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Kstablishment of performance charts of an air
conditioner with one certified test point

Gao Fusheng
Key words:air conditioner,performance charts,model

This paper demonstrates,in terms of both experiments and theory, that the wet
bulb temperature depression of a given air conditioner at a given air rate is
approximately constant and that the relation between the relative humidity of the inlet
and outlet air can be determined by drawing a family of curves through a particular
point in the saturated curve on the psychrometric chart. Thus it is possible to establish

the complete performance charts for a particular air conditioner from one test point.

In recent years the production of air conditioners has increased very repidly .
and performance testing has become a significant task. The measuring and testing
procedures are quite troublsome, especially since it takes considerable time to
chang the inlet air condition parameters. Furthermore, after testing there is still
much more work to be done in analysing the data. Also the usual air conditioner
test cannot cover all the variables and is usually restricted to changing the wet bulb
temperature of the entering air. This paper is based on results of a large number of
tests conducted by the author who obtained the relations between wet bulb temper-
ature and relative humidity changes in the air conditioner. A simplified method of
testing air conditioners is proposed which allows its full performance characteristics
to be predicted.

The characteristics of wet bulb temperature changes

It has been found that the wet bulb temperature of outlet air (OWB) or the wet
bulb temperature depression (WBTD) will vary simultaneously with the
paramenters of the inlet air,air rate and condenser pressure, in an air conditioner.

Both the test results and theoretical analysis show that when the air rate and

condensing pressure in an air conditioner remain constant, the OWB Tupolinl the air
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conditioner is related only to the wet bulb temperature t,y,of the inlet air TWB). It
cannot be influenced by any other parameters of the entering air such as (t;,. ®).
No matter what changes occur with the dry bulb temperature, a definite TWB must
correspond with a definite OWB. ie when t,,increases by 1T, t,,,also increase by
1C. In other words, for each type of air conditioner in which the air rate remains
unchanged and the condenser pressure varies only within a small range, the WBTD
of the air handled by the conditioner, At,,, would be a constant value. The per-
formance chart of wet bulb temperature changes for inlet and outlet air obtained in
1966 by experiments on a hitachi air conditioner Model RP—1004, is shown in
Fig.1. Fig.2 shows the performance chart of WBTD corresponding to the changes
in IWB. During the experiments, the inlet air dry bulb temperature flutuated
widely, eg from 19.6C to 36.6C. The charts show that the test points follow a dis-
tinct pattern.

EDB=19.6 ~36.6 °C '

8! |/| 1 1 1 1 ! 1 1

0 12 K4 16 18 20 22 24 26 28 30
st,fwsl."c

Fig.1 The relationship between the wet bulb temperature of

both inlet TWB) and outlet (OWB) air
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Fig.2 The test result of wet bulb temperature depression of air



The wet bulb temperature of air represents its enthalpy value. Therefore, the
results mentioned above also represent the relation of enthalpy changes of inlet and
outlet air in an air conditioner,ie when air flow rate and the enthalpy value of inlet
air are known, the enthalpy value of the outlet air can be determined at the same
time. It should be pointed out that although WBTD of the air conditioner is con-
stant, its enthalpy depression is not constant. The ratio of enthalpy depression to
wet bulb temperature depression o= Ah / At_,is not a constant. because the satura-
tion line on the psychrometric chart is not a straight line. Within different tempera-
ture ranges, the ratio « is variale. For instance, when atomspheric pressure
B=1.013x 10’Kpa and At,,=1T , « varies from 0.55 to 1.2 if tdiffers within
10-30 C. Therefore, as IWB in the air conditioner varies, its enthalpy depression
changes correspondingly and its cooling capacity would also be variable. It can be
proved theoretically that WBTD of an air conditioner is constant at a certain air
flow rate. According to the principles of a balance between the compressor and
evaporator of a refrigerator. Yang has made theoretical assumptions and given an

approximate formula for calculation of WBTD At of an air conditioner”.
0.635

0.465 (", 0, )

At,,, = 0.03(3¢) e

t (1

where Q,is the standard cooling capacity of the refrigeration compressor in the
air conditioning. W;G is the air flow rate of the air conditioner, kg s™'; ¢ is the total
efficiency of the evaporator under wet surface condition;n.is the correctin factor for
the condensing temperture; é is the fouling coefficient of the evaporalor; and b is
the correcting coefficient of atmospheric pressure for converting enthalpy depres-
sion and wet bulb temperature depression.

