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ABSTRACT

Mass flow rate and power calorimeter test data for
domestic refrigerator/freezer fully hermetic compressors have
been collected on compressors from three manufacturers. The
calorimeter test data were taken by 10 different organizations.
These test data are commonly correlated with 10-coefficient
polynomials (using the method presented in ARI Standard
540-91) as a function of the saturated evaporator and
condenser temperatures. In general, these polynomial repre-
sentations accurately represent the experimental data but do
not necessarily provide reliable interpolations or extrapola-
tions for conditions not represented in the compressor calo-
rimeter tests. 

A semi-empirical model to represent compressor perfor-
mance has been investigated. The model is based on the
concept of volumetric efficiency and assumes a polytropic
compression process. The model has five parameters that must
be determined by fitting experimental data. Four or more
measurements of refrigerant flow rate and compressor power
were found to be sufficient to determine the model parameters,
thereby allowing the generation of accurate compressor maps
with the model. The model has been found to extrapolate
within 5% error with condensing and evaporating tempera-
tures that extend beyond the measured data by 10°C (18°F). A
small set of available data for suction temperatures other than
32.2°C (90°F) were investigated. The results indicate that the
model can accurately model the effect of changes in the
suction temperature.

INTRODUCTION

Domestic refrigerators and freezers have become increas-
ingly more energy efficient over the past decade. These perfor-
THIS PREPRINT IS FOR DISCUSSION PURPOSES ONLY, FOR INCLUSION IN 
part without written permission of the American Society of Heating, Refrigerating 
Opinions, findings, conclusions, or recommendations expressed in this paper are t
questions and comments regarding this paper should be received at ASHRAE no 
mance improvements have been driven, in part, by federal
standards (AHAM 1993) that have mandated higher minimum
refrigerator/freezer product energy efficiency levels. The easy
methods for improving energy efficiency of refrigerator/
freezer products, e.g., improved seals on doors and better insu-
lation, have already been exploited. Further product efficiency
improvements will likely require a better integration and
application of compressors (the single largest energy
consumer in a refrigerator/freezer) into products. 

The single point condition currently used for rating
refrigerator/freezer compressors are an evaporating tempera-
ture of –23.3°C (–10°F) and a condensing temperature o
54.4°C (130°F) in a 32.2°C (90°F) environment. This rating
point is commonly used in the industry but is not explicit
defined in any standard. This condensing temperature m
have been appropriate years ago when refrigerators/free
used natural convection condensers; however, most mod
refrigerator/freezer appliances employ forced air condens
that lead to saturated condensing temperatures significa
lower than 54.4°C (130°F). In addition, some compressor
are used solely in refrigeration cycles for which the sa
rated evaporating temperature is much higher than –23.°C
(–10°F); consequently, the –23.3°C (–10°F) test point is not
useful for applying compressors in these products. A furth
complication is that most manufacturers of small herme
compressors provide test data only at 32.2°C (90°F) suction
temperature although the suction temperature during typ
operation of a refrigerator/freezer may be much lower. It
necessary to accurately know the refrigerant mass flow r
and power of a compressor over a range of evapora
condenser, and ambient temperatures in order to design 
cient appliances. Since it is expensive and time consum
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to experimentally determine these data, developing a method
to reliably interpolate and/or extrapolate experimental
compressor data can substantially reduce this cost. 

DATA

Twenty-one sets of calorimeter test data for fully
hermetic reciprocating refrigerator/freezer compressors have
been collected on compressors from three manufacturers
using R-134a or R-12 as the refrigerant. The calorimeter test
data were taken by ten different organizations. All of these
data were taken at an ambient, compressor suction, and liquid
line temperature of 32.2°C (90°F). The compressors were
tested at nine to seventeen different operating conditions
(different saturated evaporating and condensing tempera-
tures). The condensing temperatures ranged from 32.2°C
(90°F) to 60°C (140°F) and the evaporating temperature
ranged from –28.9°C (–20°F) to –12.2°C (10°F). For each
evaporating and condensing condition, experimental val
of the electrical power input and refrigerant mass flow rate 
�

ues
(or

refrigeration capacity) are given. The temperature of t
refrigerant measured at the compressor discharge and/o
temperature on the dome of the compressor shell were 
provided by14 of the data sets. The airflow rate past the s
for these tests was either 11.5 m/s (3.5 fps), 14.3 m/s (4.3 f
or was not reported. Table 1 shows the codes that were us
identify the different data sets (uppercase letters show dif
ent manufacturers, lowercase letters different testing orga
zations). Two additional sets of data were obtained 
ambient temperatures of 14.3°C (57.7°F), 16°C (61°F),
38.5°C (101°F), and 43.3°C (110°F).

