canbe obtained by drawing a vertical line Pw=26.4mmHg (35.3><10°Pa).

6. Heat-humidity ratio line ( £)

Various heat-humidity ratios (£) are available at the lowerright corner of thei-d diagram.
The ratio shows the relations between the heat and humidity change from one condition point
to another.

e-— 00 B _Q qhpgsp
0.001(d=dd1) 0.001Ad S

of which: 1i1,di [ e@dthalpy and humidity contentin the air at the initial condition point;
i2,d2 [ e@thalpy and humidity contentin the air atthe finish condition point;
Q [J@ross heat, (kJ/kg);
S L@Gumidity content, (kg/kg").
Connect condition point 1 and condition point 2 in the map and translate the line to the
central point of the heat and humidity ratio semi-circle, the intersecting point of the line with
the semi-circleis the heat humidity ratio (twounit systems are available in the map).

Fig 1-2 is an air conditioner operational sketch map duringroom temperature drop. The
change of the ivalue and the d value ofthe air can be explained through Fig. 1-3. Point 1 is
the initial point (the initial temperature t:=330 and the isotherm and the equi-relative humidity
line with @=70% meet at point"1"). Other parameters at point 1:11=90.8kJ/kg, di=22.4g/kg'.
After the indoor airis cooled and dehumidified by the windows-type air conditioner, the indoor
air reaches the parameters at the finish point (i.e. room temperature t2= 260 , relative humidity
®=55%). Other parameters can be obtained from the intersectional point of the 260 isotherm
and the 55% relative humidity line,i.e. Point2. Therefore, changes hastaken place mainly in
the enthalpy content and humidity content of the indoor air from the initial point"1" to the finish
point "2". (enthalpy contenti =1i-i2, humidity content d = di-d»), i.e.

Bce KATAJOIr 1 HHchyKH“H 3Hec]),uup : i .ru/instrukcii-ps ii-kondicionerov.html



90.80158.3 32.5
e= = =2850kJ/kg

0.001><(22.40011)  0.0114

Outdoor

-

Cool dehumidified air

)
2l

==
MG

Evaporator

e

=
o
wa
Heat ] § | -
A8 Finish indoor temperature t2 | [pitial t;
18 t2=261] oud .
i i tdoor temperature ti=
} Fan Humid andhot air gy 1+ o1 i door humidity 2 | - perature b
| /Jf/ ' ©2=55% Outdoor humidity ®:=70%

Fig 1-2Air conditioner cooling operational factors

do=11g/kg d1=22.4g/kg

[o

A
\/

33

26

Fig. 1-3Conditional relations in the i-d diagram during cooling operation of air conditioner

According to the £ definition, the greater the heat humidity ratio, the faster the enthalpy
content of the humid air grows than that of the humidity does. Limit conditions are: when the i
value ispositive, d=0 and heat humidity ratio £=L1 during equi-humidity heating run; when
the i=0, d is positive and heat humidity ratio £=0 during equi-enthalpy humidifying run. So
the cycle from £=0 to £=[1 is heat humidifying process.

10
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2-2 Application of the i-d diagram

There are many differentcycles under various conditions of humid air. The following are
some conditions during air conditioning run:

10Mixture of humid air under two different conditions

An air conditioner does notrun simply for cooling (heating) and dehumidifying
(humidifying). It usually supplies some fresh air (new air) to the room. So the processed air in
the roomis amixed air. The parameters of the mixed air are determined according to the mass
of the air G and G: kg/h, enthalpy content in the airi» and il and humidity content dz and d:.

Fig. 1—4 isan i-d diagram of humid airunder various conditions. Parameters include:
=200 ,i=46.2klJ/kg', ®1=69.4%, di=10.3g/kg (if Gi=3kg), G:(i+d)kg, mixed new air
G:(i+dnkg (if G:=2kg), the conditions are =300 , i-=64.9kJ/kg.

Formula under G5 condition of the adiabatic mixed air:

G3=G1+G2(G3=5kg)
G3(1+d3)=Gi1(1+d1)+G2(1+d2) | L1601

G3i3=G1ii+G2i2
d3=11.6
g/kg
di1=10.3 d2=13.6

/k g/kg
ghe 2=50%

t2=30

L =100%
t3=24

=24

t1=20 1,=64.9kJ/kg

i5=53.7kJ/kg
11=46.2kJ/kg

Fig.1-4 Conditionsin thei-d diagram of humid air under two different conditions

diGi+d2G?
d3:T =0.01082g/kg Supposed calculation (a)
i1Gi1+1i2G2
i3= T =53.68kJ/kg Supposed calculation (b)
3
12 13 3 11

— (1+7)
d> ds ds di

11
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From the above formulae, we can prove that point 3 is onthe 1-2 line segment of the i-d
diagram, i.e.

23013=G:0G>

The position of point 3 is dependent on the ratio of back air volume G2 and new air volume Gu:

G2 d3-di 1-3 line length

G d2-d3  2-3 line length

When theback air volume G: is equal to the new air volume Gi, i.e.G2/G1=1,point 3 is at the
middle pointof line segment 1-2; when the back air volume is greater than the new air volume,
i.e. G=>G1, point 3 isclose to the back air point 2; when the airis allnew air,i.e. Go<Gi, point
3 isclose tothe new air point 1.

So, the mixed parameters of the humid air can be obtained from the ratio of the back air
volume G2 and the new air volume G1 after connecting the line between the two condition points.

Example: Theratio ofthe back air volume and the new air volume ofa certainair conditi-
oning room G2/G1=5 (Max allowance), the winter new air ti=-150 , d:1=70%, indoorback air
condition t=200 , ®>=50%, tryto get the mixed conditional parameters of the humid air.

Solution: Find out point 1 and point 2 in the i-d diagram, connect point I and point 2 into a
straight line, according to

G2 line length 1-3
— = =5
Gi line length 2-3

The parameters of the mixed humid air in Fig. 1-5 are obtained by point 3:

t:=14.50
D3=62%
ds=6.5g/kg
i5=31kJ/kg
d3=6.5g/k
g/xe d3=9.5g/kg’
=50% di=5.12 43=9.8g/kg’
o d2=16.85g/kg’
£2=20 ~100%
=100%
t3=14.5 = — |
t2=24 12=67.2kl/kg
t3=13.35 L
t1=-15 i3=31kJ/k S :
i3= g t1=4 13=37.6kJ/kg

i1=21.5kJ/kg

Fig. 1-5 Parameters of mixed air at confirmation  Fig. 1-6 Saturated fogair resulted by
point 3 mixed air

12
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2 Supersaturated fog mixed air that may be produced by mixture of air of two different states
State parameters as shown in Fig. 1-6: Whennew humid air Gi of ti=40 and ®:1=95%

mixes with back air G2 of =240 and ®>=89.6%, Gs of point 3 on connection line of point
1-2 isoutside ofthe supersaturated air area, (s> 100%, in fog state) t-=12.70 . Point 3" acq-
uired by displacing point 3 along constant enthalpy line is of stable state. At this point, for 1
kg dry air,the mixed air should condensate water (fog) ofd =ds - d» g/kg' providedAd =0.3g/kg.

3[1Heating or cooling for humid air under special conditions

IL]Heating for humid air under constant humidity

This procedureis also called "enthalpy increasing under constant humidity". As shown in
Fig.1-7, humidair atpoint 1,t: =190 , 1:=47.2kJ/kg', di= 11g/kg', ®1 = 80% (constant), is he-
ated tot2=270 . Displacing point 1 along constant humidity line (di = 11g/kg) upward until
reaching constant temperature line (270 ) to get point2, io=55.4kJ/kg', ®>=49.3%. Increa-
sed heat volume to heating 1 kg humid air is Ai=1. LG (Ai =8.2kJ/kg' inthe example).

IILICooling for humid air under constant humidity

If humid air of point 1 state is cooled by the heat exchanger (without dehumidifying), it will
turn along constant humidity line downward to point1" on saturation curved®=100%, and
ti"=15.20 is dewpoint and A\i is thereduced heat volume. This procedure is inverse to the
aforesaid "enthalpy increasing", thus it iscalled "enthalpyreducing under constant humidity".

IICIDehumidified cooling for humid air under dew pointin the heat exchanger

This procedureis called "enthalpy reducing while dehumidifying". Changes inilJdChart
can be seen from Fig. 1-8.

d3=7.16g/kg
di=d2=11g/kg ) Ji710-25¢ke
2=49 3%, t1 24 31.09 g
=27 2 N\ 1734.4%
1=80% =100%
=100% _
. 11=50.4kJ/kg
19 4 12=55.4kJ/kg 3l 12 3
t1= . U _
< \S\@O t1 =14.35
t1 =15.‘2 & 42979, .
Dew point i1=47.2kJ/kg tl 5 2 i3=30.3kJ/kg
Fig. 1-7 Example for procedure of Fig. 1-8 Example for procedure of
"enthalpy increasing (reducing) under "enthalpy increasing while dehumidifying"
constant humidity"
13
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Humid airat point 1: t1 =240 , ®1 =54.4%, d1 =10.25g/kg' reaches dew point on the surface
of heat exchanger, that is, the cross point with saturation curve @ = 100% when displacing
point 1 vertically downwardis ti" =14.350 . Humid air of point 1 state is congealed onsurface of
the heat exchanger whose temperature is 50 by condensed water film.t2 =50 is selected during
design and standard working state of evaporating temperature on exchanger surface isalso +50 .
Thus why point 3 state of humid air processed by heat exchangeris always between 1-2 portion.
(actual temperature at wind outlet ts = 120 ), point 3 isjust where 1-2 portion crosses with 120
constant temperature line, its parameters checked from i-d chart is: t: = 120 , 15 =30.3 kJ/kg',
®3=97%,ds=7.16g/kg'. Reduced heat volume during this "enthalpy reducing while dehumi-
difying" procedureis Al = 20.1kJ/kg, humidity reduction volume Ad =3.09g/kg'.

IVU When humid air contacts with large amount of hotter water

This caseis called "enthalpy, humidity & temperature increasing" procedure as shown in
Fig.1-9.Humid air of point 1 state: t1 =100 , d1=5.3g/kg'.®1 =70% and i1 = 23.5kJ/kg' contacts
hotter water: t2=160 . Since hotter wateris at constant temperature and saturated, firstly plot
point 1 in thei-d chart. Point 2 is plotted where 160 constant temperature line crosses saturat-
ion curve @ = 100%. Point 3 should beon connectionline between 1-2. The temperature of
processed humid air ists = 140 , sothe crosspoint of 140 temperature lineand 1-2line is
just point 3, whose parameters are: ®3; = 93%, ds=9.25g/kg', i3=37.6kJ/kg.

In the above example, Ai =14.1kJ/kg', increased humidity volume Ad =3.95g/kg, and
increased temperature At=t; [1G =40 .

d1=5.3g/kg d3=9.25g/kg
- Ad B.95g/kg

=93%  5=100%

2/ 16 7
t3(14 3
t1110 1 W
Q@o 13=37.6kJ/kg
1=70%

i1=23.5kJ/kg

Fig. 1-9 Example for "enthalpy, humidity & temperature increasing" procedure

In the above we have introduced some practical examples fori-d Chart of humid air. In
fact,there are many processing method for humid air during air conditioning procedure, as
summarized in the followingtable 1 and Fig. 1-10.

In air conditioning, equipment/facility/machine dew pointis often used to show temp-
erature ofnearly saturated state (normally between @ = 90~95%) after the air being processed
by surface cooler. During practical use, DON'T confuse it with physical conception of dew
point.

14
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Table 1

Procedure Air processing ,
line procedure Processing method
A--1 Enthalpy reducing Spray with water below temperature below t"

while dehumidifying

Let water below temperaturet" passing surface cooler of
water type

Cool with surface cooler of linear evaporating type with
evaporating temperature of refrigerant below t"

A--2 Enthalpy reducing Spray with water ofaverage temperature slightly below t"

under constant humidity ~ |Cool withsurface cooler with water of average temperature
below t"

A--3 Enthalpy reducing Spray with water, orcool with surface cooler with

while humidity increasing tqmperature of water or eV"aporating refrigerant lower, than
t "higher than or equal to t".

A--4 Humidity increasing Spray circularly with water.
with constant enthalpy

A--5 Enthalpy & humidity Spray with water oftemperature higherthan t' but lower
increasing while than air.
temperature reducing

A--6 Enthalpy & humidity Spray with water of air temperature and spray saturated
increasing under steam
constant temperature

A--7 Enthalpy, humidity & Spray with water higher than air temperature and spray
temperature increasing super hot steam

- Enthalpy i i

A--8 ulrllde;l gg’nlsrg;et%s;ﬁﬁdity Heating with heater of heat source (media) type.

A--9 Enthalpy increasing |pehumidifying with mechanical and solid dehumidizer.
while humidity reducing

A--10 ?Ounnslt‘ffliye;‘zﬂgfggg UndeT| b humidifying with solid dehumidizer.

A--11 fergl}llgllgg V%hlﬁl;mdlty Spray with liquid dehumidizer higher than air temperature
temperature increasing

A--12 Enthalpy & humidity Spray with liquid dehumidizer of air temperature

reducing under constant
temperature

X
A VN

~
RN
ND
%
N

=100%
7

6

5
3 4 (ta)) wetbulb temperautre

2 (ta") dew point temperature

d

Fig. 1-10 Procedures on I-d chart for processing of humid air
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Section Three Environmental conditions

The main purpose of air conditioning is to create anatural environment suitable for people's
living, industrial production and science research, therefore environmental parameters all of
great importance for such solutions. As science and technology is advancing, it is more and
more importantto controlair pollutions, which has been required in many respects. Thus
why environment protection is one of the mostimportant duties.

3-1 Weather information of main cities

This section gathers weather information including annual average, maximum, and mini-
mum air temperature, humidity and wind speed, as main references of outdoor air conditions
for air conditioning design (see attached tables).

3-2 Necessary air quality and quantity for humanneeds

Natural air composes of nitrogen, oxygen, carbon dioxide and other rare gases (with prop-
ortions as shown intable 1-3).Compositionrates inthe table are at 0 sealevel height. In plateau
section, oxygen content of the airis much less asseal level height rises. Increased in dustrial
pollution as a result of expansion of industrial cities causes more poisonous gas content in the
atmosphere and takes greatharms to the human being and natural world. The table hereunder
is the list of necessary air quantity & quality fornormal human needs.

Table 1-3 Main composition of human exhalant air

composition Volume proportion(%) ;{[(;Illlé?pehgi?fgissos?igg)iir standard
Nitrogen 79.2 78.03
Oxygen 15.4 20.99
Carbon dioxide | 4.4 0.033
Water vapor Saturated vapor quantity Moisture content under temperature
under normal temperature of the very time

Due to human physiological activities, oxygen of inspired air is exchanged in human blood
andcarbon dioxideis breathed out, thus why oxygen content in the exhalant air reduces while
carbon dioxide increases.

Human respiration varies with different ages and genders,as shown inthe following table.

Table 1-4 Human respiration values

Exhalant |Respiration| Respiration 02 %02.
Age CO2% 02% | volume [frequency | volume exhaustion prv%lﬁfﬁgg
ml/time |times/min | ml/time ml/time ml/min
Male 3.3] 16.5 270 21.3 5.660 252 185
15~20) pemale 3.3 16.2| 204 20.4 4.146 194 138
Male 3.8| 15.8 273 22.0 6.011 307 225
21~25 Female 3.3| 16.3 213 22.0 4.375 201 142
630 Male 3.9/ 15.7 307 19.0 5.833 309 228
U Female 321 16.3] 229 19.7 4.518 207 142
16
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Exhalent | Respiration| Respiration 02 CO2,
Age CO2% 02% |volume | frequency | volume exhaustion pi}%(%ﬁlcﬁlgg
ml/time | times/min | ml/time ml/time ml/min
Male 3.8 | 159 | 285 20.6 5.978 297 218
3401 e3n | 163 | 185 22.1 4.042 185 132
4150 Male 3.1 16.6 274 21.9 5.992 254 183
Female 2.9 | 16.8 198 20.5 4.072 163 116
Average | Male 3.55 | 16.1 282 20.9 5.893 283.9 207.9
Female 3.34| 16.4 206 20.5 4.230 189.8 134.1
Ratioof | 1.06 0.98 1.37 1.02 1.39 1.49 1.55
Male to
Female

Airexchange volume in normal living environment (including where smoking exists) is as
shown inthe followingtable 1-5.

Table 1-5 Air exchanging volume in different environment with smoking Cubic meter/hour

- square meter (m3/h e m?)

. |Air exchange volume Minimum air
Building type ok ] (mVhm) “on bt ol Hoor
Recommended | minimum area(m’/he m?)
apartment common common 34 17 —
high common | 51 42 6
hotel single room  |much 51 42 6
dining room
buffet much more| 20 17 -
room much more| 25 20 -
kitchen mess hall — — — 73
dining room — — — 37
government office| for residing none 13 8.5 0.9
- none 13 8.5 —
canteen - none 13 8.5 —
— common 25 17 —
theater none — — 36
hospital operation room|ygpe 51 42 6
single room  |pone 34 17 —
intensive ward |3 little 25 17 —
common a little 42 25 4.5
office individual none 51 42 4.5
meeting room — very much | g5 51 22.5

It also can be calculated with typical method according to floor area as the following;:
In rooms where there are many people, air exchange volume per square meter is 75m’/h.
Normally, air exchange volume per square meteris 30m’/h.
3-3 Maximum allowance and exchange volume of poisonous gas, substance, and odour
As aresult of industrial development, various kinds of poisonous gas and substances are
discharge and mostly scattered in the air. Especially, increasing cars releases more carbon
monoxide gas content, which seriously causes air pollution and should be effectively controlled.

Bce kaTajioru 1 HHCTPYKIUH 3/1€Ch!
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In respect of presentregulations for mechanical air exchange, the introduced air should meet
the following standards:

1.Dust quantity < 0.15 mg/m’.

2.Carbon monoxide < 10PPm (10 millionths)

3.Carbon dioxide < 1000PPm (1000 millionths)

4. Temperature within 17 ~28

5.Relative humidity 40-70%.

6.Air flow less than 0.5m/s.

Since human body continuously releases bad odour, itis necessary to continuously
introduce fresh air and discharge odourout ofroom as shown inFig. 1-11.

—

2 5

2 N Unendurable
5 26~3 Intensive

-§ 3 \\ 2226 Strong

S 2 \iéﬁ\uwz Common

> 1 ] Evident

g 1/2F Minimum limit
2 007 "10 20 30 40 50

Supply quantity of new wind (m*/min/person)

N Y S I N
8.5 16.9 25.4 33.8 42.350.8 59.2 67.7 76.1 84.9

Fig.1-11 (m*/min/person)

The followingtable 1-6 lists harmful degree to human bodies caused by poisonous gases
and substances such as carbon monoxide, sulfur dioxide (mainly produced burnt heavy oil and
coal smokes), and photochemical oxides (mainly including nitrogen dioxide and nitrogen mon-
oxide released by hi-temperature combustions, and poisonous secondary product produced
by hydrocarbons in discharged gas underultraviolet radiation of the sunlight), while table 1-7
lists maximum allowable intensities of some substances.

Table 1-6
Inteo?sity Contact time and symptoms Inte(;lsity Contact time and symptoms
0 0
0.02 |Within 2-3 hours: Forehead aches 0.32 | In 5-10 minutes: headache, vertigo
0.04 In 30 minutes: dying or dead
) Within 1-2hours: forehead aches,

feeling sick 0.64  |In 1-2 minutes: headache, vertigo

0.08 In 10-15 minutes: dying or dead
Within 2.5-3.5hours: Rear head aches
In 45 minutes: vertigo, convulsion, 1.28 |15 1-3 minutes: dyingor dead

0.16 |disgorge
In 2 hours: absentia

In 20 minutes: headache, vertigo,
disgorge
In 2 hours: dying or dead

18
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Table 1-7 Maximum allowable intensity of some poisonous substances

Substance Chemical | Allowable Substance Chemical | Allowable
name formula itensity name formula intensity
Aniline CsHoNH2 Sppm Sulfur dioxide SO2 Sppm
Ammonia NHs 100ppm (sulfurous acid gas)
gq%r;lt)g)gde CcO 100ppm Nitrogen dioxide |NOs3 S5ppm
Chloride Cl lppm Nitrobenzene CsH2NO2 Ippm
Chromic oxide | CrOs 0.1ppm Carbon bisulfide |CS:2 20ppm
{a-lcxigrocyanic HCN 10ppm OC:Hs
Mercury Hg 0.1mg/m’ SPO3X>NO; | 0.1mg/m’
OC2H3

Toluene CeH3CH3 200ppm Benzene CsHe 25ppm
Plumbum Pb 0.15mg/m’ |Formaldehyde HCHO Sppm

3-4 Air humidity and temperatureranges suitable for human bodies

In common living,optimal temperature range for humans:21.70 (normally within18.9~
23.90 ) insummer and 18.90 (normally within 17.2~21.70 ) in winter. In very hot weather,
suitable temperature rang for human bodies of quiet stateis 23.3~28.90 .

Comfortable air conditioning in civil and public buildings:

Indoor airtemperature:26~280 in summerand 18~220 in winter. Temperature difference
between indoors and outdoors should notexceed 70 to avoid heat impact (hot rheum).

Indoor airrelative humidity: 40~60% in summer while none specified in winter, yet itis
recommended ® = 35% in high class buildings.

Average air flow speed: 0.2~0.5m/s in summer and 0.15~0.3 m/s in winter.

Indoor air parameters for air conditioning in public buildings are listed intable 1-8.
Parameters forindoor air conditioning in buildings of different requirements can be
referred to examples in "design manual of air conditioning".

Table 1-8
Public building
Season Parameter G | standard Recommended in Recommended in
eneral standart) china mainland | Hong Kong & Maca

t(@) 25~27 27~28 27~28
Summer P(%) 40~70 40~60 50

V(m/s) 0.5 below 0.12

t(0) 18~20 20~22
Winter ©(%) 40~60 50

V(m/s) 0.12

19
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Chapter2 The calculation method of the design and
air conditioning

This chapter will introduce several methods of the design and calculation ofair conditioning.

Part1 The accidence method and requirement of the design and calculation

Before bringing forward the air conditioning design task, one must study andun-
derstand the requirement ofthe air conditioning area (indoor conditions), and on the
basis ofboth indoor and outdoor conditions, raise the methods that will be adopted for

the coolingdown or warming up and other methods of humidification,dehumidification
and dusting off etc.

Fig. 2-11is atypical sketchmap forair conditioning equipments

vapor
| heater ventilator fresh || de ai
e air JI(Moutm e air discharge
/H — into air
—o— )7 & =
~ !
(ama 1 Yk
A _.x to otherarea
7| |condensar A, — air conditioning room
7 _
— I/\<\I . "|V t2=200
el = Yoo a=60%
e s b
vapor for humidification 5 o
—=" 1 —
&= water disposal screen
]
=

overflow

Fig. 2-1
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There are various types of air conditioning equipments. Small ones are for the resolution of
the temperature, humidity and ventilation control within one room, while large ones integral air
conditioning, and the control of the temperature, humidity and ventilation, etc. in different
rooms or public areasis done in the central controlroom. Smallair conditioning equipments
mainly belongsto the combined integral type, and it has window type, cabinet type, and split
type, MRV type,etc. Integral air conditioner has large capacity condenser and vapor boiler,
which can send, processed air to every room through air processing cabinet(coil pipe set).

The calculationis mainly carried outaccording to the following procedures:

check outdoor conditions (temperature,
humidity, wind speed and air quality)

the buying
company raise
the requirement
and purpose of

the air Heck heat loads of the gonstructiqn structure  — <\ calculate
conditioner chec heat loads of the mdoor equipments > general heat —
indoor heat loads of the indoor people —

conditions\ indoor ventilation quantity and heat loads —calculate general ~ _,
ventilation quantity

humidity —calculate general
survey: dehumidification  —
‘ quantity

special requirement items (dusting off)

T choose cooling capacity for decreasing oftemperature (cooling down)

choose heat pump method or electrical heating for the increasing of temperature
(warming up)

— choose ventilator and wind channel and set the wind current structure according
to the frequency and quantity of ventilation

decide the dehumidification quantity or choose other methods of dehumidification
according the condenser capacity and i-d chart during dehumidification process
insufflations of vapor during humidification process

1-1 Indoor and outdoor conditions

1 Indoor conditions

The indoor conditions are based on the most suitable conditions in summer or winter.
Situations such as season, working condition, quantity of people, the heat generating and
air discharge of the mechanical equipments, etc. should be observed to make decision for
the indoor conditions. The temperature and humidity have influence onpeople, and also
have large influence onthe usage and storage of various fine machines and apparatus.
The indoor appropriate temperature and humidity should be decided according to the need.
Table 2-1 lists the indoor conditions for various industries of the air conditioner.

21
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Table2-1 Theindoor conditions of air conditioning for industries

Industry EEn;perature }tlg/zr)ndlty Industry ‘EEn;perature }El(;l/f)r)lldlty
Optic machine, painting 24
optic glass
fusion 24 45 air drier 21 31 60
?ﬁ&ifgss 27 80 chemical industry 20 24 45 60
metering room 20 40 60 [Jmedical trochepressing| 24 27 40
g%)eg:gg&lscal sugar-coat processing 27 35
transformer . :

t

manufacturing 22 15 biology preparation 22 27 10 40
Slectonical e 20 40 Jrtextile industry 27 29 |60 80
computer 22 40 syndicated fiber industry 27 60
condenser e
manufacturing 24 40 printing industry 24 27 45 60
and assemble
foundry 15 02 cigarette industry 24 25 65 75

Table 2-2 liststhe normal living indoor conditions, and table 1-8 also has the reference.

Table 2-2 Normal living indoor conditions

. .. Indoor
outside condition .
normal special
summer | 320 ~330 wet bulbtemp 270 | 270 , humidity 50% 270 , humidity 50%
winter| -2 ~+3[] 200 , humidity 50% 210 , humidity 50%
. AM.
fime 8:00 9:00 (10:00| 11:00 | noon IP:%'O 2:00| 3:00 | 4:00 | 5:00 | 6:00 | 7:00 |8:00
S|P s o |09 | 06 | -03] 0| 0 | 0 05|17 | 30| 404
£ [wet bulb
=1 @) -091-051-03| -02 |-0.1| 0 0 0 [-0.2]-05]-0.8]-1.1]-1.2
Table 2-3 lists the indoor conditions of the living area for the air conditioning
Table 2-3 Indoor conditions in the living area
summer winter
temperature (0 )| humidity ®(%) jtemperature (I )| humidity ®(%)
hotel, bedroom, kitchen, meeting room 24-26 50-65 20-25 40-55
hospital, sickroom, diagnosing room, 26 50-60 22-23 40-60
surgery room 27 50-60 21-22 40-60
office, meetingroom, theater 26-27 50-65 20-22 40-65
shops, museum, exhibition room 75 70 20-22 40-50
22
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2] Outside air conditions (outdoor conditions)
Owing to the difference of the geographical positions, the meteorological conditions are also

different, sothe following parameters must be followed to make the calculation. The parameters
of the temperature, humidity and wind speed are listed the attached tables for various places. If

the design calculation doesn'thas strict requirements, then carry out the calculation on the

basis of temperature at 330 and comparative humidity at 70%.

The working environmental temperature is setin accordance with the international standard
ISO5151:1994, aslisted intable 2-4.
Table2-4 The outside working temperature forair conditioners

type of air weather type

conditioner T1 T2 T3
Cool wind type 18 ~43 10 ~35 21 ~52
heat pump type -7 ~43 -7 ~35 -7 ~52
electrical heating type ~43 ~35 ~52

note: Thelowest working temperature for heat pump type air conditioner without
defrosting setcan be 50 .

Table2-5

working condition

indoor condition (U )

outdoor condition (U )

dry bulb temp/wet bulb temp| dry bulb temp| wet bulb temp
. T1 27 19 35 24
cooling | Rated T2 21 15 27 19
running | ¢0oling T3 29 19 46 24
maximum T1 32 23 43 26
running T2 27 19 35 24
T3 32 23 52 31
T1 21 -
froze T2 21 15 10 —
T3 21 —
minimum running 21% 15 {grcnopn;ga?r%g;i minimum
dew
discharge of condensed water 27 24 27 24
~ heat pump | high tem 7 6
o | rated low temp 20 Do 2 !
g heating super low temp (maximum) 7 8
maximum running 27 — 24 18
minimum running?® 20 — 5 6
t tic defrost
automatic defros 20 1 5 )
rated electrical heating 20 o - B
23
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note:

1)During the cooling test of the air conditioner, ifthere isno condensed water evaporating,
the wetbulb temperature requirement can be neglected.

2)The controller should guarantee the running the machine when it is 210 or above.

3)Those machines that stipulated by the manufacturing factory to be suitable to work under
low temperature or super low temperature environments should be tested under low tem-
perature and super low temperature; Ifthere defrost occurs during the heating capacity -
test (hightemperature, low temperature or super low temperature), airenthalpy value
(see standard attachment A2) shouldbe adopted to conductthe heatingcapacity test.

4)If the air conditioner can run under the super low temperature condition, its minimum
test should be conducted at dry bulb -70 and wetbulb -80 .

Toair conditioners, there are different conditions: the working conditions atthe warming
and cooling. See table 2-5 .The JIS standard set the outside dry bulb temperature 3520.50 , wet
bulb temperature at 24=20.50 ; the indoor dry bulb temperature 27410 , wetbulb temperature at
19.0=x10 ; for warming, the indoor dry bulb temperature 20%10 , outside dry bulb temperature
at 7210 , and wet bulb temperature at 630.50 . We can see from the national standard in table
2-4 that the weather is classified into three categories which caused the outdoor difference, and
this should be observed during the design calculation. The indoorchoices are subject to the ou-
tside air temperature. Table 2-6 lists the corresponding optimum temperatureconditions based
on the outside temperature. The difference of the indoor and outdoor temperature should be too
large. Ifthe indoor temperature is too low, when people go outdoors, they will get hit by the hot
and may cause sickness. The valuesin the table are only forreference asthere are many differ-
ences among people for the ages, dressing state, work type, indoor time and personal constitu-
tion, etc.

Table 2-6 Outdoors temperature and corresponding indoor optimum temperature

outside temp (0 ) 36 |34 | 32| 30| 28| 26| 24120 | 15|10 | O

indoor optimum

temp (0 ) 29 |28 | 27| 25| 24| 23| 22|19 | 19|18 |18

indoor optimum 55155 [ 60| 60| 60| 65| 65| 65| 65[70 |70
humidity (U )

24
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Part2 Temperature decreasing (cooling)loads calculation

There are temperature decreasing (cooling) loads (the enthalpy and humidity
decreasing process for wet bulb air) calculation and temperature raising loads(the
enthalpy increasing and humidity decreasing process for wet ball air) calculation for
the design calcuation ofthe air conditioning. It can be conducted separately.

Temperature decreasing loads mainly include the following:

sun radiation— — —-through the window glasses,

heat walls androofs _— ______ __ _ sensible heat

ggngeué:‘gV?e}gat— —through the window glasses,

u ytem- walls and roofs, partition walls,

indoor gggature differe- floor and ceiling — ————————- sensible heat
loads heat generated — — lights (sensible heat) and human .

indoors body heating ———————————- sensible heat,

latent heat
hot air coming — — air come from outdoor from the
from outdoors gap ofthe window and door, and

opening and closing of the wind-
ow and door (the air come from

the condenser) — ———————___ sensible heat,

latent heat

outdoor air (ventilation) — — the indoor air come — - the difference of the temperature and

loads from outdoors humidity between indoor and outdoor
formed enthalpy decreasing and hu-
midity decreasing heat

——sensible heat, latent heat

other heatloads——loss in wind channel, air blower power heat—— sensible heat, latent heat

2-1 heatloads of glass window
Among the heat loads generated by the room construction, glass window is a main item:

the radiation heat ofthe sunlightto glass window
Qg=F-1Ig-q 2-1)
in the formula: Og- the area ofthe glass window at all directions (m?)

Ig- theradiation heat by the sun (W/m?)
q:- shading modulus

25
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Table2-7 theradiation heatIg value of the sun to glass window at 35 degree north

latitude in the end of July

(W/m? window frame area)

time | A\, noon| P.M.

direction 6| 78| olwolunli2|1]2]3]4]5]6
N 79| 58| 44| 44| 49| 49| 49| 49| 49| 44| 44| 58] 79
NE 342 | 445| 392| 267| 124] 51| 49| 49| 49| 44| 42| 33| 15
E 374 542| 564| 497| 340| 150| 49| 49| 49| 44| 42| 33| 15
SE 165| 307| 398| 386| 331| 233| 110| 50| 49| 44| 42| 33| 15
S 15| 33| 43| 69| 110| 155 171] 155| 110| 69| 43| 33| 15
SW 15| 33| 42| 44| 49| 50| 110] 233] 331] 392] 377] 307| 165
w 15| 33| 42| 44| 49| 49| 49| 150 340 497| 564| 542| 374
NW 15| 33| 42| 44| 49| 49| 49| 51| 124| 267| 392| 445| 342
FLAT 67 | 240| 428| 597| 716| 792| 822| 792| 716| 597 428| 240| 67

Table 2-8 heatreserving modulus within 24 hours (with curtain and constant temperature)

weight A.M. P.M.
direction| (kg/m’

ground area) 6 8 10 12 2 4 6 8 10 12

NE Above 730, 0.47 | 0.54 | 0.27 1 0.20| 0.18 | 0.16 | 0.12 ]| 0.08 | 0.06 | 0.05
Above 150 0.55 1 0.73 1 0.36 | 0.19| 0.15| 0.12 | 0.07 | 0.02 ]| 0.01 | 0.00

E Above 730, 0.39 | 0.62 | 0.49| 0.23 ] 0.20 | 0.17 | 0.12] 0.09 | 0.08 | 0.06
Above 150 0.46 | 0.80| 0.64 | 0.25| 0.16 | 0.11 | 0.07 ] 0.02] 0.01 | 0.00

SE Above 730/ 0.04 | 0.47 | 0.64 | 0.53| 0.27 | 0.21] 0.16 | 0.12 | 0.10 | 0.08
Above 150 0.00 | 0.57 | 0.84]| 0.69| 0.30| 0.17 ] 0.09| 0.04| 0.02 ] 0.00

o | Above 730 0.06]0.23[0.51 1066 [ 0.64 ] 0.42[0.22[ 017 | 0.13 [ 0.11
Above 150 0-10 | 0.43 | 0.77 | 0.88 | 0.56 | 0.24 | 0.11| 0.05 | 0.02 | 0.01

sw | Above73q 0.08]0.09] 0.11] 0.39] 0.68| 0.61] 0.23] 0.18] 0.14] 0.11
Above 150 0.03 | 0.06 | 0.07| 0.47| 0.81| 0.79| 0.26| 0.12| 0.05| 0.03

W Above 730 0.08 | 0.09 | 0.10] 0.10| 0.36 | 0.63 | 0.55| 0.19| 0.15| 0.12
Above 150/ 0.03 | 0.06 | 0.08 | 0.08 | 0.42 | 0.81 | 0.74 | 0.19 ] 0.09 | 0.05

NW |Above 730 0.080.10| 0.10 0.10] 0.16 1 0.49] 0.60| 0.17] 0.13 ] 0.10
Above 150 0.03 | 0.07| 0.09] 0.10| 0.17 | 0.63 ] 0.79 | 0.18 | 0.09 | 0.04

N Above 730 0.08 | 0.67 | 0.74 1 0.79 | 0.83 | 0.86 | 0.88 | 0.26 | 0.20 | 0.17
(sunless) | Above 150 0.00 | 0.74 | 0.88 | 0.94 | 0.93 [ 0.98 [ 0.99 | 0.17 | 0.08 | 0.04
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Table 2-9 heatreserving modulus within 12 hours (with curtain and constant temperature)

weight A M. P.M.
direction| (kg/m?

ground area) 6 8 10 12 2 4

730 0.59 0.62 0.33 0.25 0.22 0.20

NE 490 0.59 0.64 0.35 0.24 0.20 0.17
150 0.62 0.75 0.37 0.16 0.15 0.12

730 0.51 0.71 0.57 0.29 0.25 0.21

E 490 0.52 0.73 0.58 0.29 0.24 0.19
150 0.53 0.82 0.65 0.25 0.16 0.11

730 0.20 0.59 0.74 0.61 0.33 0.26

SE 490 0.18 0.57 0.75 0.63 0.34 0.20
150 0.09 0.61 0.86 0.69 0.30 0.17

730 0.28 0.40 0.64 0.77 0.73 0.49

S 490 0.26 0.38 0.64 0.79 0.77 0.51
150 0.21 0.48 0.79 0.89 0.56 0.24

730 0.31 0.27 0.25 0.50 0.72 0.69

SW 490 0.33 0.25 0.24 0.50 0.74 0.70
150 0.29 0.18 0.14 0.50 0.82 0.79

730 0.63 0.28 0.25 0.22 0.46 0.71

\\Y 490 0.63 0.28 0.24 0.20 0.44 0.72
150 0.77 0.25 0.17 0.13 0.44 0.82

730 0.68 0.27 0.23 0.20 0.24 0.56

NW 490 0.71 0.27 0.22 0.19 0.23 0.58
150 0.82 0.25 0.18 0.14 0.19 0.64

730 0.96 0.96 0.96 0.96 0.96 0.96

N 490 0.98 0.98 0.98 0.98 0.96 0.96
(sunless) 150 1.00 1.00 1.00 1.00 1.00 1.00

The heatto the window by the sunradiation has heat reserving effect forindoor
material and can bereckoned in the strict calculation ofthe temperature decreasing

loads. Itcan be calculated in the following formula:

QOg=FeIgmax/qi e« q2
In the formula: Igmas=the highest value the sunlight radiation within one day on
this direction ( w/nt’)

q2= the heat reserving modulus (see table 2-8,2-9)

(2+2)

2-2 wall and roofradiation and heat conducting capacity
The radiation and heat conducting ofthe wall and roof of the construction

structure are taken simultaneously. Soin the calculation, itis the summation ofthe
radiation heat and conductive heat.
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In the heat reserving modulus, the formula for calculation ofthe construction ground
weight (kg/m?) is as follows:
with wall:

(wall weight) + 1/2 (partition wall, ceiling, ground weight)

( theroom ground area)

without walls:
(1/2 (partition wall, ceiling, ground weight)

(theroom ground area)

the bottom floor:
(wall weight) + ground weight + 1/2 (partition wall, ceiling)

( theroom ground area)

all construction area:
(wall, partition wall, ground, ceiling and the structure body weight)

(theroom ground area to part of)
If thereis insulation on the floor, sinceit helpsto reserve the temperature, add

the iground area weightby 1/2.
[1The calculation formula

Normally, the structure of the walls and roofs is formed by several parallel walls
as shownin Fig.2-2. The heatwas transmitted to indoors through several walls.
The temperature difference betweenthe indoor and outdoors is mainly caused by the
conductive heat from the sunlight and the sunradiation heat. The calculation of the
radiation heatand the conductive heatcan be taken in the following formula:
O=kFArel DO OOOOOOOOOOOOOOOOOOOOOE 3)
In the formula: Q-the heatcaused by the radiation and the conductive heat (W)
F- the area ofthe wall and roof (m?*) .
U te- relative outside temperature difference(l )
k- heat conduction modulus (W/m?)

The relative outside temperature difference U te isrelated to the sunirradiation
temperature, wall attenuation modulus, outside temperature and indoor temperature,
and italso hasrelation with the structure of the wall and roof.

solid layer
1|2 n

outdoor air temperature
to

onjel
uoIONpuod 383y

3
=3
]
= o
heat g*é_ —
supplying % s
modulus N An ?1 indoor ttiemperature
o
di |d dn

Fig.2-2
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Table 2-10 Glass synthesis shield modulus

inner side inner side out side inner side
glazsl (sheet shutter) |(rotiform shutter) |(sheet shutter)| (sheet shutter)
modulus
glass category |(no . . out side .
shield) |PTi8Nt | gemitint| dark | bright|gepigiy| dark |prighe |bright | prighe| demitint
color color inner dark
side bright
normal glass | 1.00|0.56]|0.65/0.75/0.41]0.62]0.810.15| 0.13 [0.20 | 0.25
thick glass (6bmm) | 0.94 | 0.56]0.65[0.74| 0.41| 0.62{0.80| 0.14| 0.12 [0.19| 0.24
endothermic glass | 0.80 | 0.56]0.62|0.72]0.41|0.59({0.78| 0.16] 0.11 |0.16 | 0.20
40-80%
endothermic ratio
(48-56%) 0.7310.5310.59(0.63]0.39/0.56/0.68| 0.11| 0.10 |0.15| O0.18
endothermic ratio
(56-70%) 0.62 ] 0.51]0.54]0.56|0.37| 0.51]0.61| 0.10] 0.10 |0.12| 0.16
double layerglass | 0.90 | 0.51/0.62(0.67| 0.37| 0.58{ 0.73| 0.14| 0.12 |0.18 | 0.22
normal glass 0.80 ] 0.53{0.59(0.65| 0.39]| 0.56{0.70( 0.12] 0.11 [0.16| 0.20
thick glass
[out side endoth-
ermic (45-56%)] | 0.52 1 0.36| 0.39/0.43| 0.26| 0.37/0.47} 0.10| 0.10 |0.10| 0.13
[inner side normal
glass (48-56%)]
inner side thick 0.50 1 0.36/0.39(0.43| 0.26]| 0.37{0.47| 0.10{ 0.10 [0.10| O0.12
glass Nolte:  1)wind :peed' 2m/sec, Qnrlight egree at30°
glass with paint 2) when shedding from the light, the top of the two sides
bright 0.0!01' 0.28 should have ventilation, and when shedding the outside of the
demitint | 0.39 window by canvas, the value is 1.4 times.
dark color | ( 5
colorful
glassdarkcolor 0.56
transparent 0.46
green

The conductive heat value can calculated by the following formula:

dn

+ oo
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In the formula:

ai= the heat exchange modulus ofthe indoor surface (W/m*eJ )

A= the heat conductionratio of different construction material (W/mell )

d= the thickness of different material(m)

a.= the heat exchange modulus of the outdoor surface (W/m?s )

a.= the heat exchange modulus of the air (W/m?eJ )

ai, a0 and a. as shownin table 2-11. The heat conduction ratioA of different construction

material is listed inrelative tables in this chapter. The heatconduction ratio of glass can be seen

in table 2-12.

Table2-11 theheat exchange modulus ofthe indoor surface (W/m* [ )

surface thermal o (stillness air) [® aero sphereC¥
position | current normal |aluminum|wind wind thickness mm
direction | material| foil speed [speed 20 38 100
(€=0.9) | (B=0.05) [(6.7m/s)|(3.3m/s)
horizontal d winter] LI 1 [ 6.69
upwar 9.26 4.31 summer 1 10 7.27
vertical flat winter LJ 1 [1 5.85
8.29 3.35 34.0 22.7 summer [ 010100 6.58
horizontal| downward 6.13 124 winter5.56 4.94 4.59
summer 6.69 6.07 5.73

(the e value inthe tableis the surface radiation ratio)

Table 2-12 Glass window heat conduction modulus kg value (W/m?0 )

glass type

vertical horizontal

1 layer glass

6.42

summerl] [] 4.88
winter ] 7.95

2 layer glass airlayer 20mm~100mm 2(1)(2) g
a%r iayer 163mm summer[][] 2.84
e i winter[][]3.97
3 layerglass airlayer 20mm~100mm| 1.93
air layer  13mm 2.04
air layer 6mm 2.33
glass piece 150>=<150>=<100 3411(6)
200>=<200>=<100 .
300><300><100 2.95
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2 The heatconduction modulus of several representative walls

Table2-13 The heat conduction modulus of several representative walls (W/m?e )
wall structure .
unit
concrete layer |area weight| summer | winter
structure (mm) (kg/m?)
outside surface with tile 120 335 4.00 4.24
outside surface with sand mortar 150 400 3.73 3.94
concrete (main structure)
inner side sand mortar 200 510 3.34 3.51
lime decoration 250 620 3.04 3.17
3 The heatconduction modulus of several representative roofs
Table 2-14 The heat conduction modulus of several representative roofs (W/m?e )
unit area
roof structure equivalent | summer| winter
weight (kg/ m?)
wood, sideroof, 12mm high pressure ceiling 40 1.91 | 2.20
concrete concrete  |with ceiling 275 1.90 | 2.19
. thickness
(main 100mm  |without ceiling 305 337 | 4.41
structure
water proof concrete  |with ceiling 385 1.79 | 2.05
sand mortar) thickness
150mm without ceiling] 415 3.06 | 3.88
out side water proof | conerete  |with ceiling 490 1.65 | 1.81
sand mottar thickness
20mm 120mm without ceiling 520 2.65 3.11
cinder condrete 60
mm pitch [0mmm concrete  |with ceiling 555 1.62 1.76
concrete (main thickness
structure) 150mm without ceiling 590 2.54 1 293

"with ceiling " condition: there isair below the concrete, ceiling uses 12mm high pressure
paper board

"without ceiling" condition: below concrete is I 5Smm sand mortar and 3mm lime decoration.

4[] the corresponding outside temperature difference U te value (table 2-15)

31

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



‘0M) 9A0QE ) UQOMIOQ ON[BA ) ST JUNITWAP "PIIOJ[JAI 9% ()S ‘PIQIOSqe SI 9, ()G ‘TO[0 A[qeIS B SI 31

uoyMm ‘10109 3Y31Iq ST T, POIOO[JAI ST 9% ()| PUL ‘PIQIOSqeR ST UOIJBIPEI UNS JO 9% ()6 Y J[IBP UL SI [[BM JPIS JNO Y} sueowW ,,(J,, ‘9[qe’ ay3 uy(g)

SI SIO0PINO PUE SIOOPUI USIMIOQ dOUIIRIJIP dInjeroduwro) 3soy3iy oy ‘A[ng ¢

( D9z eamyerodwd) r00pur ¢

"01)BI 0A0QER J1[) JO SISEQ oY) U0 A[SUIPIOIOE 9SBIIOIP IO ISBIIOULI OYBW * []/ 10U ST 9OUAIFJIP dInjerodwol 3soy31y oyl J1(7)
0¢¢ drnjerodwo) J00pIno 3SoYSIY) L
oL € PNIN[E Y1I0U ST UONIPUO0 SI] "JdLLIR) Aq SUTtUonIpuo)

Iy UIOPOJA Y} PUB €96 Ul J00q opIng 199uI3ud UonIpuod e urjoos pue Surwiem y S oyl JO Uuoljeurquod ay) s1 9[qe} 9A0qe Yy (]) :930u

07¢ 0¢ 60 60 | 0¢c- [ oz [¢1-[¢€1-T¢€1-]¢€1-[¢€1-[¢€1-]¢€1- €1 N
1€ Y 0¢ 1€ 60 0¢ 60 0z | zo- | oz | zo- | o¢C 60 07 MN
v 9L '€ S 01 Y 01 Ty 07 '€ 07 '€ 07 v M [1em

) ) } ) . . . . . . . . . . oU0JS PUB
$9 L8 '€ v 0¢ '€ 6°0 07 6°0 07 6°0 I'¢ 6°0 I'¢ MS 880%8 W3NS,
'S 9L v $9 07 v | zo- | 60 | TO- | 60 | TO- | 60 60 07 S wos
Y $9 v 9L v 9L '€ $9 60 07 60 '€ 6°0 '€ as
Y S v 9L &S L8 v L8 07 v 07 1€ 07 T q
'€ Y '€ Y '€ $9 '€ S9 | C0- | 0C | co0- | 0¢ 60 07¢ aN
1€ ¢ 0¢ 0¢ 6°0 60 | zo- | To- | €1- | €1- | €1- | €1- | €1- | €1~ N Suike|
$9 86 v v'S 0¢ 0¢ 60 60 | 2o~ | 60 | €I- ] 60 |TO0 | 60 MN 91010100
LS | Tvl | S9 86 1€ v'S 0¢ 1€ 6°0 07 6°0 07 6°0 0 M
9L | 0Tl | 9L | 601 | T¥ S9 6°0 1€ | zo- | 0z | zo | 60 [ T0- | 0C MS | WoOZ-S1 w/3005
v's $'9 v's L8 v's 9L 0¢ v's 80" 60 80- | T0- | 80~ | TO- S [[em
4% 7S S $9 'S L8 'S L8 4% 9L 6°0 0z | 7o | 0T EN Quojs pue
Y S9 v $9 v L8 v's | ozt | ¥'s | oTl '€ $9 6°0 07 el 91910u09
Ty | vs I'¢ 'S 0T | T¥ I'¢ $'9 I'¢ 9L | €1- | 60 | T0 | 60 aN wa0¢
9°¢ 9°¢ v'S v'S R v 0¢ 0z | €1- | €1- [ vz | ve [ s¢e | ¢ N
0CZ1 | 941 | €01 | ¥'S1 | ¥§ v'S 02 1'e | zo- | Tzo- | €T | vT- | s€ | s¢€ MN [[eA OUOS
€vL | ocz | €¥1 | 607 | LS | 1'€1 | 1€ €v | zo- | 60 | ¥I- | €1- | ¥T- | €1- M
0C1 | 9L1 | 1°€ST | L8L | 601 | S91 | 1€ v's | zo- | zo- | vT- | €1- | vT- | €1 MS wo( | w/8400¢
S S 9L 86 L8 | rer | 9L |oTl | o vs | v | v | e | Se S S IMIoTIS ¢
v's 'S $9 S9 $9 L8 9L | 1€l | 9L | €¥1 | €F 86 | vz- | TO- as onn
v's 'S S9 $9 v'S 'S S9 S9 1'8 | 6ST | §9 | ¥s1 | €1- | TO0- q poom
S 'S S9 $9 €y 'S 0¢ v €y L6 v's ozl | s | v aN
'€ 3 v'S v'S S's $9 v v 60 60 | v'z- | vz- [ s¢e | S¢ N
0CI | 941 | 1°ST | 602 | 86 | 0CI | Tt S 60 0¢ | vz | €1- | ¢ | S¢- MN
60T | 601 | 9L | ¥'ST | Tl | 60T | ¥'S 86 07 0z | €1- | €1- | s¢ | s¢ M
s6 | ozt | Ty | oce | Tyl | 60T | 601 | €T | 60 | 0T | ¥z | €1- | se- | S¢€- MS | STmonns ws
Ty | cv | S9 | 9L | 86 | el | 86 | €SI | vs |60l | €1- | L0 |Se |se | S poOM H/831001
(% Ty $9 S9 $9 9L 9L | ocTt | L8 |T¥l | 9L | 1€ | 0C 09 as
Y T $9 $9 $9 $9 &S &S 9L | ¥91 | L8 | L8 | §9 | €SI q
Y Y $9 $9 $9 $9 Y S Y S9 v's | ocl | Ty | 601 aN

d 1 a 1 a 1 d 1 d 1 a 1 d Uo1}031Ip odwes amjonns| IYSToM BIIR JTUN
C 'IN'd uoou 01 SNV ' ’ aIn1onins

( p)onrea

[ 9oua103J1p drnjeradwo) opisino Surpuodsariod oyl G-z 9[qel

32

ov.html

P

.ru/instrukcii

Bce kaTaJjioru U MHCTPYKIIUM 3/1€Ch



500 The outside temperature difference of the roof

Table2-16 Thecorresponding outside temperature difference of theroof te (U )

structure

noon

AM. P.M.
state unit area structure
weight sample 8 | 10] 12 ] 2 4 | 6 8 10
wood board
50kg/[] |O25¢m +insul- | 5.4 | 19.5/28.7|33.1[26.4(13.2|4.2 | 0.9
ation 0-5cm
concrete Scm +
$0kg/C1 O insulation 2.0 115.3/253(30.9[26.4(16.4|65| 2.0
roof
0-5cm
with
direct wood board -1.319.8 [20.9[27.7]28.7122.0|9.8 | 4.2
. 100kg/[] | ©°-5cm
sunlight 00kg/ g?fncreteScm
+ insulation 10¢cm
200kg/[]| @nerete 10em+ | -1.3/ 9.8 | 19.8(26.4|27.7/0.91| 0.9 | 5.4
insulation 0-5¢m
oncrete 15¢cm
300kg/C1 (6 0.912.0 |12.0]19.8[242(23.2|16.4] 8.7
concrete 15cm
400kg/] 65‘51;“13“0“ 2.0 2.0 (9.8 [17.5|22.0/23.2|17.5] 9.8
rO.Of 100kg/L] | @sht structure -3.5(-13120 ] 54| 65|54 3.1 -0.2
with | 200kg/C] |@edium structure| -3.5 [ -2.4 | -0.2| 3.1 | 5.4 | 5.4 | 42| 2.0
sunlight 300ke/[] |2 truct
shadow g avystructure | 2 4241 -1.3| 09| 3.1 | 4.1 |42 3.1

(1) the highest temperature difference between indoors and outdoors in the tableis 70 , ifthe

difference isnot the same, the figures in the table should be increased or decreased accordingly.