In (1) Yang?’took into account the correcting coefficient of atomospheric pres-
sure, b, for «, then converted enthalpy potential using wet bulb temperature depres-
sion, but neglected corrections of the atmospheric pressure of air specific volum v.
These two correcting factors would be cancelled out by each other. If the two cor-
recting factors are considered at the same time, the influence of atmospheric pres-
sure onAt,,would be very small. Moreover, temperature also affects air specific
volum V. If the two correction are introduced in (1), it will be complicated further.
Obviously, the ideal approach is to calculate At,,in the standard condition of the

air conditioner. In this case it is unnecessary to introduce various correcting factors
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in the formula. These correcting factors are used only when cooling capacity under
different conditions is calculated on the basis of At,,. Therefore, in the opinion of
the author, it is more appropriate to consider(1) as follow

0.465 n . Q 0.635
At,, =003 (==2) € @

From (1) it can be seen that WBTD of an air conditioner At yvaries with
standard cooling capacityQ,, air flow rate of the air conditioner, total efficiency of
the evaporator (which varies with air flow rate), condensing temperature (n,) and
fouling coefficient of the evaporator(é). So that, for a certain air conditioner {Q,is
known when it is new, ¢ can also be neglected)when air flow rate and condensing
pressure remain constant, wet bulb temperature depression At must be a constant
value.

The WBTD of an air conditioner At,yvaries with the air flow rate. Fig 3 shows
that At decreased rapidly as the flow rate increases. However,since the heat ex-
change coefficient of the evaporator increases due to the increase in air flow rate,
the cooling capacity of the air conditioner increases. Statistical data on air
conditioners made both in China and elsewhere show that the relation between air
flow reate and cooling capacity is that the cooling capacity increases by
approximately 1% for each air flow rate increase 3—5%. This value varies slightly
with the-heat exchange efficiency of the evaportor. But for an ordinary air condi-
tioner, the variation in air flow rates is usually not large in amplitude. Therefore,
when the ait flow rate varies, correciing the cooling capacity with this coefficient
could satisfy the requirements of general calculation.
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Fig.3 The relationship between wet bulbtemperature depression and

cooling capacity for different air rates



Another factor which can influence At is the condensing pressure. Fig.4
shows that OWB t,,and cooling capacity corresponding to the performance curve
of condensing pressure changes when OWB t;of the air conditioner is constant.
The figures show that when the condensing pressure of R 12 changes from 6.5 to 10
x 10°Kpa (condensing temperature 30—40C ) tupoonly increases by 0.95C . If the
condensing pressure remaina at 8+ 0.5 10’%kPa (R 12). the value of typpdeviates

less than *+0.15C, and cooling capacity deviates less than *+2%.

N
~
T

n
w
I

Cooling capacity, Qp , kW
N
(o)
T
OWB, 1,

n
ES
T

13LL 1 | 1 1
6.0 70 8.0 9.0 i0.0

Condensing pressure, £ x 102 Kpa

Fig.4 The relationship between outlet air wte bulb temperature (OWB) and cooling capaci-

ty for different condensing pressures
Changes in relative hunidity of the air conditioner

Relative humidity of outlet air in an air conditioner is a function of the
parameters of the inlet air, air flow rate and condensing pressure.

Tests have shown that at a certain air flow rate ,relative humidity outlet air
from an air conditioner, ©,, varies only with relative humidity of inlet air ¢,. Any
other parameter changes of the inlet air condition do not affect the relative humidi-
ty of outlet air. When ¢,is a constant ,¢,can also be determined. When ¢,is large,
@,is large too, and vice—versa (see Fig.5). In other words, when the air flow rate is
constant, if the inlet air condition varies following a certain ¢—contour line on the
psychrometric chart, the outlet air condition will vary following another corre-
sponding ¢—contour line.



.. Air rate=1.47 m3s™

70
30 40 50 60 70
IRH, ¢,, %

Fig.5 The relationship of relative humidity between inlet (IRH) and cutlet (ORH) air
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Dry bulb temperature,°C
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Specific humidity, W, g kg™ dry air
Fig.6 The performance of air conditioning process paths

The performance of ¢ in the air conditioner can also be explained by’focusing’
the performance of the air condition process paths. So called “focusing’ of perform-
ance implies that where inlet air parameters of the air conditioner change along a
wet bulb temperature contour in a pschrometric chart, outlet air parameters also
change along another wet bulb temperature contour. The lines joining the points of
inlet and outletair conditions intersect the saturation line at the same point C (fo-
cusing point)**(see Fig.6). Point C is the average surface temperature of the
evaporator. The performance of the air conditioner is determined by the fact that
when IWB remains constant,the total amount of heat tranferred to the refrigerant
by air will also be a constant value. Simultaneously, the evaporating témperature of
the refrigerant is kept at set points, and the average surface temperature of the
evaporator is also kept constant. When the dry bulb temperature of inlet air for the

.._.6_



air conditioner changes, the total amount of heat released from the air will not
change. Here only the ratio of sensible heat to latent heat of the air will change.
Fig.6 shows that focusing performance has shown that there exists a certain rela-
tion between ¢,and @,of air ,namely a lower value of ¢,will result in a lower value
of ¢,and vice—versa.