BIVARIATE POLYNOMIAL CURVE FIT

A method for representing compressor test data
described in ARI Standard 540 (ARI 1991). There is a revis
of the standard from 1999, but the base equations and
computer program that is provided with it have not chang
The standard specifically excludes compressors used 
domestic refrigerator/freezer appliances; nevertheless, 
TABLE 1  
Average Relative Errors (%) Obtained When Using All Data Points to Perform a Least Squares Curve Fit for the 

10-Parameter Polynomial and the New 5-Parameter Model

Data Set Code Number of Data Points

10-Coefficient Polynomial New 5-Parameter Model

Mass Flow Rate Power Mass Flow Rate Power

A1a 16 0.9 0.7 5.2 1.4

A1b 14 0.2 0.2 0.8 0.9

A2 14 0.3 0.2 1.1 0.9

A3 14 0.3 0.2 1.2 1.1

A4 14 0.5 0.5 1.3 0.9

A5 11 0.1 0.1 1.2 1.2

A6a 9 - - 1.5 1.0

A6b 9 - - 1.5 0.8

B1 15 1.8 03 4.6 1.6

B2 16 22.6 3.7 3.9 3.2

B3 15 1.3 0.2 2.5 2.6

B4 10 0.2 0.1 1.8 2.3

B5 16 2.3 0.9 2.9 2.1

B6 15 3.6 0.5 6.2 2.1

B7 16 2.4 0.9 5.0 3.2

B8 17 24.6 0.8 9.0 2.9

B9a 9 - - 1.7 0.9

B9b 9 - - 2.3 1.4

B9c 9 - - 1.3 1.2

C1 12 1.7 0.9 3.7 3.9

C2 12 3.0 0.9 3.1 4.5
������53�����
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method outlined in ARI 540 is commonly used by refrigerator/
freezer compressor manufacturers to generate maps of
compressor performance using calorimeter data. The method
uses a bivariate cubic polynomial with cross-terms to describe
the mass flow rate (or capacity) and the electrical power input
as a function of saturated evaporating and condensing temper-
atures (Equation 1).

(1)

where 

X = mass flow rate, capacity, current or power

Tevap = saturated suction temperature

Tcond = saturated discharge temperature

C1…C10= curve fit parameters

The computer program distributed with ARI Standard
540 uses an unweighted linear least squares regression to
determine the 10 parameters in Equation 1. Since Equation 1
uses ten curve fit parameters, a minimum of ten measured data
points of each dependent variable at different operating condi-
tions is necessary to estimate all the parameters. 

Each of the 21 sets of mass flow rate and power data were
fit to the form in Equation 1. The results are shown in Table 1.
In most cases, the polynomial represented the data very well;
however, Equation 1 does not incorporate any physical mech-
anisms of compressor operation and the resulting fits do not
always make physical sense. As a result, interpolation and
extrapolation based on Equation 1 can result in significant
errors. 

Interpolation and extrapolation inaccuracies resulting
from the application of Equation 1 become more apparent
when the specific power (power input divided by the mass
flow rate) is plotted as a function of evaporating temperature,
as shown in Figure 1. The physics governing compressor
performance indicate that the specific power should consis-
tently decrease with increasing saturated evaporating temper-
ature and increase with increasing saturated condensing
temperature. Figure 1 shows the measured data points as well
as the polynomial curve fit extrapolated to higher and lower
saturated evaporating and condensing temperatures for data
set B5. Extrapolation appears to follow physical principles for
high saturated evaporating temperatures; however, the highest
and lowest saturated condensing temperature curves cross
over the other curves, which is physically unrealistic. At low
saturated evaporating temperatures, predictions seem very
inaccurate even for condensing temperatures that were repre-
sented in the data. 

One of the data sets used in this investigation contained
only ten data points (B4). Since there are ten coefficients in
Equation 1, these coefficients can be completely determined
with ten independent tests so that the polynomials perfectly fit

X C1 C2 Tevap⋅ C3 Tcond⋅ C4 Tevap
2⋅+ + +=

 C+ 5 Tevap Tcond⋅ ⋅  C6 Tcond
2⋅ C7 Tevap

3⋅+ +

 C+ 8 Tcond Tevap
2⋅ ⋅ C9 Tevap Tcond

2⋅ ⋅ C10 Tcond
3⋅+ +
������53�����
the data. Figure 2 shows the resulting curves, as determined by
the program provided with ARI Standard 540, for these ten
data points. It is clear that the measured data points agree
almost perfectly with the fits (0.2% relative error on average,
which we believe is due to round-off errors resulting from
single-precision calculations), but both interpolation and
extrapolation do not make physical sense.

CURVE FIT PROCEDURE

Several different models have been investigated during
this research. Each model contained a number of regression
parameters that are estimated by using a least squares curve fit.
The objective function for the curve fit is given by Equation 2.

(2)

Figure 1 Polynomial curve fit, specific power as a
function of saturated evaporating temperature
for a range of saturated condensing
temperatures (data set B5).