(2)If theroof coloris dark, use the figure in the table. If itis bright color, usethe minimum value.

(3)The heatof theroof with slope is mainly from radiation, and the roofarea should be calculated

as horizontal cast area.

(4)If there is insulation for the ceiling or there is blower for ventilation, the temperature difference

of the area with direct sunlight can be decreased by 25%.
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61 heat exchange modulus of'the standard surface
Table2-17 heatexchange modulus of the standard surfacea (W/m20 )

surface | category winter summer
dark roof | inner side 9.3 6.2
roof outside 33.5(2) 22.7"
wall inner side 8.4 8.4
wall outside 335 2271

average wind speed
(1)3.5 m/sec
(2)7 m/sec

701 heat exchange modulus and thermal resistance of the stillness air (air conditioner)
Table2-18 heatexchange modulus (W/m” [ ) andthermal resistance (m’0 /W)of the

stillness air (air conditioner)

heat radiation ratio
face ca
Afgg.sfope current 0.90 0.20 0.05
position i i
direction u 12 a 1/2 a 1/2
horizontal upward 9.26 0.145 5.29 | 0.256 431 0.314
45° slope
upward 9.08 0.148 5.00 | 0.271 4.14 0.327
vertical flat 8.29 0.162 | 4.21 | 0.321 3.35 0.405
downward 7.50 0.181 3.41 | 0.401 2.56 0.529
horizontal downward 6.13 0.219 2.11 | 0.642 1.24 1.084
34

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:




8 Heat conductionratio of various material

The following table shows heat conductionratio the material in common use in construction
Table2-19 Heat conduction ratio of various material A (JW/m <0

. AOW/miOO (kg/m*)
material = reference
Ai (1) Ao (2) density
Copper plate 372 372 8300
Zinc-plated iron plate 44 44 7860
Aluminum plate 204 204 2700
Granite 3.0 3.0 2600~2900
Marble 2.8 2.8 2500~2700
Limestone 2.1 2.1 2170
Valley rock 1.3 1.4 1400~1900
Sandstone 1.6~2.1 1.6~2 2150~2300
Lava 0.30 900~950
Lava 0.14 600~680
Soil 0.37 - 1600
0.52 - 1300~1900
0.60 0.65 1890 Cement concrete use
0.47 0.53 1700
Sand 0.79 0.91 1850
Sand scree 1.73 -
Sand + sand seree s 16 2244 Lava sand scree surface, normal sand
Concrete ) 73 2200 Le_wa sand_scree, normal sand
Concrete have been shaken and strengthened 0.27 - 2400 Cinder, brick, sand scree, normal sand
Y 0.47 0.48 800
" 0.67 0.69 1350
. ", 0.8 0.84 1720
Epispastic concrete | 230,35 — 1780~1980
Cement mortar 1.4 1.5 500~800 Composition:
" 0.72 _ 2110 Cement:1 lime sawdust5
sawdust mortar 0.20 B 1860 Cement:1 lime 1 sawdust4
" 0.23 B 730 Cement:1 pearlite 3
7 0.21 810 Cement:1 pearlite 2
pearlite mortar 0.30 - 918 Cement:1 lime vermiculite 2
oo 0.101 - 1142 Cement:1 lime vermiculite 3
vermiculite mortar 0 - 1234 Cement:1 lime vermiculite 4
" 0.84 — 1024
8ement mortar 0.72 _ 1959
€SS0 mortar 721
(light frame material) 0.21 o
. l't" . 8? g 0.60 1995400 Mortar 1, vermiculite 1 or asbestos
vermiculite mortar . —
zeolite mortar 0.035 1.63 Z o
lime piece (wood) + 0.314 0.34 _ lime piece 1cm, mortar 1.5cm~1.9¢m
mortar .
mortar + lime piece 0.267 _ —
(wood)
Brick wall 0.60 0.64 1660
" 0.72 0.78 1800~1900
Brick 0.72 - 1924
Hard wood 0.16 - 721
Soft wood 0.12 - 4381280
i 0.16 ~
g;?e 0.128 014 330~360
0.14 0.14 545~560
veneer :
Brick, tile 1.28 1.28 2400 0.6~1.0cm
Tile for floor 1.80 1.80 — 1.5~2.0cm 2.5¢cm
Terrazzo 1.80 1.80 — 2.5¢cm
Mix mucus brick 0.39 - 1780
35
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Table 2-19 Heat conduction ratio of various material AOW/m-00

terial A0W/mi0O (kg/m’) R
materia A 20 2) density reference
Pitch brick (for floor) 0.44 O 1924
Base brick 0.32 O 1830
Soft wood board 0.038 O 1041128
" 0.044[10.051 | 16001240
Soft wood board for floor 0.065 O 401
Carbonized soft wood plate 0.058 O 250
" 0.046010.052 O 1001160
Carbonized soft wood plate 0.10 0.13 230 4.8%53%6.000 M
Gesso plate 0.20 0.22 860
" 0.015010.017 O 820 0.9001.20 M
Asbestos plate 0.26 0 1150
Asbestos and cement plate 1.40 15 2240 Dement 68:32
Thick paper 0 04920 0ag O 700
Nitryl fiber Bakelite 1400 L
plate (electrical wood Fos = Lamination plate
plaile) ; . 0.209I(}|407.36 O 1300011350 (stuffed with cloth
methacrylic acid ester :
(organic glass) 0.16010.26 O 118001190 | and paper)
Polystyrene plate ' ~
(epispastic) O 20~-30
Polystyrene tube 0.73070.76 0 25~35 30450
(epispastic) 0.044
Bakelite resin plate 0.060 O 60
(epispastic) :
Aldehyde epispastic plate 0.049 0 19
. 0.062
Pitch 0.116 0.730J0.76 2120012230
Asbestos 0.042 0.044 10001200
Asbestos like cotton 0.036 8828 300
: 257
Plate ,;}sbestos 0.062
0.116 330
Glass cotton 0.042 ;38
Glass cotton plate 0.036
: 152
Glass cotton plate 0.041 0.042 300
Scoria cotton 0.046 0.046 300
Window glass 0.79 0.79 2540
Epispastic glass structure | 0.07300.076 O 19501220
Light silicon dioxide 0.065 0.065 350
Vermiculite 0.14 U 330
" 0.036 0 18001220 | 200
" 0.07 O 112
Pearlite (forrendering) 0.22 O 720
” 0.08 [l 300 Average 0.29
Cinder (coal) 0.23 0.26 500
" 0.41 0.44 1000

Note: (1)inner side use (air conditioning humidity 60-70%)

(2)Out side use (air conditioning humidity 80-90% )
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9 The heatconduction modulus of several insulation material W/ml

Table2-20
. ) proportion tsee}rfletgrature heat conduction modulus
material Quality & shape Og/13 plyl O |\ (tLd Average temperaturell )| Ao

hai | | (ox hair 50, other hair 30, 0.135 100 [0.0337+0.000133 t 0.0407
OX halr, Wool | plant fiber 20) 0.135 100 |0.0335+0.000130 t 0.0405
jute processed by combing 0.169 100 |0.0369+0.000137 t 0.0444
Hemp machine, add 0.160 70 0.0355+0.000130 t 0.0405
agglutinant to adhere the curl 0.160 70 0.034+0.0012 t 0.0409
_ granule 0.159 130 | 0.0368+0.000079 t 0.0437
Carbonized | granule . 0.186 | 130 |0.0381+0.000079 t 0.0452
soft wood plate one side carbonized 0.160 130 | 0.0340+0.00009 t 0.0406
overheat, vaporcarbonized | ¢.118 130 |0.0355+0.00010 t 0.0424
molding air itn the foe%m, EG.K.bltaﬁ:kfnon 0.184 450 |0.0408+0.000180 t 0.0494
polystyrene | Solvanans soarpa mthetoam, | 170 450 | 0.0408+0.000138 t 0.0491
. 0.080 200 0.0325+0.000136 t 0.0397
?:(}%l)lrethane tap open, continuous foam | 0.060 200 [0.0273+0.000114 t 0.0330
0.033 200 10.0290+0.000150 t 0.0355
tap close, R-11 foaming 0.027 | 200 [0.0180+0.000123t 0.0223
polyurethane | water foaming 0.080 200 [0.0325+0.000136 t 0.0394
(hard) R-11 foaming 0.030 | 200 [0.016+0.00013 t 0.0201
water foaming 0.036 100 |0.025+0.00013 t 0.0306
asbestos . . 0.268 400 [0.037+0.00012 ¢ 0.0444
insulation plate | normal insulation plate 0.275 | 400 [0.037+0.00012 t 0.0444

10 the heatresistance ofthe cement concrete with empty hole d/

Table2-21 Ddo -wd
Filling the hole as
category Thickness 3 oval empty holes doing with the left | 3 oval BI empty holes
(cm) Inner side| Out side | Inner side| Out side concrete (cm)
Heavy concrete block 10 0.17 0.14 0.08 0.07 0.169 (10)
( dry air ball proportion 15 0.19 0.15 0.12 0.11 0.264 (20)
2.3{ 20 0.21 0.17 0.15 0.147
Light concrete block with 10 0.23 0.19 0.14 0.11 Cinder as mainmaterial
empty hole (dry air ball 15 0.28 0.22 0.20 0.19 0.264 (10)
proportion 1.8) 20 0.32 0.26 0.27 0.18 0.409 (20)
Light concrete block with 10 0.28 0.22 0.18 0.14 . .
empty hole (air 15 | 035 027 | 027 0.21 | Lightmaterial
dry ball proportion 1.5) 20 0.41 0.32 0.35 0.28 0.357 (10)
Light concrete block 10 0.28 0.22 0.19 0.15
with empty hole (air 15 0.36 0.27 0.27 0.22 0.477 (20)
dry ball proportion 1.2) 20 0.42 0.32 0.35 0.28

11 The heatconduction modulus of the roof

Table2-22
category A(W/ml ) | Thickness (cm Reference
Zinc-plated plate 0.07~0.09 1.1~1.8 | Pine halftone plate (1cm) + pitch water
Coppered plate 0.09~0.10 1.2~1.3 proof paper (Imm)+ laying material
Natural stone plate | 0.14~0.17 1.8~2.9
Asbestos plate 0.16~0.17 2.3~2.8
Weaveshape plate 0.05 3.4 Wood halft oitch wat ¢ Ll
tile 0.20~0.36 7476 oodhalftone + pitch water proof paper + tile
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OW/m?0 ]

The following drawing 2-3 lists the heat conduction modulus (k value) of various type

12 The heatconduction modulus of various type of walls

of walls
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13

The heat conduction modulus of various roofs and ceilings

Drawing 2-4 The heat conduction modulus( k value) of various ck value roofs and ceilings(W/m’ )

Thick Thick
structure (cm) k structure (cm) k
. cement concrete roof
wave shaped zinc- cinder cement concrete oof
plated steel plate roof material
12 2 Z 19 | 3.3
/\/\_/\/ < cement concrete ﬁ
lime rendering
wave shapetile roof paint ceiling
|
NS N 0.6 |11 T s % 2.4 | 3.1
zinc-plated steel plate roof sugar cane pressed plate ceiling
zinc-plated .
/ plate roof material | |
t /] < <
G TR L5 5.0 ' ' 1.3 ] 2.8
wood plate (1.1)
- cement concrete ceiling
veneer ceiling cement mortar
| |
0.3 4.9 & cement concrete(lZ)é 15 2.4
RSO
scoria cottor
plate ceiling i plate Cellang
/ /f w7
0.7 (43 / A/ 13 2.0
fir wood plate(0.7 \ .
woodplate(0.7) \wood plate roof material
(1.5) 0.1)
stone plate roof . plate ceiling |
late (1.5 : 2 cinder ¢
stone plate (1.5) 1o0f material
. (0.1 2.7 | 4.8 . | 8 1.9
p e . |
plate (1.1) coﬂ?sgéggilon wood plate (1.5)
o cement concrete ceiling
soil tileroof . cement mortar (1)
2' + soil tile 7 A7 7 T f ma-
R <=4 32 | 4.0 %cemgptﬁg(/mgrﬂetegm) A Igﬁaﬁg_g) 32 1.9
wood plate (1.0) -
cgment concrete
nailed ceiling
| |
e 4 1.2 | 4.0
wood plate (1.2)
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2-3 heat conduction from other parts

There are also partition walls and floor ceiling in the surrounding construction
structure:

1 Glass window

Table2-23-1 The heat conduction modulus (k) of severalrepresentative glass windows (W/m* )

category heat conduction modulus k category heat conduction modulus k
one layer glass (winter) 6.42 three layer glass (air layer 3.12
thickness 13mm)
(summer) 5.91 (air layer thickness20mm 3.01
two layer glass(air layer
thickness 6mm) 3.49 glass block (average) 3.17

In the table, the modulus isunder the condition ofthe temperature difference between
indoors and outdoors without the radiation, it is calculated on the basis of the outdoor
dry bulb temperature.

2 Partition wall ) . o 5
Table2-23-2 The heat conduction modulus of representative partitionwalls (W/m™ )

partition wall structure unit area weight k
main structure cement
concreteuoru 100mm| 290kg/m? 331
cement concrete
cement concrete laying block 120mm| 335kg/m? 3.19
two sides cement mortar 15mm| cement concrete | 100mm|  210kg/m? 2.28
lime rendering mm laying block 150mm 240kg/m? 2.09
wood one layerwall two sideslime piece withlime
rendering Y P 20kg/m? 2.90
wood two layerwall (empty incenter) two sideslime piece
with lime regdering P P 40kg/m? 1.59

Relations withneighbors:

If neighbor has temperature decreasing (cooling) equipments, partition can be
excluded fromthe calculation.

No temperature decreasing (cooling) equipments inneighbor:

With theinfo ofneighbor room temperature: temperature difference =neighbor
temperature L] iidoor temperature

Without theinfo neighborroom temperature: temperature difference = outside air
temperature [] (€~30 ) -indoor temperature

Neighbor roomis kitchen or vapor boiler room: temperature difference= (35~400 ) -
indoor temperature

3 Heat conduction modulus ofroof and ceiling
Table2-24 The heat conduction modulus ofroof and ceiling

unit area |upward |[downward
ceiling, floor weight | warm warm
(kg/m”) | current | current
(wood edge plate (10mm) floor plate (18mm)
air layer ceiling plate (floor is high 110 1.58 1.35
plate) | pressure paperboard 12mm)
pitch plate (tile) 5mm cement with roof 270 1.83 1.52
mortar 15Smm i(())r(;crete without roof]
cement concrete (mainstructure) mm 300 2.15 2.34
with ceiling air layer, high pressurg
paper board 12mm 380 1.72 1.45
no ceiling mortar I 5mm zglrl:ce;;e with roof
with 3mm mortaron it 150mm without roof] 410 2.90 2.19
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floor

Fig. 2-5heat conduction modulus of various floors

structure ?Cl;;%k k structure gcllllsk k
wood floor
wood floor wood plate (2
s cinder (9
%L)’m 1.4 | 3.8 (- ) 13 1.4
colnstructlon
oilp
wooc{) plate
paved wood floor wood floor
paint cloth (0.3) paint cloth
| = wood plate (2)
i 1.7 | 3.4 S scoriacotton (2)| 6.5 1.3
d plate (2
wood plate (1.4) woodplate 2)
double plate floor straw mattress floor
§ ) [ straw
2 R il © 1 IIIIIIIIIIIIIIIIIIIIIIl mattes 6.1
T 2 9.2 | 1.9 72| 1.0
5 oo hsginiction
g wood pate wood plate (2)
plate floor cement concrete floor
wood plate (2) | —straw mattress
o (T
cinder =) ~ wood plate (2)
C9nStTUCt10n 8.0 1.7 < airlayer (6) < 28 0.77
oilpaper -
wood plate (2) ) Sgrr?cerrét;e (15)
cement concrete floor ceme_n‘f[ C(l)ntchrete floor
paint clo
wo% plate (2)
e ) [(E— woodplate(1.4
— cinder6) | 23 | 1.7 “airlayer3) | 23 | 0.9
A S—scoria cotton
<> cemen - t
, conc:’ete(15)ﬁ ; " ggglcer%t/e (//15)
cement concrete floor cement concrete floor
paint cloth edge wood paint cloth o
wood plate
>/ EE )77 522 /1CC—D) ) /A (1.4)
— 7~air layer (6) 23 1.7 2 Sc(t)tria ]
T e as) 7 demént seR (@) 231 0.7
4 , 2 concrete (15) é
cement concrete floor
wood plate
=7 air layer(2) 23 1.5
=7 1-cinder(3) '
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ceiling

Drawing 2-6 Heat conduct modulus of various ceiling OW/m200
Thick Thick
structure (cm) k structure (cm) k
plate ceiling cement concrete ceiling
mortar (1)
thaw dust
. light weight
oilpaper EN
pap 45| 1.7 LT soot 33 | 1.4
plate (1.5) —~ material (0.9)
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W
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plate ceiling mortar (1)
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/et
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5P) 1 oilpaper 35| 1.7 cement concrete (17) Ml 36 | 1.4
plate (2) ——air layer
Nhigh pressure
paper board
cement concrete ceiling wood plate ceiling
mortar (2) thaw dust
B oilpaper
< cement conerete (12 16 1.7 Qﬁ 7)) ‘\E"iog)d plate 7.5| 1.15
RN '
scoria cotton (2)
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mortar (2)
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mﬂ_ﬂ_ roof blOCk layer ) Avood plate (1.5)
B\ L [ material (0.9)| 30 1.5 C&&R\‘\ oilpaper 18 1.14
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block laying
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temperature condition of upper and lower floor:

both upper and lower floor has temperature decreasing (cooling) and temperature
increasing (warming) equipments, ceiling can be excluded in the calculation

only lower floor has temperature decreasing (cooling) and temperature increasing
(warming) equipments, floor canbe excluded in the calculation

neither uppernor lower floor has temperature decreasing (cooling) and temperature
increasing (warming) equipments, the calculation can be made according to the
temperature difference calculation method of partition wall

2-4 ventilation and leak of wind

It isindispensably that the air conditioning area must have the supply of acertain
quantity of fresh air (fresh wind), and we call it "ventilation". Ifthere is not enough
ventilation, the people inthe room will feel headache and giddy, etc. People who stay
in the area with shortage of ventilation for a long time are easy to get sick. From the
point ofthe construction, the air conditioning room has a high requirement of the
airtight, and the fresh air isnot easy to come in, so ventilation is very important.
Actually, fresh air continuously leaks from the gap ofthe windows and doors, and in
normal calculation, the air leakage quantity is larger than ventilation quantity. (some
special rooms such as surgery room, high precision, and no dust constant temperature
room, etc. only use processed freshair. )

There are two kinds of ventilation procedures: the return system uses the current
indoor air circulation to decrease temperature (or increase temperature), with addition
of some fresh air. Thisis energysaving for the running of the air conditioning
equipment. Ifit canreach the sanitary requirement, the return wind system should be
the firstchoice. The other kind is called direct current system. All the air send to the
room inthis systemis processed and itdoesn't use return wind. It can only be adopted
when thereis large quantity of poisonous or flammable gas generating inthe room.

There aretwo ways to realize ventilation: natural ventilation or forced ventilation.

1 Natural ventilation:

The temperature difference betweenindoor and outdoor forms the pressure
difference ofthe air current, and the air can naturally flow and substitute. The flow is
through the passes ofthe construction, window, door or special ventilation pipe.

The flow of the natural ventilation can be calculated as follows:

In the formula:

=4.03h(m/s) (2+95)

V=C.A. 3600(m3/h) (2+6)

h= pressure difference betweenindoor and outdoor millimeter water pole height
(mmH-0)

u= air flow speed (m/s)

A=The peristome effective area of the air flow (m?)

C= flow quantity modulus

When theair flow speed  at the peristome is at rightangle, the flow quantity
modulus Cis:

window C=0.6~0.7

gap C=0.3~0.4

V=air flow quantity cube meter /hour (m’/h)

43
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When natural ventilation tube (straight tube) is adopted, the pressure difference
comes fromthe air density difference between the inside and outside which is mainly
due tothe height of the tube. The air in the tube then flows.The air flow speed u caused
by the density differenceis:

H(t1-12)
M [13.13

ti-12
273+

2
= 0.185H(1 D) 0000000000000 02.7)

In the formula:

H- airpole vertical height (m) the vertical distance between the inletand outlet of the air
ti- the average temperature at the inside of the tube [

t2- the average temperature at the outside of the tube [

This condition can maintain the positive pressure of the indoor air quantity.

During the process of the natural ventilation, the unit for the air pressure
difference betweenindoor and outdoor is millimeter water pole height (mmH-0O).
Table 2-25 lists the ventilation frequency of'the natural ventilation. The ventilation
quantity at the construction surrounding structure gap is neglected.

Table2-25 Natural ventilation frequency in various rooms
(ventilation quantity per hour = n><indoor cubage)

indoor type ventilation timesn
room with window open to the air 0.5~0.75
meeting room, canteen 1~2
dormitory 0.5
aisle 1
classroom 0.5~3
common workshop 0.5~3
office 0.5~1

2 Forced ventilation:

Every air conditioner is installed with a ventilator,and the air is blown into
indoor by the force of the ventilator whether it uses the fresh air orreturn air. Since
the natural ventilation can't process the air (such as the temperature, humidity,
cleanliness) ,and can't meet the requirement ofthe air conditioner, forced ventilation
can speed up thereaching ofthe expected requirements. The ventilator should be
chosen according to the ventilation conditions, and include the ventilated air in the
heat loads calculation. Following is the list ofthe leakage air quantity from gap and the
required freshnew air quantity required by the ventilation.

1 leakage wind from the opening and closing of the door

44
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2-26 Theleakage wind quantity required by every one indoors (m*/h)

type ofdoor
room category
revolving door (wide 1.8m)| simple leaftype (0.9m)
office (personal) 0 4.2
office (public) o 6.0
small shop 11.0 13.5
bank 11.0 13.5
sickroom [ 6.0
drugstore 9.5 12.0
restaurant (openin night) 7.0 8.5
restaurant (canteen) 34 4.2
shoe store 4.6 6.0
clothing store 34 4.2
barber's 6.8 85
smoking room 34.0 50.0

(1)The above figure is on the basis ofaverage frequency of door open and close, and
the people number only includes those always in office

(2)the leakage wind quantity is relative to the in and out of people
1 people pass per hour
revolving door L1 2.2 m*/h
simple leafdoor [1[] 3.4 m*/h

(3)When the outdoor wind speed reaches 7.5m/s, the door was blown open, and the
figure increased by 0.6 times.

2 The standard air quantity (fresh air) required by human body
The fresh air needed by human body is also the fresh new air quantity. The following
table lists the figures under different situations:

Table2-27
smoking fresh air quantity needed per persofi]m?®/h[]
places condition optimum quantity minimum quantity
department store forbidden 13.0 5.5
hospital (surgeryroom)| forbidden 32
hospital (sickroom) forbidden 34 calculated per square meter of the room floor
theatre forbidden 13.0 8.5
office (personal) forbidden 42.5 25.5
office (personal) small quantity 51.0 42.5
office (common) small quantity 25.5 17.0
canteen small quantity 25.5 20.5
barber's small quantity 25.5 17.5
bank small quantity 17.0 13.0
public flat small quantity 34.0 25.5
hotel large quantity 51.0 425
meeting room very large quantity 85.0 51.0
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(1)As the surgery roomuses anesthetic, to prevent explosion, all the wind should be
fresh wind from outside
(2)The outside air quantity of the meeting room can be amended as follows:
J[J 7.5 (m*/h) perindoor square meter, underground construction
(0 30 (m’/h) perindoor square meter
If there is temperature and humidity conditioning, above figures are above 30%.

2 coolinelaads
[<)

The leakage air and the ventilated fresh airare the cooling loads of the outside air;
This loadsis sensible heat loads, and can be calculated like following.

Fresh air quantity (including leakage air and ventilated air) cubic meter/hour
(m?/h) ><temperature difference] > 1.214 kilojoule/m°0 (kJ/ m*0 ) =cooling
loads watt (W)

In the formula: 1.214 is get from the following the formula:

specific heat ofthe air 1.01kilojoule /kilogram0 (kJ/ kgl )

. - - =1.214kilojoule /m*0 (kJ/ m’0 )
standard air specific votume 0.83 m? /kilogram (dm?/kg[]

The temperature difference refers to the difference between indoor and outdoor

2-5 Theindoor heat (sensible heat [ 1 I&tent heat)

The heat generated inindoors is mainly two parts: sensible heat and latent heat. The indoor
heat is generated from human body, machine, lights and utensils. The following two parts
will explain this.

sensible heat:

1[0 sensible heat generated by human body

Table2-28 (W)
. place room sensible heat
action
temperature [ 28 | 27 |255 |24 | 21
sit quietly theater 51 | 57 | 62 | 67 76
seated working (light work)|  school 52 | 57 | 63 | 70 | 80
office working office
52 | 58 | 63 | 71 83

walk slowly shop

sit or stand bank 52 | 58 | 64 | 74 84
sit (dining) west restaurant 56 | 64 | 70 | 81 93
seated working factory 56 | 64 | 71 | 8 | 106
common dance dance hall 64 71 80 | 94 116
walk working factory 78 87 | 95 | 110 | 134
heavy work factory (heavy work) 131 | 136 | 142 | 154 | 178

Note: (1) The tableis published on ASHRAE guidebook, figure for Asian people
should be 80% ofthe figure.

(2) The heat generated in the west restaurantincludes the heat generated by utensils
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2[] Sensible heat generated by machinery and equipments
The heat generated by motor driven machines can be calculated as follows:
P: therated output of motor (kW) 1 kilowatts (kW)
Nm: efficiency of the motor 2~5 kilowatts (kW) rnm at0.81

7.5~15 kilowatts (kW) rm at0.85

15 kilowatts (kW) rnm at0.88
(1)When the motor and the machine are installed indoors
1

cooling loads = P> __ = inputefficiency ofthe motor kilowatts (kW)

nNm
(2)When motorinstalled outside, machine installed indoors
cooling loads = P= machine shaft horsepower kilowatts (kW)
(3)When motor installed indoors, machine installed outside:
I- m
cooling loads = P><——— = inputefficiency (kW) >< [1-rnm[]
nm
3[Sensible heat generated by lights
The heat quantity generated by lights is on the basis of the watts (W) of the
lights.
normal incandescentlamp watts (W)
fluorescent lamp 1.25><watts (W)
When using heat discharginglights, only a part of the heat will come indoors.
For normally installed lights, if there is heat discharging(to outdoors) condition, for
those with cover, theefficiency is 80%, and without cover, the efficiencyis 60%.
Table2-29 lists the figure of the lights per person
4[] The heat generated by indoor utensils
The utensils, various lab apparatus and heating utensils will generate a large
quantity of heat in the air conditioning room. This should also be included in the
calculation. The following table 2-30 lists the heat quantity generated by the utensils,
and table 2-31 lists the heat generating quantity of several flammable gases.
If thereis avapor pipe leading into the air conditioning room, the heat generated
by the pipe mustbe included.
The heat generated canbe calculated as follows:
Q=3.14><D>L>x<k>(tm-tn) watt L1 L1 OO OO (2.8)

In the formula:
D  The diameterof the pipe including insulation meter (m)
L length ofthe insulated the pipe meter (m)
k  the heatconduction modulus of the insulated pipe watt /square meter»  (W/m’
tm- the temperature of the hot vapor inside the pipe
tn  the airtemperature ofindoor

)
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Table 2-29 The about value of people and lighting

place people (m’/person) |lighting (W/m?)

hotel (office) 6.6 10
hotel (personal room) 1.8 10
bank 5.0 20
institution office (underground) 23 20
institution office (ground floor) 1.8 30
institution office (top floor) 3.3 20
stock exchange hall 5.0 20
office (personal) 4.1 20
restaurant 1.7 20
store 33 20
barber's 33 50
theater 0.8

Note: Thelighting is according to the standard of fluorescent lamp, and in
comparatively dark public office, increase the lighting to 30~40 (W/m?*)

Table2-30 Heat generating quantity of several utensils

name of utensils sensible heat W
electrical disinfector (23><25>50cm) 790
Bunsen burner (city gas, 7/17 inch) 1512
bread oven (electrical heat 15><28>< 279
height 23cm)

. 709
gas warming oven for house use
hatch gasoven for house use 2093

2326

Note: Ifthere are forced air discharging onthe utensil, the figure in the
calculationis1 2 ofthe above.

Table2-31 Theheat generating quantity of several flammable gas

name of gas sensible heat kJ
acetylene 57960
H: 12818
water gas 10080~10500
carbonized gas 16800~23100
coal oil for lamp 35532
liquefied petroleum gas 41580
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Indoor latent heat part

500 Outdoor air leak into the air conditioning room through the gap ofthe doorand
window, and those come into the room during indoor ventilation

Table 2-32 lists the leakage heat quantity of the vapor or warm water pipe
Table2-32 Theleakage heat quantity ofthe vapor or warm water pipe

watts /0 (W /0 ) atl meter (m) longpipe

(the insulation is the 85% magnesia for the substitution ofasbestos)

pipe inner diameter insulation thickness (mm)

inch in 75 38 50
1/2 0.28 0.24 0.21
3/4 0.31 0.26 0.22
1 0.35 0.29 0.26
1 1/4 0.42 0.35 0.29
112 0.45 0.36 0.31
2 0.52 0.42 0.36
2 172 0.60 0.47 0.42
3 0.70 0.56 0.47
312 0.78 0.60 0.52
4 0.85 0.66 0.57
5 0.97 0.78 0.66
6 1.17 0.91 0.74
8 1.48 1.13 0.92

when cooling, the absolll-t&;onumidity of fresh alrdn the air conditioni]nézoom is

usually higher than the air indoors, so the difference ofthe humidity is expressed by
the latent heat loads as follows:

wind quantity m*/hour (m’/h ) ><absolute humidity difference kilogram dry bulb
air (kg/kg’) ><3020=Ilatent heatloads watts(W) OO DO OO OH2.90]

In the formula: the conversion coefficient3020 kJ/m?® is calculated by the following:

Waterevaporating latent heat 2507 (kJ/kg)
=3020kilojoule/m?* (kJ/m?)

Standard air specific votume 0.83 (7' /kg)
oboboooodoooboondd 3.10)

6 The latentheat generated by human body
Table 2-33 lists the latentheat generated by human body
Table 2-33 the latent heat generated by human body
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LWLl

: Room temperature Latent heat
action (0 ) Places

28 | 27 | 25.5| 24| 21
sit quietly theater 51 | 45 | 41| 35| 28
seated working (light work) | school 64 | 59 | 53| 47 | 36
office working office

78 | 72 67 | 59 | 48
walk slowly shop
sit or stand bank 93 | 87 81 | 71 | 62
sit (dining) west restaurant 105 1 97 | 91 | 79 | 67
seated working factory 163 | 155 | 148 | 133 | 113
common dance dance hall 184 | 177 | 167 | 154 | 131
walk working factory 214 | 204 | 195| 180 | 157
heavy work factory (heavy work) | 793 | 288 | 284 | 272 | 248

Note: (1) The tableis published on ASHRAE guidebook, figure for Asian people should
be 80% of the figure.
(2) The heat generated in the west restaurant includes the heat generated by
foodstuffs and utensils.

Table2-34 The heat and humidity discharged by human body

Basic dat Sensible heat (kJ/h), upline
asic data design value Humidity discharged (g/h), g)
. Tonical | (mature man) downline =
action ypical sSample FAverage | Breathing | Co:
metabo- | out ¢ discharge I;ea;] d Room temperature (U ) g’
lizing rate| quantity | quantity | ¢1S¢harge o
wit | i) | Twih )’ | o) 20 [ 22 | 25 | 26|27 | B
1| sitquietly listeners in theater 0.28 17 15 365 256 | 2351202 | 189 [ 172 | 0.897
30 38 | 46 | 57 | 63
1| sit quietly reading (0.20) | (16) (13) 344
269 | 248|210 | 193 | 176 0.888
2| seated working (light work)| office, university 0.51 20 18 420 44 | 52 | 68 | 75 | 81 )
2 | working (light work) office (0.40) (19) 17 395 277 1256 | 210 | 193 | 181 0.947
, ‘ , 60 | 69 | 86 | 92 | 99 |
3| office working office, hotel 0.60 21 20 445 277 | 256 | 210 | 193 | 181
lkslowl department store, shop| 0.89 | 25 23 517 [ 60 | 69 | 86 | 92 | o9 | O
4| walkslowly P Shopy - 9. 281 | 265 | 227 [ 210 | 189
5 | sitor stand bank, drugstore 0.89 | 25 23 si7 | 77| 85 | 102|109 | 117 | 907
’ ' 365 | 319 | 248 | 223 | 197 0.938
ing (I factor 1.8 35 33 748 | 137 | 157 | 189 | 198 | 208 | -
6 | seated working (light) y 399 | 353 | 269 | 248 | 353
7 medium intension dance dance hall 2.2 40 38 844 163 183 214 | 227 235 0.944
458 | 403 | 323 | 298 | 353
8 | walk4.8km/h factory 2.6 45 42 937 194 | 218 | 253 | 264 | 275 | 1.00
596 | 542 | 466 | 445 | 433
9 | heavy work factory, ball match 4.5 67 64 1407 | 313 | 336 | 367 | 375 | 382 0.967
Note:

(1)The human body surface area ofthe European & American and Asian standard mature man is
respectively at 1.81 and 1.60 square meters. According to this ratio, the figure for Asians should
be 0.884 times of that ofthe American design figure.

(2)Collection modulus is the comprehensive modulus including all mature man, mature woman and
children according to the common proportion. According the standard of the heat discharged by

mature man, for mature woman, itis 0.82 times, and for children, it is 0.75 times. The designed
value in the tableis calculated by the multiplication ofthe heat discharged in the basic data.
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Table 2-35 vapor quantity generated by burning

Category vapor quantity generated vapor quantity generated
City gas 4501620g/m? 0.047g/k]
Liquefied petroleum gas 3100g/kg 0.075 g/kJ
Coal oil for lamp 1130g/1 0.032 g/kJ
Acetylene 700g/ m’ 0.012g/kJ
Ha 3052g/m? 0.055g/kJ

700 The heat generating quantity of various utensils [] l&ent heat
Table2-36 Latent heat of various utensils

Utensil name Latent heat (W)
electrical disinfector (15><20>43cm) 698
electrical disinfector (23><25>50cm) 1163
Bunsen burner (city gas 7/16 inch) 70
bread oven (electrical heat 15><20><height 23cm) 128
gas warming oven for house use 233
hatch gasoven for house use 1163

2-6 Lossin wind channel, ventilator, safety ratio, bypass modulus, latent heat ratio
Choose dew point temperature, humidity decreasing quantity, and ventilation quantity

for the set ofthe dew point temperature.

1] Loss in wind pipe

The temperature of wind pipe outside of the cooling is higher than the cooling, and there

are temperature difference between the inside and outside of the pipe. The wind pipe

is long and the surface heat will come into the pipe. Under strict calculation, it is

calculated by the following:

Incoming heat Q=G Cp(Ta-T1)[1-exp(- C];Lé)] O (2.11)
*Lp

Increasing temperature ] T= (Ta-Tl)[l-exp(-G]f%) 1000 (2.12)

In the formula:

G OGhe wind quantity in the wind pipe kilogram/hour (kg/h)

cp LI specific heat of the air currentin the wind pipe kilojoule /kilogram (kJ/kg)

Ta [IGemperature ofthe outside air (U )

T: [ the temperature at the inlet of the wind pipe (U )

e [JQ.72

S C@erimeter of the wind pipe  (m)

L [Ctotal length of the wind pipe (m)

k CIC heat conducting modulus (W#h)

b LIC insulation material meter (m)

a. [ tBe heatexchange modulus at the outside ofthe wind pipe  (W/m’0 )
Limpid airis air with 10,2 m/s, when touching constructions, it is 30.

ai- the heat exchange modulus atthe inside of the wind pipe ~ (W/m’0 )

V- the speed ofthe wind current inside the wind pipe m/s
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2[] Power of the ventilator
The energy of the ventilating is finally displayed as heat, the indoor sensible heatloads (the
ventilator referenced here is those installed behind the condenser).
The indoorsensible heatloads ratio of the ventilator power %
op
=031 — OO0 oooor2.13)
0 TN
In the formula:
0 P =ventilator static pressure or total pressure millimeter mercury (mmHg)
N = ventilator efficiency
0 P ventilatorat 0.45~0.55 for static pressure
U P ventilatorat 0.6~0.7 for total pressure
0 T =temperature difference between indoor and ventilated air (U ). Normally,
the low speed air pipe is 12~14(0 ), and the high speed air pipe is 14~16 (U ).

3 Safety ratio
Since we can nottake everything into consideration of the calculation ofthe
loads, we usually have allowance for the general loads. The allowance uses the
increase of proper value and is a very important item in the calculation. Itis
usually called safety ratio. The correctcalculation includes: (loss in wind pipe)
+ (ventilator power) + (safety ratio) to increase the general sensible heatratio.
Under some conditions, including (loss in wind pipe) + (safety ratio) is enough. The
safety ratio will increase the general sensible heatdifferently accordingto
following situations:
Normal condition 10%
High speed wind pipe and high static pressure ventilator 15%
High precisiontemperature control, under the condition thatthe sethas enough
allowance 20%

4 Bypass modulus - B*F

The outside air goes through ventilator and gets cooled by condenser coil pipe
(the evaporator on the cooling system), then is sent directly to indoors. Part ofthe heatof the
outside air loses (sensible heat and latent heat). The airis then cleaned by
air cleaner and itis humidity decreased air at the outlet of the wind. The temperature
of cooling system was set at dew point (see the first part of thischapter heat
exchanger atbelow dew point, humid air was cooled and humidity decreased and the
process shownin table 1-9). Ifthe temperature of the condenser is high, use B «F to show.

B+F = when the airand the set is not fully bypassed

1 -B+<F=airand set fully bypassed, satisfy the dew point condition ofthe set

3-2
B-F=

(as shown intable 1-8)
1-2

507 sensible heatratio SeH*F
(1)The rate of total heat generated indoors and the total indoor sensible heat canuse
SeH*F to show:
total indoor sensible heat
SeH-F = OO0OO0OO0O0d (2.14)

total heat generated indoors
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(2) Dew point temperature

Under acertain ofair conditions, use sensible heat ratio to calculate the setdew
point temperature. The sensible heat ratio goes through the original point, and we get
a beeline. Then draw a vertical line fromthe indoor state point with the equi-relative
humidity line. The temperature at the cross point on the saturation line is the dew point
temperature of the system. (drawing 2-7)
(3)set dew point temperature A+D P

It is for cooling air conditioner for multirooms. Ifthe indoor temperature is lower
than the dew point temperature ofthe system, we canuse A<D *Pto show it in calcula-
tion and it called the setdew point temperature.

da
=50%
=100%

A point =air state point 26 J (dry bulb)
D=50%
t'=dew pointtemperature

tr=the dew pointtemperature
ADP

Drawing 2-7

6] humidity decreased air quantity

Decide the humidity decreasing air quantity to setthe dew point temperature and
calculate the temperature difference.

temperature difference= (1- B*F) (roomtemperature - A*D *P) LI 11 [1(2.15)

The temperature difference is the dry bulb temperature difference between the inlet
and outlet of the condenser. The room temperature is the ventilation air temperature
plus the temperature difference.

The required quantity ofthe humidity decreased air can be calculated as follows:

total indoor sensible heat

quantity of humidity decreased air = 100 (2.16)
(temperature difference) >1.214kJ/m?[

7 ventilation air quantity

In the calculation ofthe humidity decreased air quantity, if the difference between
the room temperature and ventilation air temperature is too large, it will form uneven
layer of air currentindoors. Especially in the stable temperature and stable humidity
systems, itrequires small temperature difference and even distribution ofthe indoor
humidity. The following formula can give the result ofthe ventilation temperature and
ventilation air quantity.

total indoor sensible heat

ventilation air quantity =
(indoor ventilation air temperature) ><1.214kJ/m’0
humidity decreased air quantity > (temperature difference)
or = o (2.17)

(room temperature [] W@€ntilation air temperature)
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The difference between the ventilation air quantity and humidity decreased air quantity
is the bypass air of the cooling system, and it must be used repeatedly.
by pass of cooling system =ventilation air quantity - humidity decreased air quantity

Todesign and choose the ventilator and the wind pipe capacity, the basic standard should
be ventilation air quantity.

2-7 humidity discharged quantity
In the air conditioned room, owing the need of the people and work, various quantity of
vapor will be generated, and plus the vaporin the leakage airand ventilation air from the
gap of doors and windows, the humidity required by the indoor designis increased. So if
the design and calculation have strictrequirement, the humidity discharged should be
included. Humidity decreasing measures should be taken to maintain the required relative
humidity. In calculation, the following figures and values can be chosen to use:
The dehumidity quantity ofthe fresh air quantity entered indoors (leakage air quantity +
ventilated air quantity):
fresh air quantity (leakage air quantity + ventilated air quantity) (m’/h) =fresh
air temperature and humidity specific voltume v (m’/kg) ><(the absolute humidity air
quantity in outdoor fresh air temperature - the absolute humidity air quantity in
outdoor fresh air temperature) (kg/kg’) =fresh air dehumidity quantity.
(kg OO DODOOOOOODOODOOODOOOONER.18)
The calculation of the prevention from dew ininside construction surface canuse the
following formula: Ri
91=ti—R—(ti\:|t0) oooodooogdoood (2.19)

Rx
Bk=to+— (tildro) OO OO OOOOOOOOOO (2.20)
R

Ro
Go=r0 + W) OOOOOOOoOOOOOoOoOodo (2.21)

The modulus of the pre].\ezéntion fromdew ininside constructionsurface K
K<aié—tdDDDDDDDDDDDDDD(2.22)
In the formula: tillzo
Oi-high temperature- side surface temperature (U )
Ox-the central part temperature of various walls (0 )
Oo-low temperature - side surface temperature (0 )
ti-high temperature - side (indoor) air temperature (J )
to-low temperature - side (indoor) air temperature (J )
Ri-heat resistance of the surface of walls indoors (m*0 /kJ)
Ro-heat resistance of the surface of walls outdoors (m’0 /kJ)
R-the total heat resistance of the wall (m’0 /kJ)
k-the heat conduction modulus of the walls (kJ/ m*0 )
ai-the heat exchange modulus of the wall surface indoors (kJ/m’0] )
td-the dew point temperature of the indoor air

Example of the temperature decreasing loads:
This part will introduce an example of the temperature decreasing loads ina room.
The calculation is based on the before mentioned methods.
For example: to get the resultthe cooling loads and air blowing quantity
Place: the top floor of an office buildingin Shanghai
Indoor condition: 26 0 , ¢(50%
Indoors loads: 30 people, fluorescent light 3.2 kW
Circumstance state: direction: south, have sunlight shining, neighborroom cooling
and warming, downstairs warming.
Construction structure:
roof: water proof mortar 20mm, cement concrete 150 mm
high pressure paper board 12mmm ceiling
wall: outside bright colortile wall, mortar 15 mm
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Cement concrete is 150mm thick with mortar and varnishing on the internal side.

Floor: Asphalt, mortar thickness 15mm, cement concrete thickness
150mm
Suspended ceiling with 12mm high-pressure paper board

Partition:Cement concrete 100mm thick, with varnishing on both sides
Window:With one layer of glass and with light-colour louvers inside
Cooler:

Construction Layoutrefer to Sketch 2-8

= Neighboring
b room

IT Suspended ceiling height2.8m
Window?2 2m (total5)

wool JurroqysIoN |

Drawing 2-8 Office Construction Layout

E.g. Calculation
Data referring to tables are also illustrated inthe example
(1)Radiant heat on window from the sun:
Substitution of (2.1) Qg=F+Ig+qi, whichrendering into:
20m* (F) 43 (Ig) O.ﬂql) =482W
L value of 2pm referto table 2-10
value of 4pm for the room to the south (designrequirement)
refer to table 2-7
(2)Radiant heat and transfer heat on walls and roof:
Substitution of (2-3):
Walls:Q=kF te, renderinginto:
36m* (F) 5.4 ( te) 3.73 (k)=725W
L »Table2-15 L—— »Table 2-13

Roof:
160m?(F) 24.2( te) 1.79(k)=6930W

L» Table2-16 I—»Table 2-14

(3)Transfer heaton those except walls and roof
Glass windows:
20m*(F) 5.5( te) 5.91(k)=650W
L > Table2-23-1
Partition Wall:
56m*(F) 3.5 ( te)  3.31 (k)=649W
L» Table2-23-2

(unknown neighboring room =outdoor temp.-(2-3 )-room temp)

Floor:
’—> Table2-24

160m* (F)  3.5( te) 1.72 (k)=963W
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(4)Air Leaking Volume and Air Change Volume

Airchange 765m’/h  5.5( te) 0.2BF 1.214 =243W

Air change rate (by-pass ratio)

(5)Inside generated heat

People:

30 persons 63 0.8=1512W

|—»Body service of Asian peopleis 0.8 times that of Europeans
Table2-28 (light operation whilesitting at25.5 )
Lighting:
3200W  1.25=4000W

fluorescent lightis 1.25 times that for incandescent lamp

(6)Inside sensible heat
Airchange: 76m’/h  0.0099kg/kg> 0.2BF 3020 =4574kJ/h=1088W

L |—>Formu1a (2.10)
Humidity difference

People: 30 persons 67  0.8=1608W
L'Body service of Asian peopleis 0.8 times that of Europeans
Table2-33 (office operation at25.5 )

Refer toP71 table for Solution and Calculation
2-8 Some quick calculations of cooling for Air Conditioner
This sectionintroduces some quick calculations of using air conditioner as
10Proposal A
Relatively precise calculations:

atmosphere Body-g&n\erated heatas per2—37
Conditions ~_ Inside-generats PRELAQLC TR 38
Inside requirgipeghange volume as per 2—39
Heat from partition wall as per 2—40

Heat from floor as per 2—41

Heat load Heat from suspended and roof as per 2—43
category Radiant and transfer heat of glass windows
Totalload as per2—45
in cooled Transfer heatof external walls as per 2—44
room

Which is 1.1 times of thatof heatload

Safety load
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Table2—37 A Body-generated Heat

Status Example Generated Heat (W)
Sitting quiet Theatre 105
Office activity in sitting status Office/apartment 105
Walking slowly Organs/department/shops 140
Activity insitting status Dining-room 140
Sitting with light labor Workingsite 163
Normal dance Dance hall 233
Normal heavy labor Workingsite 291
Heavy labor Workingsite 430
Table2—38 B Heat from inside electrical appliances
Category Calculation Heat (W)
quosamp ot KW><1.25= Note:
r nt li
Horesee g (1)The gas heat valueis
G li m3/h><4100= dependant onthe
as appiiances m*/h>=<5800= local actual value
1/8C11/2HP HP><1200= (2)If‘fher.e is ext.ractlon
1/203 HP HP>=<1070= units fitted with the
3120 HP HP><860= gas appliances, the
generated heatis to
Other electrical be times 1/2.
li lik
appliances like KW

hair-dressing
appliances
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Table2—39 Air Change Volume

C Required fresh air

No.of | 3
Smoke Example | people | ™ /h (perperson) | m*/h Note:
No smoking | Hospital /theatre ><200] (1)When the
- required airand
. . Office/house
Light smoking Jcanteen x<250] auto ventilation
. lume is large
Relative heavy D hall Vo ’
smoking anee s ><400] refer to the data
. Conference in the table.
Heavy smoking =501
room (2)In the given

Natural airchange volume

outdoor

H= height (m), L=1length (m), W= width (m), S=(ratio)
European structure S=1.7, Japanese structure S=2.4

H L W S=m’/h

humidity, heat

D Heatvalue ofthe outside air (kJ/m?)