Tests show that air rate has little effect on changes of relative humidity. When
the air rate increases and ¢,remains constant, ¢,decreases and vice—versa. Fig.7
shows the curve of ¢, corresponding with the changes of air rate when ¢,=50%.
For instance, when the air volum increases from 0.78m% 'to 1.85m%s by 136%)
@,decreases by only 3.6%(88%—84.4%). Generally speaking, when an air condi-
tioner is being used in practice, its air rate will dot vary to such a large degree.
When the ait flow rate is equal to 0.8—1.2 of the certified air flow rate, g,deviates
by about * 1%. Here the effectof air flow rate on ¢,can be neglected.

$,=50%

! il \

1 ¥
08 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Air rate, L, m®s™

Fig.7 The relationship between relative humidity and air rates
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Fig.8 Tllustration of the calculation of the relative humidity of outlet air




The effect of air flow rate on ¢,is clear when considering focusing
performance. From Fig.6 it can be seen that when air volume increases from
0.78m% 'to 1.48 m3s~!(by 89%), typoincresaes from 11.4TC to 15.6C, average sur-
face temperature increases from poin ¢ to point c. At this time ¢ does not vary
greatly between points of outlet condition B,and B/,.

Tests show that variations of condenser pressure have to little influence on ¢
that it is difficult to measure this with an ordinary instrument. Because the varia-
tion of condensing temperature have little influence on the evaporation tempera-
ture, the surface temperature of the outlet evaporator and wet bulb temperature of
outlet air will also vary very little. For instance, when the condensing teterature in-
crease from 30T to 45T, t,yincreases only by 0.95C and the corresponding sur-
face temperature of the evaporator also increases very little. It can be seen from

Fig.6 that when point C and t,,,only vary slightly, the variations in the value of ¢
are difficult to observe.

Application of the performance of t,;, and ¢

The purpose of studying the performance of an air conditioner is for its appli-
cations. The applications of the performance of t,,and ¢ of an air conditioner are
evaluated as follow:

To simplify test work on an air conditioner. Since cooling capacity of an air
conditioner varies with the wet bulb temperature of inlet air, cooling capacity of the
air conditioner given only in standard test conditions can not satisfy the require-
ments of customer in different conditioners. In order to provide cooling capacities
of the air conditioner at different wet bulb temperatures of inlet air,the marufac-
turer of air conditioners needs to experiment with different IWB, t,,s0 as to obtain
the performance curve of the cooling capacity Qycorrespondingwith the changes of
typ;- For instance, it was stipulated in the testing methods of packaged air
conditioners in the Chinese national code JB 1370—73(1974) that there should be
full performance curves obtained on each unit by experiments, ie the relation be-
tween outlet air condition and the cooling capacity at different wet bulb tempera-
tures of the inlet air (relative humidity 60%), air flow rate ,and the condensing

temperature. This is usually called the ‘variable condition test’. In the variable con-
— 8 S



dition test it takes a long time to change inlet air parametera and needs a very good
air—prehandling system to ensure the tests are carried outadequately. Varying the
air flow rate and condensing terperature is much easier and takes less time. If we
consider the wet bulb temperature depression as aconstant value, the test on air
conditioners will be greatly simplified. Experiments on changing wet bulb tempera-
ture of inlet air may be omitted. It is necessary only to measure wet bulb tempera-
ture depression, At ,of the air conditioner at any a certified air rating. Thus, test-
ing work could be simplified from measuring a curve stipulated in the national code
to the measuring of only one point. Moreover, the requirements for air pre—han-
dling equipment would also be minimized. It is necessary only to keep the IWB
temperature stable during the testing process for measuring this point.

Cooling cadpacities of the air condictioner at different inlet air wet bulb tem-
perature may be obtained by simple calculation according to the measured wet
bulb depression At gand relative humidity of inlet and outletair ¢,and ¢,.

For example, take a point from data measured with the air conditioner of type
Rp—1004 as original data to calculate the performance curve Q,VS t,,and then
compare the calculation values with test values.

It is given originally that t,,,=27.55C ,t,,;,=22.67C A t,,=4.88C ,
®,=50.2%, ®,=86.4%, atmospheric pressure B=0.99kPa, air rate L=1.47m’".
Projections based on these figures are given in Table 1. The calculation in table 1
shows that the deviations of cooling capacities obtained by calculation and from
the curve actually measured are not more than 3.5%. This deviationdoes not go
beyond the range of test deviation.

To obtain a complet the thermotechmical performance curve of the air
conditioner. Another problem which occurs when testing an air conditioner is the
inability to obtain a complete performance curve,even though many condition tests
are carried out, because the changes which occur in the air conditioning parameters
are not fully understood. By using the performance of t,,—® it is unnecessary to
test for changing parameters of the inlet air,and is also possible to obtain the per-
formance curve of the two air condition parameters (t,,and ¢) and cooling capaci-
ties corresponding with inlet air parameters, by calculation and having only the test
data of one air condition point. In this way it is possible to express the
thermotechinal performance of the air conditioner more completely.

As is mentioned above we can obtain two performance curves for the air con-
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