Humidity of 60% | 65% | 70% | 75%
outside air
32 172 239 281 328
Outside
temperature 33 235 286 328 378
34 281 332 328 428

Table2—40 E Heat from partition walls (W)

Temperature difference
between inside and outside (U )

Structure 5 P .
Note:
Inside | One-story structure 16.3 19.8 23.3 (DIf there are
windows in
wall Two-story structure | 10.5 12.8 15.1 partition, window
.. area should be
Partition| (wood or bone paper or cloth) 12.8 15.1 17.5 reduced.
Barrier wall (one layer) 25.6 | 31.4 | 36.0 (2)If the roof glass
receives the heat
Glass (one layer) 32.6 38.4 45.1 directly fromthe
. sun, itshould be
Wood Thickness 2.5cm 19.8 23.3 26.7 regarded as the
Thickness 4.0cm 15.1 17.5 20.9 direct light from
the sun.
Steel plate 29.1 34.9 40.7
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Note:

Table2—41 F Transfer heat ofthe floor (W) (I)For the
structure that
Temperature difference the first story
Structure between inside and outside (0 ) is earth floor or
5 6 7 a multi-story
. building,
Construction floor 2.3 3.5 4.7 calculation
Earth floor 9.3 11.6 1.2 should be based
on Table 2—
I-layer board 11.6 | 14.0 18.6 | 41F or2—42G
Wooden 2-layer board separately.
floor sawdust between >-8 7.0 9.3
2 boards 4.7 5.8 7.0
Rice-straw mattress 3.5 4.7 5.8
Normal structure 5.8 7.0 9.3
Cement floor
Insulated 23 3.5 7.0

Table2—42 G Transfer heat of the intermediate floors (W)

Temperature difference between
Structure inside and outside
5 6 7
Wooden suspended ceiling 9.3 11.6 12.8
Woodenstructure Straw-mat suspended ceiling 4.7 5.8 7.0
Normal structure 16.3 19.8 23.3
Cement
- Insulated structure 9.3 10.5 12.8
ceiling (floor)
Heavy structure 7.0 8.1 9.2
Table2—43 J Transfer heat ofthe roofexposed to the sun
Outdoor dry-bulb
Structure temperature
32 33 | 34
Scm thick cement concrete, water-proof with mortar 172 | 177 | 181
10cm thick cement concrete, water-proof with mortar 109 | 117 122
15cm thick cement concrete, water-proof with mortar 59 63 67
Flat 10cm thick cement concrete, water-proof with asphalt 63 66 | 70
roof 15cm thick cement concrete, water-proof withasphalt 44 | 48 | 51
5-15cm thick cement concrete, water-proof with mortar 64 66 | 69
metal strip and suspended gunite ceiling
) Galvanized-steel roof (steel roofing material, ironplate) | 113 | 115 | 117
Ridged Tiled roof (steel plate, tiles) 101 | 104 106
roof Asbestos roof (steel plates, roofing material, asbestos) 108 | 111 ] 113

Note:

(1)For suspended ceiling and roof, calculations can be based on Table 2—42G and 2—43]J.

(2)When the temperature difference between inside and outside is confirmed, the calcul-
ation for suspended ceilingis torefer to table 2—42G.

(3)When the temperature difference between inside and outside is confirmed, the calcul-
ation forroof isto referto table 2—43J.

(4)When roofis two-side type with suspended ceiling inside, the data appliedis 40% of the
figures shownin the tables. I.e. 60% is for the ventilation betweenroof and suspended
ceiling.
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Table2-45 N Transfer heat of external wall (W/m?)

Outside Orientation
Structure tempera-
we( )| N | NE | E ES | S SW | W | WN
o Internally painted wall 32 15 17 15 27 30 41 28 24
‘;’3) External waterproof with mortar | 33 17 20 17 28 33 43 30 27
g (European style double-layer wall) 34 20 22 20 30 34 44 33 29
5 Internally earth wall 32 21 24 22 36 42 56 40 34
§ External with board underneath| 33 24 27 24 40 44 59 43 37
= (True wall) 34 27 30 28 42 48 62 45 40
Internally plastering 32 23 38 40 60 52 52 24 24
Externally tiling 33 28 42 43 64 57 56 27 31

Cement concrete 10cm thick | 34 31 47 48 69 60 59 36 36
32 15 37 44 45 30 24 22 23

33 19 40 48 49 34 28 24 27

Cement concrete 1 5¢m thick | 34 22 43 51 52 37 31 28 30
32 12 35 42 41 17 23 20 21

33 14 38 45 44 21 26 22 24
Cement concrete 20cm thick | 34 17 41 49 48 23 29 26 27
Internally plastering 32 27 42 44 67 59 58 31 31
Externally mortaring 33 31 48 49 72 63 63 36 42

Cement concrete 10cm thick | 34 35 51 53 76 67 66 41 40
32 19 47 55 57 37 31 27 30

33 23 50 59 62 42 35 31 34
Cement concrete 15cm thick | 34 27 55 63 65 45 40 35 47

As above 32 | 13 |40 | 47 |47 |20 |26 |22 | 34
33 16 43 50 49 22 29 24 27
Cement concrete 20cm thick | 34 20 45 53 52 27 33 28 30

As above

As above

As above

Cement concrete wall or cement wall

Internally plastering 32 10 37 28 27 9 21 12 14
§ _ Externally rendering 33 12 40 30 28 10 23 14 15
g § Light cement20cm thick | 34 | 14 | 41 |31 |30 |13 |24 |15 |17
S As above 32 7 27 | 20 | 19 | 6 15 | 8 9
<5 33 8 28 | 21 | 20 | 8 16 | 9 10
A Packed with coal slag 34 9 29 23 21 9 17 10 13
= Internally plastering 32 7 23 27 24 8 13 10 13
E Externally mortaring 33 9 26 |29 |27 |10 |15 |12 | 14

o . .
E Brick 21cm thick 34 |10 |27 [30 |28 |12 |16 |14 |16
3 As above 32 3 8 9 8 3 8 7 7
2 33 5 9 10 9 5 9 8 8
» Brick 32cm thick 34 6 10 | 12 | 10 6 10 9 9

The sumofA, B,C, D,E, F, G,J, M, N value shown in tables from 2-37 to 45 is the full cooling load.
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Cooling Load Work Sheet (Proposal A)

Address:
Floor Room Number
Room area m? Room capacity (width) (length) (height) = m?
Outside designed condition:dry-bulb temperature Relative humidity %
Inside designed condition:dry-bulb temperature 27  Relative humidity 60%
Date: Y M D Responsible person:
ITEM Formula Heat W
. Human body (No. of people) A=
(No. of people) A=
Room heat resource B=
3 Air change C(m3/h) D=
(m*) E=
. (m?) E=
4 Partition wall () B
(m}) E=
Ground floor (m?») =F
3 Floor Intermediate floors (m?) G=
o Ceiling for intermediate floor (m?) G=
6 Ceiling and roof ———— ;
Ceiling with direct sun shine (m?) =J
(m®) M=
7 Glass window (m?) M=
(m®) M=
(m®) N=
(m®) N=
8 External wall (m?) N=
(m®) N=
(m®) N=
Full coolingload| Sum ofall items (H+(2)+(3)+ (8)=
10 Safety load 9 L1

Construction Layout (with orientation marked)

2 Quick calculation of cooling for air conditioner
This method is a quick way of calculation to selectan air conditioner as a cooling unit.
To fill inthe followingtable 2-46, and to work out the total heat volume.
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Table2-46 Quick calculation of cooling for air conditioner (Proposal B)

Factor multiplier =Heat volume W
Cement concrete / .
(1) external wall stone (European-style)| ~ Wooden/brick A -
With | Without | With | Without rea (H W)
sunshine | sunshine | sunshine| sunshine

E 28 17 m?
SE 30 23 m?
S 19 21 m?

SW 16 :

o | ¥ 7 N
W 16 29 m?
NW 16 24 m?
N 12 12 m’
NW 23 16 m?

(2) partition paint 8 m?2
(internal wall) paper 10 m2

cloth partition

barrier wall 23 m?

glass 23 m?

Intermediate floor | Ceiling with direct sunshine

(3) ceilings and roofs

or ceiling without

European style

Japanese style

Ceiling (root?
area. interna

direct sunshine L W
12 47 64 m?
(4) floors Intermediate floor Ground floor Floor area(L W)
12 9 m?
. . . With hi
(5) glass windows Without sunshine Nol Suns mi Window area(L W)
obstruction m
E, SE,N,NE 29 93 70 m?
W, SW 29 465 291 m?
S 29 180 122 m?
NW 29 279 180 m?
number of
(6) human body 116 people
: European style Japanese style | Total internal capacity
(7) Airchange congtructioyn construction L
12 12 m’
(8) heatsource 1047 kW/h
electrical appliances
gas 4187 5234 5815 m3/h
others
(9) total heat volume | (1)+(2)+(3)+(4)+(5)+(6)+(7)+(8)= W
(10) safety load heat volume 9 1.1 = W
TOTAL W

Designed condition:

Outside temperature/humidity 33 /RH70%
Inside temperature/humidity 27 /RH60%
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3 Calculation of cooling load based on floor area
The followingtable 2-47 is JIS standard, which was compiled by Japanese air
conditioning industrial committee and is a quick way of calculating the cooling load
according toroom area while itbears arelatively large error.
Table2-47 JIS standard

Cooling load | —
Type of theroom perunitarea | |y ' [Window | Person | Lighting
(W/m?) change are/floor er Jom? | Fluorescent Remarks
(i) | area(%)| P (W/m?)
Top 145 | 0 5 -
No window [Tyriqqie [ 105
To 163
Offices North _ P 1 20 2 20
Middle 116
233
West Top 1 20 2 20
Middle 169
Frequent passing 180 2
Shops . 40 3 40
Infrequent passing 157 1
. 116
Hotel /hospital South | 20 | 20
room West 169
Without fan 116 With
Coffee bar - 10 6 10 electric
With fan 302 4 heather
South| 192 |
z 2 No fan 1
>3 West 10 6 20
< = South| 262
Z % | With fan W 790 4 Include
Cafeteria est heat from
South| 221 kitchen
g | Nofen West| 302 |
]
S T ¢ 10 6 20
=B it South| 290
t
With fan West 372 4
o Without fan 192 1 )
Drinking bar With £ 256 p 10 6 10 At night
ith fan
Beauty saloon 290 1 20 2 20 %lncltufde
eat from
Barbershop 233 1 20 2 20 appliances
Resid South| 221 1.5 40 3 0
esidence
aene Japanese style North 163 15 20 3 10
I-story European South| 192
house style 1 30 3 0
West| 233
European Top 186
Organs 30 3 10
Style(SOuth) Middle 145 1

South means that the room is connected with exterior through the south wall also
include windows, the same for west and north.
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The conditions applying table 2-47 are:
(1)The highest outdoor temperatureis 37 , andindoor temperatureis about27
(2)The houses are in normal structure, ceilings are relatively high above the ground.
(3)Doors and windows are open when there are people passing, otherwise they are in
close state.
(4)No other large heat generators except those illustrated in the table.
(5)The floors are all intermediate floors except those indicated in the table.
(6)Windows areall exposed to the sunshine and with louvers inside or outside except
those indicated in the table.
(7)Air exchanger gate is in close state.
Time of air change means the air change volume and air leaking volume, others
mean airchange in air exchanger.
Time of heat exchange means the ratio of the air coming inside per hour and the
room capacity.
(8)Air-cooling condenseris located outdoor is to provide obstruction ofthe sunshine
and the ventilation as well.

Toapply this quick calculationillustrated intable 2-47 to the example in (I), we can
get the approximate result.
Example in ([0): the floor areais 160m’, and it is classified into the item of "organs,

European style (south)" and "top" whichis 186W/n7, so:

The cooling load =160m?>><186W/m*=29760W

The standard load =27256W

Error is2514W

The approximation can be tested by table 2-48 as well.
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Calculations:

. . . . . o .a a T .
Construction: office building %%ﬂﬁg%%gggﬁlﬂg Bﬁ%%?oﬁg%=4%2& ratio| W
Address: Shanghai mjx > =
Room: office at the top floor m2>< > =
m->x< X =

Area: 20m><8m=160m?>
Volume:160m?>><2.8m=450m’

Designed condition
Highest outdoor condition:

DB32 ,WB27 ,RH68%
Indoor condition:
DB26 , WB-,RH50%

Time: 4pm, which isthe time of highestload

Radiant heat and transfer heat of walls and roofs
36m?>=<5.4>=<3.73=752
m2>< X
m2x>x< X
Trans®PReat®f Sthers except walls and roofs:

€ro ) I'CCClViIlg esunsnine.
.~

(o)
m
H

eilino
[S)

condition | DBO WBL RH% | O/kg> | Floor 160m?>><3.5><1.72=963
Outdoor 31.5 | 268 0.0204
Indoor 26 50 0.0105
Difference| 5.5 0.0099
Obvious heatratio dew point
17.769 (indoor obvious heat) —~0.86(SHF) Air leaking and air change volume
20.629 (indoor full heat volume) ' Air leaking: m'>< ><1.214 =
dew  temperature=13.50 , protocol dew Air change: 765m*><5.5>0.2BF>1.214 =243

temperature(ADP)=13.50

Dehumidifying air volume

(1-0.2BF) ><(260 ambient-13.50 ADP)=100
17.769(indoor obvious heat)

Air blowing:
M?h dehumidifyingair >< [

0 ambient- 0 air blowing

= m’h

Heat generated internally
Human bodies: 30 persons><63><0.8=1512
Machines: kW>x =
Lighting: 3200W>1.25> =4000
Others: > >x =

xX X =

subtotal ofindoor obvious heat 16,154

loss induct % + power of air blower + safety ratio
10% =1615
Indoor obvious heat total 17769W

Air change
30 persons 25.5 m’/h=765
m? m’/h  m’=

air change=765m’/h

Note: difference between the highest outdoor

temperature (32 ) andindoor temperature (26 ) is

Indoor latent heat

Leaking are: m’/h kg/kg’
Air change:

765m*/h  0.0099kg/kg 0.2BF 3020=4575=1088W
Human bodies: 30 persons 63 0.8=1512
Equipment and others: 2600

Loss induct %+ safety ratio 10%=260
Totalindoor latentheat=2860W

3020=

6 , usuallythe radiant transfer heat temperature is (-
1)
Air change time=5226m*/h/450m3=11.6 times/h
Obvious heatload/floor area

=1769/160 m*=111W/m’

People=5.3 m’/person

Outdoor load
Obvious heat:
765m’/h 5.5 (1-0.2BF) 1.214/4.2=973W
Latent heat: 765m*/h  0.0099kg/kg’ (1-
0.2BF) 3020/4.2=4575=4356W

Subtotal of cooling load 25958 W
Loss inreturn duct %+pump power %+loss in
auxiliary duct5% 1298W

Lighting=20W/m’

Cooling Load Total 27,256W
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SECTION III CALCULATION FORHEATING LOAD

Heating load is to heat aroom to and maintaina specified temperature and humidity. The calculation of
this sto be based onthe datain specific conditions.

1 Categories ofheating load Heat through windows
(obvious heat)

Transfer heatcaused by

temperature difference Heat through external walls

and roof (obvious heat)

Air leaking—through seam o inﬂl‘é‘é’@fﬂ?@ﬁ%hpartition, floor,

(1) Indoor load (obvious/latent heat) ceiling (obvious heat)

Humidifying—water evaporation from
sprayer and evaporator (latent heat)

(2) Outdoor air load—indoor air requirement—heat for the air coming inward and
reaching the indoor temperature (obvious heat)

(3) Others—other loss of heat—loss in ducts (obvious heat)

2 Estimate ofthe indoor heat loss

Table2-49
Structure Heat loss (W/m?)
Cement concrete (rooms at the top floor) 12801209
Cement concrete (rooms on intermediate
floors and ground floor) 8101128
Cement concrete (with floor area above
1500 n?) 811105

European-style wooden structure
(applicable forall rooms) 12801174

European-style wooden structure (with
floor area under 1500m?)

105010128
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3 Indoor temperature and changes

Table 2—50

Ceiling Room temperature (0 ) (1.5mlevel above ground)

helght (m) | 1 18 20 21 22 23
3.0 17.4 19.6 21.8 22.8 23.8 24.8
3.2 17.6 19.8 22.0 23.0 24.0 25.0
3.4 17.8 20.1 22.3 23.3 24.3 25.3
3.6 18.0 20.3 22.5 23.5 24.5 25.5
3.8 18.2 20.5 22.8 23.8 24.8 25.8
4.0 18.4 20.7 23.0 24.0 25.0 26.0
5.0 19.0 21.3 23.9 24.9 26.1 27.2
6.0 19.2 21.5 23.9 25.0 26.2 27.4

4[] Heat transfer—roof, walls, glass windows, ceilings, partitions, floors.

The calculation of the heat loss through the multi-layer walls (both internally and
externally) during heat transfer as illustratedin Sketch 2—2 is mainly based on
temperature difference. While calculating for heating, the radiantheat from the sun
and relative outdoor temperature difference are not taken into consideration, as they
are for cooling calculation.The following formula can apply for the heating calculation

for roof, walls, glass windows, ceilings, partition walls and floors:

Q=kF (t-to) OO OO O OO O H2.23)
Among this:Q—transfer orleaking heat (W)
F—area of wall, roof, glass window (m?)
t—designed indoor temperature (U )
t——given outdoor temperature (U )
k—transfer coefficient of thermal media toward wall

W/m? [0 (as forthe calculation for cooling)

In calculating the leaking heat from partition walls, ceilings and floors, F indicates
the same figure shown in the above formula, to is the dry-bulb temperature in the neigh
boring site. If theneighboring room is also equipped with heating facilities, the above

formula can be applied. If the temperature of the neighboring site is by no means known,
i.e. the temperature differenceis unknown, the following formula is applicable®”

At (temperature difference U ) =[(designed indoor temperature) - (given outdoor

temperature)] >< 0.5 OO HOHOHOOOOOOHOOOOODOOOOHE2.24)
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S5[C0Heat transferand leaking through underground walls & ground
Based onunderground temperature difference:
Leaking heat= transferratio > contacting areabetween wall and ground >
(indoor temperature [ ] geound temperature) (W)
The transfer coefficients are:
for inner wall surface ai=9.3W/m’[]
for outer wall surface a.=0
for soil 1.28~2.3W/m’0

6] Airleaking and air changing

(1)Seam method

Table2—51 illustrates the leaking air volume through the seams in different types
of windows/doors in different wind speed. Length ofthe seams should be measured
individually. When there are above 3 external walls ina room, only 2 of themtoward
the wind will be taken into consideration. Seam length should be no less than half of
the total seam length of all the doors and windows in the room.

Table2—51 leaking air through doors/windows---seam method

Leaking air through each meter of seam (m’/h)

Typeof door/window Wind speed (m/s)

2.0 4.5 7.0 9.0 11.0 13.5
Woodenwindow which can be opened 0.7 28 3.6 55 74 97
both up and down
As above, cannot be closed 2.5 6.4 10.3 14.5 18.7 23.4
Steel window which canbe openedboth | | ¢ 42 6.9 9.6 12.8 15.6
up and down ' ’ ' ’ ' ’
Steel rotary window (for factories) 4.9 10.0 16.2 22.8 28.4 34.5
Glass door (seam 3mm wide) 26.7 83.5 78.0 11.1 13.4 162
Wooden/steel external door (seam 3mm wide)| 5.0 12.8 | 20.6 | 29.0 | 36.8 | 46.8
External door for factories (seam 3mm wide) | 17.8 35.7 53.5 72.4 89.1 106

(2)Area method

This methodis easier than seam method, which will apply the following formula:
Heat loss (W)=(indoor temperature-outdoor temperature)] >< (leaking air) (m’/h)

> 1.214kJ/ m’0

The dataillustrated intable 2—52 and 2—53 are only for the occasion that the
door/window isright towards the wind. When the door/window is not right
towards the wind, only the door/window area that ARE right toward the wind will
be taken into consideration, and the ratio should be 0.6 times ofthat illustrated in
the tables. When the two opposite doors are open simultaneously, the area should
be the sum ofboth doors, and data in the tables should be increased by 25%. When
two doors in aright angle position are open simultaneously, there is noneed in
increase the data in the tables. For an external door without storm porch, when it is
not frequently open, theratio shouldbe 0.7 times ofthat illustrated in the tables.
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Table 2—52 Areamethod—air leaking through window (in winter) (wind speed 7m/s)

Air leaking through window (m?/h/m?)
Typesof windows Small-size window| Large-size window

760 1800(mm)’ 1400 2400(mm)’

Woodenwindow which can be opened both 16 9.7

up and down

As above, cannot be closed 44 28

Steel window which canbe opened both up 29 18

and down

Steel rotary window (for factories) 40 36

Ratio betweenrotary partarea and the

window area 60 53

Table 2—53 Areamethod—air leaking through door (in winter) (wind speed 7m/s)

Typesof doors Only th}rougl; seam ggf)%%}&ea(%gc_i
(m*/h/m?) close (m’/h/m?)
Glass door with seam 1.5mm wide 167 370
Woodendoor 900 2.140 37 240
Small-size factory gate 28 56
Garage gate 74 167
Auto garage gate 74 250

70Humidifying
Due to that the outdoor airis relatively dry in winter, theair coming inward will
reduce the humidity ofthe indoor air. To maintain a specified indoor humidity, it
is necessary to spray some steam into the air or to evaporate the water from the
evaporator. Humidifying should be based on the following formula:
Humidifying volume (water kg/h) = (indoor absolute humidity [ ] ditdoor absolute
humidity) (kg/kg) > (air leaking volume +
incoming air volume) (m*/h) > 1.2
OO0O00O0O0O000oOooDOo0ddoooooodooononOonon2.25)

8JOutdoor air load
(1)When outdoor air comes inside, itis heated by the indoor temperature, which
causes indoor heat loss and should be regarded as external air load during
calculation.
Outdoor air load (W)= temperature difference between outside and inside (U )
> air incoming volume (m*/h) >< 0.34 [ (2.26)
Calculation ofair incoming volume canrefer to table 2—25, the calculation for
cooling.
(2)Effective temperature difference
During heating, the blowing air temperature should be higher than indoor
temperature so as to avoid indoor heat loss, the difference between blowing air
temperature and indoor temperature is called effective temperature difference.
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91Example ofheating load calculation

Conditions can be referred to example shown in Chapter II (see sketch 2—38)
Inside condition: 200 , ®40%, see table 2—54

Table 2—54 Calculation of Heating Load

Structure name: office building

Address:Shanghai CityDate:

Designed condition | Indoor| outdoor digg%re Room name
Dry bulb 20 1 51 Top floor
Wet bulb B Indoor dimension
Relative humidity % | 40 50 - 20m><8m=160m? m>< m= m’ m>< m= m’
Absolute humidity kg/kg|0.0058|0.0018 | 0.004 160m?><2.8m=450m’ < m= m mi>< m= n’
Part of transfer C‘igflﬁic t W/m? m? W
Glass window | ¢.42 21 134.82 20 2.696
External wall | 3.94 21 82 .74 36 2,978
Roof 2.05 | 21 43 160 6,888
Partition 3.31 10 33 56 1,854
Floor 1.45 | 0 ;
Total Loss of Transfer Heat 14,416
. . m?®/h W 3 3
Leaking air t21 0.34 345 2.463 m°/h w m°/h w
Subtotal ofindoor heatloss 16,879
Safety ratio 10% 1,688
Total of indoor heat loss 18,567
. */h W
Outdoor air t21 0.34 ?65 5 462 m’/h W m’/h W
Total of heating load 24,030
L I
Difference ofabsolute humidity optd%% 444 outdoor | [k | outdoor | [/
0.004kg/kg 1.2 allrlr{lo air mi/h air m3/h
Effective 106 34y (indoor | 18,567W v v
(air blow temp.- heat loss/airblow) | o5 o i 50 =[] =[]
room temp) cat 10SS/aIDIOW) 15 180m! hx0.34 m*/h><0.34 m’/h><0.34
Calculation of leaking air
Seam method/area method m’/h
Window 6.9m’/h*m(seam) m*/h -« m? 105 345
Skylight m*/h*m(seam) m3/h « m?
Door m*/h*m(seam) m*/h.m?
Door (close) n’/h« m’
Times ofair Change cgpoaocril%y m3/h cgpoaocﬂy m3/h ce%aoaocril%y m3/h
Times ofair change MaX times/hr m’ m’ m’
Min times/hr
Remarks:
Air blow temperature
=20 +10.5=30.5
Indoor heatloss =116W/n?
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Example to explain the heating load calculation illustrated in table 2—54.
Designed condition: absolute humidity: 0.0058-0.0018=0.0040kg/kg'
0.0058 and 0.0018 canbe obtained from sketchi-d.
(1)Heat transfer
Glass window:
20 (m?) < 6.42> 21 =2696W
(AtD)
table 3—23—1 (winter)

External wa 1:36(E2)X3.94X21:2978W

L table 3-13(winter)
Roof:
160 (m?) >< 2.05 =< 21 =6888W

table 3—T‘\'4—twinter)
Partition wall:

56 (m’) ><3.3] <10=1854W
(At0)
table 3—23—2
(2)Leaking air

21(AtD) % 0.34Tz—32r5(m3/h) =2463W

obtained from the following calculation (6)

t

(3)Outdoor air load
21(At0 ) > 0.34 <765 (m’/h) =5462W
table 3—27 (30 persons>25.5 m’/h)
(4)Humidifying volume
Absolute humidity difference 0.004kg/kg’>< 1110 (m?3/h)=4.44kg/h

(765 m*/h+345 m*/h)

(5)Effective temperature difference
indoor heatloss (kJ/h)

Effective temperature difference (U )= Uoon2.27)
Air blow (m?/h)>=<0.34

When there are several temperature requirements in aroom and only one Air
Conditioner is equipped, the air blow is to be calculated based on the highest

temperature required.
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(6)Seam air
Seam method
Window 6.9m’/h*m (seam) >< (10><5m) m*=345m’/hr

T— (each seam length 8m+25% total 5)

[table 2—49: wind speed is 7m/s (for steel window with opening both up &down)]

(7)Air blow temperature

20+10.50 (effective temperature difference) =30.50
(8)Indoor heatloss

Totalindoor heatloss is:

18567W/160m? (room internal area)=116W/m?

Section IV Quick Calculations for Heat Pump Load (Heating & Cooling)

The quick calculation introduced in this section is based onthe B, E coefficients
illustrated in the following tables. <B—coefficient forcooling and E—coefficient
for heating.>
100In the given condition, to obtainthe B, E coefficients from the following 10

tables.

Table2—55 Heatload coefficient for external walls

. >
Typesof walls Coefficient B (W/m’) Coefficient E

N|E|S |W|[N|E|sS |w| Wm)

Light structure (wooden) 20143 134 |59 | 33|40 /| 50| 49 2.9
Medium structure (concrete block)| 17 | 47 | 40 | 65 | 37 | 44 | 56 | 52
Heavy structure (20mm concrete) | 19 | 40 | 36 | 43 | 34 | 40 | 47 | 30 3.5

Note: normally the brick wall canbe considered as "Medium structure", and the
coefficients shouldbe 1/3 larger. (Figures inthe tables are only applicable for25cm
thick brick & mortaring wall. Ifthe thicknessis 40cm, the wall can beregarded as
"Heavy Structure".)
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Table2—56 Heatload coefficient for roof

Typesof roofs Coefficient B (W/m’) |Coefficient E (W/m’0 )

Light structure (roofing istiling, stone Nocsgifnegded 191 3.5
lating, galvanized sheeting) With suspended
pratme. s ceiling 70 1.7
Medium structure (normal No suspended 107 23
thickness of concrete with ceiling
. . With suspended
insulation) ceiling 44 1.7
. N

Heavy structure (thick concrete OCS;?Fne;ded 50 1.2
with insulation With suspended

) ceiling 27 1.2

Table2—57 Influence coefficient F for glass windows with obstruction of sunshine

Type of obstruction Coefficient F
With internal curtain for Venetian arch 0.7
window :
With internal curtain 0.801J0.9
Table2—58 Heatload coefficient for glass windows
Coefficient B(W/m?)
; : Coefficient E
Types of windows oo Windows exposedto sunshine (Wit )
N E S W | NE | SE | SW | NW
Normal glass window
(onelaygrSmm) 70 {174 |1686|361| 826| 512|500(616| 628 6.4
Normal glass window
(onelay%:r6mm) 64 | 1631628 |337|756| 465|454|558| 570 6.4
Heat-absorption glass
window(onre):layegﬁmm) 41 [1051430|256|512| 314 |314|385]| 395 6.4
Double layer glass window
(outerhea}t/-abgsorptionglass, 35 | 81 |337] 198|395 250 (244|302| 302 2.6
inner normal glass)
Glass block 29 | 47 |384|151|419| 233 |221(267| 279 2.9

Note: if the windows are in two orientations, the larger figure should be
considered during the calculation, others should be regarded as shady windows.

Table 2—59 Heatload coefficient for partition walls

Types of partition Coefficient B (W/m?) Coefficient E(W/m*> )
Barrier, glass 15 5.2
others 9 3.1
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Table2—60 Heatload coefficient for ceilings and floors

Typesof ceilings and floors Coefficient B(W/m?) Coefficient E(W/m’> )
Cement concrete 12 3.5
Floor covered with paintcloth 8 2.3
Wooden floor 5 1.2
Ground floor 0 1.2
Table2—61 heatload coefficientof outdoor air
Applications Coefficient B Coefficient E
PP (W/people) (W/people)
Light smoking areas like banks, shops, 158 35
theatres '
Offices, conferencerooms, hotels, 240 8.7
cafeteria, patientrooms
Heavy smoking areas 465 17
Table2—62 Heatload coefficientof leaking air
Coefficient B(W/m?) | Coefficient E(W/m’* )
Standard 9 0.35
High frequency of passing,
external walls have large area 9><(1.7012.3) 0.35(1.7012.3)
contacting with outside

Table2—63 Correction coefficient F for the outdoor airin differentregions

Region

F Region F
Northeast/Inner Mongolia 0.8 Yangtse river area 1.0
South/north of Yellow river 0.9 China southregion 1.1
Table2—64 Heat generated by human bodies
Status Application W/person
Sitting Theatre 116
Office activity and Office, hotel, cafeteria, 140
walking/sitting intermittently department store
Laboring 233

Factory, workshop

Note: Ofthe number of people is unknown, the following parameters can be

applicable:

1 people/10m?: for hotels, guestrooms, individual patient rooms
2 people/m?*: for offices, barbershops, photo-shooting rooms
3 people/m?*: for conference rooms, residence houses

5 people/10m?* for conference rooms, coffee bars, cafeterias
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2 Conditions for quick calculation of heating/cooling load

(1)Cooling load
When the air conditionedis a combined type of re-heat and by-pass, or the
outdoor airis cooled before it comes inside, the humidity adjustment will be ignored.
The max load should be dependent upon the following conditions:

Outdoor: dry-bulb temperature 33 , wet-bulb temperature 27 , relative
humidity 62%;
Indoor: dry-bulb temperature 26 , wet-bulb temperature 19.5 |, relative

humidity 55%.
Coefficient B in the tables is dependent upon the condition that the
temperature difference between outdoor and indoor is 7 , and the
sunshine loadis included.
Outdoor airload means the outdoor air is 33.6kJ per cubic meter.
The coefficient B for urban gas are 16800-23100kJ/m’, 10080-10500kJ/m?,
that forliquid gasis 41580kJ/m>.
(2)Heating load
Heat volume of the construction, including the pre-heat.
For humidifying, the heat volume should be included in the load.
T isthe temperature difference between outside and inside.
When the room is connecting with the outside, T=(indoor temperature-outdoor
temperature)
When there is partition wall, ceiling, floor connecting the neighboring room
equipped with heating system, T=(indoor temperature-outdoor temperature)/2

When the floor is ground floor, T=(indoor temperature-outdoor temperature)/2

3 Examples oncalculations ofheating and cooling

The calculations of heating and cooling can apply the methods illustrated
previously, the following two examples are applying the Coefficients B, E
introduced in this section.

(1)Heating/cooling conditioning for aradiographic machine in a hospital
Given conditions:
Address: Beijing
Rooms: Radiographic Rooms
Rooms area:Room No. 1: 15m 4m=60m?
Room No.2: 15m 4m=60m*
Control room: 7.5m 4m=30m’
Room volume: height 3.2m
Room No. 1: 192m?
Room No.2: 192m?
Control room: 96m?

Construction: External wall: 25cm brick wall, outside mortaring and inside
plastering
Ceiling: cement concrete slab (there is heating system in the
upper room on the second floor with the room temperature at
18 )
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Glass window: double-layer 3mm glass, with curtains or sun
shading board inside.
Partition: 25cm brick wall with mortaring (there is heating
system inneighboring room with temperatureat 18 ).
Floor: Cement concrete ground covered with wooden boards.
Cooling in summer:
Indoor dry-bulb temperature t=25 | relative humidity 55%
Outdoor dry-bulb temperature 35
relative humidity 60%
Heating in winter:
Indoor dry-bulb temperature t=22 , relative
humidity 50%
Outdoor dry-bulb temperature -12 , relative humidity
49%
Number of people inrooms:
Room No. 1: 10 max; room No. 2: 3 max; control room: 2 max
Lighting:
Room No. 1: 0.2kW
Room No.2: 0.2kW
Control room: 0.1kW
Electrical appliances:
Room No. 1: 1kW
Room No.2: 10kW
Control room: 1kW

[ !

23 22 3 (m) IV.Corridor

AN

AN AN

ol | | | |
S 'l Ceiling height: 2.8m ! ! !
< i I.LRoom No. 1 i Il. Controlroom fj| ~ III. RoomNo.2 |
' I T [T T ] e e I e B
17 22 4 (m)
15000 7500 15000

Sketch 2—9 Layoutof the Radiographic Rooms ina Hospital

We can conclude from the above calculations that: in summer, the rooms should
be equipped with the conditioner which have above 19,669W cooling capacity; and
in winter, a heating system which can provide 29,924 W heatis necessary.

(2)To obtain parameters from Graphi-d.

Cooling in summer:

Designed outdoor temperature: 350 (ta)

Designed outdoorrelative humidity 60%

Designed room temperature 250 (ts)

Designed room relative humidity 55%
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Table 2—65
Name of construction:

Y M D Responsible person:

Address: Rgom_area=(L) (W) = m’
Name ofroom: Floor: Room volume-(Area) ><(H) = m?
Cooling Heating
Items A c Load t Load
Coef| C= oa s oa
inside/
B A B Coef. F Q:f Coef. E (Sutside) H=A E T
=
3
E
5 1
>
m
=
<
2
3 < :
70 Ratio
<3
o-E of
= sun-
shine
=
-3
&=
g
[&]
Outdoor air
requireii by No. Olf o
eople people g
Ne.w peop . ‘5-%’0 Max. Max.
air Outdoor air Room o O
leaking inside m’ O =
volume
Body generated| No. of
heat people 1
Fluores-
§ Light|cent kW 1250
S |-ing|incan- =
3 descent kW 58
g Electric 28
(] [ Rl
S | appliances kW g
o Urban ®
g gas m3/h
S |Gasf7= =
% ngqausld m®/h
Total Load Total Q \W% Total H W
Sketch of Construction Layout:
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Table2—65
Name of construction:

Address:

Hospital

Beijing City

98Y><M>=D Responsible person: XXX

Roomarea=(L) 37.5m ><(W) 4m=150m’

Name ofroom: Radiographic Floor: I Room volume-(Area)150m?*>(H)3.2m=480m?

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:

Cooling Heating
Items A - t
Coef| C= Load nside/ Load
— | $:37.5%3.2-41.1 78.9 40 |3,156 3,156 2.9 34 7,780
<
3
=
= 1
g
<
m
roof| 37.5x4 Y 150 12 {1800 1 1,800 3.5 4 2,100
. < :
o & liweimurgns| 2| 411 | 198 8.378R690.7| 5865 26 | 34 | 3,633
©n (6]
< <
= g -
(D’; Normal sun
3 1 shine
mm glass
o |E4 32W:4 32 25.6 9 | 230 230 3.1 4 317
. Q .-
§ é 104.8 | 9 | 943 1 943 3.1 4 1,300
h=ao) -
5 .8 15.2 15 | 228 228 3.1 4 188
g
© 150 0 0 0 1.2 34 6,120
Outdoor air No. of
requireld by peo.ple 15 240 (3,600 |Coef 8.5
New Opz(’pe - fefgi 09| 5184 4 8486
utdoor air | Room 5,790 -
leaking inside|[volume 480m?* on 0.52
Body generated | No. of
heat people| 15 | 116 1,740 0.5 750
= en -
3£ fluore-l oskw | 1250| 625 | - |0.5 313
= - 15
eo |incand- P
:% 3 |escent kW E
5| Electric ‘g
o appliances 12kW 12000 £ (0.1 1,200
5] G
éﬁ Urban 8
gas 2
G
2 " Liquid &
R~ gas
Total Load Total Q 19,669W Total H 29,924W
Sketch of Construction Layout:
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Torefer GraphilJd@orthe processofA B (see graph 2—10), whichincludes the
processes of "de-enthalpy, dehumidifying and cooling". Parameters for A and B are
as following:

%
B=58%,

Temperature | Humidity| Dew temperaturel Enthalpy Absolute humidity
@) (P) @) kl/kg kg/kg'
Outdoor (A ta=350 60% t’a=28[ iA=90.3 da=0.0215
Indoor (B) ts=250 55% t’s=18.60 iB=52.9 ds=0.0108
Difference N =100 5% 37.4kJ/O0|K Ad=0.0107
ds=10.8 da=21.5
g/kg’ g/kg’
=60%
=100%
in=52.9k1/kg e

Graph 2—10 Parameters in Graphilld@rom ta=350 , ®=60% to ta=250 , P=55%

In graphi—d, when ta=350 and ®=60%, the specific volume of wetair is
0.93m’/kg. If the leaking air is 480m’/h, and ts
volume ofthe saturated wet airis 0.84m’/kg. The weight ofthe saturated wet air is:

480m*/h =+ 0.9393m’/kg = 516kg/h

] De-enthalpy

Air penetrating the room is 480m’/h, whichis 516kg/h, the total volume of de-

enthalpy is:

37.4kJ/kg>=<516kg/h=19298.4kJ/h=5361W,

While using the quick calculation "Leaking Air" introduced previously:

480m3><coefficient 12><regional coefficient0.9=19298kJ/h, 19298 + 3.6 =5361W

These tworesults are the same.

Dehumidifying

Leaking air dehumidifying:

Say theair is 516kg/h and difference ofabsolute humidityis 0.0107kg/kg', thus
we can conclude the dehumidifying as:
S516kg/h  0.0107kg/kg’=5.52kg/h
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Changing air dehumidifying:

Say airrequirement for each personis 34m?/h (table 2—27), total 15 peoplein the
room, coefficientis 0.5 (because notall the 15 people are inthe room at the sametime).
Therefore,

Airchanging =34m’/h>15>0.5=255m*h

When ta=350 , the air mass will be 255m*/h =+0.93m*/h =237kg/h

Dehumidifying =237kg/h ><0.0107kg/kg' =2.54kg/h

Volatile from human bodies:

Say there are 15 people, coefficientis 0.5, the applicable parameter intable 2—35
for lightactivity at250 is 189g/h=1.13kg/h

15><0.5><189g/h>0.8 (1 in the table indicates the body surface ofthe European

people) =1130g/h =1.13kg/h

Total volatile is:

Leaking air dehumidifying + changing air dehumidifying + volatile from human

bodies + volatile from appliances + other volatile

So the total volatileis 5.52+2.54+1.13=9.19kg/h

The formula for humidifying can goto No. 7 in this section, quick calculationis:

Humidity exchange (g/h) =(indoor absolute humidity-outdoor absolute humidity)
(g/kg’) =< (leaking air + changing air) (m*/h) > 1.2

The leakingair can be obtained through Area Method in table 2—53:

Window areal.7>2.2(m*)><11 (numberof windows)><9.7 (leaking air m’/h)><1.2
=488m’/h

—_&NoO
i—43.3kJ/kg’ 50%

=100%

Drawing 2—11 Parametersin graphi--d during Heating in winter
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Parameters in graph i--d for heating in winter

Temperature] Humidity |Dew temperature|g nihalpy ki/k Absolute humidity
0) (®) 0y |ty RIRE T kg kg
Outdoor (C 120 49% ic=-10.5 dc=0.0008
Indoor (D) 220 50% ip=43.3 dp=0.0084
Difference Ar=4[] Ai=53.8 Ad=0.0076
Humidity exchange=(0.0084kg/kg'-0.0008kg/kg’)><(488+255)>1.2=6.78kg/h

Humidity increase =indoor heat exchange [1 vGlatile from human body

=6.78kg/h [ 1C13kg/h =5.65kg/h
(2)Conditioning ofthe operationroom in a hospital
(1 Conditions:
Given conditions:
Address:
Chengdu City
Outdoor: (seetable 2—66)
In summer:

Highest temperatureis 330 , highest wet-bulb temperature

27.20 , relative humidityd 65% ,temperature for external structure

during calculationis 300
In winter:

Lowest temperature-10 , relative humidity 82%
Indoor: (designed condition)

Summer: 270 , relative humidity 60%

Winter: 270 , relative humidity 70%
Construction:

2" floor (total 4 floors), layout (see sketch 2—15)

External wall: concrete with internally plastering & externally

cement mortaring.
Glass window: one layer with normal glass, 3mm thick
Partition: plastered single-brick wall
Floor: concrete terrazzo
Ceiling: (floor of the 3™ floor)
Number of people: 10
Lighting: 20W/m?, total I000W
Electrical appliances: SkW including all operation instruments
[1 Calculations (seetable 2—62)

Result of the quick calculation
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Table 2—66

Name of construction: Patient's Building
Address: Chengdu City

Outdoor: summer 33 ,

Y M D Responsible person:

65%,wet-bulb 28.4

Room name: operation room Winter-1 , 82%
Floor: northeast 2™ floor (tota214 floors) Indoor: 27 , 80%,
Area: L(10m)><W (5m)=50m winter 27 . 70%
Cooling Heating
Items A Coef| C= Load L Load
] Coef. E| (inside/
B |Axp | Cocf-F Q=f ¢ o(ut51de) H=A E T
Tﬁ E:5.0=3.50015 2.5 47 118 118 2.9 2 203
= [N:10=3.50022.5 12.5 17 | 213 1 213 2.9 1015
=
—
L
><
- N
roof &
«
2 S|E:2.5%30%2 o 15 686 | 10290 |with | 0.7 7203 6.4 2688
=2 i 28
G‘E ] < curtain
£ [N:2.5%30>3 22.5 174 | 3915 0.7 2740 6.4 4032
- § S:10<3.5 35 9 315 315 3.1 1953
’8 Ei W:glass door2.5%3 5 15 75 75 5.2 468
= g«‘ 1849
;«:; = |W:5.03.5-5 12.5 9 113 113 3.1 698
3t Floors:2x10><5 100 12 1200 1200 3.5 6300
Outdoor air No. of Coef
required b .
New| "CQuredPY | peaple | 10 | 240 | 2400 | ;¢ . St 87 | Jise
air Outd i Room regi- [l
leaking inside | volume [175m3 9 | 1575 | on 0.35
« | Body generated | No.of
3 gens peopie | 10| 140 | 1400 0.6 840
S| £ | e kw | 1.25]1250 [ 5o 625
< | % [ incand- =
o | = | escent N
S| appamies 5kW 5000 | Z 0.1 500
=) Urban s
S gas o
S |93 Tiquid =
gas M
Total Load Total Q 16582W TotalH 19793W
Sketch of Construction Layout: 10m
20 35 5
] =
S -
v v
I
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dc=2.9g/kg’ dp=15.7g/kg’ da=20.8g/kg’

da=1

tA/

i,=87.4kJ/kg’

tBtD / _

i=66kJ/kg’
is=61.3kJ/kg’

tc
i.=6.3kJ/kg’

z

Total cooling loadis 16582W
Total heating load 197953wing 2-12

(c)Parameters in i-d are shown in Drawing 2—12
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MRYV is also called intelligent multi-system heat-pump air conditioner.Simply
speaking, itis asingle-stage steam-compressed cooling & cycling system. In the
working coolerin summer, the coolant is transferredto evaporator,where itis
evaporagof iSO F PEPEG i i 8 CiscA e Com ditivgrepiMRVyisture in
the airis partly taken away during the process (Dehumidifying). In winter, the
four-way converteris converted, the gaseous coolant inthe compressor coming
from indoor evaporator is liquefied after heat radiation to the room, thenthe
liquefied coolantis evaporated in the outdoor condenser, obtaining heat from the
atmosphere (evaporation), thus theroom is heated (heating). This kind of working
system is called "heatpump" system.Sketch 3—1 shows the compressor heat
pump system.

outdoor heat  4-way — Cooling

I :
exchal_l__ger converter heating
[= +— \

10p — indoor heat exchanger
10p = 5
10g olo
0g
1lg
pl
check check
N valve valve
t —
L] -
—> <

Expansion valve Expansion valve

Sketch 3—1 Heat Pump Cycling System

The mainpart in the single-stage compressed cooling and cycling system is
"fourway converter" (or 4-way valve). The valve isin two different orientation,
by moving the internal piston, it can functionas "heating"and "cooling".Therefore,
the indoor evaporator and outdoor condenser are also called Indoor Heat
Exchanger and Outdoor Heat Exchanger. This isthe working process ofthe heat-
pump air conditioner as shown in Sketch 3—2.

I High pressure coolant
1 ULow pressure coolant

road valve
; 2l road valve
evaporator BTt -
' condenser = coil
capillary slide valve BJJAIIC
T O tube l discharger \ /1 capillary —slide valv
s { ¢ = i tube T discharger \\4—
o b
condenser - - 2 7
pulp s T evaporator! T
board _, l piston pis_ton i l % . pul
— ,_/ comp- ‘/
(a) cooling ressor — comp
e (a) heating —\ressor,

Sketch 3—2 Working Principle of four-way Valve
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This section is mainly to discuss the single-stage steam-compressed heat-pump
system. Based on heat source, heat pump is classified into air heat pump and water

heat pump. Air heat pump can be sub-classified into air vs air and air vs water, as

shown intable 3—1.
Table3—1 Air heatpump

Description Air vsair

Air vs water

Heat source Air (outdoorair/air discharge)

Air (outdoor air/air discharge)

Dissipation Air

Water

To obtain the heat from outside and to
discharge heat directly to the room
(heating).

On the contrary, to absorb the heat
from the room and discharge to outside
Characteristics | (cooling). . . .

This type is mainly applicable for
residence and rooms with small area.

The decrease of the outdoor temperature
will result in the low efficiency of heat
pump, so the addition of auxiliary heater
is necessary.

To generate the heat obtained from
outside into warm water, then tramsfer
to theroom (heating).

On the contrary, the cool water
transferred into room is heated
(cooling), then the generated heat is
discharged to outside through heat
exchanger.

Window type, split type, multi-
system (MRV)

. =4
=4 o
=t o
a o
1) =
: z
=
@ =S
=4 o
g g
o
3 four-way converter 5
g ®
[¢]
2\ »/ =

Sketches —

expansion
valve

Small-size air-cooled water system
(MRV)

four-way| converter

/Ieﬁuzqoxa Jedy Joopin

-)63Y J9jeM

EF

Besides that, water heat pump, which mainly utilizes the underground water or
recycled water and is applicable for large-scale central air conditioning system,

here will not be discussed in detail.

88

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:

air conditioning unit




Section I Selection of MRV Air Conditioner

1-1 Objects and characteristics of marketing

Objects

Asshown in Sketch 3—3, the total pieces of construction with the construction
area below 2000m? is 1,251,058, which isabove 90% of the whole construction.
While itonly takes 50% ofthe land area. Even so, these constructions are mainly
for shops and offices, which is the most potential market for MRV.

both forresidence and

for commercial

104.460
8.3%

others 517

23801980
19.1%

residence
907690
72.6%

for commercial includes:

offices, departmentshops, schools,
hospitals, clinic buildings, stores,
factories etc

Sketch 3—3 Marketing Objects of MRV Air Conditioner

Characteristics:

The following characteristics make the market potential for MRV:

1.1t isapplicable for the places with many offices or shops, the temperature and
running time can be controlled for individual office or shop.

2.Running and maintenance costcan be calculated and controlled individually.

3.No need for control room. Itis economic, power saving and comfortable.
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exchanger, where it is heated or cooled and distributed to theroom. The heat abs-
orbed by the coolantin the indoor heat exchanger is transferred to outdoor heat excha-
nger by tubes and then discharged to atmosphere.This is the process ofheat exchanging.

2-1 Advantages

I10No need for chilled water or water system. It is water-saving, especially
applicable for the areas lacking water.

2[0Simple assembly and installation. The only work isto assemble indoor and
outdoor units and to connect them with tubes.

3[00Low occupancy of area. Unlike water-cooled type which needs cooling tower,
pumps etc.

4[JEnvironmental protection. It is a fully electrical appliance which hasno
contamination to atmosphere. Piping diagram see Sketch 3—7.

5 Easy maintenance and repair,low cost.

During selection of the air-cooled typeair conditioner:

1 Decrease of outdoor temperature will resultin the decrease ofheating capacity,
so the selection of heating capacity should be dependant upon climate
condition as well.

2 The installation of tubes may be limited by length and height difference, so the
selection of location should take the tube length and height difference into
consideration.

3 The mediais air,so good ventilation needs considering during installation and
air flow will not be affected by walls, ceilings or floors.

Heat pump air conditioners can be classified into integral type and split type.
Among split-type air conditioners, indoor units are diversified, as ceiling type,
walPwripgselgtionghairfonditionfrsiype

100To calculate the heating/cooling load of the room (see Chapter I1) and analyze
their relations carefully.

2[0Toselect the type according to table 3—S8. Better to install several small-size
air conditioner for the large room or multi-rooms.
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30The selection should be dependant upon climate, room condition and
product performances. Normally, the performance indicators given in the brochure
are complying with GB/T7725-1966. Table 2—4 and 2—S5 illustrate the conditions

of indoor and outdoor temperatures; and table 3—2 illustrates the JIS standard.

check valve . (indoor unit)

indoor air heat-

| (_. exchanger

capillary tube

o
Jdiquid tube 1201 air tube
‘ C1201
' outer dimension 9 5 outer dimension 910
isolation valve (outdoor unit) isolation valve X
liquid storage
) 1 capillary tube
| release valve i \
\
by-pass capillar
tgbg P Y outdoor air heat
{ exchanger
o two-way valve
liquid-gas
separator
( P

compressor

high voltage

. __, coolin -
switch g

""" > heating

Sketch 3—7 Air-cooled Heat Pump Piping System
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Table 3—2—1 JIS Temperature Condition (Integral unit) (unit: 0 )

. . Outdoor Condition
Indoor inlet air|

condition Cool-air type Water-cooled | Water-cooled heat-
Conditions outdoor AC cool-air AC pump outdoor AC
- - - water | water water water
bDlilyb [\)tht, bDJl}i) Wet-bulb | ipnjet | outlet | inlet outlet
2 Cool air | 27=1(19.5%0.5| 3521 | 2420.5% 3020.5 | 35240.5 | 18%0.5 | 2940.5
‘2 Over load |32=1(22.520.5| 4321 |25.52%0.5% | 3240.5 -4) | 2420.5 -(4)
g Condensation| 2741 | 24405 | 271 | 24205 O 2740.5 O 2740.5
© | Lowtemperature| 3141 |15 5405 211 | 15.540.57 O |21x05| O 21205
g | g | Warmair |y141| 71 | 6%0.5 0 O [155%05)
§ ;f“Overload 241 O 211 | 15.5+0.5 O O | 2105 -4)
S |2 | Defrost |21=1| O 1521 | 0.5%0.5 O m O 0
Electrical heater |21% O O O O 0 O |
Note:
(1)During defrosting, no matter how itregulates intable 3—2—1, itcomplies
with table 3—2—2. 2143

(2)Indicating the datum temperature in surrounding areas.

(3)Being applicable for those whose web-bulb temperaturd et fluence outdoor

heat exchanger (functions as the heatsource for outdoor hﬁt exchanger and

utilizes the potential heat of water.)
(4)Being applicable for cool air condition

Table3—2—2 JIS Defrosting Condition (Integral unit) (unit: 0)

Warmair (defrosting)

Dry-bulb temperature

Indoor
Wet-bulb temperature

Dry-bulb temperature
Outdoor

Wet-bulbtemperature

® Cooling capacity

Air conditioning capacity is dependant upon indoor wet-bulb temperature and

outdoor dry-bulb temperature, so the calculated cooling capacity based on

designed conditions is only for reference.
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Relations ofthe AC Loads

Viafan duct,
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openings

Heat exchanging

tube, pump
—

Cooler, boiler
and heatstorage
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The following are the required indoor and outdoor conditions for heating and
cooling:
Cooling Capacity:
As the cooling capacity is dependant upon the indoor wet-bulb temperature and
outdoor dry-bulb temperature, the data obtained from the calculation which s
based ondesigned conditions are subjectto correction.
E.g. Indoorwet-bulb temperature: 19.50

Outdoor dry-bulb temperature: 350

Frequency: 50Hz

Therefore, we can read out the cooling capacity for RPA-88H (7.5P) is
18500kcal/h (21516W) from Sketch 3—S8.

.Cooling capacity (kcal/h 10%)

(50Hz)

i

-

A

)
(¥

Outdoor
dry-bulb
temperature ,, /

()

¥

20795 20 25 80 100 120

Indoor wet-bulb temperature( )Air volume (%)

Heating GaneRity:g Cooling Curve for RPA-88H Air Conditioner
As the heating capacity is dependantupon the indoor dry-bulb temperature and

outdoor wet-bulb temperature, the data obtained from the calculation which is
based onthe designed conditions are subject to correction.
E.g. Indoordry-bulb temperature: 210

Outdoor dry-bulb temperature: 0

Frequency: 50Hz

Therefore, we can read out the heating capacity for RPA-88H (7.5P) is
18400kcal/h (22562W) from Sketch 3—9.

Normally, the designed conditions for cooling can be equal or below the
performance testing conditions stated in GB/T7725-1996. The cooling capacity
may alsorefer to the indicators stated in the brochure. However, forheating, the
outdoor temperature may be usually below the conditions stated in the standard,
thus the heating capacity will be decreased. Therefore, the capacity can only be
obtained and corrected according to the Heating Performance Curve. Say the
heating capacity is at 100% under the standard conditions, when the outdoor
temperature descends to 0 , theestimated capacity would become 85%; and
when the temperature is-5 , capacity would changeto 75%.
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() ommeradwo) qing-jom 100pINQ

Heating capacity (kcal/h

10%)

Indoor dry-bulb temperature( )

(50Kz) ]
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. | | @ | — - 2]\
4 /// /// [ |
1 ] R
| —— — | _——1
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— ———1
L— —T1T - ——
0 |+ — | —1—F— L— \ 18
L1 [ 1] | —
2 — —
4 /// //
L —
| 1 1
15 20 25 80 100 120

LAir volume (%)

Sketch 3—9 Heating Curve for RPA-88H Air Conditioner

Table3—3 provides the performance indicators
Table 3—3 (kcal/h*1.163=w)

[capacity: (kcal/h)][50/60HZz]

Cooling capacity
(kcal/h)

Heating capacity (kcal/h)

Outdoor DB 35
Indoor WBI19.5

Outdoor WB 7
Indoor DB 21

Outdoor WB 0

Indoor DB 21

OutdoorWB 5
Indoor DB 21

RPA-38H (3 HP)
RPA-58H (5 HP)

RPA-88H (7.5 HP)
RPA-108H (10 HP)
RDA-152H (15 HP)
RDA-202H (20 HP)
RDA-252H (25 HP)
RDA-302H (30 HP)

7 100/7 700
11 500/12 500
18 500/20 000
22 000/24 000
35000/40 000
46 000/50 000
56 000/63 000
67 000/75 000

9300/9 900
16 000/17 000
22 800/24 000
29 000/32 000
36 000/41 000
50 000/55 000
60 000/68 000
75 000/80 000

8 000/8 500
13 800/14 500
19 400/20 400
25 800/28 500
31 000/35 800
42 000/47 500
50 100/55 900
61 900/65 700

7 000/7 500
12 200/12 600
17 000/17 800
22 800/25 800
26 500/29 800
36 000/41 500
43 300/46 900
53 000/55 200

The indoor or outdoor dry-bulb or wet-bulb temperature will affectthe
performance of heat-pump air conditioner during heating or cooling. Table 3—4
illustrates their relationship.

Table 3—4 Environment dry-bulb/wet bulb temperature influence on heat-pump

AC performance

Indoor temperature Outdoor temperature
Dry bulb Wetbulb Dry bulb Wetbulb
(DB) (WB) (DB) (WB)
up down| UP |down| UP | down| UP | down
Cooling capacity (Qc) up down | down | up
Heating capacity (Qu) | up down up | down

Air flow is below 100%, ifthe variationis over 20%, the AC performance will be

affected.
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So enough attention should be paidto the heating capacity while selectingthe
air conditioner. Due to the fact that the capacity would be reduced with the
descending ofthe outdoor temperature, itis necessary to add an electric heater or
to select a large-size air conditioner while it is costly. During heating, the
defrosting is functioning and cold air will come out. When the defrosting is
working, the inside fan should be stopped.

4 Relations between tube length and heating/cooling capacity

The tubes connecting the indoor unit and outdoor unit of a split-type air
conditioner are specified inlength and height difference, which are dependant
upon suppliers and equipment models. Normally, the length is 25-50m, and the
height differenceis diversified. When the heat exchangeris above the compressor,
the tube should be within 30m and when the heatexchanger is below the
compressor, thetube should be no more than 20m. Due to the fact thatthe height
difference has great influence on performance, the relative specifications must be
followed strictly, otherwise, it will cause problems to units. (Requirements for
installation refer to Chapter V)

Under the circumstances that one outdoorunit iscombined with one or more
indoor units, the tubes will be different inlength. Normally, the tube is 5m long

for one outdoor unit with one indoor unit. If the tube needs extension, the coolant
should be added.

AU96NFTAHA

Lasting about
4 hours

@9.52(10m) @9.52(4m) @6.35(5m)

#9.52(10m)

Liquid tube 12.7(30m) | @9.52(10m) @6.35(5m) @9.52(10m)

[Model 18| [Model 18]

©9.52(10m)

[Model 18] | Model 09

Liquid tube@ 6.35=5+5=10m
89.52=10+10+10+10+4+10=54m
2 12.7=30m
R:(I\]Ic())rr%lnalpy ,O t%lé%/xrye)ri_sggﬁ oF tu%'eos6a§1lagf{(lila)ﬁg%%¥lcog l'aln]t%vkl%g)s?zc%glé%ions
have little effect oncooling capacity as they do on heating capacity, shown in
Sketch 3—11. Therefore, the tubes should be insulated to avoid heat loss.

100% indicates the capacity calculated upon performance
50 Outdoor unit (6 horse power)

40

30

Height 20
of 10+
outdoor 0

. 4 /
unit (m) -7 yaraIan e vava

_ 1 i
¥ T L)
[T L

(indoor equipment)

100%

99

799(98,
96

<[
AR EN

92
90
89
88
87
86

o

98
97.
95

250 s (outdoor equipment)
10 202°30 40 50 60 70 80 90 100 110 120
Tube length (m) (note) cooling capacity no change
Sketch 3—11 Relationbetween tubes and because ofenclosed coolant addition

installation height for 6HP units
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2-2 Notesbefore AC application:

Attentionneed to be paid to the following points during design, installation and
application, so as to make the air conditioner run soundly.

10The room to be fitted with air conditioner should have enough space for
air sucking and maintenance.

2[0The enough maintenance space and goodventilation arerequired forthe
outdoor unit. Discharge from the outlet should not be blocked or opposite to others,

as shown in sketch 3—13.

300Outdoor heat exchanger should be cleaned regularly to avoid dust blocking
air flow.

Above 800 Above 200
Above 200 Above 8003
[—> o
- - S
Ne)
S | 0
S ! I z
B | (front | ! =
2 ( roﬁnf) ! ‘
jﬂ: (front) /ﬁé : /ﬁ% §\ %\
d PR \% |
O |
| S
! O
[}
>
]
i - e}
<
Sketch 3—12 Space for indoor unit Sketch 3—13 Space for outdoor unit

4[JEquipment should be free from chloride and other corrosive gas.

S50Trench and piping arerequired for the defrosting water being discharged
soundly.

6JUnits should be free from dust collection. Actions need to be taken to

remove snow (to be discussed in detail in Chapter V). Dimensions and installation
of Haier MRV refer to Appendix.

Sketch 3—14 illustrated types ofair-cooled heat-pump air conditioner and the
Appendix provides the technical data of MRV.
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B Direct-blow type
e Grounded type ® (Cassette type

Indoor

4H unit

Outdoor x Outdoor
unit unit

I Indoor unit

e C(Ceiling type e Walltype
- Indoor unit
) ~
Indoor unit
Outdoor Outdoor
unit unit

B Piping type
® Grounded type

Outdoor
unit

A &

® (Cassette type

Indoor unit

Indoor
—. - S
A
Outdoor L3 J

unit

Sketch 3—14 (A) Categories ofair-cooled heat-pump AC
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Sketch 3—14 (C) Cassette type heat-pump AC
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Sketch 3—14 (B) Air-tube Air-cooled Heat-pump AC
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Section III Water-cooled Heat-pump (MRV) Air Conditioner

Here we only discuss the heat-pump system with outdoor air cooling and indoor
water cooling.

This systemis primarily equivalent to the cooling system introduced previously
except thatthere is an additional "Coolant-Water Heat Exchanger" in the outdoor
unit. In summer, thecooling system cools the heat exchanger down and generates
cold water which is then pumped to indoor unit (Cooling).In winter,cooling
system is converted to heat pump and heat the exchangerto generate hot water
which is pumped to indoor unit (Heating), as shown in Sketch 3—15. In extremely
cold winter, the efficiency of heat generation decreases, the water can be heated by

electricity to provide heat. Solar energy can also be used to increase efficiency.

)

Warm air

195UBYOXd 18IY Iy

J
2
108UBYOX? 18Iy Iy

2.2 O

C[(Zair E>

= R
= 7
i)

=3
Recycling Recycling
water Water heat water Waterheat | Compressor
exchanger exchanger
(a) Heating Recycling (b) Cooling Recycling
Sketch 3—15
Advantages:

1.No need for boiler. Heat-pump system can generate both cold and hot water.

2.0ne ormore air-cooled heat pumps can be fitted outside, no need for boiler,
water tower or control room.

3.Fully electrical, no contamination to environment.

Note: Hot water temperature is usually below boiler water (standardis 450 ), so
the calculation of blade area for exchanger need to be corrected considering capacity
decrease.

3-1 Notes for modelselection

10To calculate cooling and heating load carefully.

2[1The heating and cooling capacities based on the designed outdoor temperature
need correction. Normally, we needrefer to the technicaldata in product brochure,
sometimes can also refer to JIS standard. Table 3—5 is the introduction for
outdoor air cooling and indoor water cooling units. There isno standardto be referred
for this type in China yet.
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Check valve

E Check valve

Air heat Expansion : Air heat

exchanger | . ive X \ % valve | exchanger

No. 1 N No. 2
filtering
blower
Four-way

Liquid-gas pnverter
63L 63H separator

Switch

Symbols:
LP: Low temperature Cool water
coupled meter outlet  iadiator

HP: High pressure gauge ﬁwp

J1078[MUWNIIY

Temperature

High temperature breaker
during condensing M

Cool water
outlet

Waterheat exchanger ‘

63L: Low voltageswitch
63H: High voltage switch ‘
FP: Fusible plug ep

Expansion
valve

Sketch 3—16 Water-cooled Heat-pump Piping Diagram

Table3—15 JIS standard for Temperaturell

Application Side Heat source side
Conditions Cool water Water-cooled Air-cooled
Outlet Outlet Dry-bulb Wet-bulb
Inlet temp temp Inlet temp temp femp fermp
% 124+0.5 7%0.5 30+0.5 354+0.5 351 2120.5(4)
o Cooling
2| Overload -(2) 1540.5 | 32+0.5 - (3) 431 25.540.5(4)
S
8 Low temp -(2) 540.5 - (3) 21205 | 21l 15.5420.5(4)
g 4020.5 | 45+0.5 | 15.5+0.5 | 740.5 71 640.5
& Heating
= | Overload -(3) 5040.5 | 21=0.5 -(6) 211 15.540.5
) Defrosting (I} 444 5 -(6) ; ; 1,51 0.52:0.5
Note:
(1)Defrosting conditions mean the conditions set before the actual defrosting.

When defrosting starts, conditions stated intable 3—6 should be maintained

regardless oftable 3—5.

(2)Applicable for cooling condition, determining water volume of application side.
(3)Applicable for cooling condition, determining water volume ofheat source side.
(4)Applicable for wet-bulb temperature and can affect the heat exchanger on heat
source side (as heatsource, it can utilize the potential heat from water).
(5)Applicable for heat pump condition, determining water volume of application side.
(6)Applicable for heat pump condition, determining water volume of heatsource side.
Remarks: The tolerances indicated in the table are the allowed temperature

variation during the test.
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Table 3—6 Defrosting Condition in JIS Standard (for cooler)l

Heating (defrosting)

Application side

Waterinlet temperature 4023

Water outlet temperature _

Heat source side

Dry-bulb temperature 1.546
Wet-bulbtemperature

In reality, we usually make some corrections according to the technical chart and
actual requirements. E.g.

Cooling:

Given the conditions of outdoor dry-bulb temperature 350 , cool water
outlet 70 and frequency 50Hz, we can read out from table 3—7 that the
cooling capacity for RVA-404 (40HP) is 90000kcal/h (104670W).

Heating:

Influenced by the water outlet temperature and outdoor wet-bulb

temperature, the capacity based on designed conditions need to be corrected.

Given the conditions of outdoor wet-bulb temperature 00 , water outlet
450 and frequency 50Hz, we can read out from the table3—7 thatthe
heating capacityis 86500kcal/h (100600W). When the wet-bulb temperature
is 70 , the heating capacity will rise to 100000kcal/h (116300W).

Under the normal summer conditions, the capacity will meet the requirements.
While in winter, outdoortemperature is usually below the designed condition, so
correction must be made according to the technical data for outdoor unit.

3-2 Selection of Unit Model

Attention must be paidto the heating capacity during model selection, as
discussed inthe previous section. Electrical heating should be added if necessary.

Table3—7 Performance indicators for Air-cooled Cool-water Heat-pump outdoor

unit RVA-404H (40HP)

(Cooling)
_ |outd- Cold water outlet temperature ()
2 __ |oor 5 7 9 12 15
L N
?rE temp Capacity Capacity Capacity Capacity Capacity
E @) 103~ [Power 103 Power 103~ |Power 103~ |Power 103 Power
(kcal/h) | (kW) | (kecal/h) |(kW) | (kcal/h) |(kW) | (kcal/h) |(kW) | (kcal/h) | (kW)
25 96.0 32.1 102.5 [33.6 | 108.5 |354 | 118.0 |38.3 126.5 41.5
30 90.0 34.3 96.0 35.8 101.5 [37.8 | 110.5 [40.8 119.0 44.2
50 35 84.5 36.3 90.0 38.1 95.5 40.1 | 103.5 [43.4 111.0 46.9
40 78.5 38.4 84.0 |40.3 88.5 42.5 96.5 45.9 103.0 49.7
45 73.0 40.4 77.5 42.5 82.0 44.8 89.0 48.4 95.5 52.5
25 113.0 | 38.7 120.0 |40.1 128.0 |41.6 | 138.5 |44.4 149.0 47.5
30 106.0 |40.9 112.5 |42.5 119.0 [44.3 | 129.5 |47.1 139.5 50.5
60 35 98.5 43.1 105.0 |44.8 111.5 |46.6 | 120.5 |49.9 130.5 53.0
40 91.5 45.5 97.5 47.2 103.0 [49.2 | 112.0 |52.5 120.5 56.0
45 84.0 47.7 89.0 149.8 94.5 52.0 | 103.0 [55.0 110.5 59.0
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(He

ating)

- |oud ég Warm water outlet temperature ()

5% |38 35 40 45 50 55

STtemp| £ opf . . . . .

o~ 39 Capacity Capacity Capacity Capacity Capacity

23} 0 2% 103 Power 103 Power 103 Power 103 Power 103 Power

= (kcal/h) | (kW) | (kcal/h) | (kW)| (kcal/h) | (kW)| (kcal/h) | (kW)| (kcal/h) (kW)

15(1.00| 121.0 | 32.7 | 120.0 |35.2| 119.0 [37.9 | 117.5 | 40.8| 116.5 43.9
710.97| 102.5 |30.4 | 101.5 32.4 | 100.0 [34.4 98.5 36.6 97.5 39.0
410.93 96.0 29.7 94.5 31.4 93.5 |333 92.0 35.1 90.5 37.4

5010 1(0.94 88.0 29.1 86.5 30.4 85.0 |31.8 83.5 33.5 82.0 35.2
-510.96 79.0 28.7 77.0 29.4 75.5 130.4 74.0 31.5 72.0 32.7
-10{0.97 71.0 28.5 69.0 28.8 68.0 [29.3 65.0 29.9 63.0 30.5
-15/0.97 64.0 28.8 61.5 28.6 59.5 |[28.5 57.0 28.6 55.0 28.7
15/1.00| 140.0 | 38.2 | 138.0 |40.8| 135.5 |43.6| 133.5 |46.6| 131.0 49.8
710.97| 119.0 |36.1 | 117.0 |38.2| 115.0 |[40.6 | 113.0 |43.0 | 111.0 45.5
41093 1115 35.5 | 109.5 37.4 | 108.0 |39.6 | 106.0 |41.8 | 104.0 44.2

60| 01094 | 102.0 |34.8 | 100.5 36.7 99.0 |38.6 97.0 40.6 95.5 42.5
-510.96 91.0 34.4 89.5 35.9 88.5 [37.6 87.0 39.2 85.0 41.1
-10{0.97 81.0 34.2 80.0 35.5 79.0 [36.8 78.0 38.3 76.5 39.8
-15(0.97 72.5 34.4 71.5 35.5 71.0 [36.7 70.0 37.8 69.0 39.0

Notes:

(1)The performance indicators are only applicable for the standard water volume.

If the water volume is changed, there will be a variation in capacity: at min

flow, the variationis about +3% and at max flow, the variation would be about

U1G.

(2)When the water temperature and outdoor temperature is between the figures

shown inthe tables, it could be calculated by proportion, but cannot exceed

the range specified in(1).

3-3 Selection of indoor units

Cold water (warm water) system, also called "fan coil set", is applied in indoor
unit, and its capacity is determined by the followings:

100Cooling Capacity
1.Cold waterinlet temperature

2.Cold water flow

3.Return air wet-bulb temperature 4.Air flow

2[JHeating Capacity
I.Warm water inlettemperature

3.Return airdry-bulb temperature 4.Air flow

Table 3—38 illustrates the types of fan coil sets and table 3—9 and 3—10 provide
their technical data for heating and cooling capacities.

Since the temperature ofthe warm water supplied by heat pump is lower than that
from the boiler and the temperature will decrease at the inlet of coil set, in orderto
ensure the heating capacity, alarger unitthan thatindicated in the tablesis

proposed.
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2.Warm water flow




2 Cautions during installation
1.Alarge spaceis required for outdoor unit to avoid the short circuit caused by
suck-in airand blow-out air. Space above the unit should be at least 1.8m.
2.Heat exchanging tubes cannot be blocked by dustor leaves to avoid the
influence on air flow.
3.The position should be free from chloride and contamination.
4.Condense water generated from defrosting can be discharged through the
trench smoothly.
5.When the water maintained in the piping system decreases, there should notbe
frequent start and stop. There shouldbe an expansion water storage keeping
the highestlevel. Ora time-lapserelay need to be added in the circuit,
specifying that the unitcan be shut down at least 5 minutes after the start up.
The followingtable provides the minimum water maintained in the system for
your reference, while in actual performance, the water volume is also to
include water in the indoor fan coils and tubes.
6.The piping system might be frozen, in this case, anti-frozen liquid should be

applied, which can also be applied to outdoor unit heat exchanger.

Minimum water volume in the system
Capacity of units Minimum water volume (L)

3HP 56

SHP 115

7.5HP 160

10HP 210

15HP 350

20HP 450

30HP 500
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Table3—9 Cooling capacity for fan coil sets (for grounded/grounded and covered/ceiling/cassette
and hidden/cassette/ lower grounded types)

[Junit:kcal/h)

Categ- Cold | Water Indoor 260 DB/190 WB Indoor 270 DB/19.50 WB

ories | water resistance [Water inlet 50 Waterinlet 70 | Waterinlet 90 Waterinlet 50 | Waterinlet 70 | Waterinlet 90
¢/min| mAq Full heat|Obvious heat | Full heat|Obvious heat | Full heat| Obvious heat| Full heat| Obvious heat| Full heat| Obvious heat [Full heat |Obvious heat

1,600 | 1,170 | 1,390 | 1,080 | 1,180 | 1,000 | 1,610 | 1,220 1,500| 1,090 | 1,270 960

)

8 10.40(0.70)| 1,890 | 1,280 | 1,650 | 1,190 | 1,400 | 1,090 | 1,890 | 1,350 | 1,700| 1,200 | 1,490 | 1,060

2 10 ]0.60(1.00)| 2,000 | 1,330 | 1,760 | 1,230 | 1,490 | 1,130 | 1,990 | 1,400 | 1,790 1,250 | 1,570 | 1,100

15 |1.16(1.95)| 2,140 | 1,410 | 1,910 | 1,290 | 1,630 | 1,180 | 2,130 | 1,490 | 1,920 1,330 | 1,680 | 1,170

6 [0.35(0.52)| 2,350 | 1,720 | 1,980 | 1,500 1,590 | 1,370 | 2,370 | 1,740 | 2,140 1,550 | 1,870 | 1,370

10 ]0.88(1.20)| 2,720 | 1,800 | 2,320 | 1,640 | 1,880 | 1,470 | 2,780 | 1,910 | 2,510 1,710 | 2,190 | 1,510

3 12 [1.20(1.60)| 2,830 | 1,860 | 2,430 | 1,680 | 1,970 | 1,510 | 2,890 | 1,920 | 2,600| 1,760 | 2,280 | 1,520
)

3,020 | 1,950 | 2,610 | 1,760 | 2,150 | 1,570 | 3,100 | 2,040 | 2,790| 1,820 | 2,440 | 1,610

10 0.66 3,350 | 2,240 | 2,900 | 2,100 | 2,450 | 2,000 | 3,340 | 2,370 | 3,000| 2,120 | 2,640 | 1,870
16 1.50 3,800 | 2,350 | 3,350 | 2,210 | 2,840 | 2,100 | 3,790 | 2,480 | 3,420] 2,220 | 2,990 | 1,960
20 2.14 3,980 | 2,410 | 3,500 | 2,270 | 2,970 | 2,130 | 3,950 | 2,560 | 3,560] 2,290 | 3,120 | 2,020
25 3.10 4,110 | 2,460 | 3,630 | 2,300 | 3,100 | 2,150 | 4,080 | 2,600 | 3,680| 2,330 | 3,220 | 2,050

10 0.78 4,200 | 3,150 | 3,600 | 2,950 | 2,950 | 2,750 | 4,630 | 3,290 | 4,170| 2,940 | 3,650 | 2,600
6 15 1.58 4,750 | 3,400 | 4,100 | 3,150 | 3,400 | 2,900 | 5,230 | 3,570 | 4,500 3,190 | 4,130 | 2,820
20 2.60 5,050 | 3,550 | 4,400 | 3,250 | 3,700 | 3,000 | 5,600 | 3,710 | 5,040] 3,310 | 4,420 | 2,930
30 5.32 5,400 | 3,700 | 4,750 | 3,400 | 4,000 | 3,100 | 5,960 | 3,890 | 5,370| 3,480 | 4,700 | 3,070

12 0.77 5,200 | 4,000 | 4,530 | 4,800 | 3,780 | 3,550 | 5,510 | 4,210 | 4,960] 3,760 | 4,350 | 3,330
8 18 1.70 6,250 | 4,450 | 5,550 | 4,130 | 4,650 | 3,820 | 6,630 | 4,680 | 5,980| 4,180 | 5,240 | 3,690
24 2.80 6,850 | 4,750 | 6,150 | 4,400 | 5,250 | 4,000 | 7,400 | 4,980 | 6,670| 4,450 | 5,840 | 3,930
35 5.25 7,500 | 5,120 | 6,800 | 6,700 | 5,900 | 4,300 | 8,080 | 5,410 | 7,280| 4,840 | 6,380 | 4,270

20 1.55 8,620 | 6,350 | 7,500 | 6,000 | 6,250 | 5,600 | 9,340 | 6,680 | 8,420| 5,970 | 7,370 | 5,280
12 25 2.22 9,300 | 6,600 | 8,150 | 6,200 | 6,850 | 5,850 | 10,150] 6,960 | 9,150| 6,220 | 8,010 | 5,500
32 3.40 9,900 | 6,900 | 8,800 | 6,450 | 7,520 | 6,000 | 10,830 7,230 | 9,600| 6,460 | 8,550 | 5,710
40 5.75 110,300 7,100 | 9,300 | 6.600 | 8,020 | 6.150 | 11,280| 7.510 | 10,170 6,710 | 8,910 | 5.930

Table3—10 Heating capacity for fan coil sets (for grounded/grounded and
covered/ceiling/cassette and hidden/cassette/ lower grounded types)

unit:kcal/h)

Warm| Water Indoor 180 DB Indoor 210 DB
i i Water inlet | Water inlet| Water inlet | Water inlet | Water inlet| Water inlet| Water inlet | Water inlet | Water inlet| Water inlet| Water inlet | Water inlet
Categorles Wate.r resistance 400 450 500 600 700 800 400 450 500 600 700 800
e/min| mAq Full Heat Full Heat
5 0.18 1,410 1,730 2,050 2,690 3,330 3,970 1,220 1,540 1,860 2,500 3,140 3,780
- 2 10 0.60 1,560 1,920 2,270 | 2,980 3,690 1,400 1,350 1,710 2,060 2,770 | 3,480 | 4,190
2 15 T.16 1,610 1,970 2,340 | 3,070 3,800 7,530 1,390 1,750 | 2,120 2.850 | 3,580 | 4,310
5 6 0.35 2,050 2,510 2,980 3,910 4,840 5,770 1,770 2,230 2,700 3,630 4,560 5,410
> o 3 12 1.20 2,270 2,780 3,300 4,340 5,370 6,400 1,960 2,480 3,000 4,030 5,060 6,090
8 [} 18 2.38 2,420 2,970 3,520 4,620 5,720 6,820 2,090 2,640 3,190 4,290 5,390 6,490
3 3 10 0.66 2,780 3,410 1,050 | 5,310 6,550 7,840 2,400 3,030 3,670 1,930 | 6,200 7,460
<= 4 16 150 7,980 3,660 7340 | 5,690 7,040 8,400 2,570 3,250 3,930 5,280 | 6,640 §,000
.g o 25 3.10 3,080 3,780 4,480 5,880 7,280 8,680 2,660 3,360 4,060 5,460 6,860 8,260
=] g 10 0.78 3,970 4,870 5,780 7,580 9,380 11,190 3,430 4,330 5,230 7,040 8,840 10,650
3 > 6 20 2.60 4,400 5,400 6,400 8,400 10,400 12,400 3,800 4,800 5,800 7,800 9,800 11,800
5 30 532 4,510 5,540 6,560 | 8,610 10,660 | 12,710 | 3,900 4,920 5,950 8,000 | 10,050 | 12,100
33 12 0.77 4,950 6,080 7,200 | 9,450 11,700 | 13,950 | 4,280 5,400 6,530 8,780 | 11,030 | 13,280
% 2 8 24 2.80 5,820 7,140 8,460 11,110 13,760 16,400 5,030 6,350 7,670 10,320 12,960 15,610
a @ 35 5.25 6,150 7,550 8,940 11,740 14,540 17,330 5,310 6,710 8,110 10,900 13,700 16,490
g 20 1.55 7,130 8,750 10,370 | 13,610 16,850 | 20,000 6,160 7,780 9,400 12,640 | 15.880 | 19,120
= 12 32 3.40 3,050 9,890 11,720 | 15,380 | 19,040 | 22,700 | 6.960 8,790 | 10,620 | 14,280 | 17,940 | 21,600
O 40 5.75 8,300 10,280 12,190 16,000 19,810 23,620 7,340 9,140 11,050 14,860 18,670 22,480
5 0.33 1,280 1,570 1.860 2,440 3,020 3,600 1,100 1,390 1,680 2,260 2,850 3,430
2 10 1.00 1,420 1,740 2,060 2,710 3,350 4,000 1,230 1,550 1,870 2,520 3,160 3,810
15 1.95 1,460 1,790 2,130 2,790 3,460 4,120 1,260 1,590 1,930 2,590 3,260 3,920
6 0.46 1,930 2,360 2.800 | 3,680 4,550 5,430 1,660 2,100 2,540 3,420 | 4,290 5,170
3 12 1.60 2.130 2,610 3,100 | 4,060 5,030 6,000 1,840 2,320 | 2.810 3,770 | 4,740 5,710
i 18 3.05 2,270 2,780 3,300 4,330 5,360 6,390 1,960 2,470 2,990 4,020 5,050 6,080
o 10 0.66 2,550 3,130 3,710 4,870 6,030 7,190 2,200 2,780 3,360 4,520 5,680 6,840
2 4 16 1.50 2,730 3.350 3.970 5,220 6,460 7.700 2,360 2,980 3,600 4.840 6,090 7,330
& 25 3.10 2,820 3,460 4,100 | 5.380 6,660 7,940 2,430 3,070 3,710 4,990 | 6.290 7,560
-~ 10 0.78 3,500 4.290 5,090 6,680 8.270 9.860 3,020 3.820 4.610 6,200 7,710 9,380
) 6 20 2.60 3.900 4.790 5,680 7.450 9.230 11.000 3.370 4.260 5,150 6,920 8.650 10.470
Q 30 5.32 4,000 4.910 5.820 7,640 9.460 11.280 3,460 4,370 5,280 7,100 8,950 10.730
12 0.77 4,510 5,540 6.560 8,610 10,660 12,710 3.900 4,920 7.950 8.000 10,050 | 12,100
8 24 2.80 5.320 6,530 7,740 10,160 12,580 15.000 4,600 5.810 7,020 9.430 11,850 14,270
35 5.55 5,630 6,910 8,190 10,750 13,300 15,870 4,860 6,140 7,420 9,980 12,540 15,100
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Section 4 Air purification

Withrapid development of industry and destroying of natural environment, there are
serious industrial pollution in atmosphere caused by substance such as carbon dioxide,
sulfur dioxide, ammonia, and poisonous gases given off by automobiles such as
nitrogen oxide, and foe like micronic dust. Besides poisonous gases and micronic dust
and germs brought in form outdoor space, there are still a lot existing polluted
particles, dirt, fiber, parasite (acarid) in a tightindoor space. According to reports,
about more than 2000 kinds of substance shall pollute interior air and affect its quality.
An investigation form environment protection department shows that copy machine,
draught machine, indoor decorating, painting, carpetshall give off volatile organic
compound like formaldehyde, dimethylbenzene etc. Inaddition, air conditioner
without good maintenance and repairing shall even strengthen indoor air pollution.
Bad indoorair quality shall have serious effecton human health and may cause
problems like anaphylaxis, headache, gastric disorder, sickness and discomfort feeling

or stimulation in nose, lung or throat. [t may even cause infection of flu.
In the following drawing 3-17, common indoor pollution sources are listed.
For homey-typed air conditioner, it mainly concentrates on indoor temperature and

humidity withoutstrict stipulation on air purification.

Common indoor pollution source

1.0utdoor air 7.Dry clothes 13.Painting, volatile organic 19.0xygen

2.Combination of asbestosboard 8.Acarid solvent 20.Organic gas fuel
cabinet ) ) 9.Kitchen detergent 14.Closet 21.Adornment

3.Heat-insulation material forasbestos 10 Air conditioner 15.Insecticide 22.Smoke of cigarette
pipeline ) ) 11.Moisture 16.Wooden furniture, wardrobe 23.Waste heat given offby

4.Waste gasesgiven off byautomobiles 12 Camphor ball 17.Wooden clapboard dryer

5.Carpet 18.Poisonous gases givenoff by 24-Waste gases given offby

6.Curtain indoor furnishings mashgas stove

25.Andiron

Drawing 3-17 Distribution of common indoor pollution source

107

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



4-1 Status of present air quality

Presently there are lotkinds of particles in atmosphere. Natural human body shall
filtrate inbreathed air by its nasal cavity hair before inbreathing air through respiratory
organ into lung. Particles with a diameter over 6 um shall be blocked and dust with
diameter of 1 umshall enter lung and attach on bronchus wall, be discharged with
phlegm. Seston with diameter below 1 um shall enter alveolus pulmonis and be
discharged during expiration. Only small amount of itshall adhere on alveolus
pulmonis.

Flowing particles with a diameter over 76 um in air are called grit. Flowing particles
with adiameter over 1 umand below 76 um in air are called dust. And particles with
a diameter between 0.1 um and 1 um are called fume. Distribution of flowing particles
in air shall be referred to as the following drawing 3-18, which shows disposal of
flowing particlesis acomplicated process.

Airpurification is complicated and shall be particularly dealt with.

o — DB S ®©
= s o e9ov° - v roxo o 5328 S2888|T
—_ — [\ B O o= [\ B N0 O (=] SO OO (=] [ e R ] SO OO
‘.‘“HH ‘ k| [|In static atmosphere S 2BEBLE o P
-+ Dimension T flowi N S SuosSoo 2 =
1 of flowing nflowing a1m0§p ere
particles in air| In factory air
4 Smoke of cigarette Dirt )
Smokel Fog LFrost] Rain
Particles in dryair Dirtand dust in atmosphere| Dust in factory
TTTTITIT Farina I
Invisible by microgcope Visible by microscope Visible by eyes
‘ ‘ ‘ ‘ ‘ ‘ ‘ lb L Rota{ting wind or de-dusting|
Average spacebetwee - ‘
gas molecule Concussion and de-dustiny
De-dusting by static De-dusting by water spray
dffﬂﬂﬂtfr L Defrosting by filter
[NEERA [ 1 [ T T [TTII
o) > W W P = o S w o 5
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= SO = s, |5 o |w A N

Drawing 3-18 Distribution of flowing particles in air
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4-2 Physical concept in air purification process
1 Dust concentrationin air
Dust quantity in unit volume airis called dust concentration. It has three scalar
quantity units:
1 Mass concentration
Dust quality in unit volume air is called mass concentration. (mg/cubic meter, mg/m?)

2 Particle concentration
Total granule amount of differentkinds of particles inunit volume air is called
particle concentration. (granule/cubic meter, granule/liter)

3 Particle diameter granule concentration
Granule amount of a certain particle diameter inunit volume air is called particle
concentration of particles withina certain particle diameter scope.

2 Dust concentration of outdoor air

Asoutdoor dustconcentration varies a lotaccording to different geographiclocation
and season, it isrecommended to survey outdoor air dust concentration at site where
air conditioneris installed for reference of air purification measures (it is
recommended to choose the worst location). Generally, outdoor air quality
concentration in suburb with landscape, greening, paving is between 0.2 and 0.5 mg/
m?®. Outdoor air quality concentration is between 1 and 5 mg/ m’ in city areas. In
industrial zones, outdoor air quality concentration shall vary according to
manufacturing station. It shall vary alot when a lot dust was given off.

3 Indoor dustconcentration required
There are some certainrequirements for air conditioner on air cleanness. Indoor
air dustconcentration shall be divided as the following listed according to different
technical requirements:
1 General cleanness
Under general cleanness, there are no specific air dust concentration requirements. It
is required that air be with simple disposal and keptclean. For example,
air conditioner filter net commonly used in families.
2 Purification
Under purification, there are certain requirements on indoor air dust concentration.
Usually there are requirements on quality concentration.

3 Super-purification
Under super-purification, there are strict requirements on indoor air dust
concentration. Usually there are requirements to particle concentration, even to
particle diameter granule concentration.
In the following chart3-11, itis classified to show the cleanness degree.

Dust Animalcule
Degree | Particle Concentration Plank tonic bacteria Dropping bacteria
diamet ) . ies/m> Entries/h. 900
er um Granule/ft* | Granule/1 | Entries/ft* | Entries/m’ E{;ggfég}ence e e T
100 |Above0.5| 1100 [13.5 0.1 3.5 12,960 0.49
Above0.5 | [710000| (1350
10000 | Apoves.0 0165 0125 0.5 17.6 64,800 2.45
Above0.5 | (7100 13500
100 Above0.5 | (1700 25 2.5 88.4 324,000 12.2
P.S ftrefers to feet
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4 Factors affectingindoor air dust concentration and relative control measures
1Dust broughtin by air inlet system
If part of outdoor fresh airis adopted without disposal when taking in, dust shall be
brought in. Proper air filter shall be adopted to organize air-flowing type, which meets
purification requirements.
2Effect by surrounding circumstance
Sites needs purifying shall be laid in areas with clean surrounding air and be far away
from trafficroads. Positive pressure shall be maintained in purifying area in case dust
enters indoor space from aperture.

3 Dust caused by peeling off, destroying of building enclosure.
Floor surface, wall and top surface shall be with materials of hard quality, smooth
surface and easy cleaning. Plastic-group painting shall be adopted for decorating
when necessary.

4 Dust caused by technical operation itselfand equipment, material, personnel
entering the purification area.
Techniques shall be improved and all equipment, materials, personnel entering the
purification area shall be de-dusted by air spraying before entering.

The following chart 3-12 lists calculated dust distribution and itis divided by quantity

concentration with dust and quality concentration with dust.

Location | @0 S (Enrriesy Location Quality concentration
Countryside 0.3011.0><10° Countryside or suburb 0.2010.8
bDiigStgiitCi%SSin 1.2002.0%<10° City central area 0.8L11.5
Industrial 5 Light industry factoryarea 1.0011.8
central zone 2.5013.0><10 Heavy industry factoryarea 1.5013.0

4-3 Measurementof dust concentration
1 Measurement of quality concentration
1 Weightmethod with high efficiency filter paper (direct method)

quality concentration g= a6 W(mg/ﬁ)

Lt Lt
AG----added weight of high efficiency filter paper after sampling(mg)
Gi------- quality ofhigh efficiency filter paper before sampling(mg)
Go------- quality of high efficiency filter paper after sampling(mg)
L - Airsampling flux through high efficiency paper (L/min)
tmmmmmmeee Sampling time (min)

[J2[0Measuring dust optical density by densimeter method (indirect method)

Optical density added AOD on high efficiency filter paper before and after sampling
shall be measured by dust optical density measuring densimeter. And meanwhile
measuring air-sampling flux (I/min) through high efficiency filter paper.

Then, onthe basis of relation curve between dust optical density AOD and dust
accumulated quantity/AG measured in advance, check the correspondingAG value
according to AOD value measured, and calculate quality concentration according to
formula indirect method.

This methodis only suitable for sites where dust source is fixed or without large
change.

110

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



3 Measurement of particle concentration
First use dust sampling apparatus such as concussion sampler, millipore filter to
accumulate dustin airand then observe under high degree microscope, and calculate
total dust particle quantity of different particle diameter, then use air sampling flux
and sampling time to do the following calculation:
Particle concentration n= ZLN (granule/L)..c.oveiiiiiii e (4.2)
Particle diameter particle concentration n1=II\j—(granule/L) ............................ (4.3)
> N----total particle amount of particles with different diameter (granule)

NI1------ total particleamount of particles with diameter withina certain scope (granule)

4-4 Disposal method of air purification
In daily life, ouraim in air purificationis to eliminate particles, which are most

harmful and easy for human body to absorb and cause serious burden to immunity
system. We called this kind of particle Roaming Suspended Particles (hereinafter
referred toas R.S.F). It includes fragments, leafmold, germs, acarid, pollen, cigarette
smoke, furand hairof pets and so on.

Basic methods of improving air quality are as the following listed:

1 Control of pollution source

It isrecommended thatyou shall be cautious in usinginsecticide, paintings and
different cleansersto prevent pollution source entering air and reduce effect oftoo
much dustin atmosphere to indoor air. And meanwhile you shall often clean and
maintain air conditioner to prevent dustaccumulation on surface of filter net and heat
exchanger, and germ subsistence. Family pets shall be insulated toreduce animal
infectious disease.

2 Improvement of ventilation condition

It istrecommended thatyou shall enhance fresh air circulation to dilute or clean
indoor airpollution. Freshair volume needed by each peopleis listed in chart2-27.
Wherever there is other equipment such as copy machine, or wherever oily smoke is
given off, air exchange quantum shall be increased.

3 Air purification

Airpollution source shall beremoved or control increasing of pollution concentration
by taking the following measures:

4-5 Air purification type

There are two main air purification types: mechanical filter cartridge type dust
collecting and electrostatic dust collecting.

1 0Main performance index
[J101 Filtration efficiency
Under rated wind capacity, ration of air dust concentration difference betweenarea
behind the filter and in front of the filter to air dust concentration in front of filter is

called filtration efficiency N (%)
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GG
NLO———— 10000000 04.40]

Gi
G1, Ga---represents air dust concentration in front of and behind filter. (%)
Filtration efficiencyis divided into weight efficiency, quantity efficiency
and particle diameter quantity efficiency.

1.Weightefficiency

%)
Ngl LI1H] >=<100%0] 0 04.50]

gl

g1,g> represents air quality concentration in front of and behind filter. (mg/m?)

2.Quantity efficiencynn
o] L1110 [1>=<100%0L101014.601
ni

n21
34110 [0><100% [ 4.6
n11

There area lot of methods to measure filtration efficiency. Measuring result would
differ a lot using one same filter with different methodsas theirreflected physical
characters differ a lot. Therefore it is recommended that youshall notonly compare
the value of filtrationefficiency butalso pay attention toits measuring method when
judging filtration efficiency ofa filter. Otherwise it is subject to make big mistake.

2 Penetration rate

Penetration rateis theratio ofair dust concentration behind filter to that in front of
filter.

G2

Penetration rate K [] <o =<1o00l L L14.801

Gi

Penetration rate reflects left dust quantity after air passes through filter. Filtration

reflects dust quantity being filtrated when air passes through filter.
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For instance, there are two filters with high filtration efficiency, their filtration
efficiency is separately 99.98% and 99.99%. It seems these two filters are of similar
performance form filtration efficiency. Actually penetrationrate ofthe formeris
0.02% and that ofthe lateris 0.01%. Their penetration performance differs for nearly
one time. Therefore itis more accurate to use penetrationrate for control of air dust
concentration behind high filtration efficiency.
3 Airresistance----- resistance under rated filter wind capacity (mm. H20)

1.Initial resistance: It refers to resistance under rated wind capacity when itis

put into use without dust accumulation.

2. Finalresistance: Itrefers to specific resistance value stipulated when
demarcating filter allowable dust gravity (g) or resistance value when user demolishes
or changes filter.

(4 Allowable dust capacity----Itrefers to allowable dust capacity (g) when air
resistance infilter reaches final resistance value.

2 Domestic filter divisions
Low efficiency filter----its weightefficiency (atmosphere dust) is lower than 60%,
it includes foamed plastic filter, metal grid oil-soaked filter, self-oil cleaning filter.

Medium efficiency filter----- its weight efficency (atmosphere dust) isin between
60%and 90%. It includes foamed plastic filter, glass fiber filter.

High efficiency filter----its weightefficiency is higher than 90%. Itincludes high
efficiency filter, fine efficiency and electrostatic air filter. Combination of high
efficiency filter paper and static de-dusting is used for high efficiency filtration. In
addition, water spray air decontamination or chloridize lithium solution spray
decontamination shall be adopted for killing microbe. And poisonous gases shall be
disposed by chemical solution.

Choice ofair filter shall be with a throughout consideration of indoor purification
requirements, systemresistance, outdoor air dust quantity, management and
maintenance, price and costs.

Toindoor space with common cleanness requirements, grade one low efficiency
filter shall be adopted.

Toindoor space with certain cleanness requirements, both grade of low efficiency
and medium efficiency filtercan be used. When outdoor air dust contentis very low
and system pressure is with remains, grade one medium filter with low resistance and
high dustabsorbing capacity could be used.

To indoor space with super cleanness requirements, low efficiency and medium
efficiency shall be adopted for front filter and high efficiency filter be installed as
nearer to the windduct aspossible for preventing pollution along pipe line. It could
also avoid effects to proper use of filter paper by high relative humidity behind air
disposal equipment. Meanwhile, itis beneficial to system resistance balance.

In orderto reach proper effectof filter, special attention shall be paid to installation
tight besides correct calculation and proper layout. Especially, ithas to be tight with
the frame when installing high efficiency filter to prevent wind leakage.

Resistance loss shall be measured regularly during use no matter what kind of filter
you use. Filter shall be cleaned when wind force weakens to ensure filtration
performance.
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3 Mechanical filter cartridge type dust collecting

Fiber or foam shall be used as filtration material. Details shall be referred to the
following listed:

11 M-typed foam filter

M-typed foam filter uses hatched polyurethane foam as filter bed. When filtrated dust
accumulation reaches certain amount, and final resistance reaches preset value, you shall
take filter off and rinses it. Filter couldbe circular use after airing. The structure shall
be referred to the following chart3-19:

M-typed foam filter is with low initial resistance, high dustcapacity, high filtration
efficiency and easy to cleanout. Itis suitable for popularuse infuture. Itsdefect is foam
quality isnot stable and is easy to be destroyed when contacting with organic solvent.

1 Air-inlet
2 10 B/2 ﬁ/

‘ ~3 2 4 5
:wﬁ
Cc—— —

— «— Air-inlet

2

,@

| N W W ¢
1.25x 25x 3 anglei\rQ frame
2.3 mm steel wire support
3.Foam filter bed 4.8 mm fixing bolt
5.Screw cap
6.Site installed frame (40x 40x 4 steeliron )

Air-outlet

Drawing 3-19 M-typed foam filter

2 Metal grid oil-soaked filter

Metal grid oil-soaked filteris expanded metal soaked with No 10 to No 30 machine
oil onsurface inthe frame. Dusts of disposed air shall adhere to filter net when
passing through it. Machine oil shall be used for cleaning when dust accumulation has
reached its capacity. Filer shall be circularused after cleaning, insolation and re-
soaked with machine oil. It is convenient for manufacture and repeat use. Filtrated
wind capacity is higher than that of similar products for same air-inarea. Its defect is
filtration efficiencyis low and maintenance is complicate. The structure shall be
referred to following drawing 3-20.
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Drawing 3-20 Metal grid oil-soaked filter

3 Self-oil clean filter
Self oil-clean filter make use ofelectromotor and gear change mechanism to drive
used filter net to turn regularly and to be soaked with machine oil automatically.
Therefore itscleaning and oil change is centralized and convenient. Its defectis air
may be with oil smog when section wind speed is over § meters/ second.
4  Glass fiber filter
It isdivided into two types---D type and X type. Glass fiberis used as filtration
material and it shall not decay even after it is damp. Its wind resistanceis higher
than similar product and dust capacity is relatively low.
5 GB typeand GStype highefficiency air filter
Asbestos paper isused as filter bed in this kind of filter. Its structure shall be referred
to the following drawing 3-21.

_ )

N\

N

— ) NN

4%? Eavavd 3

e >
_

Drawing 3-21 GB type and GS type high efficiency air filter

GB type and GS type high efficiency air filter has a quantity efficiency 0£99.9% to
particles with a diameter between 0.3 and 0.6 um. Its defect is filter paper could not
resist high humidity (above 80%) and high temperature.

Filter netin home air conditioneris an elementary filter net with very low efficiency
(2%) and it is only capable of reducing time ofindoor heat exchanger blocked by
dusts.

4 Electrostatic strainer mesh dust collecting

Electrostatic filter make use of high voltage electrode to cause air ionization and dust
electrification. Thus cause directional movements under electric field to achieve air
filtration.
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Electrostatic filter commonly used in air conditioner and ventilation engineering is
two-period form. One period is ionization and the outer is dust collecting. The principle
shall bereferred to the following drawing 3-22.

Ionization period is with parallel streamline tubular column type (plate type)
grounding electrode of equal space. Discharge lead is laid between tubular electrodes
( 0.2mm tungsten filament, another name coronaelectrode). Whendirect voltage of
10 to 12 kv was applied to discharge lead, light discharge shall occur and air passing
through this area shall carry outionization. Positiveion and negative ion shall
surround discharge lead and electron shall move towards discharge wire (positive
voltage is applied on discharge wire) and then be neutralized. Positive ion shall attach
on surface of neutral dust when encountering it. And then dust with positive charge
shall enter dust- collecting period with Flow. There are high voltage electrode plate
and grounding electrode plate paralleling to Flow. Uniform electric field shall be
formed between electrodes under Skv direct current. When particles with positive
charge enterelectric field, it shall move at the direction vertical to Flow movement
direction and attach on grounding electrode plate under action of Coulomb force.

Electrode filteris generally applied to ventilation engineering and carry out air
purification. Its filtration efficiency has connections with electric-field strength,
diameter dimension, flow speed and time particles stayed in dustcollecting period.

N 00 0 Arrested onnegative electrode
o _r”“**;; Flow Arrested dust
0© ’*" OO o °5->——% Arrested on positive electrode
o ‘,’:,':' 3 ‘:‘\‘\: 0
oO '\“'\ i ,'::'I,“ .0 % o

NNV OO00O 000000 O OOOOANO

% Dust collecting
Ionization electrode

= lect
Grounding electrode

a.

b.
Drawing 3-22 The principle of dustcollecting

Counting efficiency to different particle diameters are as the following listed:

Over Su, 100%
Between 2and 5u >90%
Below 2u 85-90%

4-6 Special air purification
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1 Activecarbon deodorization filter

Specific active carbon adsorption apparatus is installed on air-duct insome special air
conditioners to eliminate poisonous gases, gases with odorthrough adsorption function of
active carbon. There are a lotof tiny holes inside active carbon. For instance, active carbon
withlg quality is with about 2 cubic cm holes. Effectiveinterface area of active carbon is
about 1000 square meters. Therefore tiny holes greatly enlarged interface are a of active
carbon with air and could absorb more peculiar smell. Under normal conditions active carbon
shall absorb dusts with a quality of 20 to 30% of itsown quality. The following chart listed
adsorption capacity of active carbon to different poisonous gases.

Chart 3-13

Name of substance CAa%saocri;z;ion and holding Name of substance élc})s;)cri%ion and holding
Ammonia NHs Little amount Carbon monoxide CO Little amount
Sulfur dioxide SO2 10 Benzene CsHs 24
Chlorine CLa 15 CsHsN SR & gfrby burning
Carbon dioxide CO2 Little amount Butyric acid CsH1002 35 (sweat, bodysmell)
Carbon bisulfide CS» 15 Odor of cook About 30
Ozone O3 Could be deoxidizedto 0,| Qo of bathroom and About 30

Filter paper for air purification and adsorption is generally installed on home air conditioner,
which is combination of active carbon and paper fiber. Therefore suchfilter papershall be
changed aftera period of use.

2 Molecular sieve adsorption and deodorization

Molecular sieveis akind of man-made aphrizite, which owns even smaller holes inunit of
angstrom than active carbon. (A) is used todenote its hole diameter. Forinstance, molecular
sieve marked with 4A,5A,and 12X. As diameter ofits holesis even smaller than that ofactive
carbon, it could adsorbpoisonous gases with smaller molecule diameter such as ozone,
nitrogen oxide. And molecular sieve could be circular use through heating to eliminate all
adsorbed dusts.

3 Light catalystsorbent deodorization

Light catalyst sorbent prevailingused inJapan could adsorb poisonous gases or harmful
gases such as sulfured hydrogen, ammonia, aminomethane (fish odor), and formaldehyde. Its
adsorption capacity shall be strengthened after solarization. At presentit isinstalled in many
family air conditioners to keep indoor air in home with air conditioners clean and comfortable.

4 Airionization

Ion in atmosphere could be divided into three kinds as the following listed:

1 light ion: it consists of one electric charge and alot of neutral gas molecules. Usually
light ion with negative electric chargeis called negative ion. Light ion with positive
electric chargeis called positive ion.

2 Medium ion: it isa tiny electric particle with about 1000 gas molecules.

3 Heavy ion:it is particle with electric charge which is about 1000 times lighter than
light ion.

117

Bce kaTajorn ¥ HHCTPYKIUH 31eCh. ™" rufnstrukeip elonerov.htmi -



Usually itis easyto collectand eliminate electriferous particles of negative ions.
There are small amount of medium ions in outdoor air. In polluted air,usually
proportion of medium ions shall increase due to decreasing oflight ions. Air
conditioner needs some lightions inindoor air, especially negative ions, which have
very good physical action on human body, such asbringing blood pressure down,
restraining asthma etc. therefore, negative ion generator is often adopted for supply
certain amount of negative ion toroom with air conditioner for improving sanitary
conditions.

Negative ion generator usually makes use of corona discharge to carry outair
ionization. Its work principleis as drawing 3-23 shows. [tuses uneven electric field
caused by high voltage action between needle-like electrode and metal net electrode
to getair ionization. When negative high voltage pulse is applied on the needle-like
electrode, airnear needle-like electrode shall be with ionization. Positive ions
generated shall be adsorbed on positive electrode, and negative ions shall move
towards metal net electrode, pass through metal net and be combined into air-in
current under wind force.

Usually negativeion generatoris with a voltage of S0KV, pulse frequency of 50 Hz
and wind speed within 10m/s.

6 —6 &

1 © il o
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@) |
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Drawing 3-23 Airionization principle drawing

1.Fan 2.Pulsegenerator 3.Metalnet groundingelectrode

4. Needle-like plate electrode

5 Ozone

Ozone is a kind of normally existing gas in atmosphere, which is naturally generated
from action of high strength ultravioletrays onoxygen (0:). Ozoneis good in nature.
Small amount of ozone is beneficial to human health butexcessive ozone is harmful
to human health and with odor. Therefore ozone amount shall be under control.
Usually itis about 0.003 PPm (its concentrationin every million unitair volume).
Some air conditioners are equipped with ozone generator, whose discharge and
accumulating amount could be controlled.

118

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



Section 5 Ventilation

Besides cold producing (for temperature down) and heat producing (for temperature
up) inair-conditioner system, disposed air and fresh wind supply to each spot (site)
shall be considered in large air-conditionersystem including commercial system.
Therefore ventilationis divided into two parts, air-induct and fan. As fan has been
well equipped in commercial system, we only need a general understanding of
relative duct technology and carry outsimple calculation and choice.

5-1 Choice of duct dimension

1 Equivalent diameter of round and rectangular pipeline

Designer could choose round or rectangular section for air distribution system. Our
aim inchoice isto find the bestrelationship among each factor:itincludes making
economic use of building space, economic investment expenditure,rigi dity and
strength of pipe form. Rectangular pipe shall usually save building space. Fora period
of time manufacturing of round pipeis very expensive butnow corkscrew saddle joint
prefabricated type pipe is cheaper thanrectangular pipe. Though round pipe is more
expensive, corkscrew pipe could be used on oval-shaped section. Rectangular pipes
are commonlyused in low speed system and round pipes are commonly used in high-
speed system. You need to have comprehensive consideration when making the
choice. Round pipe hasa largerrigidity thanrectangular pipe, which shall make it
possible to adopt lighter specification in an existing system. In addition, rigidity
strengthening shall reduce possible vibration noise of pipe walls.

Choice of pipe dimension shall be first under the supposition that itis round section
pipe. According to the following listed two different suppositions, change diameter
into equivalentrectangular dimension.

1 Flux and pressure drop keeps the same, butvelocity of flow differs
2 Velocity of Flow and pressure drop keeps the same, but flux varies.

You could choose round pipe diameter through drawing 3-24 and rectangular pipe
diameter through drawing 3-25.Pressure loss caused by friction in plastic pipes is
about 70% of that of galvanized pipeline. Therefore we could use flow characteristic
of smooth pipes in calculation and time a coefficient to pressure under same
conditions in galvanized pipeline.

Dimension choice chart isusually provided in product contents to corkscrew pipe of
different shape.

There are three basic methods, and changeable factorin chart (chart 3-24 and chart
3-25) is often useful for choosing dimensions, they are:

1Chosen speed
2Equal pressure drop
3Static pressure callback

These methods are not complicated. Choice on speed and pressure drop is on the basis
of experience. Higher value corresponds to lower pipe diameter and therefore save space
and cost. Lower value corresponds to better noise and vibration control effect, save fan
pressure. You could do the comparison and coordination atrandom. If proper measures
are taken to controlnoise andvibration, the recommended valuemay be conservative.
The above view is the same with wind pipeline design. On the contrary, static pressure
recovery method works with changing energy into useful forms in system. And italso
takes heat supply and loss form surrounding air of pipes into consideration. If ratio of
pipe length and widthis very large, heatexchange shall be strengthened. Heat exchange
shall also be strengthened when Flow transports in lowflow speed.
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Flow flux (m3/s)

Under temperature of 62 F, pressure drop for every 100 feetlong pipeline
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Drawing 3-24 choice chart of round pipe diameter
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Flow flux (m’/s)

Under temperature of 62 F, pressure drop for every 100 feetlong pipeline

Pipe dimension

0.01 0.1 1.0 10
100 (mmxmm)

800 800
800 700
700 700
s > 800 600
. =5 700 600

e 700 500
5 600 500
[ 700 400
L -600 400
700 300

400 400

10 S ? = 500 300
2 600 250

500 250
S 600 200
. 500 200

300 250
250 250
ZATTI\N300 200
b 400 150
N 200 200

i R NIRRT 250 150

d = 200 150
250 100
150 100

100

20

AN000

0.02

|
0.01 |
0.1 2

3 4 56789 2 3 45678910 2 3 456789]
1.

0 0

Pressure drop for every meter's Air density at 1.2 kg/m’
pipeline N/m’ (1mb=100N/m?)

Drawing 3-25 choice chart of rectangular pipe dimension
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(1)Choice flow velocity

We suppose that we could make any stipulation on flow velocity. Actually it needsrich
experience to make stipulation on flow velocity and anyway, we do not recommend this method
except forsimple system layout. Louver air valve is needed to balance air quantum among each
branch pipes. Choice of flow velocity at air-outlet of fan shall notexceed valueslisted inchart
3-14. Systemusing values in this chart isusually called low speed system.

(2) Equal pressure drop

To equal pressure drop system, pressure drop value isa constantvalue. Itis easierto reach
circuit balance for symmetrical layout thanrestricted flow velocity method. If each branch pipe
is of different length, different pressure drop shall be needed (if branch pipe is very shortand
with high pressure-drop, large damp shall be needed. On the contrary, if branch pipe is very long
and joint may be lack ofneeded staticpressure, only very small dampis allowed).

It isadvisable tochoose flow velocity accordingto noise at air-outletof fan and estimate on
the basis of pressure drop. Itis still necessary to balance flux in branch pipes by louver air valve
and end terminus control apparatus.

Table 3-14
Flow velocity (m/s)

Application buildings Main Branch

Alr-in Air Air-in| AIlr

Noise | Friction|feedback feedback

Dwelling houses 3 5 4 3 3
Hotel bedroom 5 7 7 6 5
Private office, library 6 10 7 8 6
Theatre, odeum 4 7 6 5 4
Etlét;lel’cb(;fr‘ﬁlées,restaurants, department 7 10 7 4 3

(3)Static pressurerecovery

Principle of static pressurerecovery is to make use of static pressure gained at joints by
reducing vector pressure to compensate pressure lost caused by friction in latter pipes. Drawing
3-26 shows a very simple example. Pipe diameter of pipe section 0-1was chosen using one of
above listmethods. Its static pressure recovery coefficient is R and useable static pressure
gained atjoint 1-2 is R*VP: this static pressure shall be for compensation of friction loss in pipe
section 2-3. Same process shall be taken atjoints 3-4 on main. The advantage of this method is
static pressure where each branch isjointed keeps the same; therefore it is propitious to keep
balance.

122

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



0o 1 3 4 5
P Lo i
[ } \ \ \
I i I I I
I | I I I
I | I I I
I | I I I
I | I I I
I i I I I
I ‘ I I I
L Ll 1
\
SP ! | Complete | | !
\ ‘ | | \
| pressure
(I-R) VP\* — | | . .
R, VPAL R B—— L | Static pressure at joint
R. VP ________}___iitaifpressure(sp)} ! | where eachbranch
SP%ET,:,—,,—,, ,,,r,,,:::: ."—’:—T———:— T connects Outkeeps
[ | | [
VPT _____ T\ iV_e_ctzpﬁss_ure_(VP_)} i } the same
‘ \
\

Atmosphere pressure

Drawing 3-26 choice of pipe diameter using static pressure recovery method

Simple calculation of air duct shall be carried out following the listed formula

(1) Round pipe

Wind flux Tt
L =3600. 2 d?*vm’/h
d—— inner diameter of pipe (m)
v wind velocity (m/s)

Unit frictional resistance: R.= A o vz\/mm water column/meter

d 2g
A— frictional resistance coefficient
\V4 air volume weight
g acceleration of gravity
v—iy—vector pressure
2g
Renault value
Re=Yd_
1%
v —— movement coefficientof viscosity (m°/s)
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Frictional resistance coefficient

1 K . 251
o~ = 2og(5774 T Rey/x

K---equivalent absolute harshness ofinner surface of wind pipe

(2) Rectangular air duct
Wind flux L=3600abvm’/h

a — inner side dimension oflong side of
rectangular air duct (meter)
b —— inner side dimension of' short side of
rectangular air duct (meter)
Unit frictional resistance
A VY
= - ——- mm water column/meter
Re 2ab 2g
Renault value a+b
e 2ab
J’_
Re= av b

Frictional resistance coefficient

o K 2.51
s U 2ab * Rey/x
371557

2. Useof data

(1) Inner diameter of air ductor side length ofair duct shall be following
outer diameter or outer side length listed in chart 3-15 or 3-16. Wall thickness and
allowable difference shall be calculated.

(2)Air with an atmosphere pressure of 760mm mercury and temperature of 200

is standard status. rvalue is 1.2kg/m?, v=15.06><10"m?"/s.

(3) Standard acceleration of gravity g=9.80665 m/s?

(4) Equivalent absolute harshness---- Toair duct made of steel plate, K equals
0.15mm.Toair duct made ofplastic plate, K equals 0.01mm.

3.Amendments of harshness

When inner surface harshness value K of actually adopted pipe differs a lot with
value inchart, checked R value form the chart shall be timed by harshness amending

coefficient £o0, whose value shall be referred to the following table 3-17:
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Universal specification of air duct

Table 3-15 Specification of round air duct

Air ductmade |Air ductmade of De-dustin s
O.uter of steel plate plastic material O.uter air duct £ Adir tight duct
diameter Allowable Wall Allowable Wall diameter Allowable Wall Allowable Wall
offset of thickness offset of thickness offset of thickness offset of thickness
D (mm) outer diameter outer diameter, D (mm) outer diameter| outer diameter
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
80
90
100 100
110
120 120
130
140 0.5 140
150
170
180 3.0 180
190
200 200
210
240
250 250
260
280 280
320 300
1 0.75 320
340
360 360
380
400 400
450 420
4.0 450 1 1
480
500 500
530
560 560
600
630 630
670
700 700
750
800 1.0 200
5.0 850 3.0
900 900 2.0 420
950 ’
1000 s 1000
’ 1060
1180
1250 1250
1320
6.0 1500
1600 12'2 1600
1700 4.0
1800 19 1800 3.0 2
1900 6.0
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Universal specification of air duct
Table 3-16 Specification of rectangular air duct

Air duct made

Air duct made of

Outer ! ; Outer | De-dustingair | oo quet
diameter of steel plate |plastic material diameter | duct

A B | Alwble | wan | Alitle | wan || D(mm) ) Al | wan S | e
(mm) | ouierades | MO outerades | MO outersides | (MERNSS) outrsides | (hiERSSS
120 120 630 500

160 120 630 630

160 160 800 320

200 120 " 800 400 3.0
200 160 800 500

200 200 800 630

250 120 800 800 Lo

250 160 30 1000 320

250 200 1000 400

250 250 , S 1000 500 , A

320 160 1000 630

320 200 1000 800

320 250 1000 1000 oo
320 320 1250 400

400 200 073 1250 500

400 250 1250 630

400 320 1250 800

400 400 1250 1000

500 200 1600 500 1.2

500 250 40 1600 630

500 320 1600 800

500 400 1600 1000

500 500 1600 1250 -
630 250 2000 800

630 320 1.0 3 5.0 2000 1000

630 400 2000 1250

P.S Thisuniversal specification of ventilation duct is with ratification and checks of
"ventilation duct design finalization" checkup meeting and is used as universal
specification.
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Table3-17

K \% 2 4~6 8~12 14~22 24~30
0~0.01 0.95 0.90 0.85 0.80 0.75
0.10 1.00 0.95 0.95 0.95 0.95
0.20 1.00 1.05 1.05 1.05 1.05

When air duct made of plastic plate, corresponding value of € shall bereferred to

table 3-19.

Table3-18
K \4 2 4~8 10~12 14~22 24~30
0 1.00 1.00 1.00 0.95 0.95
0.10 1.05 1.10 1.15 1.20 1.25
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Chapter 4 Installation and Construction

Installation engineering of commercial and family air conditioners is the key point to
ensure proper use and product quality. To good quality products, without proper installation,

it shall not operate well and thus manufacturer's fame may be ruined.

Installation sequence of air conditioner is as following listed:

Name of engineering

Prior to ’ Project assignment ‘
construction
Completion of
construction drawing|
] Sleeve inserting ‘
Dur]ng engineering
construction

Installation of indoor
unit

Cold intermedium
tubing engineering

Waterdrainage
engineering

’ Air duct engineering ‘

Heat insulation
engineering

!

Electric engineering
(Control wire, Power
supply wire)

I

Set each enactment
switch

Outdoor unit base
engineering

l

Installation of
outdoor unit

’ Air tight test ‘

l

’ Vacuumdry ‘

Superaddition and
filling of cold
intermedium

Installation of
decorating boards

l

Trail runand adjust
ment

Deliver instruction
manual

P.S Above listed are common construction sequences and may differ atsite.
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Key points

DOOOOO Assign person toset switch
Separately finish controllayout system
000000 drawing, cold intermediumtubing system
drawing, and Powersupply wiring system
drawing.

Oooooo Take slopeof water drainage pipes into

consideration

ooooon Confirm type ofunit in caseconfusion
occurs

OO o0 Be cautious tokeep dry,clean and tight

ooooond Slope down
000000 Ensure adequate wind quantum

Ooooon No interspace atjoints of heatinsulation
material

OO OO 00 Multi-core wires are forbidden to use
Control wire shallbe two-core shielded
wire.

Following control layoutsystem drawing

coooon and avoid mistakenenactment

oooooO Keep foundation atlevel

Prevent ventilation shortcircuit and
ensure maintenance space,system be marked
separately

oooooo

oooooo Finally confirm ifair pressure keeps28.0
kg/cm3 within 24 hours

Oooooon Use vacuum pump which could reacha vacuum
degree of (J7€5 mm Hg

Ooooooo Record sqperadded quantityof cold
intermedium on outdoorunit or notebook

oooooo

boooOO  Trail runeach indoor unitand make sure
there is nowrong tubing and wiring

0O0000 Instruct and meanwhiledeliver materials
to user
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Section 1 Installation Design and Construction of Qutdoor Unit

1-1 Layout of machines and installation design

Unit layout and installation plan shall be following design of indoor air conditioner.
Therefore erectors shall communicate with personnel of construction engineering and
equipment engineering. The following listed factors shall be taken into consideration
under the precondition that performance of air conditioner shall not be weakened.It
includes factors relating building itself and air-conditioner engineering such as
maintenance of equipment, equipment vibration, precautions of noise and vibration proof
of structure. Laws and regulations relating environmental protection, safety shall also be
considered.

1 Cautions againstbuilding structure

1 Complete unitlayout drawing (indoor unitand outdoor unit) and quality table to
confirm structure strength atinstallation site (loading).

2 When heavyunits are installed, you shall consider placing units on roof beam or
add reinforced concrete beam on reinforced concrete column to support units in
advance.

3 Check delivery route for unit transportation on architectural engineering
drawing before delivering units. Openings shall be set when necessary and with
consent of construction department. Openings shall be clearly marked on drawing
without pretermission.

4 Toheavy units, vibration proofbearing capacity shall be taken into consideration.
Whether it shall be part ofthe building structure or part structure shall be strengthened
shall be with discussion and ratification of designer of the building.

2 Relationship with existing projects

Toprojects whose construction is complete, you shall carefully confirm and well plan
installation procedure with considerations of factors such as type of building, use of
rooms, difference of unitsin ceiling, walls, floorand etc.

Outdoor construction

1  When outdoorunit is installed onroof, itis very important to cooperate roof

waterproof engineering with outdoor unit foundation engineering. Thereare different
waterproofing methods for roof and it shall be with discussion with construction
engineers. Foundation shall be well designed and construction.

1.1t is very easy to destroy waterproof layer when installing outdoor unit on
asphalt waterproof roof. You shall first carry out construction on foundation base of
machine room and then install units. Refer to drawing 4-1.

2.Waterproofmaterials shall be set on top surface of foundation base of outdoor
-unit as drawing 4-2(b) shows. If you adopt the above method, Footing bolts shall
penetrate waterproof layer. Therefore it shall be completely concealed after fixing and
installation of bolts completed. To the latter method, space left around foundation base
shall be tightly filled and curingis very important. No tiny cracks are allowed to occur.
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Filling of

alkali material
Filling by inner we \
lding material

Waterslope Unit support rack
U_:
As.phglt\ ? Dimension of H,
.Finishing-|{}:

shall be above rising

Light concrete waterproof degree

~Straining bar and steel bars used as ends or fusing.
Protective cement

Heating of driving Asphalt waterproof
plate Ground under waterprooflayer

Drawing 4-1. Relationship between asphalt waterprooflayer and foundation

Alkali filling, innerwelding material
filling, straining baras shown inthe \

following drawing: ﬁi
r“] J / Waterprooflayer exposed

concrete
—_—

Heat-insulation
material

Strengthening of waterprooflayer or
Seal .
use synthetic rubber

Waterprooflayer
exposed
Steel bar witha
diameter above 900
200~300 200

200 ,200~300

Waterproofunderground N\ . .
cement sand Heat-insulation

Forcing concrete material
trengthening of waterproofLayer

(b)
Drawing 4-2 Construction of exposed waterprooflayer and
outdoor unit foundation

Waterprooflayer exposed S

P.S. 1.Straining bolts shall be electroplate by fused zinc or stainless steel
2.Sraining bolts (exposed partshall be with rust-preventing disposal) shall not
be putinto concrete until units are installed.

3. Transverse movements caused by earthquake shall be taken into consideration
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(2 When units are placed on ground floor or floor surface, you shall confirm if
there are pipes of power supply, telecommunication, cable, water supply and drainage,
and facilities like coal gas pipes. Construction shall not be carried out until
consultation with structural engineers and check with engineering drawings.

3 Layout of outdoor unit
1.Layout requirements

Noise of outdoor unitshall be taken into consideration when planning layout of

outdoor unit. Outdoor units shall be installed where noise has little effectto adjacent
buildings.

Outdoor units shall be installed where maintenance and monitoring is convenient

Outdoor units shall be installed where air circulates well and without strong wind
blowing off.

Outdoor units shall be far away form heatsource and to ensure blowing offair shall
not be blocked.

2.Set space

Maintenance space shall be left for outdoor unitin the layout as drawing 4-3 shows:

»
L

[ ]
2
[

7 Above 300 | | Maintenance panel
a.When there is only obstacle on ~ b.When there isobstacle on top
top of outdoor unit (blowing off ~ ©f the unit(blow offside) and at
side), both left and right side of side (air-inside), if obstacleis

o . . only at air-in side andas shown bstacles in the direction 2
the unit, infront of itand behind . obstacles in the direction )
it shall b : on the drawing, the top obstacle shall not affect its properoperation
1t shall beat open station. shall not affect proper operation (top is openspace).
of the unit.

| I—

Above 1200

Above 800

Above300

SANNNN\Y \\
oL
%z ove300 [

c.When the topis open station
(blow offside) and thereis
space as shownin the drawing,

(1)Separateness set

y

. (]
Maintenance panelé @ =
o

>

o

o

<

Above300 T Above300

g 9 Y g O

Above300 0
- T I |

Above300

Above300

N

PN

\ Maintenance panel

0 Above300
(2) Relationship among each unit when there are multi units.

Drawing 4-3 Set space
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1-2Installation of Haier Commercial MRV Outdoor Unit

(1) Installation location

@ Cautions

Please avoid installing outdoor unit in following places:

® Place where flammable gases are easyto leak (Failuremay occur ifair conditioner is
installed in suchspecial sites. Special maintenance shall beneeded if unitsare installed
in such places).

¢ Sites with high oil content (including machine oil). (Special maintenance shall be
needed ifunits are installed in such places).

e Sites with high saltcontent (near seashore) or high-sulfurated material (hot well area).

* Places where wind blew off form outdoor unit faces adjacent window.

e Places where operation noise of outdoorunit is easy to spread.

e Places without sufficient bearing capacity.

® Places not level.

® Places without proper ventilation.

¢ Places near equipments with electromagnetic wavesor high frequency.

(2) Transportation
1 Tightly tieoutdoor unitby 4 steel cables with adiameter of 6mm.
2 Use cushion at interface between steel cable and unit in case
outer shape destroyed or distorted
3 Load stepping plates shall be adopted when lifting
(3) Installation
1 Outdoor unitshall belaid and connected with a space
above 20mm as showing in the right drawing.

Steel wire

Protective
cushion

6Hp 173 )y w—

10Hp 304

20utdoor unitshall be fixed by Footing bolts as shown in the right drawing.
® Space between Footing bolts and grounding surface of foundation shall refer
to the left drawing.

Grounding surface of

Above20mm Above20mm
base plate - Foundation —P —p|—
R S el s
Sy Y s — % N
: [ : éﬂ ° ° ° [ r”””ﬂ}“ °
; | 1 B -2 i |
H =} | = =]
‘ ‘ & = olllo L”E
| 2 (514) | Z2
: [SIN o,
SR ) - 1164 Nl PR 0 N
[SIVTh)
:r T == — T = J[=T] = ]
: 23 J NEEREE —J N . J
o Z v - -
= / i
f :;T mdation M12 Footing bolts
p Footing bolts with a space of 1100 4 bolts foreach unit

"Location of Footing bolts16. 10HPOI
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3Two-span foundation shall be used for cold intermedium tubing when pipes educed
from the bottom. Height of foundation shall beabove 500mmas shownin the following
drawing.

4Snow proof measures shall be taken in area with snowfall as shown in the
right drawing. (Failures may occur without proper snow proof measures). Please build
rack higher and install snow proofcover atair-outlet.

Snow proof cover

Snow proof cover
a air—iglet at air-outlet
A0 .
’k ¢
i
v a
7%
7 .
‘/:’ Col(i-tprl;).ducmg 3 %= HEEE 5
1 agent tubing J_—L ]

Snow proof coverat air-inlet
(4) Installation space
1 Installation shall be as what shown in the left drawing. Repairing surface shall be
order and outdoor unitbe installed side by side. Power supply box shall be on side surface

of outdoor unit.
2 Sufficient space shall be left for operation and maintenance.
P.S Where thereis obstacle on top of unit, please keep it above 2000mm from outdoor
unit.

Height of obstacles surrounding outdoor units shall be kept under 400mm and above
duct ofheat discharge.

IAbovc 300mm

Air-in
R R TR R TR, R
n’?"‘;\\\ n’?@')‘;\\\ n’f";\\\ n’?@')‘;\\\ n’?"‘;\\\ n’f"?\\
W | ) Y | Y &Y
Above
10mm 10mm 1000mm 10mm AbovelOmm
e ——i ID o@o ™
Topview of outdoorunit Air-in

Installation and Serviceside

(5) Installation of Power supply equipment
1. Installation
Installation shall be carried out onthe left or right side of outdoor unit. Power
supply equipmentshall be installed after installation panel of power supply

equipment was installed to outdoor unit panel.
Hexangular bolts M6*12L

Self-screwed bolts
/ Universal to unitbolts
= ?

¢ ¢

/;elf-screwedbolts 4*12L
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2. Electric wiring
(1) Connectpower supply wire to power switch as the following drawing:
® Power supply wires were marked with codes.
® Please check with power supply switch code inthe following drawing for use.

(2) Please connect main power supply to power supply postrow.

Implement

Power supply
equipment
R

Press plate ofpower
supply wire

supply wire
There is noprefabricated hole for
main power supply. Please hatchon the
bottom or thetwo side surfaces.

Power supply
wire

(3) Please following the drawing to carry out power supply distribution

® Allpower supply wire passing through the baseboard shall with standard names.
Take off distribution cover.

® Power wire between power supply equipment and distribution conduit shall pass
through coiler or wire conduit. (Prepared at site)

® Power supply wire of outdoor unitis broughtin through perforation atbase plate.

® Accordingto differentequipment types of power supply equipments; you shall refer
to sequence of the following drawing for correspondence to power supply equipment

number.

Installation on the Installation on the
left side right side
Main power n
supply Distribution s Powersupply || | Lo :

cover Outdoor upit

NG F200E
)
— . F30E
Wire conduit %
. F40E
or coiler]

Distribution F5CIE
screwed boltsd®4  10L

w Self-

Power supply e
quipment
o
' ¥
Mail‘l power . Power supply wire
supply

(4) Please connect power supply wire to power supply postrow (L1,L2, L3,N) in
electrical box.
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(6) Centralizedlayout

I  When outerwall is lower than outdoor unit

(1) Sites for one-row layout

Above 1000 Above 300

Above 300 Above 1000 Above 300

Above 1000 Above 600 Above 1000 Above 300

20mm or above

D

/
7 )
/|
/) | |
/| ¢
/
/| i 1\ /
; T ; T

£g 7| Service

E= ; side (
/ .

20mm or above| [20mm or above | | 20mm or above

(2) Sites for two-row layout
/
/|
/|

= /|
/
/|
/ . .

Zo 7| Serviceside

22 Jservicesi
/) Service side
/|
/|
/|
/|
/|
/|
/

20mm or above| 2

Omm or above

20mm or above

&
1S
(

20mm or above

(3) Sites for three-row layout

/

7 }
A (
(e T e
/|

— ¥ /
/ . .

e 8‘ ; Service side

ER 7

SN—" /

j 1
/|

i’ . .

7| Service side

/|

/|

/| (
/|
DSBS
/| /

—_ . .

= o | Service side

- /

Ex

~ /] (
7

20mm or above | | 20mm or above| | 20mm or above | |20mm or above
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IT When outer wall is higher than outdoor unit

(1) Whenit is possible for set opening

o

S

on, 7

o /

o

9

<

. 10010900

o .

e Service

o side

o

e

< {
A.LNmmorabove 20mm or above| | 20mm or above

Blow offconduit

Above 1000

] V)

K N |

Vs
I
T |

Hp h

[

[

o

Opening rate when flow velocity Vsat air-inopening is 1.5m/s or below

Height of flow blew off air duct is Hp=H-h'

When layoutin two-row or three-row, the above shall be item 2 and 3 for

reference consultI.

(2) Whenit isimpossible for set opening

= %
= / z
)
° /
> /|
2 /
/
< /
[esaleres]sresltes
/
/
lex /]
e ; Service
- 7 .
0 7 side
I
< / |
7
20mm or above | | 20mm or above| | 20mm or above

Set rack with aheight between 500 and 1000mm.
Height ofblow offconduit is HD=H-h'

Blow offconduit

Hp

When layoutin two-row or three-row, the above shall be item 2 and 3 for

reference consult].
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(7) Layoutin eachfloor (below 10 floors)
Key design points:
Set blow off conduitat each air-outlet (shall be closely connected with split
grid when there is split grid).
Demolish covering net of fan
Air resistance shall beunder 1.5mmAqat blow off conduitand splits.
Angle of split grid shall be horizontal ~20  with downward splits.
Flow velocityis: velocity of blowin flow Vs 1.5m/s, thatof blow off flow VD=4-5m/s
There shall be noise proof measures on each floor.

Space forair-in, service, tubing, wiring and construction shall be left.

|

Vs = Repair
rid
Equal or &
Abgve200 above 20mm Aboye200
Abovg 300 Above 700

(8) Foundation

Example of two-span concrete foundation is as the following drawing.

Location of foundation bolts

200H
g L. A —t - —— - —— - (\ g| S
(=1 (=) [} (=3
2 e 2 2
2| o[-+ _—— - — — — (T I
L & e =]t
100, 1100 |200| 1100  [200] 450 [200] 450 200
*10HPO] *10HPO] GHPO  6HPO
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Section 2 Installation and Construction ofindoor unit

The followinglisted shall be taken into consideration and youshall have an

installation plan:
1. Whenindoor units are installed inside ceiling, you shall consider cooperating

with construction material and proper layout with structure, lighting fixtures,

and fireproofing water spray pipes.
2. Make sure unit vibration shall not be spread to places beyond ceiling.

20cm

I

=)
2

p fom

Hanging indoor air conditioner

Above 500mm Above 100mm
:

Above 100mm Above 500mm

Above 500mm

Embedded height of apparatus

is 10to 20mm.

-

Drawing 4-4 Space left during indoor air
conditioner installation

138

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



3.Discuss if shape and color ofindoor air conditioner match color of building
materials such as ceiling, and direction of power supply wire and control wire
shall unisonous.

4 .Indoor air conditioner shall not be installed at entrance or exit. Forinstance,
indoor air condition in floor-type installation shall be installed at the bottom of
windowsill and be in harmony with indoor furniture and decoration.

5.There shall be enough space around unit to ensure service and circulation of flow.
Refer to drawing 4-4.

1 Plan priorto installation of indoor unit

1 When indoorunit is installed near windowsill, ’
installation shall be affected by under floor beams and Separate
location of pipes. Therefore enough space shall be left 7l
between the unit and wall as shown indrawing 4-5. — o ‘
Special care has to be taken when curtains are installed Fall to e ¢7M1ddle wall
o ground unit
and flow velocity is affected.
. c . . Piping
2 When indoor unit is installed in concealed location, -
you shall confirm dimension of blow off conduit, jointing J
method of free area and short pipe, dimension of service < It \i— Beams
opening, opening of control switch zone, location for air
filter to discharge. All the above factors shall be well ‘ T
Drawing 4[5

considered inplan.
3 Toair-cooling unitary machine, as part of the unitis

exposed to outside wall, you shall consider ifleaked rainfall
enters indoor space. And also you shall consider fireproofing
performance.

2 Ceiling -typedindoor unitinstallation

There are three main types ofindoor unit hanging in ceiling---exposed type,
concealed type and box type, which use similarinstallation method. Usually

hanging bolts are first set, and then units are lifted as shown in drawing 4-6,
4-7, 4-8,and 4-9.

(O
g
=
-y
Z
0|
9!
ole
ole

Drawing 4-6 Forms of different hanging bolts (hanging bar).
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=1l

S [
Ceiling =1

I

ki
=
Fexall
[
[l
[

,,,,,,,,,,,,,,,,,,,,,ﬁ,,,
Ceiling Exposed type
Drawing 4-7 Exposed type Drawing 4-8 Concealed type
Space of ceiling foundation
JL JL

Screw buckle E H]

Ceiling
Drawing 4-9 Box type

1 Installation approaches:
1. Pre-embedding pieces or expansion bolts to top beams and floor and insert hanging bolts in.
2. Liftindoor unitto its location on ceiling, tightly lock and fix hanging bolts.
3. Adjust level of indoor unit by screw buckle, which hangs bolts
4. Mark on bolts by painting after installation of ceiling, make sure it is fixed, and make sure
there isno displacement after operation.
5. After testing (including control test) without mistake, install shell or panel.
(2 Cautions during installation
1. Combination of hanging bolts and pre-embedded pieces is dimension of screw twisted in.
Strength must be guaranteed. It is forbidden to twist into screw thread by force or only screw
into one or two circle in case buckle loosening occurs.
2. Adopt two bolt caps and tightly lock them after orientation.

3.Pre-embedded straining bar and hanging bolts shall be with bearing capacity of two times

self-gravity ofindoor unit.
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3 Installation ofhanging indoor unit

The mostimportant factorin laying hanging indoor unit is to confirm strength of wall.
Mark on wall according to installation location and nail hanging plate on wall by steel
nails. And then hang indoorunit on it and check ifit is horizontal. Ifit is acclivitous, you
shall not carry out piping engineering until you have adjustedit to level station.
The following listed shall be taken into consideration for installation of hanging
indoor unit (including hanging ceiling unit).

1 Distribution ofindoor temperature

Flow, temperature distribution and ventilation shall be chiefly considered.
Temperature of blew off cooled wind is lower than that ofindoor air during
refrigeration. Therefore blowing downwards or levelly and decreasing velocity of
flow shall prevent you from feeling ventilation. Blew off heated flow shall settle in
top indoor space and thus temperature difference rises between the top partand
bottom partin indoor space. Drawing 4-10 demonstrates indoor flow distribution in
isotherm drawing at blew off temperature40 and 50 separately when other
conditions such as flow velocity, blew offoutlet are the same. It is obvious thatindoor
air temperature varies alot whenblew offair temperatureis 50 and thus causes
uncomfortable feeling. Drawing 4-111is indoor air isotherm drawing at the same
temperature only with changes of blew off flow velocity, which shows under higher blew

off flow velocity, indoor temperature distributes more evenly.

24 o
26

22

Wi e v .

Blew offtemperature 400 Blew offtemperature 500

Drawing 4-10 Relationship between temperature distribution and ventilation

(under differentblew offtemperature)

24
26+

Blew offtemperature 45[ Blew offtemperature 45
Drawing 4-11 Relationship between temperature distribution and ventilation

(under one same blew off temperature)

141

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



Therefore window-blinds with changeable blowing rate and blowing direction are set
on air conditioners. Heat exchange or clearance wind shall be felt at doors or windows
during heat production. To preventthe above said station occurs, most units shall
blow towards window side.

2 Regularly check and clean air filter net or change adsorption apparatus.
De-dusting technique shall be referred to section 4 chapter 3.

3 Please pay attention to noise after installing indoor units. There are two main
reasons fornoise generating----oneis vibration caused by unit itself, wind vane run up
against wall or shaft friction loss. The otheris sympathetic vibration, which was caused
by improper fixing during installation.

Section 3 Noises and Vibration

Asair compressor, fan motor,and wind vane shall bring noise and vibration, noise
and vibration are concomitant. As output power of air compressor and fan of
commercial air conditioners is larger, its blowingrate is higher and fan diameteris
larger. Therefore noise and vibration of commercial air conditioneris larger than
common family air conditioners.

Ascommercial units are usually with multi-units, low operation noise shall be chosen
in office buildings. Therefore it is more necessary to disperse sound source and reduce
vibration noise.

1 Noises

Noises sentout by site we located and air conditioners are called noise value at sound
caught point. We could use the following formulato calculate noise value of each

sound source and distance from each sound source to sound caught point. The formulais:

Ql 4
SPLLI10 log{10PWL1/10( + )+ 110 PWL
471Tri? R
Q 4
ool —— 0 —— gy
47Tr i* R
Sa
SPL:sound pressure grade value R=
1012
Qa average adsorption rate
PWL powerrank
S surface area ofroom
Q orientation coefficient (R: constant ofroom)

Sound pressure grade value R ofaudio frequency zone of different frequency summed
using the secondary formulato getanswer ofnoise voltage (SPL).
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SPL[dBA]=101log(10spli/10+10 spl2/10+1 [1+10 spIln/10)

1 Noise control measures
Low noise outdoor unitshall be chosen and the following items shall be cared:
1. To adopt distance attenuation effect and try to keep distance between each

unit location as long as possible. Relationship between noise strength and distance
attenuation is as shownin drawing 4-12.

Outdoor unit 0

Im 3m S5m Tm 10m

Drawing 4-12 Relationship between noise
strength and distance attenuation

2. Toadopt diffraction attenuation effectand use sound-proof wall to obstruct and

diffract itsnoises. In this waynoises shall be attenuated. Layout shall be referred to the
following drawing 4-13.

The larger sum of distancea and bis,
the better soundproofeffect shallbe.
When soundproof wallis lower than
outdoor unit, soundproofeffect shall
be weakened. Therefore it isrecom-
mended to setit as shownin bias and
set soundproof wallnear outdoor unit.
a

Diffraction effectshall be gained
according to locationof partitioned units.

N

/

S S
\/\/\
o+

’
4

D] D] house

Install soundproof wall when necessary

Drawing 4-13 Effect of soundproof wall

3. Ifnoise cannot be decreased by taking above listed measures, sound
elimination pipe shall be set on air-inlet and air-outlet of outdoor unit, or to build sound
adsorption and insulation board to decrease outdoor unitnoise.

[J2[0Calculation ofnoise value

1. Sound distance attenuation

Sound distance attenuation is calculated as [12@log (r: distance) when sound source
spreads to each direction as pointsound source. When distance doubles, noise shall be
decreased to 6dB (decibel). In actual situation outdoor units are not point sound source,

therefore attenuation is smaller than theoretically calculated. Attenuation characteris
shown indrawing 4-14.
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20

/

Noise distance attenuation value
=

1 2 3 45678910 20 30 4050
Distance from equipmentto sound caughtpoint(m)

Drawing 4-14. Attenuation character with changes ofnoise distance

3

0300 Diffraction attenuation value of

&5 Sound caught
soundproof wall Sound point
[ SOurce| :

Wall with quality could prevent sound. g 20 -
But there is still part of sound, which turns _g -
over fromtop of wall and reach sound £ 7
caught point. The highersound frequency z 10 - LT
is, the larger diffractionattenuation is. S T
Tonoise with low frequency it is just on §
the contrary. Thereforeit is necessary to % 0
calculate correct attenuation value o 02 0.5 1 2 3
according to frequency of each outdoor é Qlm)=A+B-d
unit. Underrestrained conditions, Drawing 4-15. Noise diffraction
attenuation effect similar to what was attenuation character on top of units

shown indrawing 4-15 shall be gained.
Though value of Oshall be got form formula
A+B-d. Thelarger Ois, the larger
attenuation value shall be.
Drawing 4-12 lists allowable maximum noise value in city (use Tokyoas an example)

2 Vibration

Vibration points in air conditioner system are air compressor, fan and fan motor,
Vibration shall be spread to floor and wall through shell and pipes, and even
cause fluttering sound ofresonance of some parts. Though manufacture has taken
the above listed into consideration, improper installation shall enhance vibration.

There area lot of physical measures for estimating vibration effect. Vibration
transmission rate T iscommonly used for estimating vibration effect. We also call it
vibration isolation coefficient or vibration isolation efficiency, which shows the
proportion of force passing vibration isolation system and reaching structure to total
force implied op unitby vibrationaction. The smaller Tvalue is, the better vibration
isolgfipn effectis. Tis as the following formula shows:

(f/fo)201
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/a0 vibration frequency of vibration source (units) in Hz.

fo] Pomnatupnl frequency of elastic shock absorption supports in Hz.

It is clear thatthe largerratio of f to fo is, the smaller T valueis, the better vibration
isolation effectis. When f equals fo, T value isinfinite and resonance occurs in
system.

Chart 4-2 General standard for noise

Condition Time period Special standard
In the In the Dusk Ni Adj hool
] ght jacent to schools
Zone Mmorning afternoon and hospitals (about
Volume| Time | Volume| Time | Volume| Time | Volume| Time | 500 meter's distance)
o Dwelling Same to the
house 40 | ¢ 45 | g 40 |7 40 [11pml left
grade| Special zone am am pm P standard
n to 8 to 7 to 11 to6
Dwelling :
nd hou}sle zone pm pm pm amin
Without 45 50 the
grade appointed 43 43
zone follo-
Commercial wing Minus 5 on
3 | zoneRatified da the basis of
grade| industrial zone 3 60 8 am 33 8 am 50 Y left
Industrial zone standard
to 8 to 11
Special
4" appointed am pm
grade| Zone in 60 70 60 55
central city
area

Vibration proof measures

Different methods of fixing such as ground supporting, ceiling hanging, supporting by
sloped frame shall be adopted in indoor and outdoor unit installation according to
different type of air conditioner. All these methods shall betaken into consideration as
an integral part of vibration proof engineering. Presently adopted foundation and
vibration methods shall be referred to chart4-3 according to shape of indoor and
outdoor unit, weight, dimension, and installation site. Meanwhileallowable vibration
degree, equipment expenditure, and different methods shall be considered.

1 There shall be enough strength and rigidity.

2 Foundation and rack platform shall be with adequate strength to bear
equipment weight, implied forces (such as outdoor typhoon etc) and be with enough resist-
ance to prevent distortion and displacement. It is forbidden for outdoor unitto drop off.

3 There shall be no settlement

4 There shall be noreverse running, displacement and fluctuation. As air
condition is a kind of machine with rotation, vibration shall be produced and
spread to floor, walls. Thus causesuncomfortable feeling of human body and larger noise
brought by resonance ofindoor articles. Proper measures shall be taken to adsorb unit
vibration, especially to unit with large power, referring to drawing 4-16.
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Foundation of Machine rack

unit rm—\ \/ Bottom surfaceofpipe
Vibration glue _ 1| Arrester Filled by airtightmaterials
TR : VER: Sealing

Foundation
bolt (stainless
steel or

fused zinc)

Foundation

Woodenplatform

Concrete plate ‘ N

A\

The followinglisted are process for unit to move into foundation
1 Mark installation location with painting.
2 Place uniton top of foundationaiming installation location, and make the
unit aerial.
3 Laying ofvibration glue.
4 Install bolts for fixing and aim them to fixing holes of unit, twist into bolt
caps fororientation (nottightly twisted).
5 Fill boltholes with concrete mortar, which shall be filled in batch,
and with tight vibration.
6 Tightly twistinto bolts after enough curing of mortar and adequate
strength, and adjust unitto level.
7 Unit and foundation shall be well sealed to prevent rust. Top of fixing
bolts shall be with aluminum cap and sealing materials.
3 Snow proof
In northern areas snowfall in winter has greateffect onoutdoor unit. Snow
accumulation may block air-outlet, air-inlet and heat exchanger, thus cause reduction
of flow rate and failure in heat production.To prevent the above saidsituation
occurring, we shall take some measuresin advance in snow accumulation areas as
shown indrawing 4-17. It includes: 1.
Pay attention to snow accumulation on top ofunit. 2 Pay attention to snow accumulation
on fan. 3.Pay attention to snow accumulation status. 4. Pay attention to snowfall status.

5. Pay attention to snow formed in pile. 6. Pay attention to seasonal wind.
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Chart 4-3 Equipment foundation and vibration proof material

Vibration |Shape of Vibration proof materials Suitable machine type
equipment| founda- |Installed location -
G Spring | Vibtati| Glue | Soft
on
on glue| plate wood
Rack On floor Fission cabinettype and
wall hanging type family
0 O H H use air conditioner
Without Commercial air conditi-
vibration oner
equipment Outdoor air cooledunit
Insidg ceiliqg Ceiling of commercialunit
(hanging ceiling) O O] ] m Indoor unit andair duct fan
Hanging on Famil fissi
y use fission type
wall D N U N air conditioner
Concrete | On floor Integral type airconditioner
foundation 0 0 1) 0 Outdoor unit ofcommercial
air conditioner
, Rack On floor Outdoor unit ofcommercial
Vit o| ol o | o
vibration air conditioner
equipment
Inside ceiling Small type integralair
0] 0] (@) ] conditioner
Wallhangi
anging Small type integralair
O o o O conditioner
Concrete | Op On Outdoor unit ofintegral
foundation | floor | ground type air conditioner
O Y O = General refrigeration
equipment
Strengthening Screw typerefrigeration
foundation 0 0 | ] equipment and other
refrigeration equipment
Wlth . Turbine typerefrigeration
vibration ‘
proof ] [ 0) 9 equipment
material
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€
Good examples Examples of improper
installation

Avoidinstallation under eaveto
_— prevent damage oflightning.

Foundation shall behigher than
height of accumulated snow

<=1ty to avoid installing
" in billabong

Drawing 4-17

Section 4 Tubing engineering

Tubing engineering is a very important partin air condition engineering from design
to construction. If failures in design are not corrected in construction, efficiency of air
conditioner shall decrease. Therefore special care shall be taken to tubing engineering.

4-1 Generalitems during construction
Construction drawing and operation instruction shall be finished in advance according
to design drawing and construction instruction before carrying out tubing engineering.
Please pay attention to the following listed:
1 Items relating the building
Please check the structure and confirm if there is any collision withelements
including ventilation holes of each room, partition of machine room, height of
ceiling, structural steel bar,and beams.
2 Relationship with other equipment
Please check if thereis any collusion with other pipes such as pipes of water supply
and drainage, fireproofing, water spray, and gas conduit. Please check power supply
cable, power supply bridge, telephone and optical cable with design drawing. Special
attention shall be paidto concealed power supply circuit.
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3 Items relating tubing engineering
1 Expansion caused by heatand shrinkage caused by coldness shall be taken
into consideration when choosing dimension oftubes. Drawing 4-4 lists changes in
mm forevery 100 -meter-long pipe when temperature varies under the supposition
that corresponding value at 10 is 0.

Chart 4-4
Temperature( )| Castion | Castcopper Copper |Brass and copper
-46 -58.5 -63.5 -61.0 -92.0
-32 -44.2 -48.4 -47.4 -71.0
-18 -30.0 -33.4 -31.8 -47.6
-4 -15.0 -16.7 -15.9 -24.2
+10 0 0 0 0
+38 +30.0 +32.6 +31.7 +48.4
+66 +61.7 +67.5 +64.3 +98.6
+83 +95.3 +104.4 +99.5 +151.0
+121 +130.0 +143.0 +136.0 +205.0
+145 +156.0 +182.0 +175.0 +259.0

2 Check iflayout of pipe shall disturb operation and maintenance of
equipment, and vibration measures.

3 Check ifup-bent gas store and generating section shall be formed in
tubing engineering, and ifrelationship with supporting rackis proper.

4-2 Tubing of heat pump system

There are two tubing methods---refrigerant tubing and water tubing.

1 Refrigerant tubing

This informationis only for middle and small type commercial use air conditioner.
This type of machine is with low cold-producing (heat-producing) capacity. Chlorine
fluorohydrocabon materials are used as its refrigerant. Copper materials are used as
basic material for tubing. Deoxidized copper (TP1) and common red copper pipes
(TP2) are commonly used at present.

Choice oftubing dimension shall refer to the following two conditions:

1. Gasifyrefrigerant and refrigerant oil given offby air compressor shall be back
to air compressor simultaneously after circulation. Refrigerant gas has minimum
flowing capacity with oil.

2. Dimension of pipes shall be large enough to ensure resistance forrefrigerant
gas or liquid flowing as smaller as possible. In other words pressure drop shall be
small. Otherwise refrigeration efficiency of the system shall drop.

2 Watertubing
It isapplied to cold and warm water system or cooled water system. First check its
usage before choosing pipes, including temperature, pressure, corrosion character etc.
The principle for choosing pipe dimensions are as following listed:

1. Single friction loss on water tubing (30-60mmHg/m)

2.Velocity of water currentinside tube.

3 .Water currentrate needed.
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Recommended velocity of current Allowable maximum current velocity
considering corrosion action
Diameter of pipe Veggrcriglt()f Operation time | Velocity of speed
A (mm) B (in) (m/s) (hour/year) (m/s)
Above 125 | Above 5 2003.6 1500 3.6
2000 3.45
3000 3.3
601100 02
24 1 4000 3.0
6000 2.7
About 25
ou About 1 0.50J1 2000 -4

Materials for water pipes are mainly low carbon seamless steel pipes with hot-
galvanized coating inside and on outside surface. Common used pressureis 16Mpa
and test pressure is 2.5 Mpa.

When watertubing is applied in cold and warm water system, expansion crack or air
divorce shall occur inside pipe system caused by water expansion or shrinkage as cold
and warm water systemis asealed system. Therefore expansiontank is equipped in
such water system. Expanded water shall enter expansion tank when water
temperature in pipe rises and water shall be supplied to pipe from tank when in

pipe water temperature goes down. Water
Expansive groove  Expansive groove [ndoor tank shallalso supply some water to cir-
= equipment culating pump for keepinginner pressure
of watersystem when leakage occursin
circulating pump as shown in drawing 4-18.
Several indoor cold and warm water supply
systems. Generally small type cold-water air

(il
L

700

Indoor . conditioner shall be installed airtight expa-
cquipmen . . . ..
awip nsive groove (container) with partitions as
e t Cd 9 Refkrli.gerant shownin drawing 4-19.
elirigeran 0 water machnine
gl(l)rlrgipwater machine pump
Reverse return mode Direct return mode Partition board . Expanded water

=l Expansive groove ) %

Indoor Indoor equipment

equipment

t@—@ Direct return

. and reverse
Cold water Refrigerant return coordinate

pump machine use mode

Drawing 4-19 Partition board type
expansive groove

Drawing 4-18 Several indoor cold and warm
water supply systems
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Calculation of expansive groove when warm water temperatureis 70 is as following

listed: E>=<Vs
Vt= ————— ()
Pa Pa
- D -
Pt Po

Vt----minimum capacity of expansive groove (m’)

E----- water expansionrate in equipment (%)

Vs----full water volume in equipment (m’)

Pa----absolute atmosphere pressure (Mpa)

Pf----- minimum allowable pressure of equipment (absolute pressure) (Mpa)

Po----- maximum allowable pressure of equipment (absolute pressure) (Mpa)

4-3 Construction methods

After checking with construction drawing and technique instruction at site without
mistake, construction shall be carried out. Tubing of indoor unit, outdoor unit, and
relative auxiliary equipment (such as fresh air disposal, air filtration equipment, fan
and so on) shall not be carried out only after orientation and siting.

1  Construction sequence of pipes:

Design of construction drawing---siting and placing into perforated sheath and
embedded pieces---move in cleaned pipe materials---lay scaffolding simultaneously---
lay lifting and supporting tools---processing of pipes (incision, welding and so on)---
hanging in tubing---locate level center (vertical line shall be located for vertical
pipes)---water pressure test or air pressure test for ensuring without leakage---heat
insulation---painting.

2 Key pointsin constructionWater tubing

1.If hanging and supporting tools are with adequate strength to support total
water weightin tubing and pipes: check ifthey are with enough resistance to
earthquake or outside vibration, concussion. Shrinkage of pipes caused by
temperature changes shall notbe transferred to building structure. Lay supports or
hanging tools in proper space, and make it convenient to prefabricate holes for pipe
heat insulation work. Space shall be kept between pipes as listed in chart 4-6.

2. Slope of pipes: a slope from 1/15to 1/100 shall be kept to ensure water
current in pipes, flow discharge, refrigerant gas or liquid current flowing. Shrinkage
value shall be cared when jointing with vertical pipes. Horizontal support space shall
be referred to drawing 4-7. Tubing and supporting method shall be referred to
drawing 4-8.

3. Discharge pipe: Air stored in tubing shall cause improper circulation and
even prevent water pump from operating. Therefore discharge branch shall be laid on
protuberant part of tubing to prevent stop valve from giving off air
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Drawing 4-6. Spacing between tube (mm)

Diameter

of 15 20 25 32 40 50 65 80 100

pipes (mm)

100 230 235 240 255 255 265 270 285 300

80 215 220 225 240 240 250 255 270

65 200 205 210 225 225 235 240

50 195 200 205 220 220 230

40 185 190 195 210 210

32 185 190 195 210

25 170 175 180

20 165 170

10 160

Drawing 4-7. Maximum spacing between horizontal pipes (mm)

Diameter| 5 | 49 50 65 75 80 | 100 | 125 | 150 | 200 | 250 | 300
of pipes

Maximum 2100
space

2700 | 3000 | 3300 | 3600 | 3900 | 4200 | 4800 | 5100 | 5700 | 6600 | 6900

4. Discharge water pipe: Discharge pipes and valves shall be laid on lowest level
pipe inentire water circulation system to ensure water drainage and pollutions such as
furring when changing circulation. (at valve mouth of cold and warm water system).

5. Tubes passing through walls and floor: it shall be strictly following
construction drawing and pay attention to vibration proof, heat insulation and water
proof. Itis forbidden to cause inundation accident by pipe passing through.

6. Shrinkage of tubes: Water pipe shall shrink with temperature changes and
dilapidation, bend, distortion may occur. Therefore shrinkable joints, buffer, and
corrugated pipes are adopted to reduce shrinkage.

7. Vibration proofand noise proof: Bentarea with flexibility shall be left at
where tubing connects with unit, pumps. And vibration proof material or heat
insulation materials shall be wrapped around supports, racks, and passing through
situation on wall to decrease vibration and noises. Several construction examples are
shown ondrawing 4-21.

8. Inorder to control actual operation status, there is pressure gauge,
thermometer on certain situation of pipe to show medium status as shownin drawing
4-21.

9.As tubes are very long with welded joints, screw jointing or flange connection,
there may be leakage gap orleakage caused by un-tightly fixed bolts. Therefore water
pressure testand air- tight test shall be taken.

Water pressure test:Inpouring water into pipe and dischargeall airin pipes. Add
pressure to stipulated value and keep it for 30 minutes to check if thereis any leakage
or distortion. Designated pressure of water tubing system usually is about two times

from test pressure to use pressure with minimum pressure ofabove 0.8 Mpa.
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Fire proofwall

—— Wall 7 Cement mortar filled
holes, .
7 Cement mortar ) Jy/ e “Mineral wool heat
Mineral woolheat preservation preservation canister
= . canister e i ,
________________________________________________________________ e e, T
g AN (; 8 1\ (g
e e e 1 S N S RN | )
T Tubing Tubing
Finished wall surface Z Asbestos heat prese-
ntation canister
Waterproof asphalt

(a)Example of passing through common wall (b) Example of passing through fire proof wall

—— Tubing

.. ] 7] Mineral wool
Finished wall (Indoor) | heat preservation
(Outside theroom) (] 0y camster
N Mineral wool Iron plat.e for
Gap filling bylead heat preservation B [ Fdi‘leq(i:;)}rlggt}lgoor
canister About7 5’—‘—;:; o
%) | i % 2/ i i \/ /i
Galvanized Mineral wool heat Floor
iron plate preservation canister o | Cement mortar
Mountin Corrugated canister ] [~ filled holes
materials N
(yarn) o
(c)Example ofpassing through outer (d)Example of passing through common floor

surface of wall
Tubing

Mineral wool heat preservation canister
Iron plate for decorating

/ Finished floor
Waterproof layer

Aboutl150
%

|

h\

Bed
Corrugated canister

L>v Mineral wool heat insulation material

Drawing 4-20 Construction examples of heat
insulation, vibration proof and heat shrinkage
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/
] Thermometer
Oﬁly 1.1;s.tall€:[d (necessary for
when 1t 1sno protecting equipment) GV

near
Joint for installing
pressure gauge

Thermometer (necessary
for protecting equipment)

v Waterdrainage

Water drainage by mainunit Installation location offlexible joints

Drawing 4-21 Layout around pump

Airtightinspection:Input inflammable gases such as nitrogen gas or compressed
air into tubing and force pressure to designated value status, continue for more than
30 minutes, and then paint with soap-suds, check if soap bubble is produced to make
sure ifthere is leakage of gas. Large changes of surrounding air shall cause changes
of pressure inside pipes and make it difficultto judge if there is leakage or not.
Designated (test) pressure is about 1.2 times of common use pressure and shall notbe

lower than 0.2 Mpa.4.3.2.

10 .Heatinsulation: Heatinsulation engineering is for preventing heat loss of
cooled and warm water,accumulation of dew. Therefore heatinsulation material with
good performance, heat resistance, damp absorbing, cheap price and convenient for
construction. At present super glass wool plate, super glass wool plate with or sprayed
by resin binding admixture, and strip materials are adopted. Their heat-conducting
rate isabout 0.046 W/m- . At presenton some occasions epispastic polystyrene half-
circle cask shaped material or PEF foam as heat insulation layer.

Drawing 4-22 shows construction station ofheat insulation indoor and outdoor

Tubing of refrigerant

1. When height difference between indoor and outdooris notlarge:Usually
height difference shall be below 10 m. Ifheight differenceis above 10 meters, hoist
height shall be too large and refrigerant shall be gasified when itreaches the highest
point. Under oil concave bent is set on pipe to collect oil and prevent oil from counter

flowing as shown indrawing 4-21.

2. Length of tubing: Pipes shall be as short as possible. Overlong tubing
shall cause pressure drop (large pressure difference) andreduce heat-producing or
coldproducing efficiency, thus frozen machine oil shall settle inpipe and air
compressor may be burnt down due to lack of oil. Drawing 4-24 lists relationship
between tubing length and capacity.

3. Supporting space between tubes: Copper tubes are usually adopted and
there shall be one support every 1 meter for good appearance.

4. Cautions in tubing engineering: Fused connection shall be with cleanness-
disposed pipes. Helium ornitrogen gas shall be filled into pipes for protection and
preventing oxidation or producing of copper oxide. You could also cut off tube

materials and use screwed joints at flaring (alternative name horn flaring, boltcap,
two joints as instructed in following parts).

155

Bce kaTajior¥ ¥ HHCTPYKIUH 3/1€Ch:



Galvanized iron wire Glass wool heatinsulation canister

Tubing = Tubing \

Covered by Cotton cloth
) metal net Galvanized Shaping paper
Curvilinear polystyrene Heat insulation iron wire  Asphalt felt

heat insulation canister canister with aluminum Curvilinear polystyrene

foil glass.
could be alsoused for £ heat insulation canister
cold medium pipes could also beused for
cold medium pipes
(a) Concealedindoor (c) Exposedindoor

Construction sequence: Glasswool
heat insulation canister----cast wire---
asphalt felt (polyethylene film)---

Galvanized iron wire shaping paper and cotton paper

Tubing 2 Galvanized iron wire

Covered b .
metal net Y Tublng
¢ : Zinc iron plate
~ Polyethylene film Waterproof film
Glass wool heatinsulation canister
Polyethylene film, Curvilinear polystyrene

which could be . heat insulation canister (q)Outdoor
(b) Concealed indoor could also beused for (d)

Glass wool heatinsulation canister

omitted
cold medium pipes .
. pip Construction sequence : Glass wool
.CurV11.1near pqustyrene heat canister + galvanizeiron wire +water
insulation canister couldalso be used for proof film +galvanize iron plate.

cold medium pipes

Construction sequence 1: Aluminum

foil glass canister+ adhesive tape+metal

net for covering

Construction sequence 2: Glass wool
canister + zincwool + metalnet +
polyethylene film +aluminumbrown paper +
metal net forcovering

Drawing 4-22. Construction example of heatinsulation

L: comparative length of tubing
H: heightdifference

25

20

15

10 ; Outdoor unit above
5

0 % 10 {15 20] |25 |30 Jss] |40 |as |50

5 Ot o8| gy ™

h N L //[ o/ .

-10 — | L1 9"/// Outdoor unit underneath

L— 59
-15 e

(a)Change rate of heat-producing capacity

L: comparative length of tubing
H: heightdifference

25
20 \L;ﬁ
B ]\%

15 i

10 X x 5 Outdoor unit above
g 5 */oﬁgﬁ %, 97% NANAKA
= Oy o 15T T 120 J2s30] ) [40][45 | 50

s L(m) '

10— Outdoor unit underneath
-15

(b)Change rate of cold-producing capacity

Drawing 4-24. Relationshipbetween tubing lengthand capacity
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Gas tubing Installed on outdoorunit and

/became the samedegree

Oil returning back when there iswarm
current. Oil depressed conduit uses

Liquid 1 depressed wave conduit.

tubing

Set middle oil
depressed conduit to

revent reverse oil 1
Ic)urrent for every 10 Depressed Set relay oil depreSSEd

meters' height conduit conduit to preventreverse
Gas tubing oil current forevery 10

meters' height
max
10m
Adopt oil depressed conduit to

prevent reverse oil current for cooledair

)
Measure

Height
difference

Oil returns todepressed conduit for

heat i . .
cated air When indoor unit is above D

When indoor unit is beneath outdoor unit

outdoor unit

S( 2)
2R C

2]

B

M( j)
—

R
=
¢
NI

Oil depressed conduit(made of copper)

Drawing 4-23. Height of oil concave bent

5.Thickness ofheat insulation layer shall be enlarged to currentreturn pipe and
liquid supply pipe ofheat pump air conditioner as shown in drawing 4-25.

6. Airtight check: Inpouring nitrogen gas to pipe and add pressure to 2~3 Mpa.
And then place for more than 2 hours and paintsoap suds on joints. Observe ifbubble

rises and it must be confirmed that thereis noleakage. 1. insulation heat insulation
. .

material material
gas pipe s liquid pipe

7.Vacuumize: Use vacuum pump to discharge air
and moisture inside pipes after completion of refrigerant
engineering. Thisis akey operation. Failure shall strip

contact wire

occur ifthere is moisture and air in cold-producing system.

Vacuum grade shall reach value under 200 Pa when vacuuming. When ithas reached
this value, you shall stop vacuuming for more than 1 hour and then startto vacuumize for
a while. Surrounding temperature during above operation shall be 20
Vacuuming shall be prolonged for 30 minutes toevery 5 temperature drop. After stop
vacuuming, upper valve of vacuumed pipes shall be turned offto prevent oil from vacuum
pump entering system.

8. Supplement of refrigerant: when tubing length exceeds designated length by
manufacturer, refrigerant shall be supplemented to ensure proper operation of cold-
producing system. The supplementshall bereferred to chart 4-19, values of which
are forevery one-meter long pipe.
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Chart 4-9 Supplementary quantity of refrigerant to prolonged tubing (kg/m)

Coolgggr%?&e(tgn(g Air return pipe Liquid supply pipe
@9.52 0.00335 0.0493
D12.7 0.0068 0.0997
P15.88 0.0107 0.1581
P19.05 0.0164 0.2415
P22.2 0.0224 0.3287
d25.4 0.0291 0.4292
P31.8 0.0468 0.6396
P33.1 0.0687 1.0120
d44.5 0.0968 1.4241
P50.8 0.1294 1.9073

4-4 Choice of pipe diameter of refrigerant tubing

1. Choice of refrigerant tubing

(1) Outdoorunit---tubing within first divergence part (main)

Tubing dimension ofthis partshall be same as that of outdoor unittubing (refer to
chart 4-10). For 6 Hp units, gas pipe length shall be enlargedto that of the next one
dimension grade when tubing exceeds 25 meters.

(2) Divergence part---tubing between each divergence part
Choice shall be chosen on the basis of sum ofindoor unit capacity, which connects to
backward position (refer to chart 4-11). When itis larger than outdoor unit capacity,
choice shall be onthe basis of outdoor unit capacity.

(3) Divergence part---tubing between each indoor unit

Dimension shall be same as tubing dimension ofindoor unit (refer to chart 4-12).
Gas pipe length from the firstdivergence partshall be enlarged tothat ofthe nextone
dimension grade when tubing exceeds 30 meters.

2. Choice of Y-shaped divergence pipe

Y-shaped divergence pipe shall be chosen on the basis of capacity sum of indoor
units, which connect to backward position (refer to chart 4-13). When itis larger
than outdoorunit capacity, choice shall be on the basis of outdoor unit capacity.

3. Choice of pectinate shape divergence pipe

Pectinate shape divergence pipe shall be chosen on the basis of quantity of
divergence pipesconnected (referto drawing 4-14).

Dimension of tubing and Outdoor unit
jointing method 0 )
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4. Allowable length of refrigerant and fall

Allowable value Tubing parts

Totallength of AUSSNFUAHA[AU96NFTAHA| Li+L2+L3+ La+Ls+Le+L7
I(;anth tubing (actual length) 220m 250m t+atbtotdtetfhgthtit]
tubing | Length of iACtut?ll 100m

eng )

farthest Comparati 125m Li+L3+ La+Ls+Letj

rg}\t‘)fﬂsmmn.}f\e&eﬂn,gthr

\,ULupaLauvu lbllstlll_z

fqrm first divergence

E?i‘fﬂto farthest indoor 50m L3+ La+Ls+Lot]

Fall H Ab

Fall bgtween ) outdoor unit 50m Ll

m%o(%tl(ll%%r Below outdoor

{airrllit unit 50m ]

Fall hbetween indoor

unit and outdoor 30m [

0 Farthest indoor unit from first divergence pipe is indoor unitj.

Outdoor unit

Jointing terminals
L1 L2 g
E=
Fist ./
divergence
Fall between 1verg _
. p1ipe : o m
indoor and L Eauival tllnd?hoiu?lft hest pine & B
. quivalent leng of farthest pipe = =
outdoor unit (_shall equal toor lower than 125m 8 g
Comparative length Lof farthest pipe = =
behind first divergencepipe shall equal 5.2
\_to or lowerthan 50m. =2 h 30m
L L, L4 o Ls , 5_
f h =,
H 50m é g &
o

0 Conversion of comparative length

When calculating, to Y-shaped divergence pipes itis one for each 0.5m length and
one foreach 1 meter to pectinate shape divergence pipe.
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(1) Drawing 4-15 Tubing dimension of outdoor units

Type To gas pipes Toliquid pipes
AUSSNFUAHA @®22.2 (hard-solder welding) 0 1 | ¢ 52 (bell mouthing)
AU96NFTAHA @®28.58 (hard-solder welding )0 1| 12.7 (bell mouthing)

0 1 Useconnecting pipes of accessories.

(2) Drawing4-16Tubing dimensionand connecting method between divergence pipes

Sum ofindoor unit
capacity code

To gas pipes

Toliquid pipes

Lower than 38220Btu/h

®15.88 (hard-solder
welding)

®9.52 (hard-solder welding)

38220~61157 Btu/h

@19.05 (hard-solder
welding)

®9.52 (hard-solder welding)

0 61157~126137Btu/h

®25.4 (hard-solder
welding)

®12.7 (hard-solder welding)

0 1 Itshall use outdoor unitcapacity forcalculation when it is larger than outdoor unit

capacity.

(3) Drawing 4-17 Tubing dimension of indoor units

Capacity grade

To gas pipes

Toliquid pipes

Type07to16

®12.7 (bell mouthing)

®6.35 (bell mouthing)

Type 18 to 32

P15.88 (bellmouthing)

@9.52 (bell mouthing)

Type 36 to45

®19.05 (bell mouthing)

®9.52 (bell mouthing)

(4) Drawing 4-18 Choice for divergence pipes

Sum ofindoor unitcapacity code Type
Lower than 61 KBtu/h FQG-B180
Y-type manifold
pipe 0 1 Equalto or higher than 61KBtu/h
lower than 126K Btu/h FQG-B370
For branch 4 FQG-H3704
0 Comb-shaped
pipe For branch 8 FQG-H3708

0 1 Calculation shall be on the basis of outdoor unit capacity when it is larger than

outdoor unit capacity.

0 2 Maximum capacity code of last system behind pectinate shape divergence pipes
could be connected t0 6.0.
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4-5 Jointing of divergence parts

1. Y-shaped divergence pipes (on gas side and liquid side)

= Toother divergencepipes orindoor

Outlet(1) “N< units

Tubing atsite

—\I/nlet

Tooutdoor unitside *~

Outlet(2)

Divergence branch pipes on gas and
liquid pipes

(1) When chosen dimension for site tubing is different from dimension of
divergence branch pipes, please cut offat central part ofjoints by pipe cutting
knife (small type knife) as following drawing.

(2)Auxiliary pipe for adjusting pipe diameter when using divergence pipes
on gas side of FQG-B740. Welding shall be carried out after diverged pipes and
auxiliary pipes cut into required pipes.

(3) Please pay attention to level and erection when installing Y-shaped
divergence pipes

Level basicline

S Within 2300
Aa @ View of direction A Vertical
Level basicline pipe

B 4@@3 Within #3000 layout

View of direction B

(4) Heatinsulation of Y-shaped divergence pipes shall be following instructions
attached init.

(5) Location for cutting off: cutoff atthe middle part of each jointand remove burr.

(o
Cut offat middle
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2.Pectinate shape divergence pipes (on gas side and liquid side)

Site tubing

Site tubing Site tubing

Site tubing T2 Toindoor unit

~N /
Toindoor unit To_ou?door
End divergence unit side
pipe on gas side

End divergence pipe
on liquid side

(1) When chosen dimension for site tubing is different from dimension of
divergence branch pipes, please cut offat central part of joints by pipe cutting
knife (small type knife) as following drawing.

(2) Shutting pipe shall not be installed when connected indoor unit quantity is lower
than its capacity.

Main divergence pipe on gas side Main divergence pipe onliquid side

Inlet — 3 -
@ Shutting pipe Shutting pipe
N : Inlet
B Appendant of units B Appendant of units

(3) Enddivergence pipeshall be horizontal diverged. If is forbidden to use vertically.

Main divergence pipe on gas side Main divergence pipe onliquid side
. . Horizontal line
Horizontal line S
__ - o ebatete u
777777 s T
View from B direction View from B direction
On gasside On liquid side

(4) Heatinsulation ofdivergence pipesshall be following instructions attached init.
(5) Whentaking offdivergence pipe on liquid side in counter direction please cut off

both sides as following drawing and use counter shutting pipe on gas side.

® ©
. . . Cut off Cut off Cut off
Taking off divergencepipe —— | Y ,
on liquid side in counter f | ‘—‘
direction i H H H H
©
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(6) Supporting of pectinate shape divergence pipes
Supporting of pectinate shape divergence pipesshall be after heatinsulation construction
and adopthanging metal pieces (prepared at site). Supporting pieces shall be laid.

/ T//// 7
IoLoooooo ﬂ

> %009 U0 g%y

(7) Location for cutting off
Location for cutting off: cut offat the middle partof eachjoint and remove burr.

o

\th middle

Small type knife shall be adopted for cutting pectinate
shape divergence pipes off. (capable for cutting pipes under @22.2).

Cautions: [1 Direct pipe with alength of more than 300 mm shall be left oninlet side of
y-shaped and pectinate divergence pipes
] Y-shaped divergence pipes shall be installed horizontally or vertically. When
it is installed horizontally, its level shall be within #30°.
[J Pectinate divergence pipes shall be installed as horizontal divergence pipe.
[1 T-shaped pipe shall notbe adopted in divergence parts.

Cautions: Nameplate shall be tied inside tube sleeve in longitudinal pipes and at outlets of
roof pipesleeve to demonstrate name of system. Measures shall be taken to prevent
wrong jointing as refrigerant pipes centralized here.

3. Shape drawing of divergence parts
(1) Demonstrate identification mark for each pipe.
(2) External shape shall be marked as the following:

Type Identification mark
FQG-B180
FQG-B370
FQG-H3704
FQG-H3708
FQG-B760
FQG-H7604
FQG-H7608

Q mEIgO|wE| >
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Shape drawing of Y-shaped divergence pipes

FQG-B370

on gas side

On liquid side
on gas side

FQG-B180
On liquid side 528

15.9 19.0

19.0 159
/ 222
| H I ! T ==

W
A\

9.5

159 | \:C /‘7'94.5 =

P.S. Dimension of pipes listed above is corresponding pipe dimension (inner
diameter)
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Shape drawing of Y-shaped divergence pipes

FQG-B760
on gas side
638
444 o 318 254
I N -
fffff ﬂ\; B
" A || 194 ‘
8. Connecting pipe on
gas side

il
Heat insulation \ 12.7
, \ 159

material

On liquid side

423 15.9
12.7

Heat insulation
material

P.S. 1. Dimension of pipes listed above are connected pipe dimension.
2. Pipe on gas side is used in connecting with pipe on A side
when connecting with pipe which dimensin is under @31.8.
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Shape drawing of pectinate divergences

FQGIH3704

on gasside

Heat insulation

material

_—

95 7 I ] A
| - @; 80 @ 80 i@

On liquid side

on
material

FQGLIH3708

on gasside
842

Heat insulation

material

On liquid side

204

10/} X
25.42t Heat insulation

8.6 material

P.S. Dimension of pipes listed aboveis corresponding pipe dimension

(inner diameter)
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FQGIH7604

On gasside
449
9.5
T 127 I
f
H 2
i
T ,
31.8 /L J
381/ “_Heat insulation
material
On liquid side
522 ‘
Heat insulatip?
materia 75
o -~
3 I A
WARN
6.4 }BO‘LBO}SO#
FQGIIH7608
On gas side

\_Heat insulation

material

On liquid side

842
Heat insulation
material
W | e T i e o
E 7 AANARN
19.0 64 7 80 7 80 F 80 F 80 * 80 * 80 * 80

k g » g >t U t

P.S. Dimension of pipes listed aboveis corresponding pipe dimension
(inner diameter)
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4-6

Welding operation
(1) Welding should be operated downwards in vertical direction or to side direction in
horizontal plane. Avoid overhead welding as possible.

= Welding flux

</
ﬂ E——~
S

Side direction We]dingflux Weldingflux

I~ 77777
Upward

e ; i
Cutting to side
downward direction

(2) Fitting directions and angle for ends ofliquid tube and gas tube must be correctto avoid
return or accumulation of oil.
(3) Thestandard welding method is to injecting nitrogen for replacement.

Note:

[1 Preparation for fire protection (Keep away from open flame and operate in clean areawit
fire fighting device and water available for emergency use).

[J Prevent from being scalded.

[] Pay attentionto clearance between hose and joint (to avoid leakage).

[J Ensure the extension tubes are supported enough.

o Standards ofintervals between supports for horizontal pipe (copper tube) are as the follow

Copper tube
Nominal Below 20 25-40 50
Maximum clearance (m) 1.0 1.5 2.9

Copper tube should notbe clamped by metal bracket.
Minimum inlaid depth and clearance for joints to copper tube.

ing:

Unit : mm

External diameter Minimum inlaid depth | Clearance

D B A~D

]

I Less than 8 forthose below 5 6 0.05-0.21

( \ ] [L IT) Less than 12 for those below 8 7 R

| R

( N———— Less than 16 forthose below 11 8 0.05-0.27

Less than 25 for those below 16 10 o
Less than 35 forthose below 25 12 0.05~0.35

Less than 45 forthose below 35 14 VI
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4-7 Scouring and cleaning for extensionrefrigerant tubes

Using compressed gas to scour is one of ways to clean dust out ofthe tubing.

3 main functions

1 Remove oxide bubble out of the copper tube when the nitrogen gasis notenough toreplace.

[ Remove dirtand humidity out ofthe tube which is not tightly sealed or covered.

[] Check connections between indoor and outdoor tubing (for both liquid and air tubes).

Example for process

LI Fit pressure control valve on the nitrogen tank.Ensure the gas usedis nitrogen (Using poly-
tetraethylene or carbon dioxide may causerisk of condensation while using oxygen may cause
hazard of explosion).

Duplex tubing meter
Indoor unit 6.4 copper tube Master valve

Reducing joint \
LBl \D
N

Nitrogen tank

) . . Blind plug(copper)
[1 Connect entry to liquid tube of outdoor unit on the pressure control /Joim nut forhorn tube

. . 7 C tub
valve with charging hose. % PR e

[J Connect entries to B of all the indoor units except Awith charging

hoses. Primary side

] Master valve Secondary side
] Open the valve ofnitrogen tank and setthe pressure control valve Skg/cm
to Skg/cm?. s 7
7
- A

Check whether nitrogen gas is passing through liquid tube of

indoor unit A. pressure control valye

L] Scour:
o Sustain thenozzle with an insulator in hand. g Gas pressure Skg/cm
e Rapidly release the insulator véhen the pressure is too high to resist
(for the first scouring) | J=\\ AN
e Sustain the nozzle again with aninsulator in hand. WOOdblOC% fnsulator
(make the slecond scouring).
The dirtscoured can be detectedby loosely placing apiece QC

of ragnear thenozzle. Some humidity may be found occasionally.

If that occur, the tubing should be totally dried.
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How todry:
A.Scouring inside of the tube with nitrogen (until humidity no more appear).
B. Carrying on full vacuum drying operation (as seen on Page 96)
[J Close master valve ofnitrogen.
[1 Repeat the above operation to indoor unit.
0 Carrying the above scouring operation to gas tube after finishing operations to liquid tube.

4-8 Joint for bellmouth

(1) Before expanding operation, the reinforced tube should be annealed.

(2) Use a tube cutter to cut tubes (Use large cutter to cut tubes of big size. Oruse metal saw
when the tube size is too big to be cut with a tube cutter, and avoid sawdust entering inside
the tube).

(3) Use expanding tool and keep size of bellmouth as the following:

A—s standard diameter| external diameter| expanding tube dimension A
3/8 9.52 12.2~12.8
4/8 12.7 15.6~16.2

5 5/8 15.88 18.8~19.4
3/4 19.05 23.1~23.7

(4) Coatinternal and external sides of the expanded area with air conditioner lubricant (to let
expanding nut smoothly through and avoid distortion of the tube).

Note:
[ Remove burrs carefully.
] Use two wrenches to hold the tube.
[J Before expanding the tube, the expanding nuts should be fitted on the tube.
[J Use propertorsional force to fasten the nuts.

lubricant lubricant

Standard torsion for fastening the expanding nuts ‘ilO%

) torsion

S12¢ (kgf-cm) (N-cm)
1/4"(B 6.35) 144~176 1420~1720
3/8"( @ 9.52) 333~407 3270~3990
1/2"(@ 12.7) 504~616 4950~6030
5/8"(@15.88) 630~770 6180~7540
3/4"($19.05) 990~1210 9270~11860
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[J Check whether the expansion surface is damaged.

4-9 Flange connection
(1) Flange surface should be clean without any damage (clean dust offit with a cloth and then
check whetherit is damaged).
(2) Coatflange surface with air conditioner lubricant before connecting.

Air conditioner lubricant

|

washer
Convex of theflange

Stop valve

Concave of theflange

(3) Diagonally fasten bolts and then confirm whether the connectionis reliable.

e.g.:
Sequence: A- B- C- D- :According tosuch directions, the
bolts will be fastened gradually. Apply torsions ofthe same
angle to each corner.

Note:
[J The flange surface should only be coated with clean air conditioner lubricant (to avoid dirt
and moisture)
[J Apply proper torsion to fasten flange bolts.

bolt standard torsion:

ISO hexagon bolt |

torsion 5.8(5T) 10.9(10T)
size kgf-cm *59 | N.cm  *PU | kgf:em Y | N.cm *150
M3 125 1230 302 2960
M10 257 2520 620 6080
M12 436 4280 1050 10300
M16 1030 10100 2480 24300
M20 2050 20100 4950 48500
171

. ru/instrukcii-pe ici ov.html _

Bce kaTajorn ¥ HHCTPYKIUH 31eCh. ™"




4-10 Connections for extensionrefrigerant tubes of indoor & outdoor units
1. Connections for extension tubes of indoor unit
(1) Screw the cap off the bellmouth ofthe extension tube ofthe indoor unit body (MUST apply
two wrenches). There will be no problem ifthere’s slight noise for leakage of gas, which
is sealed for protection.
(2) Expandbellmouth ofthe extension tube. (Asaforesaid)
(3) Make the conical surface of the joint and the bellmouth surface full contactand in

alignment.

(Body side) Conical surface (Extension tube side)

— A T

Central axis T ‘

— \ \ screw cap ofbellmouth
Joint of weldingtube Bellmouth surface
(joint of semi-tube) Alignment incentral line

(4) Fastening screw cap of the bellmouth.
First fasten lightly using fingers, then using two wrenches.

(two wrenches) Toturn screw cap of bellmouth witha wrench

(body side) l
(extension tube side)

To fasten joint of semi-tube with anotherwrench

(5) Fastening torsion for bellmouth bolt.

Tube diameter (mm) 6.35 |1 9.52 | 12.7 |15.88] 19.05

Fastening torsion (kg - cm) 160 | 300 | 500 | 800 1000

Reinforcing torsion (kg - cm) | 200 | 350 | 550 | 1000 1200

o Avoidinitially fastening with wrench.
o While fastening @6.35 extension tube, apply two wrenches and fasten for 90° ~120°
(1.5~2 teeth of the screw cap) from positions where fastening with wrench starts.
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2. Connections for extension tubes of outdoor unit
Compare with extension refrigerant tubing system diagram andconfirm whether they
coincide with each other. Connectextension refrigerant tubes to outdoor unit according to

system number. After finishing connection, write system name on the surface of outdoor unit.

(1) The connection part of extension refrigerant tubes are inside the outdoor unit. Dismount
its front maintenance panel.

(2) Theextension tube can be taken out from the front or blow ofthe outdoor unit.

(3) While taking the extension tube _
out fromthe front, take it forward
with the panel separated by tubing
wires. For consideration of after

service, pull the right or left

extension tube after the tubing baseboard§ ‘r
system is at lower position ofthe .

outdoor unit. tube) (right extension
. . . . tube)
(4) While taking the extension tube out (left extension ®/ g
tube) (left extension -
from the below, connect tubes to tube) . —

external of the outdoorunit from
square hole of the base board,
connecting left, right or rear
extension tube.

(5) Connect the tube through round
holes ofthe rubber cover equipped
on square hole inthe base board of

the outdoor unit. After finishing

connection, PLUG the square hole Extension tube
with the rubber cover.Before taking
out the extension tube forward, the
rubber cover should be dismounted
off the square hole. The rubber

cover is mainly used to prevent

Base board

rubbish, dust or dirt.

Note: Forheat insulation, the rubber cover should be cut

into propersize to plug the square hole tightly.
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4-11 Air tightness test

1. Operation sequence:

Extension Refrigerant
tubing finished

Checking whether pressure
reduces

Pressuring

qualified

Check leakage mouthand repair

2. Setting for pressuring (test method)

During air tightness test, the nitrogen tank should be connectedto extension tubes and
pressured as shown in the following chart.

Front seats of valves for gas and liquid tubes should be in fully close status.

Since itis possible for nitrogen to enter cycle system of the outdoor unit, reinforce valves
(bars) before pressuring. (Both gas and liquid tubes should be reinforced)
Note: Oxygen , flammable gas or toxic gas 1is absolutely forbidden to use for

air tightnesstest or checkup of gas leakage.

Each refrigerant system should and MUST be pressured slowly according to sequence
from both gas and liquid sides.

low pressure air-vacuum (double duty) pressure meter
high pressure meter

filling valve being fully close

indoor «— | — outdoor

[T [T
(‘l- duplex tubing meter
] ] []

. I

welding i _lJ

B _bellmouth| welding point & s —
r ~ L] repair hole h ;
2 . N ®6.41

e oo e Rl
i A=

i complete fasteningi 13!

. . 1 !
bellmouth welding point Vi y g: depressuring nitrogen
L i @E valve

-— i

indoor unit B R .
outdoor unit

filling valve beingfully close

liquid tubing

repair hole forgas tubing

connecting to duplextubing meter { filling valve forgas tubing

connecting to themain body

{| connecting
(@ o the main

repair hole forliquid tubing

filling valve forliquid tubing connecting to themain body

211s e saqn} 03 SUI}OAUU0D (A E
011S J© $9qN} 03 SUNJOAUTOD
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3. Checking whether the pressure reduces
a. ®Thefirst stage:3.0kg/cm?, pressuring for more than 3 minutes may cause big gap
e The secondstage: 15.0kg/cm?, pressuring for more than 3 minutes
e The third stage: 30.0kg/cn?, pressuring for 24 hours may cause small gaj
Even under the pressure of 30.0kg/cm?, if the time is too short, small gap still cannot
appear. Thus why in the third stage the time requires 24 hours.
b. Observing whether pressure reduces
It is qualified ifthe pressure doesn’t reduce.

Referring to4-11.4, findleakage pointsif the pressure reduces.

on value (temperature while pressuring temperature while observing) 0.1kg/cm?
(for instance) while pressuring: 28.kg/cm?*, 25
24 hours later: 27.5kg/cm?, 25

(pressure meter)  whenpressure over 28kg/cm?

30kg/cm? >> the third stage
«

28kg/cm? }A/qualified 28kg/cm?, 24 hours

20kg/cm?
the second stage .
qualified
/ 15kg/cm?>3min :|
15kg/cm? T
2|
Pressure 10kg/em
kg/cm?

the first stage
lified
ts/ 3kg/cm?><3min @

4. Checkingle%}g&ggz]ﬁ&i
Checking 1 (Obggrwing

-3

ressurereduction dnring the above three q‘rages)

e Listening [ I:|Fin(%ilr111 1 Toger feakage pgint by fistening'with ears
Hours —
e Touching [1[1Feeling whether the;e’s gasleakage by touching tubingjoints with hand

e Suds [ [JFinding bubbles coming out from leakage points
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1

2.

while pressure reduces in pressuring test)

(1) Adjust the pressure of nitrogen to 3.0kg/cm?.

(2) Adjust the pressure of fluorine gasto 5.0kg/cm? (mixed status of nitrogen & fluorine gas
(3) Check with detection machines for halogen, alkane gas (petroleum gas), or electricity etc.
(4) If no leakage point is found, keep on pressuring to 28kg/cm’ and check again (the

maximum pressure is 30kg/cm?).

Note:
Check insections ifthe tubeis too long.
(e.g.) U indoor side

[ indoor side + vertical tube
[0 indoor side + vertical tube +outdoor side

4-12 Vacuum drying

. Whatis vacuum drying

Vacuum drying means using vacuum pump to
change moisture (liquid)inside the tube into vapor
(gas) and discharge it out to dry the inside of
the tube. The boiling point of water is 1000 under
one unit atmospheric pressure and will reduce
relatively in vacuum. Therefore, when reducing
the pressure inside the tube nearly to vacuum with
the pump and the temperature inside under outside
air temperature, the moisture inside the tube will be
evaporated.

(e.g.) Vacuum drying can only be carried on
under-752mmHg if the outside air temperatureis
lower than 7.20 .

In addition, it is recommended to know how to
select and repair vacuum pump before vacuum

drying operation.

Selection of vacuum pump.

Tester (kg/cm)

755

760

Checking 2 (in cases that expecting to find small leakage points orno Ieakage point being found

760mmHg

700

800

500
400

300

200

Necessary
vacuum |
degree

[

"
Range of |
outside air

Absolute pressure (mmHg)

§_
/ freezing

temperature

OmmHg

-20-10 0

10 20 30 40 50 60 70
temperature(d )

Note the following two points while selecting
vacuum pump:

(1) Choose the pump that canmeet required
vacuum degree (i.e. to-755 mmHg)

(2) Choose the pump of bigair output (more
than 40L/min or so). Besides, ensure
whether it can reach pressure below

-755 mmHg with adoption of vacuum

measurement.

Boiling point Nitrogen Vacuumdegree
of water( ) (mmHg) (mmHg)
40 55 -705
30 36 -724
26.7 25 -735
24.4 23 -737
22.2 20 -740
20.6 18 -742
17.8 15 -745
15.0 13 -747
11.7 10 -750
7.2 8 -752
0 5 -755
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For rotating oil vacuum pump, change lubricant and check vacuum degree every 1~2 mon
Typeand vacuum degree of vacuum pump (for reference)

Air output after Purpose
Type reaching vacuum | g v cyum| For air
degree drying discharging
Rotating oil pump 0.02mmHg Proper Improper - Note: Normally,
(with oil) 100L/min hand pumps belongto
10mmHg Improper | Impr
) . . oper such type.
Rotating oil less 50L/min prop prop yp
pump(without oil) 0.02mmHg p
40L/min Proper roper

3. Operation sequence of vacuum drying
After finishing air tightness testand releasing nitrogen, connect duplex tubing meter to
repair holes of filling valves at both ends, and connect vacuum pump as the following chart.

low pressure air-vacuum (double duty)pressure meter

high pressure meter

indoor «— | —» outdoor duplex tubing meter

—-———-— bellmouth welding point i repair hole ;
5 : 6.4
! ol
i RN S
! =
| complete fastening: @i
. P |
bellmouth welding point Vo - T

3 . .‘ : repair holef: =3 : vacuum pump
i f |
- S 1 |

indoor unit .
outdoor unit

filling valve being fully close

liquid tubing

repair hole forgas tubing
connecting to duplextubing meter{

filling valve forgas tubing

connecting to themain body

repair hole forliquid tubing [ connecting to
the main body

filling valve forliquid tubing

9118 JB $9qN) 03 FU1}00UU0D Vr
911s JB s9qn) 03 Fu130oUU0D
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There are two ways for vacuum drying for selection according to different conditions.
(1) Common vacuum drying O OO OO HOHOHOOOOD O OOOOLO Ocommon method
Operation sequence
L Vacuum drying (for the first time) [J [1Connect a multimeter to entries ofliquid and gas

tubes and run the vacuum pump for more than 2 hours. (the vacuum degree should be
-755mmHg below)
After 2 hours’pumping, ifthe vacuum degree still cannot reach-755 mmHg below, or there’s
moisture or leakage point(s), continue pumping for 1 hours.
Check whether there’s leakage point(s) if the vacuum degree still cannot reach-755
mmHg after 3 hours’ pumping.
] Vacuum sustaining test
Keep thesystem for 1 hourafter vacuum degree reaches-755 mmHg below. 1 hour later,
if the vacuum meter has no ascension, it means the system qualified. Ascensionimplies
there’s moisture or leakage point(s).
U Filling supplemental of refrigerant
Fill inrefrigerant of necessary quantity from the entry ofliquid tube with aninjector.
1 Opening all switch valves

Open switch valves of both liquid and gas tubes.

(Note) Vacuum operation should be carried on by pumping from both sides ofliquid
and gas tubes (because pumping may be blocked during operation due to attached components

inside the indoor unit)

time table forcommon vacuum drying
+0.5kg/cm?

|
pressuring direction

(atmospheric
pressure)

Okg/cm2
-200mmHg

vacuum direction
-400mmHg

-600mmHg
-700mmHg

-760mmHg

vacuum drying vacuum filling supplemental refrigerant

sustaining
test

(2 hours) (1hour)
Time needed: 3 hoursor so
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(2) Special vacuum drying

This special method is used when there may time table for special vacuum dryi

be moisture inside the tubing. E.g.: +0.5kg/em® §
Moisture is found while scouring refrigerant tube.Pressuring direction
There may be water inside while constructing

(atmospheric
in raining season. pressure)

(]kg/cm2
There may be water inside ifthe construction time
is long.

. . -200mmHg
vacuum direction

Rains may enter inside during construction. H
-400mmHg

The method is inserting time vacuum break

procedure with nitrogen more than once.

-600mmHg 755mmHg|

nt

~700mmHg -755mmHg

-760mmHg ’

1 4ofirt

g suppromentarroit 15\/1 ant

Operation sequence: vacuum drying vacuum vacuum

[JVacuum drying (the firsttime) [ [12 hours’ pumping (2 hours)  break Sustaining

test(1 h
[OVacuum break (the firsttime) (1 CIfilling nitrogento 0.5kg/cm’ vacuum dersyi(ng our)

Asnitrogen belongsto dry gas, itcan take drying effect while (1 hour)

ment

anl

vacuum breaking. However, this method still cannot take

£ 1l4n

complete drying effect whenthere’s too much moisture. Therefore,
water entrance and condensation should be strictly avoided during
construction of refrigerant tubing.
[1Vacuum drying (the second time) [ ] [lpumping for more than 1 hour
Determination: @The systemis qualifiedif itcan reach-755 mmHg. Repeat operation ifthe
system cannotreach such degree in 2 hours.

(& Vacuum breaking

(©) Vacuum drying
[JVacuum sustaining test [1[11 hour
[IFilling supplemental refrigerant
[1Opening switch valves
0 Only nitrogen can be used for vacuum break. Misuse of oxygen can cause hazard of
explosion.

4-13 Filling supplemental refrigerant

After finishing vacuum pumping, replace the vacuum pump to the refrigerant tank for
refrigerant filling operation.

1. Calculation for supplemental refrigerant

(1) Filled quantity by manufacturer

Outdoor unit AUSSNFUAHA AU96NFTAHA

Filled quantity 10.0kg 18kg

Filled quantity of refrigerant by manufacturer not includes that inside extension tubes for
local construction. Thus why local quantity should be calculated before filling operation.
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(2) Supplemental quantity, calculated according to size and actual length oflocal extension
liquid tube.

Quantity oflocal supplemental refrigerant =actual length * supplement quantity for per
meter liquid tube

Supplemental quantity: R(kg)=(L1 0.030kg/m)+(L2 0.065kg/m)+(L3 0.115kg/m)+
(L4 0.190kg/m)+(Ls 0.290kg/m)

In the above formula:
L1: totallength of d6.35 liquid tube (m)
L2: totallength of d9.52 liquid tube (m)
L3: totallength of @12.7 liquid tube (m)
L4: total length of P15.88 liquid tube (m)
L5: totallength of @19.05 liquid tube (m)

Example for calculation:

AU96NFTAHA

time needed: 4hours or SOD

©9.52(4m) ®6.35(5m)

9.52(10m) @9.52(10m)

liquid tube ®12.7(30m) @®9.52(10m) P9.52(10m) @6.35(5m) P9.52(10m)
’formlS‘ ’forml8‘ ’formlS‘ ’formO ‘

liquid tube  6.35=5+5=10m
9.52=10+10+10+10+4+10=54m
12.7=30m
R=(10m 0.030kg/m)+(54m 0.065kg/m)+(30m 0.115kg/m)=7.26kg

2. Filling method for supplemental refrigerant:

(1) Slightly fit the hose of refrigerant tankto the duplex tubing meter, open Va, the master
valve ofthe tank to repel remaining air out of the hose, then fasten Va.

(2) As shownin the chart onnext page, place the tank upside down and open Vhvalve ofthe
duplex tubing meter, filling the refrigerant in liquid state to the liquid tube. (Note: For
siphonic refrigeranttank, therefrigerant will flow outif the tank is placed normally.) Ifthe
filling quantity is still not enough, close Vhvalve, place the refrigerant tank normally, fully

open filling valve ofthe liquid tube andset filling valve of the gastube to medium positio

=

(between fully close and fully open).Thenrun cooling operation, open valve Ve, filling to gas

tube in gas state.
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(3) Watching dial gauge ofthe spring balance. Once it reaches required supplemental quantity,
immediately close valve Ve and master valve Va ofthe tank and fully open filling valve ofthe

gas tube.
(4) Supplemental quantity should be written on label plate of the outdoor unit.

) 7 [ filling valve for
r | tiquid tube p liquid tubing
'Liuplex tubing meter = 3
| low pressu%‘ ! 3 3 _

o=o)Z || |tepair hole S
oo & : !
| : | E
! ‘ gas tube 1 ; 2
110 t 7 o
H N Mé e
L J refrigerant ("o, ¢ . [f' / .
indoor unit  tank g | filling valve for gas tubing
Ofor Skg O WE“ outdoor unit

O

spring balance
Ofor 20kg OJ
detail diagram offilling valve

) ) repair hole forgas tubing
connecting to duplextubing meter{

filling valve forgas tubing

repair hole forliquid tubing connecting to themain body

connectin

910

(=2

9115 JB s9qn) 03 SUT}OAUU0D
911s 1B saqnj 03 SuUI}OAUUOD

4-14 Heatinsulation processing for extension refrigerant tubes

Operation sequence:

Construction of Heat insulation L Heat insulation
. > : »| Air tightness > ;
extension > processing > > processing
refrigerant tubes (excluding joint parts) test (for joint parts)

1. Material: Select materials that can endure tubing temperature for heat insulation. E.g.:
polythene foaming materials (endurable temperature over 120 ).

2. Heatinsulation and key points: Heat insulation processing forall jointparts suchas welding
parts, bellmouths etc. should only be carried on after passingair tightness test.For multiple air
conditioners sharing one compressor, heat insulation processing forall gasand liquid tubes

should be carried onrespectively.
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Example forincorrect processing

Example for correct processing

Mixing heat
insulation
processing for gas
and liquid tubes
together.

liquid tube 825 tube

signal line

wrapping tape

heat insulator

e Heat insulation
measure should be

taken for jointpart.

No heatinsulation
measure has been
taken for joint part

< &)
=—f0—

[heat insulation
processing only
done for gastube]

gas tube

liquid tube

<

signal
line

tape
heat insulator

wrapping

[heat insulation processing
should be donefor both gas
and liquid tubes]

wrapping tape signal line

[heat insulation
processing  for
supporting parts]

copper tube

heat insulator

metal parts
for supporting

Note:

[J Heat insulation processing should be done to joint parts (tube joints, screw caps of
bellmouths) of extension tubes of indoor unit.

Wrapping ethylene tape

N

N

+4— ' _/‘

Attached heatinsulator

Extension gas tube

-, hal

Attached heatinsulation tube

/" Extension gas tube

Wrapping withethylene tape

[] Heat insulation processing for crotch parts. Use tapes to wrap the crotch parts with local
extension tube (where constructionis carried on) and attached heatinsulators altogether.
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Wrapping tape Heat insulator

(prepared in localsite)

Heat insulator

(prepared in localsite)

placing insulators.

Compact binding partto eliminate clearance 150 insulator for crotch part

Heat insulator
(prepared in localsite)

Heat insulator
(prepared in localsite)
with thickness over 10 mm

ceilings inenvironment of high temperature to geta better effect.
Key points:
Thickness ofheat insulatoris decided according to tube size.

Tube size Thickness ofheat insulator
6.4mm~25.4mm 10mm or more
28.6mm~38.1mm 15mm ormore

These should be also attached even if the client provides materials by himself.
Since the air conditioneris expectedto use when the outside temperature is below 10
heat insulation measures should be also taken to liquid tubes.

Section S Electric wiring and Trial run

5-1 Basic attention points

1. Common items:

A Warning

Comply with regulations forelectrical appliance & technology.
Afterconnecting a wire to terminal block, make abow and fix it with a pressing
clip toavoid forces applied to the wire transmitting to the pressing terminal.
DON’T power through the indoor unit before finishing vacuuming the
extension refrigerant tubes.

Compact binding part of heat insulators attached and that locally prepared forextension
tubes to make it firm withoutany clearance. Process the shown inthe following chart after

Coat alayer of glass wool (16-20kg/m? with thickness over 10mm) on the common heat

b

insulator(8-10mm) while taking heatinsulation measures to extensionrefrigerant tubes inside

Recommended valuesin the above table should be increased in hot and humid environment.
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| /N Note |
Electric leakage breaker should be installed on the power supply according to basic
requirement for electric appliances.

The earthline MUST be installed.

2. Other details for attention

(1) Power supplies forindoor and outdoor units are mutually independent.

(2) The power supplies are from special branch circuit. Electric leakage protectorand
air breaker MUST beinstalled. Earthing construction isnecessary. Power supply for outdoor
unit and indoor unitis 3-phase 380~418V and single phase 220~230V respectively.
(3) Power supplies, electric leakage protectors and air breakers forindoor units connecting
to the same outdoor unit should be out of the same source (For indoor units ofthe same system,
there should be two power supplies at the most).
(4) Each indoor unit should be equipped with a power supply forauxiliary electrical
heater. Andso iselectric leakage protector and air breaker.

(5) DON'T bind systems for extension refrigerant tubes and control transmission
(communication wires between indoor-outdoorunits, and indoor-indoor units) together.

(6) It is recommended to adopt 2-core shielding wire (BVVDI1.25mm?’ for control
transmission to avoid interference. DON’T adopt multi-core wires (more than 3 cores).
(7) Specifications for wire size, electric leakage protector, manual switch and earthing line
are as shown in Table 2 onnext page.
(8) Size and length of wire. Wires for MRV commercial air conditioners should be much
thicker than those for power equipment like common motors. The current for commercial
air conditioners should be calculated as 1.25 times of the rated when total current 50A and as
1.1 times when the total current> 50A.In addition to such calculation,calculating current of the
compressor should be estimated as 1.2 times of that marked on itslabel (leaving surplus).
Because MRV commercial air conditioner has electrical properties of freezer whose
rated values are the input properties under standard conditions (asrequired by GB, national
standards of China), the machine is equipped with a motor (compressor) that can endure
overload (such as ascension of indoor temperature and condensate pressure etc.) for freezer
Select accordingto specifications of each machine.Wire sizecan be selected according to
Table 1.
Since the current through wires is different withthat of common motors and to keep
voltage of power supply stable during start procedure, the length of the wire should be selected
with consideration of holding voltage drop from starting end of'the power supply within 2%.

5-2 Wiring for power supply
[for outdoor units (independent of indoor units)]

Connections of power supply should be in compliance with local regulation, and, in Chinal
with concerning content of technical standards specified in Installation of electrical
facilities: Construction, checkup & acceptance criteria for low voltage electrical appliances
of GB 5024-96. Carefully consider the following:
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1. Individual power supply

Table 1
Minimum thickness of wire (mm?) | Air breaker _
Item P (wiring with metaltube or PVCtube) (A) Electric leakage
owelr S protector
SUPPLY Size 1z¢e Earthin . (capacity, leakage
(length <(210mf?h line g Ca?Aaglty current, start time)
Type eng
P 20mm) 50mm) | Omm?)
AUS5NFUAHA 5.5 14 3.5 30 30A, 30mA
0.1Sec below
3-phase
380~418V COA. 60mA
50Hz , oUm
AU96NFTAHA 14 38 5.5 60 0.1Sec below

Note: All sizesin the above table can control voltage drop within 2%. If the wire length exceeds
that in the table, choose its thickness accordingto Collection of general diagrams for
installation ofelectrical facilities: Typicaltechnique specifications

outdoor power Supply e~ —~—
3-phase ; i
electric leakage protector air breaker
380~418V gep
50Hz outdoor unit
L
earth
R N
g outdoor unit — earth
electric leakage protector T
air breaker O
- outdoor unit — earth
| F *D 74 —
] ‘ outdoor unit — earth
Z a L
) e outdoor unit —carth
| U -
- outdoor unit — earth
electric distribution cabinet
R —
S outdoor unit — earth
T

For individual power supply
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wiring tube

protector)
1) Composition of distribution box
distribution box: FO-EOOOO or FO-OOOOE>

current breaker

2. Wiring surrounding the outdoor unit (installation of distribution box and wiring)

distribution b

|

Distribution box: for power supplying to outdoor unit (with air breaker and electric leakage

CVV5.5mm?*4 or CVV14mm?2*4

=q]

380~418V 50Hz OL L3
N /)Ll
E ol2

f :

=Q

/
/(one wire for connection to the earth)

L1

power supply | oL

Lot

=Q

2) Connection between distribution box and outdoor unit
in case of 5 outdoor units or below>

L3
N
E
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The distribution box isinstalled onright orleft side of the outdoor unit (according to types)

box outdoor unit outdoor unit outdoor unit
/ (equipped with current breaker) 4 e 4
distribution box
1
earth earth earth
e | P ¢ OQF ?
11 | ¥ s
N connecting to
O
\ \ Be ;g each outdoor power supply (uniform)

%o unit

7
power supply coil

<in case of 6 outdoor units or more>
Distribution boxes are installed on left and right side respectively.

distribution box distribution box

(supplying power for (supplying power for
units of leftside) units of rightside

M earth earth earth earth earth earth M
QY g | e 5 | o p| e 9 | o 9| ey ¢ |
I
|

~

| (front face)

I
I power supply power supply

Reference (example for
type of distributionbox)

F5 E 22121

Serial No. ofoutdoor unit

(with sequence fromleft to right)

1: for 6HP 10HP | 10HP| 6HP | 10HP | 6HP
2: for 10HP Z
Installation position ofdistribution box /

Left side marks E atthis bit. Distribution box OQutdoor unit

Right side marks E atthe final bit(F5-22121E)

total quantity ofoutdoor units

distribution box

(3) Installation of distribution box and confirmation of outdoor unit
Install distribution box onright or left side (either side respectively in case of 6 units or more)
of outdoor unit. Dismount the external cover, pullthe attached wire ofthe power supply forward

and connect to the outdoor unit.
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(4) Connecting power supply to distribution box
Power line should be connected through the hole on rubberinsulation gasketbelov

=

the distribution box.
Drill holes on left, right or bottom side as required diameter since no hole for powet

supply is originally available on distribution box.
The length of power line attached with the distribution box is preset according to
standard placement conditions of outdoor unit. During actual installation, prepare wire of

proper length according to spot conditions other than the standard.

5-3 Wiring for power supply

[for indoor units (independent of outdoor units)]

Item Minimum thickness of wire Air breaker

Power (wiring with metal tube or PVC tube) (A) Electric leakage

supply Size Size . protector
Type (length | (length | PAHMNE | ogpyciyy

line
20mm) 50mm)

All types of Single phase 20A, 30mA
indoor units 220~230V 50Hz 3.5 5.5 1.6mm 30 0.1 sec below

72}

Note: All sizesin the above table can control voltage drop within 2%. If the wire length exceed
that in the table, choose its thickness according to Collection of general diagrams
for installation of electrical facilities: Typical technique specifications .Wires are parallelly
connected inpower supply circuit as shown in the following diagram.

Indoor power supply
Single phase 220V 50Hz

Electric leakage protector

Air breaker Branch wiring box

AN A A R N A
Indoor unit

A A A A

AN Note

The extensionrefrigerant tube system and control transmission lines for indoor-indoor
units and indoor-outdoor units are of the same system.

Power supply wires and control wires should be inlaid in different wiring tubes
respectively orkeep proper interval distance(30mm while current capacity below 10A,
500mm while below 50A) when they are wired parallelly.
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Size of power supply wire and Rated current valve forindoor unit

Model No. Rated current(A) Model No. Rated current(A)
ABO92FEAIA 0.28/0.35 ASO72FAAHA 0.28/0.3
— | ABI22FEATA 0.28/0.35 Z [ AS092FAAHA 0.28/0.3
£ [ABI42FEAIA 0.48/054 |2 5 | ASI22FAAHA 0.48/0.5
8 & [AB162FEAIA 0.48/0.54 |3 2 AS162FAAHA 0.48/0.5
§§ AB182FEATA 0.55/0.61 E* AS182FAAHA 0.55/0.6
& 2 [AB242FEAIA 0.55/0.61 | AS242FAAHA 0.55/0.6
S & | AB282FEAIA 0.70/0.80 AD322FIAHA 1.32
o | AB322FEAIA 1.06/1.22 AD362FIAHA 1.32
5 [[AB362FEAIA 1.06/1.22 AD452FIAHA 1.32
AB452FEAIA 1.06/1.22
_ [ABO72FDAHA 0.40/0.42
= | AB092FDAHA 0.40/0.42
S & [ABI22FDAHA 0.40/0.42 I
% & | ABI42FDAHA 0.50/053 | &=
& 2 [ ABI62FDAHA 0.50/053 | =&
< Z [ ABI82FDAHA 0.55/0.61 | 22
® 2 [ AB242FDAHA 0.62/0.64 |5 g
= [ AB282FDAHA 0.62/0.64 £
~ | ACO92FEAHA 0.48/0.54 ©
o [ AC162FEAHA 0.48/0.54
< & | ACI82FEAHA 0.48/0.54
® S | AC242FEAHA
[¢]

Total current value = Rated current value X total quantity

Allowable current for wiring = 1.25xtotal current value

Calculate minimum thickness of power wire (at least 2.5mm?) according to Table I
-- allowable current value (referring to concerning manuals of electrical equipment).
Control the voltage drop within 2% (within 0~4.4V), calculate allowable current value and wir
size or maximum connection length of wire.
e.g.: AB362FEAIAXS sets connection length of wire 30m

AB452FEATAXI sets
According to the above table:1.06AX5 sets+ 1.06AX1 set=6.36A
6.36Ax1.25=7.95A
Result checked out from technical manual: When the voltage dropis 4V, thickness of powe
supply wireis 2.5mm?

8A 16mx2 times = 32m, wire size 2.5mm?.
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5-4 Wiring of control transmission circuitand remote controller

Outdoor unit

all shielding layersbeing mutually connected
earth / open circui

trol

smission line control or

[] group control

e
c

open mode

line controller

1. Size, type and specification of wire

table 14
Name Type Size Specification
Control transmission wire| 2 core 1.25mm? 2<500m BVVD
. 0.3mm? &< 200m RVV
Remote control wire | 3 core
0.75mm? 200m== ¢ <500m

(1) Adopt 2-core nonpolar shielding transmission wire for control transmission to avoid
electromagnetic interference. In such conditions, the earhing connection of the system is tc
connect close ends of shielding layers of the wires and set to open mode (insulating process
at the end. (connectone point of the outdoor unitto the earth)

(2) Adopt 3-core wire for line controller. (terminal A, B, C)

Adopt2-core polar wires for line controller group.
(3) Control method between indoor-indoor units is of bus communication and the contro

addresses are automatically set..

AN

t

)

ote
Wirings forcontrol transmission and remote control are all of slight current and cannot

directly contact with power supplies of AC220V or AC380V, and not be inlaid inthe same
wiring tube either.
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Wiring system diagram

air breaker

Outdoor power supply
3-phase 380~418V 50Hz

electric leakage protector

earth

air breaker

electric
leakage
protector

indoor power supply

T

control transmission wire pull box
ol el ol
[hd) |4} [ 4} [hd) [ 4} [hd) [ 4}
®

[Psro o

[P0 o3
[P10 o4

[P0 o

single phase 220~230V, 50Hz

line controller é

-

e
[
3
[
3
[

[P0 oOf

® C
Q

Outdoor power supply
3-phase 380~418V 50Hz

[P0 o5

earth

ﬁ)

——— control transmission wire

[P0 o
[P0 O3

line controller

indoor unit

A[B|C

line controller

indoor unit

A[B[C

line controller

indoor unit

[A[BIC]

[P&t0 oOf

at the end
(—4
/I —

|<
pull box connection of shielding wire
indoor power supp] connection of shielding wire /
Wer su
POWET PP &2 e & ff—  Open mode
ingle phase 220~230V, 50Hz ‘K_zh’
|V == —V| /o= —/
N [Pla N [PIQ] O Bl
A[B[C [AIBIC] A[BIC]
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Attention points: Loop wiring mode is absolutely forbidden for control transmission

Outdoor unit

—————

Indoor unit

4 V /4 VAl

Indoor unit

2. Group operation of controller switches
Control severial indoor unitsusing one line controller (maxium 16)

Indoor unito.1 No.2 No.3 No.4 ®N°~15 ®N0-16
CNlé[CDB [@ [® [@ """""""""" 1 B
/\ /\ AN
(B.C) (B.C) (B.CO) (B.C) (B.C) (B.C)
(A.B.C)
]

Line controller

Settings for control circuitboard ofindoor unit

Indoor unit No. No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8

Setting ofrotary

switch (SWO1) 1 2 3 4 5 6 7 8
\(;vli\ifl} shortconnection | ayailable| open | open open | open open open open
Line control terminal |A B C| B C | B C B C B C B C B C B C

Indoor unit No. No.9 No.10 | No.11 | No.12 | No.13 | No.14 | No.15 | No.16

Setting of rotary

switch (SWO01) 9 10 11 12 13 14 15 16
gvli\iy short connection open open open open open open open open
Line control terminal B C B C|B C B C B C B C B C B C

Rotary switch (SWO01) (on control circuit board ofindoor unit)
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3. Installation of line controller

YR-FO1

While inlaying in the wall (installing switch box) |

Wiring tube (with lining and locknut)

The wiring should be carried onin place

Line control

convenient for operation.
Cover of line
controller

The thickness of wire for line control

1] 5
varies with length. Use wiring tubes of udJ
proper thickness (with lining and locknut). ’\\ - | PR
To dismount the cover of line controller, D@@ ! /
extend a flat screwdriver into concaved part

Q N
as shown in the diagram and screw off. o Qb o uJ One with

distribution box

NJ Setscrew (M4x25)

Fastening screw too tightly can cause the box distorting and LED breaking.
DON’T getany wire stuck while installing

Horizontally press the cover of line controller in. Otherwise press buttons on the
controller may get stuck resulting in disabled operation.

While installing on the wall

Notch ﬁ S
Connect soft 3-core wire coated with K\L\ “ S
s

polyethylene insulator (RVV wire) Cover of line |
through U-shape hole on central top of controller

the line controller cover. L Line controllet
switch

Final processing ?be

e After installation ofline controller . Ce N
cover, seal it with oil loam to prevent % Setscrew (M4.1x16)
against water, dust and dirt.

[ AT Note |
ﬂ Note

Line control circuits are all of' slight current and cannot directly contact with power
supplies of AC220V or AC380V, and not be inlaid in the same wiring tube either.

YR-E02

While inlaying in the wall (installing switch box)

The maximum length ofline controller wire is 500m and the wiring should be carried on in plag
convenient for operation.
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Wiring tube (with lining andlocknut)
Line control

Cover of linecontroller

2 with distributionboxes (with coveravailable or not)

Setscrew (A4 25)

L/

| Use flatscrewdriver prying the arrow to dismount the decoration cover.

| While installing on the wall |

Connect soft 3-core wire coated with polyethylene insulator through U-shape hole on centr
top ofthe decoration cover.

5-5 Centralized operation management for centralized controller
(Centralized control of 16 systems)

Signal lines of centralized controller should be 2-core and nonpolar. To avoid interference
electromagnetic noise, adopt 2-core shielding wire for YR-EO1.

No.1 system 2 3 4 s No.16 system
Indoor unit ® U ® D ® [ ® Mmm| . ® M| [® mmo
7 ? ? ° °
o

B e e

Remote controller

!

—\ J

c b v

] Remote controller

Single phase 220~230V, 50Hz

al

of
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I. Settings for control circuit boards of indoor units

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8

Indoor unit system
system | system | system | system | system | system |system | system

Setting of centralized

control address 01 02 03 04 05 06 07 08
No. (SW02)
Setting of rotary switch
(SWO1) 1 1 1 1 1 1 1 1

Centralized control X Y| X Y| X Y| X Y| X Y| X Y |X Y| X Y
terminals

No.9 No.10 | No.11 No.12 | No.13 No.14 No.15 | No.l16

Indoor unit system
system | system | system | system |system | system | system | system

Setting of centralized

control address 09 10 11 12 13 14 15 16
No. (SW02)
Setting of rotary switch
(SWO1) 1 | 1 1 1 1 1 1

Centralized control
terminals

2. Wiringconnection

Butt joint terminal Centralized control terminals X, Y to indoor units
380V close

220V

signal line
(prepared in site)

1PH 220~230V~,

SOHz { = sharing)
black | . STy ~———Signal line ~
Jr-_Lemralized controller It is recommended to adopt 2-coreelectric
Power supply( cable, bi-serial cable or mike line.

Signal line oftimer Wire size and allowablelength

(prepared in site) Signal line: 1.25mm? 500m below
2.00mm? 1000m below

polarity: nonpolar

Signal line

It istecommended to adopt 2-core shielding wire

Size and allowable length (total length of signal lines should comply the following)
1.25mm?, 500m below

2.00mm?,500m~1000m

Polarity: nonpolar
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3. Installation of controllers
The centralized controller is installed in the way of inlaying in the wall.

Wiring and tubing should be carried on in places convenient for operation.

Signal line andpower supply coi

Fixing the coveron the box with setscrews

2 setscrews (preparedin site)

[ AN Note |

@ Note
Confirm power supply voltage and connectto 220~230V properly.
Signal line circuits are all of slight current and cannotdirectly contact with AC220~230V
wires, and not be inlaid in the same wiring tube either.

4. Wires connected to indoor units

Connections can be as either ofthe
following for signal lineis nonpolar.

=R RNX
Y[—Y
Connection between centralized
remote controller and control circuit
board ofindoor units which are contr-
. — olled ina group should beon theone

whose group address No.(rotary switch
SWO01) issettol.

Signal line

Centralized
controller

Indoor unit Indoor unit Indoor unit

7

Loop wiring modeis absolutely
forbidden for signallines.

|
\

Indoor unit Indoor unit Indoor unit
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centralized controller

signal line

(connections for closeends of thesealing)

sealing 7 =y

(¢
T W WY | )}

control terminals
connections for network
of indoor unit group No. 1

r

No.2

\ [ ] )|
L S\ I AVAVRWA A\ o |
L ,
- centrahlze
No.3 No.16

One indoor unitgroup compose

of 16 systemsat the most

e Earhing connections for the system: Mutually connect shielding layers of shielding
lines together and set to open mode (insulation process) at the end. And, connect one point

of thecentralized controller to the earth.

5. Settings for centralized control address number (network address number) of indoor
unit:
o Settings for centralized control address number (originally preset to ““17” by
manufacture) is necessary while wiring for multiple indoor units notover 16 sets.
e Set thecentralized control address number coinciding with centralized controller.
Twosetting ways:
(1) Setting with switches on control circuit board of indoor unit
a. Switch off power supply to the indoor unit
b. Setbit 7 of centralized control address number switch SW02 to“*“ON””to disable address
setting with line controller.
c. Set centralized controladdress number by combining““ON/OFF?>”of bit1-6 of SW02.
Relations between address number and combination of ON/OFF are as shown in the table on thie

next page.

ON:disable address settingwith line controller

Switch SW02
ON

-

i

123456

ON side

OFF side

L Nt

Settings of centralized control address

E.g. setting addressas No. 16

ON
6@66..6 ON side
IIII’/,QI OFF side
1 23 45 6 7
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Setting table for centralized control address No. (by dial switch SW02)

Address No. 1 2 3 4 5 6
01 > > > > > >
02 0 > > > > >
03 > 0 =< > > =<
04 0 0 > > >< >
05 > > 0 > > >
06 0 < o] > > s
07 > o} o] > > >
08 o} 0 o] > > >
09 > > > 0 =< >
10 o] > > o > >
11 > 0 x o} > >
12 o} 0 > o} > >
13 > =< 0 0 =< >
14 o] > 0 o) > =<
15 =< 0 o) 0 < >
16 0 0 o) o) =< =<

0O: ONside X : OFF side (bit5, 6 should be set to OFF side)

(2) Setting with line controller

<limits>

a. Theline controller can only set No.1 indoor unit of one unit group.
b. Bit 7 ondial switch SWO02 (setting switch for centralized control address No.) on the

control circuitboard ofindoor unitis setto OFF.

<sequence~ Unit group
a. Switch on the power supply. 01
b. Hold pressing reset filter screen button for 5 seconds
. . 01 address
to enter setting mode for centralized control address, the
line controller will display as shown on the right.
. Ch dd berb i fi d /
c ange address num er. y press1f1g orwar Q | Unit group
backward Q . Theright chartis the example forsetting
address number as 03. Press O / Q on the 01
auxiliary line controller while using auxiliary line 03 address

controller to set address.

d. Press reset filterscreen button againto return to normal display to finish the setting.

Or the controller will automatically go back to normal display 15 secondsto finish the

setting.

Note: Line controller with weekly timer cannot be used to set centralized control address.
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5-6 Sequence of trial run

Trial runis carried on as the following procedure including pre-confirmations to avoid defects
and troubles after sales.

Item Content Checkup points Reference pages Remark
Circuits and connections of
Confirmation Confirmation of power supply P38~53 electrical wiring

before trial run

installation

Capacities of indoor & outdoor
electric leakage protectors
Connection & wiring mode
for indoor & outdoor controls
Earthing connection method

Quantity record of

supplemental filling refrigerant
Confirmation of insulation
resistance

P34 filling supplemental
refrigerant

Confirm with power
supply wire tothe earth
before connection

Temperature ofthe cooling
system

e Preparation Diagrams for test Extension refrigerant tube P71 confirmations before
: system diagram trial run
i Checkup details before P/2~76 recording paper
trial run Power supply wiringsystem for system diagrams
Checkup details fortrial diagram (Examples P77-81)
run Control system diagram (List P80~81 checkup details
of wiring systemdiagrams) for trial run Recording paper ofthe
(examples P83~84) same day
Switching on all outdoor Confirmation of powersupply Avoid too much refrigerant
units voltage dissolving in freezing oil and
ensure the compressor heating
with power (180~220V) (being
powered on for over 12 hours
before running)
Trial run starts | Switch off alloutdoor Confirmation of outdoorpower Reconfirm the statusof power
power supplies other supply cupol
than the oneof trial run Confirmation of indoorpower pply
system supply .
Switch on indoorpower 198V~242V  (single phase
supply of trialrun system 342V~418V (3-phase) aut
Indoor & outdoorcontrol address setting needs 20 in
addresses are autoset maximum Trouble shooting
Clear trouble shooting code 95 may display due
code 95 --abnormal . . .
to switch-on timedifference
between indoor & outdoor
P90 clear malfunctions power supplies
. . P87 trial run function of .
Trial run of Compare with system Confirmation of connectionsto | outdoor unit Records of autosetting
blowipg diagram indoor unit P92 determination for refrigerant control
machine function of outdoorunit address (note 6)
Confirmation of connectionsto | P91 determination
remote controller function of remote
Auto setting forrefri t controller .
N :) sle :;;g orrelngeran P85 confirmation function
L control address for connections of
= transmission line for
L extension refrigerant tube
'2“ control
g‘ Trial run of Running current (indoor) Confirmation of coolwind P88 cooling trialrun Checkup lists forindoor
cooling {)ndoor blo;m}tllg tenllperature function of outdoor unit and outdoor systems
program ressure of thecooling system P94-95 checkup details respectively
(outdoor) . li
for trial run (lists)

Trial run of
heating
program

Running current (indoor)
Indoor blowing temperature

Pressure of thecooling system

(outdoor)
Temperature ofthe cooling
system

Confirmation of hotwind

P89 heating trialrun
function of outdoorunit
P94~96 checkup details
for trial run

DON’T switch on
power supply for
AINETWORK system
of the centralized
controller

Ending (for
one system)

Switch off indoor &
outdoor power supplies

Avoid on/offcontrol
transmitted from remote
interface as possible

Switch on powersupplies of indoor & outdoor units for next trialrun
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After finishing trial run for the whole system, switch on all indoor & outdoor power supplies, and
confirm connections for transmission control line of centralized management. Like refrigerant trial run,
switch on power for systems one by one to confirm actions. In this case, confirm on/offstatus sent from
remote control interface.

The above sequence is applied for common sequential example .As asystemto be confirmed
with blowing trial run, it can jump to trial run of the next system while cooling trial run starting.

Transcribe the recorded data to checkup table fortrial run (statistictable for different system)
and make notes as the following: Submit the aforesaidsystem diagrams ofextension tubing, powert
supply wiring controlwiring (lists ofwiring system) and checkup table before trial run to manager
of the buildingto keep asa part ofcompletion book forrapid reference incase of afterservice.

Measurement instruments applied:

e multimeter e pressure meter

e tong tester e insulation testing set (DC, 500V megohm meter)

e 2 thermometers of constant temperature

While applying auto determination functionof outdoor unit,sensing data insidethe outdoor unitcan
be read on LED on I/F (interface) PC board of it. Use this data to enhance trial runprecision and
determine whether freezingcycle status isnormal.

Auto address number ofrefrigerant control is used for outdoorunit to detectnumber of indoorunit,
normally it hasno relations with air conditioner operationby line controlleror centralized controller.
But it is convenient to use this number in after service, thuswhy it isrecommended to recordit in
checkup lists.

Confirmations before trial run
Before trial run, the following diagrams should be finished and submitted to building manager
to keep as part of complete diagrams. It will be helpful for after service.

Extension refrigerant tubing system diagram

Control wiring system diagram (together with lists of wiring system)

Power supply wiring system diagram

Checkup table before preparation
Refer to (recording diagrams, attached tables and examples)

Settle all system diagrams and mark system names uniformly.
Before trial run, prepare the above diagrams and check the following items

Checkup item Checkup method

refrigerant tubing

1) Confirmation for connections of extension ) )
) Whether as same as tubing system diagram?

2) Supplemental refrigerant filling for all

Record length of extension tube and filling
quantity of supplemental refrigerant on label

putdoor units plate of outdoor unit

3) Confirmation for control wiring connection

; X iri i ?
and all setting switches. Whether as same as control wiring diagram

N

) Confirmation for the system and capacity of | Whether as same as power supply wiring

power supply switch blade system diagram?
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. Extensionrefrigerant tubingsystem diagram
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iring sys

2. Controlw
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List of control wiring system

Model number of
outdoor unit
(system name)

Indoor unit

Switch of line controller

Model
number

System
name

Room name

group

Group
number

System addres
for centralize
control

wa
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3. Power supply wiring system diagram

System of outdoor units

(1) Supplyingaccording to quantity of outdoor units
Branch distribution panel (prepared at sited)

AF | AF | AF | AE | AF
AT | AT| AT | AT| AT
(7 x3)
(B x3C)
(9 x3C)
(7 x3C)
(8 x3C)
L L L L i
System name
Model number
2) One-offpower supplying
adopting power supply equipment)
|

£ A- l A-
o o

AF | AF

AT | AT

(° x30) VN Vi N Vi WY 2 Vi W 2 VA
Power supply transitioncoil
(attached on powersupply equipment)
System name
Model number
204
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System ofindoor units

Indoor units connected to the same outdoor unitare of the same system and their power
supplies, electric leakage breakers and manual switches are applicable to each other.

Single phase 220~230V, 50Hz

| v v VR
I Y V| :
39 A LY i L
AF | AF| AF | AF| AF
AT AT AT AT AT .
[] Pullb
//(ﬂ x2C) .
g (% x2C) -
77 o
] L 1 [
// (9 x2C) -
1 T 1 [
(P x20)
s th
;g (7 x20) =
// [l |
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4.Checkup table before trial run
Checkup table before trialrun
Date: Year Month Day
Checking department:
Checker:
User Mr./Ms.

(outdoor unit) setting site ( )
System Model No.| Serial N Nitrogen tightness| Filling quantity Valve switch
name odel INo.| oscrial INO. test of supplemental Gas Liquid

Pressure e time refrigerant tube tube
NO. kg
NO. kg
NO. kg
NO. kg
NO. kg
NO. kg
!nsulation Power supply| Control line | Wire (mm?) Capacity of Free load
resistance 500V wire electric voltage
megohm leakage breaker
System | Power supply wire | Wire No.or
name --- Earth (body) color
L1- L2- L3- Power |holding| Body | Trip |Induced
carth | earth |earth | L1 [ L2 [ L3 | NI P | Q Jsupply (A) | (A) | current |LI-L2|L2-L3|LI-L
206
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Checkup table before trial run

indoor unit) SWO1: setting switch for unit number

SWO02: setting switch for system address

System
name

Setting
site

Model
No.

Unit
No.

Insulation
resistance 500V
megohm

Power supply

wire
---- Earth (body)

Power

supply
wire

Control
line

Remote
control wire

Centralized
management
line

Setting o
switch

L-earth | L-earth

L| N

QlA

B|C|X|Y

SWo1

SW(

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

PULL BOX

Indoor power supply

Single phase 220~230V 50Hz |

L Write wireNo. or color

Control transmission wire

\_‘ Connection & extens/i,on of shielding layer

Connection & extension

of shielding layer
(

Indoor unit

Remoter controller

be Lo

N Fa N

Z
2

[ABIC]

Indoor unit

Z

[AIB[C]

55
U

N

Indoor unit

Z
2

[ABIC]

7

/=" end (open)

Remoter controller Remoter controller

Write address No
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8689

1. Extension refrigerant tubing system diagram
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tem diagram

iring sys

2. Controlw
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List of control wiring system

Model number Indoor unit Switch of line controller|System address
of outdoor unit for centralized
t G
(system name) r}\g&%%lr sg;nfén %2&‘3 group nurrglltl)gr control
AB242FEAIA | A-1-1 | 6F office A 1 01
AB242FEAIA | A-1-2 | 6F office A 2 —
AUIONFTAHA | ApyasFEAIA | A-1-3 | 6F office A 3 —
(A-1) AB242FEAIA| A-1-4 |SEreceptionl iy jiviqual | 1 02
ABI22FEAIA | A-1-5 |SF reception) iy dividual 1 03
AB242FEAIA | A-2-1 |5Fboardroom1| Individual 1 04
AB242FEAIA | A-2-2 |5Fboardroom? | Individual 1 05
AUIONFTAHA |AB092FEAIA | A-2-3 |2F dressing | [pdividual 1 06
(A-2) 5F negotiation
ABIS2FEAIA | A-2-4 |, 5 - B 1 07
ABIS2FEAIA| A-2-5 6F negotiation B ) o

room 2
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3. Power supply wiring system diagram

Single—plhase 220~230V, 50Hz

(e} o o o o
AF | AE[ AE | AE| AE
AT | AT| AT| AT| AT 1 i
1 H
ol i
[« Pull box
/(7 x20) o = = o
" i iy N i \
Y Y/ ,l v/ 4
(2 x20) o o o o
" T i i i _,
(7 x2C)
//// o m o [l
I il il i ,_
(7 x2C)
/] [l [l [l [l
LA [ R A |
// (n x2C) [l [l [l [l
" ] TF’ Tf" T, N
| I
‘L>A '!’)A '!’)A- ‘!’)A ‘!’)A ‘LJA-_!’A-
Q (o) (o) o] o O> 0>
AF | AE | AE| AE| AE AF | AF
AT| AT| AT| AT| AT AT | AT
(7 x3C)
(7 x3C)
(7 x3C)
(8 x38)
(7 x3C)
: ]/ \ (% x3C) [N\ [N\ [N\ [\ [\[\
= L L = L

System name

Power supply transition coil
(attached on power supply equipment

Model number

System name

Model number

211
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4. Checkup table before trial run

Bce kaTaji0r¥ ¥ HHCTPYKIUH 3/1€Ch:

Checkup table before trial run
Date:  Year Month Day
Checking department:
Checker:
User Mr./Ms.

(outdoor unit) setting site ( )
dvstom . Nitrogen tightness Filling quantity Valve switch
kgame Model No. Serial No. test of supplemental ——

Pressure o time refrigerant | Gas tube tl?ll)le
2
A-1 | AU9GNFTAHA [N0.50100005 | Ok after 30kg/en’G 5.94kg open | open
2
A-2 | AU9GNFTAHA [NO.50100007| Oppier 0keiom@ 6.85kg open | open
Insulation
resistance 500V | power supply ' ‘
megohm ) wire Control line | Wire[Omm?2[] Capacity of electric Free load voltage
System | Power supply wire |wireNo. or color leakage breaker
name -Earth (bOdy)
L1-| L2-| L3- Power| . | Body | Trip |[nduced
carth|earth|earth| L1 | L2 [ L3 | N | P | Q supply holding (A) | (A) &‘f{ﬁ‘; R-S| S-T | R-T
A-1 oo | oo | oo |Red|White|Black Black [White| 38 [1.25] 60 | 60 | 100 |380({380|380
A-2 oo o9 oo |Red|White| Black Black|White| 38 |1.25| 60 | 60 | 100 |380|380|380
212




(indoor unit)

SWO1:setting switch forunit number

Checkup table before trial run

SWO02:setting switch forsystem address

Insulation
ist 500V . .
reSIIanZZ;m Power |Control| Remote |Centralized| Setting
System|  Setting Model| Unit | Power supply |supply | line control |management| of switch
name site No. | No. wire wire wire line
---- Earth(body)
L-earth [ N-earth |[L | N| P|Q|A |B |C| X |Y |SWO0I|SW02
A-1-1| 6F office [AB242FEAIA|NOSOI0NS0| oo oo |Red|White| Black|White |Red |Yellow|Brown| Black |White| 1 01
A-1-2| 6F office [AB242FEAIA|NOSOI000SI| oo oo |Red|White|Black|White Yellow|Brown 2 —
A-1-3| OF office [AB242FEAIA|NOS0IONS| oo oo [Red|White| Black| White Yellow|Brown 3 —
A-1-4|8F reception | ApypREATA NOSIINN| oo oo |Red|White| Black|White|Red [Yellow|Biowa| Black |White| 1 | 02
A-1-5 ?goggception ABI22FEAIA|NOSOI000T| <= oo Red|White| Black|White [Red |Yellow|Brown| Black White| 1 03
A-2-1| 6F boardroom 1 [AB242FEAIA|NOS0I00SY| o= oo |Red|White| Black|White |Red |Yellow|Brown| Black | White| 1 04
A-2-2| 6F boardroom2 |AB242FEAIA|NOS0I0003| oo oo |Red|White|Black|White |Red |Yellow|Brown| Black |White| 1 05
A-2-3 | SF dressing room | ABO92FEAIA| NOSOI0008)| o= oo |Red|White| Black|White |Red |Yellow|Brown| Black |White| 1 06
A-2-4| Do neBONROT AR IFEATA| Nostigl| oo oo |Red|White|Black|White| R ed | Vellow|Brovs| Black 1| 07
A-2-5 f(forg%otlatlon ABI82FEAIA|NOSOI000R| <= oo [Red|White| Black| White Yellow|Brown 2 —
A-3-1| A4Foffice |ABIS2FEAIA|NOSOIONG| oo oo |Red|White|Black|White | R ed |Yellow|Brown| Black |White| 1 08
A-3-2| A4Foffice |[ABIS2FEAIA|NOS0I00S| oo oo [Red|White| Black|yhite Yellow|Brown 2 —
A-3-3| A4Foffice |[ABI162FEAIA|NOS0I004I| o= oo [Red|White| Black|White Yellow |Brown 3 —
A-3-4| 4FOA room|ABI22FEAIA|NOS0IO0T3| o= oo [Red|White|Black|White | Red |Yellow|Brown| Black [White| 1 09
A-3-5 | ¥ neotiation |\ gao)EEATA[NOSUIN| oo oo |Red|White| Black|White | Red [Vellow [Bow|Black [White| 1 | 10
A-4-1| 3Foffice |AB242FEAIA|NOSOI000S4| oo oo Red|White| Black|White | Red |Yellow [Brown| Black |White| | 11
A-4-2| 3Foffice |ABI62FEAIA[NOSNINM| oo oo [Red|White|Black|White Yellow Brown 2 —
A-4-3| 3Foffice |ABI22FEAIA(N0sINM| oo oo |Red|White| Black|White Yellow|Brown 3 —
A-4-413F OA room 1|ABI22FEAIA|NOS0I00074| oo oo |Red|White|Black|White | Red |Yellow|Brown| Black White| | 12
A-4-5|3F OAroom 2|ABI22FEAIA Nos0I0005| o= oo [Red|White| Black|White Yellow|Brown 1 13
Wirte wire No. or color Wirte address No.
Control transmission wire
Connection & extension Connection & extension
PULL BOX of shielding layer of shielding layer
Indoor power supply \_1 - - ff—
Single phase 220~230V50Hz | p T !
bre | = et (onen)
N BN By
Indoor unit Indoor unit Indoor unit
[AIBIC] [AIBIC] [AIB[C]
Remoter controller Remoter controller Remoter controller
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5-7 Adjustment of trial run (setting with switches)
(1) Autoaddress setting [auto address setting (between indoor units & outdoor units)]
The air conditioner can automatically setaddresses while first switch-on after installation.
The procedure normally takes 3~5 minutes since power-onand 20 minutes at most according
to different conditions.
Attention points for auto address setting
(1) The air conditioneris notrunning
While auto address setting, pressing running switch will enter the following state:
a. Running indicator lamp on the remote controller lights
b. Indoor blowing fan enters blowing mode or stops according to running signals
c. Since the outdoor unit is in stop mode, cooling or heating operation cannot be run.
After finishing auto address setting, the system will release the above state and automatically
start running.
(2) Detection for wiring mistakes may cause false determination
Once the control unitaddress ofan indoorunit is confirmed, the system cannot run auto address
setting any more except for the following case:
a. While first switch-on after changing PC board of indoor unit.
b. While first switch-on after adding new indoor unit(s).
(2) Switchin of power supply
[trouble shooting code 95 after power switch-on (communication loop between indoor
& outdoor units)]
In such case, trouble shooting code 95 will display even the system is normal
(communication loop between indoor & outdoor units)

After power switch-on to indoor unit, press ON/OFF button onthe line controller before
switching on power for outdoor unit

Trouble shootingcode 95 displays eventhe systemis normal

In such case, clear trouble shooting code as the following procedure:

Hold pressing trouble shooting button on line controller for more than 10 seconds.

Ifthecode 95 displays again,that meansthere’s some problem with signal loop between

indoor & outdoor units. Check the loop.
In addition, switch on according to the following sequence to avoid false dtermination.

Firstly switch on power supply for outdoor unit, then switch for indoor unit.

(3) Detection function for wire connections of extension refrigerant tubing and control
transmission
This 1-X air conditioner has the function to detect mistake wire connections (wiring jumping
over outdoorunits) of extension refrigerant tubing and control transmission between indoor
& outdoor units. Before performance test, the following content MUST be checked.

(1) Confirmation cannot be completed if line controllers are running in groups jumping

over outdoor units.
(2) The confirmation should be done to each unit individually. Confirming multiple units

at the same time may cause false determination.
(3) Switch on power for indoorand outdoor units that need to test ormay wired with

mistakes.

214
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Switch onboth indoor and outdoor units

(Detection sequence)

Switching on Switch on both indoor and outdoor units

nixie light LED  piyje 1ight LED

Set SWO01 on I/F PC board of
outdoor unitto [1]and SWO02to [7],
confirm connected quantity of

indoor units consistent with the

preset value via LED layout chart for I/FPC  layout chart for I/F PC

boards of SHP~10HP boards of 13HP~20HP
outdoor units outdoor units (series 1)

SWOI, 02U] Urotary switches

[0 O cooling SW04] Clpress switches
Set switches on I/F PC board of out | SWO03.05.06 nonuse

unit to one ofthe following modes SWO07dial switch[12
according toindoor temperature.
Cooling: SWOI[1], SW02[10] 32
Heating: SWO1[1], SWO02[11]. indoor
temperature SWo02 | SW02
[0 ] 21| O[11]| C[10]
-15 10 43

Hold pressing switch SW04 on I/F PC
board over2 seconds.Confirm [CC]
displaying for cooling and [HH] for |[J[J Running
heating.

Outdoor temperature[l ]

A 4

[1[] check whether there’s mistake wiring, taking

15 minutes later, confirm quantity of 15 minutes foreach system.

indoor units shown by LED. [00]*1
means none. During confirmation, *1 Unitquantity shown by LED only include

SWO1[6], SW02 should be set according indoor units sending 'Frouble s.h.ooting co.des
other than those of mistake wiring. Confirm

to address sequence. Confirm trouble trouble shooting code.

shooting code, 9A means mistake *2 in the case outdoor unit over 10 HP and
connection. connected indoor units more than 16
SWO02 SWO07
~ 1~16
Reset SWO1, SW02 on I/F PC board of 1-16 OFF
outdoor unitto [1] after confirmation 1~4 ON 17~20
215
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(4) Trial run function of outdoor unit

The function of running connected indoor units according to each outdoor unit.

Set connection method as the following way:

AllON/OFF setting SWO01
Individual ON/OFF

to [1], SWO02 to[15] CRun all connected indoor units.

setting SWO01to [16]

Setting SW02, SWO07 ofthe expected indoor unit (as below*) --- only running the set indoor

unit. (indoor unit whoserotary switch (SWO01) isset to 2~16 ,running under group control,
cannot be individually controlled. In such case, LED on I/F PC board shows J)

(Running sequence)

Switch on

If there’ s abnormal display while SWO01, SW02 setting
to [1], go back to the normal mode according to trouble

A

Setting operation mode for remote
controller. (Or keep the present
running mode) (blowing, cooling,
heating)

!

Setting switches on I/FPC
board ofindoor unit as notes
hereunder

A4

Hold pressing SW04 over 2
seconds

Run the expected indoorunit

shooting methods. Carry on trial run when all things
are normal.

[1[JSelect cooling/heating running mode with heating
program owning priority. Unit not owning priority
cannot run.

Besides, group controlled indoor units cannot run
during individual control.

nixie light LED nixie light LED

= e T - A
=%

“ _IEI

=i [g]

SWod

layout chart for I/F PC boards of
13HP~20HP outdoorunits (series 1)

layout chart for I/F
PC boards of
SHP~10HP outdoor

units
SWO01,02[] Crotary switches
SWO04,050L] Clpress switches
L] Urunning SWO03,06 nonuse

[] []running confirmation (there may be mistake wiring if
the blowing temperature hasno change even
cooling/heating program is set with line controller)

Hold pressing SWO0S5 over 2 (1 Cstop
seconds 0
E ted it
SWo1| sW02 [swo7] Expected unit ON/OFF at the
1 15 All connected indoor units same time
Reset SWO1, SW02 on1/F PC 6 | 1-16 | OFF Address | }Individual  ON/OFF
board of outdoor unit to [1] Address 16 idividually
after the test Address 17 o
. 16 1~4 | ON Addresslzo}lndmdual
q] []ending
216
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(5) Coolingtrial run of outdoor unit
The function of converting all connected indoor units to cooling trial run mode according to

each outdoorunit.(Running sequence)

Switch on

A éWOl SW02
o _IEl

swod

layout chart for I/F PC  layout chart for I/F PC
boards of SHP~10HP  boards of 13HP~20HP

outdoor units outdoor units (series 1)
v
SeFtStW(il on({/slg;oczbtoarldzof outdoor SWO01, 02 rotary switches
unitto[1] an o[12] SWo04, 05 press switches

SWO03,07,06 nonuse

A

Hold pressing SW04 over
2 seconds

running

Confirm the line controller connected to the
expected indoor unit converting to cooling
mode (showing L ) and LED onl/F PC
board ofoutdoor unitshowing -C

running confirmation

Reset SWO01, SWO02 onI/F
PC board of outdoor unit to stop, ending
[1] after the test
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(6) Warmhouse trial run for outdoor unit

The function of converting all connected indoor units to warmhourse trial run mode
according to each outdoorunit.

nixie light LED nixie light LED

Switch on

= SWO01 SW02

Y @
OEE]

SW04

layout chart for /FPC  layout chart for I/F PC
boards of SHP~10HP boards of 13HP~20HP
outdoor units outdoor units (series 1)

v SWO01, 02 rotary switches

SWO04, 05 press switches
Se‘F SWO1 on I/F PC board of outdoor SWO03. 07,06 nonuse
unitto[1] and SWO02 to[13]

Hold pressing SW04 over

2 seconds running

Confirm the remote controller connected to the
expected indoorunit converting to heating mode . ) .
(showing H ) and LED onl/F PC board of running confirmation
outdoor unitshowing -H

Reset SW01,SWO02 onI/F PC board

. stop, endin
of outdoorunit to[1] after the test p £
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(7) Eliminating disorders

(1) Eliminating trouble shooting codes shown on remote controller / centralized controller
Release fully locked OFF mode of connected indoor units (ofthe whole group) with the line
controller. Indoor units released with such operation can automatically start running (or new

trouble shooting) while those not operated stop running (with running indicator lamp off).

( 2\

J/ Haier®

MONITOR SETZ{ 1 ON
NIt seT 1/ loFF

RIMOTE (ONTROLLER CENTRALIED CONTROLLER

MONTISET_UNITSET _ALL

S
=1

N SWING

12345618

RUN  STOP AUTOFIX

G 0
T e
® @
TIMER TIME MODE__FAN _SWING

TEMP. _ TIMER
RESET _FILTER RESET|
L]

.
RESET FILTER RESET

ON/OFF O e —1

KEY

Hold pressing trouble shooting button ofthe line controller over 5 seconds. (holding
over 10seconds also can eliminate trouble shooting code (only for this controller)

(2) Eliminating with I/F PC board of outdoor unit
This method can eliminate trouble shooting codes and restart running without shutting
power down on base of each outdoor unit. But trouble shooting codesin memory of the line
controller cannotbe cleared with this method. (Such memory should be cleared as described
in (1) or pressing RESET hole on the remote controller).

nixie lightLED nixie lightLED

Set SWO1 on I/F PC board of
outdoor unitto [1]and SW02
to [16]

layout chart for I/F PC layout chart for I/F PC
boards of SHP~10HP boards of 13HP~20HP
outdoor units outdoor units (series 1)

SWO01, 02 rotary switches
SWO04, 05 press switches
SWO03, 07,06 nonuse

h 4

Hold pressing SWO05 over 5 seconds

LED on PC board changes to [J [ Also releasing abnormal lock mode ofindoor unit (but

showing CL for 5seconds there’s still trouble shooting in memory of the remote

controller). Make normal trouble shooting after such

operation.
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(3) Eliminating abnormal trouble shooting code by reenergizing
(Also use this methodto eliminate trouble code-- BD -- Mg-Sw contacts abnormally stuck)
Note: Onlyreenergizing outdoorunit cannotrelease fully stop lock mode ofthe whole system

in the case thatindoor unitis abnormally locked.

Indoor and outdoor units MUST be all reenergized.
Power the both supplies OFF —> Note: For reenergizing, firstly switch on power

for outdoorunit then for indoor.

(8) Determination function of remote controller

The function of determining from remote controller connected to outdoor unit accordingto each

outdoor unit.
(Deter mination sequence)

nixie light LED nixie light LED

Switch on

v

layout chart for I/F PC layout chart for I/F PC
boards of SHP~10HP  boards of 13HP~20HP
outdoor units outdoor units (series 1)

Set SWO1 on I/F PC board of
outdoor unitto [1]and SWO02
to [16]

SWo1, 02 rotary switches
SWo04, 05 press switches
: SWO03, 07,06 nonuse

Hold pressing SW04 over 2 seconds

!

The non-priority indicating lamp
on connected remote controller flashes confirmation of connected remote controller
and LED on I/F PC board shows [11]

!

Hold pressing SWO05 onI/F PC
board over 2 seconds

ending

Other ending conditions:
1. 10 minutes has passed since signal sending
2. SWO01 and SWO02 are setto other positions
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(9) Determination of outdoor unit
Todetermine connected outdoor units from the remote controller

(Determination sequence)

Switch on

Dismount remote controller cover off Operation

Setting blowing mode and shorting the
timer circuit¥

Bi-way electromagnetic valve connected to
outdoor unitsounds click, click every 2
seconds, repeating OPEN/CLOSE for 5 Confirmed by outdoor unit
minutes.

The timer ending remote
controller open circuit ending
(remove the shorting pin)

* Shorting the timer circuit

for YR-E02 For YR-FO1
State when the remote controller cover State when the remote controller coveris
is dismounted off dismounted off
_|_
|~ D1 shorting circuit e
| D1D2
O O Oap [
+ e
L] () > Pressing D1

Short-circuit running of timer:

Besides initial installation, inrepairing, shorting the circuit of timer and keeping the state
after running can cause disorders as defined in trouble shooting code occurring with
concerning protectors. [t MUST be paid great attention during such case.
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(10) Theforced allopen function of electronic expand value PMYV ofthe indoors machine.
It isby opening the switch on the outdoor machine to force all the electronic expand valve
of indoors machine to all open.

General when powering the indoors machine at the first time the PMV of indoors machine
becomes all open, butafter this, when powering the machine next time the following method

must be used forthe PMV all open.

[ operating Method ].
Set swO01 for ““177, sw02 for““9””, push sw04 more than 2 seconds . (after this, in two

minutes the light LED show ““FF~?)

[ remove].
Tow minutes later, PMV comes back to general opening. ( by indoors controlling system, for the

outdoor signal, the PMV all open only two minutes)

(11) The electronicexpand valve PMYV forced all open/all close function of the outdoor
machine .
The electronic expand valve PMV forced all open/all close ofthe outdoor machine can be

realized for two minutes.

[all open]
Short the CN30 onthe I/F base plate of outdoor machine.

[all close].

Short the CN31 onthe I/F base plate of outdoor machine.

[remove].
All open/all close the PMV come back to general two minutes later become opening.

confirm the wire used during short and must be removed.

(12) Indication of telecontrolunit when running power not reach 0.8HP.
When running power of indoors machine is less than 0.8HP(temperature sensor ON),
temperature sensor of outdoor machine OFF.
Afterthis ,remote controller shows [wait].
When running power of indoors machine reaches 0.8HP(temperature sensor ON), this

controlling isreleased and comes back to usual running.
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Test running check form

(system selection count form)

check date:

check unit:

check unit:

user system name
Outdoor-machine model Outdoor-machine model | NQO.
[run pattern: refrigerate/warm]
check item |check means| 1udge standard measurement Judge
(objective) -ment
power voltage | multimeter | 380V =+10% ROS| V |sOT| V [ROT| Vv
operating current |campeurentmeter|  power wire Rphase| A |[S phase|] A [Tphase| A
% release pressure | pressure meter | 15~21(kg/cmQG) kg/emG
2 | inhale pressure |pressure meter |3.0~5.5(kg/cmG) kg/emG
S [ sucked air temperature | thermometer |outside air temperature 0
E blown air temperature | thermometer 0
% compressor frequency | clamp current meter 30~120Hz INV Hz
2 |(commercial ONor OFF)) withfrequency  {(compressor wire)| Commercial ON middle, OFF middle
operation sound |sense of hearing | no abnormal sound
operation vibration | sense of look | no abnormal vibration
1. 2. 3 4.
indoors machine 5. 6. 7. 8.
system name 9. 10. 11. 12.
13. 14. 15. 16.
1. 2. 3 4.
power . 3. 6. 7. 8.
voltage multimeter | 220V=210% 9. 10, 1L 12.
- 13. 14, 15. 16.
2 L. 2. 3. 4.
o .
S | sucked air thermometer | difference in 5. 6. 7. 8.
E temperature temperature 9. 10. 11. 12.
& refrigerate | 13. 14. 15. 16.

(BD' more than 8 1. 2. 3 4,
blown air thermometer warm more | 5 6. 7. 8.
temperature CHMOMELET| — than 15 9. 10. 11. 12.

13. 14. 15. 16.

) 1. 2. 3 4.

running sense | no abnormal

5. 6. 7. 8.

sound/ of sound 9 10 T 2
vibration hearing | /vibration : : : :
13. 14. 15. 16.
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Test running check form

(system selection count form)

check date

check unit:

check unit:

User

system name

A-1

Outdoor-machine model | AU96NFTAHA Outdoor-machine model| NO.50100005
[run pattern:warm]
check item |check means ju(dog;:jzze:?jea)rd measurement J&i%et
power voltage | multimeter | 380V ==10% LI-L2 | 220V L2-L3 | 222V | L1-L3 [220V | OK
operating current |clampcurrentmeter | power wire Llphase| 28 A |L2phase| 29A |L3phase| 28 A | OK
g release pressure | pressure meter | 15~21(kg/cmiG) 19.5kg/emG OK
g- | inhale pressure | pressure meter |3.0~5.5(kg/cniG) 4.5kg/emG OK
S | sucked air temperature | thermometer |outside air temperature 30.00 OK
5 blown air temperature | thermometer 41.00 OK
% presaur feI}lacChiﬂe campaurrentmeter | 30~120Hz INV >5 Hz OK
g (commercﬁalo or OFF) with frequency (compressor wire) | commercial OFF middle
operationsound | senseofhearing | no abnormal sound | NO
operation vibration | senseoflook | no abnormal vibration | NO
1.A-1-1 |2.A-1-2 |3.A-1-3 |4.A-1-4
indoors machine 5. A-1-5 6. 7. 8.
system name 9. 10. 11. 12.
13. 14. 15. 16.
1. 220 |2. 220 |3.220 |4. 220
power . 5. 220 |6. 7. 8.
multimeter
| voltage 220V=+10% | 9. 10. 11. 12.
2 13. 14. 15. 16.
g 1. 27.0 | 2. 27.2 | 3. 27.1 |4. 26.8
~ | sucked air . 15 270 |6 7 8
5 thermometer| differencein | 9. 2/. . . .
& |temperature temperature | 9. 10. 11. 12.
E'. refrigerate | 13. 14. 15. 16.
e more than 8 1. 17.0 {2. 17.3 | 3. 17.0 |4. 169
i warm more
blown air thermometer] (13 5. 169 |6. 7. 8.
temperature an 9. 10. 11. 12.
13. 14. 15. 16.
. b i 1. NO |2. NO |3. NO |[4. NO
operation sense | no abnormal G T~ 7 3
sound/ of sound T
vibration hearing | /vibration 9. 10. : 12.
13. 14. 15. 16.
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5-8 Pay attention to the refrigerantleakage

Note item for refrigerantleakage:

Introduction:

Like otherair conditioning system the MRV system usethe R-22 for refrigerant R-22 is
no poison, no ignitionand is safe refrigerant. But the care mustbe taken, the air conditioning
equipment shall not be too big.In abnormal condition the density ofrefrigerant leaking from
system shall conform with local rules and standard.

*Maximum density outdoor

Maximum leaking quantity and maximum machine
o I

density of refrigerant are relative to
allowable leaky quantity of the room with

the person. The unit of density is Kg/m® I I I

. . : | |
refrigerant weight per cubic meter volume) ;} L1 L1
or conform with localrules and standard. indoors machine

The maximum density ofrefrigerant R22in

space with person is limited as 0.3Kg/m?.

Steps to check dangerous density

Check dangerous density according to the following steps 1 - 4
1) Calculate the adding quantity of refrigerant independently for every system. (refrigerant
quantity of single indoors machine)+(additional quantity)=total refrigerant quantity(Kg)in the
system (including added quantity of refrigerant before come out from factory and supplementary
quantity ofrefrigerant according laying cold medium tube)

Note :only when the single refrigerant equipment be divided as independent system it is
can be added as a single system.

(2)Calculate the volume of minimum room
when calculate the volume in the following condition(a)(b)can be calculated as aindependent
room or minimum room.

(a)No minimum room divided

ool outdoor machine

flowing direction
system 1 of refrigerant —»

] P s s v
machine & } \

refrigerant leakage \
(system leakage)
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(b)Room be divided, butthere are no enough opening allowing air to flow

outdoor machine

S

machine
opened space in the room

Tpartition board

(There isno door but thereis opening,or the opening orientupward or downward, itis can
be calculated as 15% of the room volume)

(3)Calculate the density ofrefrigerant by the outcome of step (1)(2):

Total quantity of refrigerant/volume(m?®) of the minimumroom with indoors machine

dangerous density(Kg/m’)

If the calculating result according this form exceeds the dangerousdensity ,it shall be
calculate forthe second/third minor room in order,until the calculating resultis lessthan
dangerous density.

(4)Handing method for the result exceeding maximum value

when the density ofrefrigerant exceeds the maximum value the design can be revised, please
consult with Haier provider

(5)Handling method for the result exceeding dangerous value

When the density ofrefrigerant exceeds the dangerous value, the design mustbe revised or
handle according to following methods:
Method1:Make aopening allowing air to flow freely

On upper or lower part of the door make some openings which area is 15%of the door
or make some openings which are not doors on the wall.

Method2:install aventilating machine which links up with the air leaking warning unit.

gas leaking boarddevice

method 2

ventilating machine

indoors machine

[

N
3

make aopening whichis bigenough

method 1 allowing the airto flow freely
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5-9 Deliver the machine to owner

@ operating

Test run in good final report explain how deliver the

" — (testrun |— tooperate > related printin
step condition check report) the machine mate?rial ¢
(1) main | & Note the measurement value oftest runin testreport.
point b .Donot forgetto note the length of the cold media tube and the

supplementary quantity of the refrigerant on the note board on back
of the system forusing to check andrepair the system.
c. Tell the owner how to operate the equipment and let him to practice.
d. Bind up the chart, diagram and data of the system as a book, and
hand overit to the owner and tell him to preserve properly.

| detailed listof delivered system |

] listed blueprint \DEIit is necessary to prepare a

set of operating chart for using
to comprehend the operating
system ofrefrigerant system.

] a setof operating guide \

name ofthe principal
(address foraffiliation inurgent condition)

’ A written pledge of the system ‘

e. Write the serve address clearly.

design material

owner
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TECHNICAL PARAMETER FORM

Technical parameter form for four-direction air out cassette air conditioner.

Indoors machine model specification
refrigeration capacity (BTU/h) 9000 12000 14000 16000 18000 24000 28000 32000 36000 45000
electric power single phase 220V, 50Hz
clectric S 026026 026 026 ___
teristic consume power (KW)  0.053 0.053 0.053 0.053

starting current (A)

exterior

color of face plate milky white
exterior
measurement (B0 () . 840 240 840 840 280 1230
face plate (mm) 750 80 750 950 80 950 950 80 1340
ot (B [ s 0 s
mass(Kg)
fashion to deliver wind direct
sound-insulation olyprene
heat-preservation material polyp

devi
detiver . flow(m¥h) 870 1020 1920
T eetmon 0
dust filter enclosed in the face-plate
diameter g Side (mm) d12.7 ® 1588 ® 19.05
of
moeng s Qess o e
tube exit for water draining(mm) 32

Technical parameter form for convertible air conditioner

Indoors machine model specification
refrigeration capacity (BTU/h) 9000 12000 16000 18000 24000
clectric power single phase 220V, 50Hz
stectic ______
charac- consuming power (KW) 0.055 0.055 0.055

teristic

starting current (A)

color of face plate milky white
measurement
total mass (Kg)

exterior

thermo-exchanger bend slice tube
deliver-wind machine two head centrifugalair machine

s ————_—
deliver wind
out power of motor (W)

run-regulating device wire-control device
daimeter g ide Gy QU2 g2
matehine tiquid side (mm) ¢ 6.35 ¢ 6.35 b 6.35 ¢ 9.52 ® 9.52
we o edtratedinngom G20 62 G 2w P
noise value dB(A) 42/38/36 42/38/36 41/37/35 42/38/36 42/38/36

B These parameter only for reference, whenthere is differencecomply with practicemachine.
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TECHNICAL PARAMETER FORM

Technical parameter form for cassette hind air conditioner

Technical parameter form for high static pressure air duct air conditioner

Indoors machine model Specification
refrigeration capacity (BTU/h) 32000 36000 45000
electric power single phase 220V, 50Hz
slectic opemtmgewent) 148 14 1e
charac- consuming power (KW) 0.26 0.32 0.36
e ©opowerelememt% 96 98 9%
exterior starting current (A) 3.5 4.1 4.8
exterior Cobedy . Zn-plating steel plate withheat-preservation material
measurement body(mm) 1200 830 360
fashion to deliver wind delivery air by tube
heat-sor‘é“s]e;xlrgfi‘:::trlr?;erial Polyprene
device o M deiverwind machine
deliver flow(m3/h) 1560 1600 2100
vind Cewpewofmowr®) 260 20
run-regulating device wire-control device
diameter of o
matching tube liquid side (mm) ¢ 9.52 ¢ 9.52 ¢ 9.52
noise value dB (A) 40 40 40
Technical parameter form for wall mounted air conditioner
Indoors machine model Specification
refrigeration capacity (BTU/h) 7000 9000 12000 14000 16000 18000
electric power single phase 220V, 50Hz
) 046 046
electric .
charac- consuming power (KW) 0.053 0.053 0.053 0.053 0.09 0.09
teristic ‘powerclement% 94 94 94 94 94 94
starting current (A) 0.6 0.6 0.6 0.6 0.8 0.8
- Znplatingsteel plate withheat-preservation material
exterior color of face plate milky white
exterior
measurement ©obedy(mm) 938 182 265 1155 308 224
total mass(Kg) 11 11 11 11 16 16
S deliveyairbymbe
thermo-exchanger bend slice tube
I | |
device to deliver-wind machine flow through wind machine
deliver o flewm¥wy 60 600 600 600 1150 1150
wind out power of motor (W) 30 30 30 30 30 30
S dwstfier o enclosedintheaircloset
run-regulating device dust filter wire-control device
diameter of o esside@m) 6127 0 bissy
matching tube liquid side (mm) 6.35 9.52
“exit for water draining (mm) |
41 33 42/35 43/35

noise value dB (A)

B These parameter only for reference, whenthere is differencecomply with practicemachine.
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TECHNICAL PARAMETER FORM

Technical parameter form for two-direction airout cassette air conditioner

Indoors machine model specification
GnvalshenGEIRdSavesin . ABO72FDAHA  ABO92FDAHA  ABI22FDAHA  ABI42FDAHA
refrigeration capacity (BTU/h) 7000 9000 12000 14000
| vammingeapacity BTUM) 9000 11000 14000 16000
electric power single phase 220V, 50Hz
oo CPeTRtingerrent () 035 L 0ss L ess T 0ss
charac- consuming power (KW) 0.07 0.07 0.07 0.07
ST pewerdtemense 888888
starting current (A) 0.6 0.6 0.6 0.8
body . Zhvplatingsteel plate withheat-preservation material
exterior color of face plate milky white
measurement face plate (mm) 1000 620 75

msK8) e

fashion to deliver wind Direct
sound-insulation
heat-preservation material Polyprene

device to
deliver flow(m3/h)
wind
dust filter enclosed in the face-plate
gas side (mm) ¢ 127
diameter of
matching | quid side mm) [ eess
tube . -
exit for water draining (mm) ¢ 25

Technical parameter form for outdoor-machine

Indoors machine model specification
O ChvlReRESE RS ese AU9NFTAHA  AUSSNFUAHA
refrigeration capacity (BTU/h) 85000(96000) 48000(55000)

electric power three phase 380V, 50Hz
cleric | epemfingemment(A) T I7.0@65) ey
charac- consuming power (KW) 10.6(16.5) 5.5(7.0)

operating current (A) 16(20.0) 9.1(11.1)

power element% 97(98) 91(95)

exterior color |

esterior measurement (mm) 1290 750 1580 640 750 1500

ot mass (K I

type type closed completely type closed completely

compressor [T Raer o motor (KW

Cooling method Wind cooling type

device to deliver wind flow (m3/h) 10000 5000

Refrigerant and its quantity R22(18.0) R22(10.0)

Heating power of the crankshaft box (W) 74 40

diometer | emsdemm T eege en2

of liquid side (mm) $12.7 $ 9.52
~ o linkfashion

matching
tube
maximum commensurate length (m) 125 125
maximum drop (m) 50 50
60 58

noise value dB (A)
e _
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dimension and mounting

@ mounting engineering practice for cassette air conditioner

mounting schematic diagram

for cassette type special power wiremust be used for air conditioner
match with building special switch (20A-30A)isprepared by theuser
620mm before mounting parameter of powerwire :3  2.5mm?
e E
Sl | E -zu < 4 overlap of theceiling and ornamentplate
fE £ % g| € g shall be morethan 20mm hanger base
elol o -
=8| El&| 8 & I
(5] 52| E
ElE] 2 = e /| —
Bl=| 5 3 hoisting bolt] g
EEE
Bl 5] 3 4 | IS
3 AN y ym__m
- . /
TEes et Shomm ceiling /] £
indoors unit 660mm L g
ceiling opening I3
ornament board 750mm
mount water draining tube
slope more than 1/100 next jointconverge into drainingb
/e
-1.5 o & =
s ——— =
t =1 — I el e~
- . — =
@) slope more than 1/100 X
/
300mm 1-1.5m
draining flexible pipe
A==
£ £
| J 5 £
S
- X S L= o~ =
g hgl ysauuil I7a
N
prrzal yrzzzzz

draining test mounting electric section

oK
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mounting matching on worksite for cassette air conditioner

mo
pal

nting enter air
ng and closecover

wire link of the ornament plate

prepare ornament plate

screw not properly may

gas leaking

gas leaking \

from roof ===

cause trouble asdiagram

pollute /fog condense, drop

inside machine
level adjustment

zz

air conditioner

mounting matching on work site for convertible

unting diagram ofthe
stem suspended to
ling or standingon ground

matching criterion before mounting

unting suspended system

&

outdoor machine

requirement for indoors machine | matching outdoor machine
and building and building

% Y

I ‘more than
N

more than 30cm " more than 30cm
ceiling

fo = o = more than more than
30cm 60cm
4 TITTII7T I T

more than 2cm

more than 60cm

e

)

;|

4
more than 40cm

mounting water draining pipe

ind

unting grounded system

ors machine

] ki
& []6.5em
BEH 7em hole g|
alals 3.5cm hole ¥
125¢m 10cm

3 ¢

1.5m
]

more than 30¢m Il.Sm more than 30cm

note item for mountingelectrical section

special power wire(more than20A) must
be used for airconditioner

prepare special switch (20A-30A)byuser
parameter of power wire:3x2.5mm?)
when system is mountedon moist place

the electric leaking breakershall be installed
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mounting dimension diagram for convertible air conditioner 2HP:

990
()
830
890
wv
<t
o
860
= F D=NE
&l L

diameter of draining

piped®35
[ ]
10
o 3 &
2l

s

e 500 ©)

I

200

—
)

900

20

|
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mounting dimension diagram for convertible air conditioner 3HP:
’ @
(o =
— 105 195 300
g :; 600 600
| » |2l
| \O|\O
o
O
= {
- =
J ] LT LT [
85,150
diameter of draining piped25
1320
1200 0
r—b
C— O B 7S
{5
o T & Jd9 <] M
N —
2 - 100
Sf © = O
)|
00|
u%i 0
)
|
I
[
o
10/l 0
=
— - - -
g N
g || |
" J
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mounting dimension diagram for convertible air conditioner SHP:
o /
(o =
T 105],_ 195 300 300
ol v 600 600 600 olels
wl N |\O (O
(=]
-

85,150 - H i
diameter of
draining
piped25

1920
1800
100
" 7 g n| o ﬂ
IS — D 00
N fer © e
|
00|
0|
(=1
O
gl
10[ {10 0]
S
6 :J T I -
Qt f’ I
el ] {
. J
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mounting dimension diagram cassette hind air conditioner:

985

O

166
254

| 500

le——

]

21
Cout diamet

¢
890
EE|
o
5
768 %
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mounting dimension for cassette air conditioner SHP:
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saturation R22 thermodynamic property R22 Release 1.08
t P v v rho’ | rho h’ h r s’ S t P Vv’ v rho’ i rho h’ h r s’ S
0 | bar |dmlk gf dmik gike/dm'i keg/m' | ki/kg | ki/kgi ki/kg i kI/kgkiki/kek 0 | bar |dmik gi dmik gike/dm'i kg/m' | ki/kg | ki/kgi ki/kg | ki/kgkikl/kek
-60{0.3§ 10.6831537.90} 1.464 i 1.860 i132.40i378.06i245.66;0.7227:1.8752 20 | 9.08 {0.824} 26.06 | 1.214{38.380:224.19i411.13}186.94: 1.0843{1.7220
-5910.40 {0.6841510.19 1.461i 1.960 i133.45{378.56i245.1110.7276i1.8722 21 | 9.33 {0.826} 25.33{ 1.210139.470225.42{411.39{185.96: 1.0884{1.7206
-5810.42 §0.686{484.18} 1.4582.070 {134.51{379.061244.56}0.7326{1.8692 22 §9.59 {0.829} 24.63 | 1.206{40.590{226.65i411.64}184.99} 1.0925{1.7193
-5710.45 10.6871459.75{ 1.456 2.180 i135.57i379.57i244.00{0.7375i1.8663 23 | 9.86 {0.832} 23.96 | 1.203 i41.740:227.87:411.89i184.02: 1.0966{1.7179
-5610.47 {0.6881436.79i 1.45312.290 i136.63i380.07i243.4310.7424i1.8634 24 {10.13{0.834} 23.311 1.19942.910{229.10{412.13{183.03:1.1007:1.7166
-55§0.50 §0.690{415.19} 1.450{2.410 {137.70{380.57/242.870.7473{1.8606 25 $10.41;0.837}22.67 | 1.195{44.110{230.34{412.37{182.03} 1.1047{1.7153
-5410.52 10.691i394.87} 1.447}2.530i138.77i381.07i242.29;0.7522{1.8578 26 {10.69{0.840} 22.06{ 1.191145.330:231.56{412.60i181.04: 1.1087:1.7139
-5310.55 10.692i375.73 1.44512.660 139.84i381.56i241.72{0.7570i1.8550 27 {10.98{0.842i 21.46 i 1.18746.590{232.79i412.83{180.03; 1.1128{1.7126
-5210.58 §0.694{357.71} 1.442{2.800 {140.92{382.06241.14;0.7619{1.8523 28 §11.27;0.845}20.89 | 1.183{47.880{234.03{413.04{179.01} 1.1168{1.7112
-510.61 $0.695340.72; 1.439:2.940 {142.00{382.56:240.55;0.76681.8496 29 i11.57:0.848}20.33 | 1.179{49.200{235.27:413.26177.98; 1.1208;1.7099
-50§0.65 {0.696{324.69i 1.436{3.080 {143.08{383.05i239.9710.7716{1.8470 30 |{11.88{0.851{19.79{ 1.175i50.540{236.50{413.47§176.97} 1.1248{1.7086
-4910.68 10.698i309.57; 1.4333.230 {144.17{383.54i239.37:0.7765{1.8444 31 i12.19:0.854} 19.26 i 1.171i{51.920{237.74i413.67{175.93; 1.1288;1.7072
-4810.72 10.699i295.29i 1.43113.390 {145.26i384.03i238.780.7813i1.8418 32 {12.51{0.857} 18.75 1.16753.330{238.99i413.86{174.87; 1.1328{1.7059
-4710.75 10.700i281.80i 1.4283.550 {146.35{384.52i238.17;0.7861{1.8393 33 {12.83i0.860{ 18.25} 1.163 {54.780240.23i414.05{173.82{ 1.1368{1.7045
-460.79 10.702269.05; 1.425:3.720 {147.44{385.011237.57:0.7909:1.8368 34 i13.16:0.863} 17.77 { 1.159{56.260{241.48:414.23{172.75} 1.1408;1.7032
-4510.83 10.7031257.24] 1.42213.890 i148.34i385.52i237.180.7949i1.8344 35 {13.49i0.866} 17.31 i 1.155i57.780242.73i414.40{171.67; 1.1447i1.7018
-4410.87 {0.7051245.82 1.419{4.070 {149.44{386.00i236.57;0.7997i1.8320 36 {13.84{0.869{ 16.86 1.150{59.330{243.98i414.57§170.59; 1.1487;1.7005
-43§0.91 §0.706i235.01; 1.416} 4.260 {150.54{386.49:235.95;0.8044:1.8296 37 i14.18;0.873} 16.42 i 1.146{60.920{245.23:414.73{169.50; 1.1526{1.6991
-4210.96 10.707i224.78} 1.41414.450 {151.65i386.97:235.32{0.8092i1.8273 38 i14.5410.876} 15.99 | 1.142162.540i246.49:414.88168.39} 1.1566i1.6978
-41§1.01 {0.709i215.08] 1.411{4.650 {152.75{387.45i234.70;0.8140{1.8250 39 {14.90{0.879} 15.57 | 1.137{64.210{247.75{415.03{167.28} 1.1605{1.6964
-4011.05 10.710i205.88} 1.408  4.860 {153.86i387.931234.07:0.81871.8227 40 i15.2710.883{ 15.17{1.133165.910i249.01i415.17{166.16 1.1644i1.6951
-390 1.10 {0.712{197.17; 1.405§ 5.070 {154.97i388.40i233.43;0.8235{1.8204 41 |15.64{0.886] 14.78 | 1.129{67.660{250.27{415.30§165.02} 1.1684{1.6937
2381 1.1 10.713:188.89: 1.4025.290 i156.09:388.88:232.79;0.8282{1.8182 42 {16.02:0.890} 14.40 i 1.124169.450:251.55i415.42:163.87: 1.1723{1.6923
-3711.21 £0.715i181.041 1.399§5.520 {157.21i389.35232.15{0.83291.8160 43 16.41:0.893{ 14.03 { 1.120i71.280{252.82i415.531162.72} 1.1762i1.6909
-3611.26 10.7161173.58] 1.396 5.760 §158.32§389.82i231.50;0.8376{1.8138 44 {16.81;0.897} 13.67 { 1.115{73.160{254.10{415.63}161.54; 1.1802{1.6895
-35:1.32 10.718:166.54: 1.393 6.000 :159.38:390.30:230.92;0.8421{1.8117 45 {17.21:0.901: 13.32 1.11075.080255.38:415.73{160.36 1.18411.6881
-3411.38 10.719i159.80: 1.390 i 6.260 {160.50i390.76:230.26; 0.8468:1.8096 46 i17.62:0.904} 12.98 | 1.10677.060i256.66:415.82{159.16} 1.1880:1.6867
-33§1.44 §0.721{153.39i 1.387{6.520 {161.63i391.231229.60i0.8514{1.8075 47 §18.04{0.908} 12.65 i 1.101i{79.080{257.95{415.90}157.95} 1.1919{1.6853
-3201.5110.7221147.29; 1.385: 6.790 1162.75:391.69:228.94: 0.8561i1.8054 48 :18.46{0.912} 12.32 1.096i81.150:259.24i415.97:156.72i 1.19581.6838
-31§1.57 10.7241141.49i 1.38217.070 163.88{392.15i228.27:0.8607:1.8034 49 {18.890.916i 12.01} 1.091i83.280{260.55:416.03{155.48: 1.1997:1.6824
2301 1.64 10.725:135.96 1.379} 7.360i165.01i392.61i227.59;0.8654i1.8014 50 :19.33:0.920} 11.70 1.087i85.460 261.85:416.08i154.22:1.2037:1.6809
2291 1.71 £0.7271130.69i 1.376 7.650i166.14i393.06i226.92{0.8700i1.7994 51 {19.780.925} 11.40} 1.082i87.700 263.17i416.11i152.94i 1.2076{1.6794
-2811.78 §0.728§125.68] 1.373 | 7.960i167.28{393.511226.24i0.8746{1.7975 52 §20.23{0.929} 11.11{ 1.077{90.000 {264.49i416.14{151.65} 1.2115{1.6780
-27:1.84 10.730:120.89; 1.370} 8.270i168.41i393.96i225.550.8792{1.7955 53 :20.69i0.933: 10.83 { 1.07292.360 265.81i416.16i150.35:1.2155{1.6765
-26:1.94 10.732i116.33{ 1.367} 8.600i169.55i394.41i224.86{0.8838i1.7936 54 i21.16{0.938i 10.55} 1.066i94.770 267.13i416.17:149.03: 1.2194{1.6749
-2512.0210.733i111.97i 1.364 | 8.930i170.69i394.85224.17:0.8884i1.7917 55 i21.64:0.942{ 10.28 { 1.061{97.260 {268.48i416.16i147.69} 1.2233{1.6734
-2412.10 §0.735i107.82} 1.361} 9.280i171.82{395.30{223.47:0.89291.7899 56 i22.13{0.947} 10.02 | 1.056{99.810 i269.82i416.14}146.32} 1.2273{1.6718
-2312.1§ 10.737i103.85} 1.358} 9.630{172.96i395.74i222.77:0.8975{1.7880 57 {22.62i0.952} 9.76 i 1.051102.440271.18{416.11i144.93}1.2313{1.6703
-22§2.27 §0.738{100.06} 1.355} 9.990:174.11{396.17{222.07:0.9020{1.7862 58 $23.12{0.957} 9.51 |1.045{105.140272.54i416.07143.53} 1.2353}1.6687
-21§2.36 10.740 96.40i 1.352{10.370{175.31i396.60i221.29;0.9067:1.7843 59 i23.63{0.962} 9.27 i 1.040i107.910:273.91i416.01}142.10; 1.2392i1.6671
-20§2.45 10.742§ 92.94] 1.34810.760{176.46i397.03i220.57:0.9112{1.7826 60 {24.15{0.967} 9.03 | 1.034{110.770{275.30{415.94{140.64} 1.2433{1.6654
-19§2.55 0.743 89.63i 1.345i11.160i177.60i397.461219.86i0.9157:1.7808 61 i24.68{0.972} 8.79 i 1.028113.700276.69i415.86}139.16} 1.2473i1.6637
-1812.65 10.745] 86.46i 1.34211.570{178.75{397.88i219.13{0.9202i1.7791 62 {25.22{0.978} 8.57 i 1.022116.730278.10{415.75{137.65} 1.2513{1.6620
-17§2.75 10.747] 83.43{ 1.33911.990{179.90§398.30i218.4110.9247i1.7773 63 {25.76i0.984} 8.34 {1.017{119.850279.51{415.64{136.12{1.2554{1.6603
-16i2.86 10.748} 80.53i 1.336i12.420181.04{398.72i217.68;0.9291{1.7756 64 i26.32{0.990} 8.13 i 1.011}123.060280.95:415.50}134.56} 1.2595i1.6586
-1512.94 10.750¢ 77.72 1.33312.870{182.25{399.13i216.88:0.9338{1.7739 65 {26.880.996} 7.91 i1.004i126.370{282.39i415.35{132.96 1.2636{1.6568
-14§3.07 {0.752} 75.06i 1.330{13.320{183.40§399.54i216.14{0.9382{1.7722 66 {27.46{1.002} 7.70 {0.998{129.790{283.84{415.18{131.34i 1.2677i1.6550
-13§3.19 §0.754 72.49; 1.32713.800i184.62{399.94:215.33{0.94281.7705 67 i28.04;1.008} 7.50 i0.992133.320i285.32i414.99{129.67; 1.2719i1.6531
-1213.30 10.7561 70.04i 1.324114.280:185.77i400.35:214.58:0.9472{1.7689 68 i28.63:1.015! 7.30 {0.9851136.960286.81:414.78i127.97: 1.2761i1.6512
-11§3.42 10.7571 67.70} 1.320{14.770i186.92{400.75:213.83{0.9516{1.7673 69 i29.23{1.022} 7.11 {0.979{140.740{288.32{414.55{126.23} 1.2803{1.6492
-10$3.55 10.7591 65.43i 1.317:15.280:188.13i401.14i213.01:0.95621.7656 70 i29.84:1.029} 6.91 |0.9721144.650289.84:414.29i124.45} 1.2846}1.6472
-9§3.68 {0.761F 63.27{ 1.314{15.810{189.29{401.54{212.25{0.9605{1.7640 71 {30.46}1.036} 6.73 {0.965 {148.700291.39{414.01}122.62} 1.2889i1.6452
-8i3.81 §0.763F 61.18{1.311{16.350i190.50{401.93:211.42{0.9651{1.7624 72 i31.10i 1.044 | 6.54 |0.958i152.890292.96i413.71:120.74 1.2933:1.6431
-713.94 10.765! 59.19{ 1.30816.900:191.66:402.31i210.66: 0.9694i1.7609 73 i31.74i1.052} 6.36 i 0.951 {157.250294.56i413.37i118.82i 1.2977:1.6409
-614.08 10.7671 57.26{ 1.30417.460{192.87i402.69i209.82}0.9739{1.7593 74 {32.39i1.060} 6.18 | 0.943{161.780{296.18{413.01i116.83{ 1.3022{1.6387
-5:4.2210.769 55.42{1.301i18.040{194.03:403.07:209.040.97821.7577 75 i33.05{1.069} 6.01 {0.936i166.490:297.83:412.61:114.79; 1.3067:1.6364
-414.36 10.7711 53.64i 1.29818.640i195.25:403.44{208.20:0.9827i1.7562 76 {33.73i1.078} 5.83 | 0.928i171.410299.51{412.18:112.67; 1.3113:1.6340
-314.5110.7721 51.95{1.295i19.250i1196.411403.82i207.410.9869i1.7547 77 {34.41i 1.087} 5.66 | 0.920i176.540{301.22{411.72{110.50 1.3160i1.6316
22i4.66 10.774F 50.30i 1.291i19.880{197.62404.18:206.56{0.9914{1.7531 78 i35.10{1.097 5.50 0.911i181.900:302.96:411.21}108.25; 1.3208:1.6290
-114.82 10.776: 48.73i1.288120.520i198.80i404.54i205.74:0.9957:1.7517 79 {35.81i1.108} 5.33 {0.903 {187.510{304.75i410.67:105.91} 1.3256:1.6264
0§4.98 :0.778 47.21i 1.285i21.180:200.00:404.90:204.90; 1.0000{1.7502 80 i36.53{1.119} 5.17 {0.894 {193.410:306.58:410.07:103.49; 1.3306:1.6236
11514 10.7811 45.741 1.28121.860i201.22{405.25i204.03{ 1.0044i1.7487 81 i37.26i1.131} 5.01 | 0.884i199.620308.46{409.42i100.96} 1.3357i1.6207
21531 10.783 1 44.35{ 1.278122.550{202.38{405.61{203.23{ 1.0086{1.7472 82 {38.00i 1.143} 4.85 {0.875{206.180{310.39{408.71i 98.32{ 1.3409i1.6177
3§5.48 §0.785} 42.99i 1.27423.260203.60{405.95202.35; 1.0130{1.7457 83 §38.75/1.157} 4.69 | 0.865i213.110{312.38{407.94; 95.56} 1.3462i1.6145
415.66 10.787} 41.69i 1.271123.990:204.78:406.30{201.51{ 1.01721.7443 84 i39.52{1.171} 4.54 |0.854i220.490i314.441407.10} 92.661.3517{1.6112
5i5.84 10.7891 40.42i 1.268 124.740206.00i406.631200.63i 1.0215{1.7428 85 i40.29:1.186} 4.38 |0.8431228.370i316.57:406.17i 89.60i 1.3574i1.6076
6i6.0210.791 39.21} 1.264 125.500{207.20i406.96:199.76i 1.0258{1.7414 86 i41.08i1.203} 4.22 {0.831i236.800i318.79i405.15; 86.36i 1.3634i1.6038
716.21 10.793} 38.04i 1.261126.290{208.43i407.29:198.86{ 1.0301i1.7400 87 {41.89i1.221} 4.07 i 0.8191245.930:321.11i404.02i 82.91:1.3695{1.5998
816.40 10.7951 36.92i 1.257i27.090209.61i407.62{198.01i 1.0343{1.7385 88 i42.70i1.242} 3.91 {0.805i255.850i323.54i402.75{ 79.21{1.3760i1.5953
9i6.60 {0.798 35.83i 1.254i27.910:210.81i407.94{197.12{ 1.0385{1.7371 89 i43.53{1.264} 3.75 | 0.791{266.730{326.11401.34} 75.22{ 1.3828{1.5905
10§ 6.80 {0.800} 34.78{ 1.250{28.760{212.04i408.25196.21{1.0428{1.7357 90 {44.37{1.289} 3.59 {0.776{278.820{328.86{399.72{ 70.86i1.3901{1.5853
11§7.01 §0.802} 33.76i 1.24729.620213.26{408.56:195.30i 1.0470{1.7343 91 i45.23{1.319} 3.42 {0.758{292.500{331.82i397.86; 66.04;1.3980i1.5793
12§7.22 10.804} 32.79i 1.243i30.500214.45i408.86:194.42{ 1.0511:1.7329 92 i46.10i 1.353} 3.24 {0.739i308.290i335.07:395.67; 60.60} 1.40651.5725
1317.43 10.807] 31.84{ 1.240{31.410215.67i409.16{193.49; 1.0554i1.7315 93 {46.99{1.395} 3.06 {0.717{327.150{338.72{393.00} 54.28!1.4162{1.5644
14§7.65 §0.809 30.93i 1.236i32.330216.88{409.46:192.58;1.0595{1.7302 94 i47.88:1.451} 2.85 {0.689i350.930342.98:389.59; 46.61}1.4275i1.5544
15i7.88 10.811} 30.04i 1.232i33.280218.10i409.75:191.65: 1.0637:1.7288 95 i48.80:1.531} 2.60 |0.653{384.380i348.40:384.76; 36.36! 1.4418:1.5406
171834 |08 16] 2837 1223 135250220 34141031 189781 1072011 7261 96.18 [49.90/ 1049 1.95 {0513 513.110366.80,366.80; 0.00/1.49]211.4912
188.58 10.819} 27.57} 1.221i36.270221.75i410.59:188.84 1.0761:1.7247
19{8.83 {0.821} 26.80{ 1.218{37.310{222.98{410.86{187.88 1.0802{1.7233
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saturatio R407C thermodynamic property R407C felease 1.02
t P P voiv rho | rho h’ h r s’ S t P P voiv rho | rho h’ h r s’ S
0 bar | bar Ehrf/kgde/kg kg/dm’ kg/m’ ikJ/kg | ki/kgi ki/kg i ki/kgkikl/kgk 0 i bar i bar jdmk gdmlk gikg/dm} kg/m' | kllkg i ki/kg/t kl/kg | ki/kgkikI/kgk
50§ 0.75 § 0.51 1.4& 2.40 §0.7131416.20}132.74{380.81:248.07:0.730051.8614 20 §10.3658.80 {1.157; 37.600.864i26.60 |228.88:417/68188.81{1.1035{1.7517
-4910.79 { 0.53 11.3995.2.53 {0.7151394.95{134.02{381.42{247.41{0.73571.8589 21 {10.65{9.06 |1.153f 38.77 0.867125.80 {230.36:418.06}187.70}1.10891.7506
481 0.83 1 0.56 {1.396{ 2,67 §0.716:375.01{135.29:382.041246.74i0.74151.8564 22 10.95:9.34 1.149i 39.97 0.871:25.02 i231.85i418.44i186.59:1.11421.7495
471 0.87 | 0.60 {1.393} 2.81 §0.718§356.27{136.57:382.65{246.08{0.74731.8540 23 {11.25§9.62 {1.144i 41.20,0.874{24.27 418.80{185.46}1.1195}1.7484
461 0.91 {0.63 13911 2,951 0.7191338.65{137.85383.261245.4110.7530:1.8516 24 {11.56{9.90 |1.140f 42.47 0.877:23.55 419.161184.32{1.124911.7473
45§ 0.96 | 0.66 i1.388 3.11 322.05:139.13i383.87i244.7410.7587:1.8493 25 11.88:10.19i1.135} 43.77:0.881i22.85 419.52§183.17:1.1303}1.7463
441 1.00 | 0.70 {1.385} 3.26 306.43{140.42i384.48]244.06{0.7644{1.8470 26 §12.20} 10.49}1.131i 45.10;0.884§22.17 419.86i182.01i1.1357:1.7452
431 1.05 {074 113821 3.43 291.721141.71i385.081243.3810.7701:1.8447 27 §12.531 10.79}1.126} 46.48 0.888121.52 420201180.83{1.141111.7441
420 1.10 § 0.78 {1.379i 3.60 277.841143.000385.691242.6910.7758{1.8425 28 12.87i 11.10i1.122} 47.88 0.891{20.8 420.531179.65i1.14651.7430
410 1.16 | 0.82 i1.376} 3.78 64.76i144.29i386.29i242.00{0.7814{1.8403 29 i13.21} 11.42§1.117 49.330.895i20,27 420.86:178.45:1.152011.7419
-40% 1.2]1 § 0.86 i1.373i 3.96 252,41:145.58i386.89i241.31i0.7871:1.8381 30 i13.56i11.75i1.113 50.82: 9.68 421.18i177.23i1.1574i1.7408
-394 1.27 1 0.91 i1.370: 4.15 240.75i146.88:387.49i240.61:0.7927:1.8360 31 §13.92:12.08i1.108; 52.34; 19.11 421.49i176.01:1.1629:1.7397
=384 1.33 1 0.95i1.366; 4.35 388.09i239.91:0.7983:1.8339 32 i14.28:12.42:1.103; 53.91 18.55 421.79:174.76i1.1684i1.7386
=378 1.39 ¢ 1.00 i1.363i 4.56 388.69i239.20:0.8039:1.8319 18.01 422.09:173.51:1.1739i1.7375
364 1.45 § 1.05 §1.360 4.77 389.281238.49}0.8095:1.8299 17.49 422375172.2411.179411.7364
354 152 ¢ 1.10 1.3574 5.00 389.88:237.77:0.8150:1.8279 16.99 422.65:170.9511.1850:1.7353
340158 1 1.16 i1.3541 5.23 90.47i237.05:0.820611.8260 16.50 422.921169.65i1.19051.7342
330 1.66 | 1.21 §1.351] 5.47 391.061236.32:0.826111.8241 16.02 423.181168.33{1.1961:1.7331
321173 ¢ 1.27 11.348} 5.71 301\641235.59:0.83161.8222 15.56 423.441166.99i1.2017:1.7319
310 1.80 ¢ 1.33 i1.345{5.97 392.231234.85:0.8371}1.8203 15.12 423.681165.63i1.2073:1.7308
=308 1.88 ¢ 1.39 i1.341; 6.23 392.81:234.10i0.8426:1.8185 14.68 423.91:164.26:1.2129:1.7296
=294 1.96 i 1.46 i1.338i6.51 393.39i233.36:0.8480:1.8167 14.26 424.13i162.86i1.2186i1.7285
=284 2.04 ¢ 1.52 i1.335: 6.79 393.97 1.8150 13.85 424.341161.44:1.2242:1.7273
2702.13 1 1.59 i1.332 7.09 394.55 1.8132 13.46 424.541160.01:1.229911.7261
2612221 1.67i1.329 7.39 395.12 18115 13.07 424.731158.55{1.23561.7249
250231 § 1.74 $1.325! 7.70 395.69 1.8098 12.70 424.911157.07:1.2413i1.7236
2412.40 i 1.82 113221 8.03 396.26 1.8082 12.34 425.081155.5611.247011.7224
2312.50 § 1.90 i1.319} 8.36 396.83 8066 11.98 425.231154.03§1.2527i1.7211
22§2.60 | 1.98 {1.315{ 8.71 397.39 ) 11.64 425.374152.47:1.2585:1.7198
211270 §2.06 i1.312} 9.06 397.95{227.16{0.8911 1131 425.491150.89¢1.264311.7185
=204 2,81 1 2.15:1.309: 9.43 398.51:226.36:0.8965 10.98 425.60:149.28:1.2700:1.7172
-19§2.92 ¢ 2.24 i1.305; 9.81 399.06i225.56i0.9018:1. 10.66 425.70:147.63;1.2758:1.7158
-18§3.03 § 2.34 i1.302i10.20 399.61:224.74i0.9070:1. 10.36 425.78i145.96i1.281/7i1.7145
-1743.14 12,43 :1.298:10.61 400.16:223.92:0.9123 10.06 425.84:144.26:1.2875:1.7130
-16§3.26 i 2.53 i{1.295i11.03 400.71i223.10:0.9176:1. 9.76 425.89i142.52i1.2933:i1.7116
-15§3.39 i 2.64 i1.292i11.46 401.25i222.27:0.9228 9.48 425.91:140.74:1.299241.7101
-14:3.51 ¢ 2.74 :11.288:11.90 401.79i221.43:0.9281 9.20 425.92:138.93:1.3051:1.7086
-1353.64 i 2.85i1.285i12.36 402.33i220.59:0.9333 8.93 425.90:137.08:1.3110i1.7070
-1283.77 2,97 i1.281i12.83 402.86i219.74i0.9385 . . . 8.67 425.87i135.19i1.3169i1.7054
118391 ¢ 3.08:i1.278:13.31 403.39:218.89:0.9437 27.03924.66i0.956i118.94 8.41 425.81:133.26:1.3228:1.7037
-10i 4.05 § 3.20 i1.274i13.81 403.91i218.02i0. . 27.63i2524i0.950i122.61 8.16 425.72i131.281.3287:1.7020
-9:4.20 % 3.33i1.271:14.33 404.43:217.15:0. . . .84:0.943i126.42; 7.91 425.61:129.25:1.33477:1.7002
-8:4.34 i 3.45:1.267:14.86 404.95i216.28:0. 130.38; 7.67 425.48:127.18:1.3406:1.6984
-7 14.50 i 3.58 {1.263i15.40 405.47i215.40: )/ 134.49 7.44 425.31:125.05i1.3466:1.6965
-614.65 % 3.72 i1.260:15.96 405.98 7.21 425.11:122.87:1.3526:1.6945
-514.81 4 3.86:i1.256i16.54 406.49 6.98 424.88:120.63i1.3586i1.6925
-41498 1 4.00:1.252i17.13 406.99 6.76 424.61:118.34i1.3646:1.6904
-305.15 4 4.1541.249:17.75 407.49 6.55 424.30:115.97:1.3706:1.6882
2215321 4.30i1.245:18.38 407.98 R . . . . . . 6.34 423.95i113.54{1.37677:1.6858
11550 4.45i1.241:19.02 408.47:209.97:0.9949:1.7757 69 i33.42i31.06i0.884 . . 6.13 423.56i111.04:1.3827:1.6834
0i568:i4.61:il1.238i19.69 208.96i1.0000 i1.7744 70:34.12:31.77:0.876i168.70; 1.041; 5.93 423.12:108.46i1.3888:1.6809
1i5.861%4.77i1.234i20.37 208.10i1.0051i1.7732 71i34.83132.490.868i174.54 1.1 5.73 422.63:105.80:1.3949i1.6782
2:6.06:4.94:1.230:21.07 409.92:207.16i1.0101.i1.7720 72:35.54:33.23:0.859:180.69; 1.164 422.08:103.05:1.4009:1.6754
316.25415.11i1.226 410.39i206.21i1.0152 i1.7708 73136.27:33.98i0.850i187.15/ 1.176} 5. 421.48:100.22{1.4070i1.6725
416451529 i1.222 410.86i205.25i1.0203 i1.7696 74i37.01i34.75{0.841i193.97: 1.190} 5. 420.80¢ 97.28i1.413/1i1.6694
516,66 547:1.218 411.33:204.28:1.0254 :1.7685 75:37.76:35.53:0.831:2201.18 1.204: 4.9 420.06; 94.24:1.4193:1.6661
616.871i566il.215 411.79i203.31i1.0306 i1.7673 763i38.52:36.34:0.8212208.8211.219} 4.7 419.24¢ 91.09i1.4254:1.6626
747.08 i 5.85i1.211 412.24i202.33i1.0357 i1.7661 77:39.30i37.15i0.8102216.93i 1.235} 4.6 87.81i1.4315i1.6589
81730 6.04:1.207 .35i412.69:201.34:1.0408 i1.7650 78:40.08:37.99:0.798:225.56;: 1.253¢ 4.4 84.41:1.4376:1.6550
9i7.531%6.241.203 212.79i413.14i200.35:1.0460 i1.7639 79:40.87i38.85i0.7861234.78 1.272} 4.2 80.86i1.4438:1.6508
10: 7.76 i 6.45 :1.199 214.24:413.58:199.34:1.0511:1.7627 80:41.68:39.72:0.773:244.65: 1.294; 4.0 77.15i1.4499:1.6463
11§ 7.99 ¢ 6.66 i1.195 215.68:414.01:198.33i1.0563:1.7616 81:42.50:40.62:0.758:255.28: 1.319: 3.9 73.28:1.4561:1.6414
121 8.23 1 6.88 i{1.191 217.14i414.44:197.31:1.0615:1.7605 82i43.33:141.5410.742i266.78: 1.347¢ 3.7 69.20i1.46231.6362
131 8.48 ¢ 7.10 :1.187 218.59:414.87:196.28:1.0667:1.7594 83:44.17:42.49:0.724i279.31: 1.382: 3.5 64.9131.4684:1.6304
14: 8.73 § 7.32 :1.182 220.05i415.29:195.24:1.0719i1.7582 84:45.03:43.47:0.701:293.10; 1.426: 3.4 0.35i1.4746:1.6241
15:8.99 i 7.55i1.178 221.51i415.70i194.19i1.0772i1.7571 85:45.89i44.48i0.671i308.52i 1.490} 3.2 1.4808i1.6171
161 9.25 1 7.79 i1.174 222.98:416.11:193.13:1.0824:1.7560 86.4:146.20:46.20:0.510:510.00; 1.961; 1.9 1.5113:1.5113
17:9.52 ¢ 8.03 i1.170 224.44:416.51:192.07:1.0877:1.7549
18:9.79 i 8.28 i1.166 225.92i416.91:190.99:1.0930:1.7539 1 1 1 1
007 | 854 1160 5373541930, 189,901 0ol 7oy MiX R32,R125, 134a with weight ratio of 23, 25, 52 cent
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