Figure 2 Mass flow rate map determined by ARI 54
computer program (data set B4).
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where 

OF = objective function

N = number of data points

Xmeas = measured mass flow rate or power

Xcalc = calculated mass flow rate or power

Xmean = average of all measured mass flow rate or power data

A nonlinear regression technique is used to minimize the
value of the objective function by altering the values of the
parameters within specified bounds. Normalizing the error
with the average of all measured values, as is done in Equation
2, ensures that all data points are weighted equally.

MASS FLOW RATE MODEL

Mass flow rate for a compressor can be determined know-
ing its volume flow and the refrigerant density at the compres-
sor suction. In general, positive displacement compressors are
nearly constant volumetric flow devices; however, deviations
from constant volume flow occur and can be accounted for by
using a volumetric efficiency. The volumetric efficiency of a
reciprocating compressor is defined as the ratio of the actual
refrigerant volumetric flow rate to the displacement rate of the
compressor. A number of factors contribute to reducing the
volumetric efficiency of a compressor including the clearance
volume and leakage around the piston (which is influenced by
the compression ratio). The volumetric efficiency of a recip-
rocating compressor can be approximated by Equation 3 in
terms of C, the clearance volume ratio, and n, polytropic
compression exponent (Threlkeld 1962).

(3)

with

C = effective clearance volume ratio

Pdischarge = absolute discharge pressure

Psuction = absolute suction pressure

n = polytropic exponent

The refrigerant mass flow rate can then be calculated
knowing the displacement rate of the compressor and the
specific volume of the refrigerant at the suction side of the
compressor using Equation 4.

The available experimental data provided information
relating the refrigerant mass flow rate to suction and discharge
pressures. These data were subjected to nonlinear regression
in order to determine the values of C and n that produce a “best
fit” to the experimental data. It was found that the values oC
and n determined in this manner are not independent of e
other. For example, the polytropic index could be set to a
value and a corresponding value of C could be determined by
linear regression, which would be a good fit to the experim
tal data as if both C and n were independently determined. Ou
recommendation is to set the polytropic exponent to the ra

ηv 1 C
Pdisch earg
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of the constant pressure to constant volume specific he
(evaluated for the given refrigerant at the compressor suc
condition of each data point) and then find the best value foC.

The available data express the compressor performa
for a given refrigerant as a function of the saturated evapo
ing and condensing temperatures. Knowing the thermo
namic properties of the refrigerant allows the correspond
pressures to be determined. However, the refrigerant un
goes a pressure drop as it passes into or out of the compre
shell and through the valves of the compressor. The pres
drop on the high-pressure side of the compressor was foun
have little effect on the refrigerant mass flow rate or t
compressor power; however, the pressure drop on the l
pressure side, although small, can have a significant effec
the refrigerant mass flow rate. A suction pressure drop te
has been introduced into the mass flow rate model to cap
this effect. This pressure drop term, δP, is presented as a
constant percentage of the evaporating pressure. Equati
shows the final model. It has two parameters, C and δp. These
parameters have some physical meaning, but they shoul
regarded as curve fit parameters because they accoun
phenomena that occur in the compressor but are not dire
represented in the model.

(4)

where k is the specific heat ratio.
Internal heat transfer is one more important physic

process that impacts the volumetric efficiency of a sm
hermetic compressor. Heat transferred from the hot zone
the compressor (e.g., the motor windings and discharge m
fold in the cylinder head) to the suction gas raises the tem
ature of the suction gas, lowering the density, and, therefo
lowers the volumetric efficiency by changing the inlet cond
tions to the compressor shell. While the model formulation
Equation 4 does not address these phenomena explicitly
effect of heat transfer on the volumetric efficiency is similar
the effect on the volumetric efficiency of the suction pressu
losses represented by the δp term. Since δp is determined by
curve fit, it tends to capture the combined effect on t
measured data of both suction pressure losses and the the
dynamic loss due to internal heat transfer to the suction g

Figure 3 and Table 2 compare the mass flow rate mode
the experimental data points for one set of data. The ave
relative error is only 1.3% with a maximum error of 1.7%
Similar results are obtained from most of the 20 sets of d
that were used in this study (see Table 1). The errors for d
sets B1 through B8 are much bigger than for the other d
sets. The ten-parameter polynomials also fit less well for th
data sets. This seems to indicate that these data sets in
inaccurate data points. For some data sets, these inaccur
become obvious when the data are plotted in form o
compressor map. The mass flow rate map of Figure 3 has b
extrapolated to higher and lower condensing and evapora

m· calc 1 C
pcond

pevap 1 δp–( )
--------------------------------- 

 
1 k/

1––
 
 
  V RPM⋅

vsuction 60⋅
-----------------------------⋅=
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temperatures than represented in the experimental data, as
discussed further in the “Extrapolation Capabilities” sectio
of this paper.

POWER MODEL

Electrical power is supplied to the electric motor in th
hermetic shell. The motor efficiency is less than unity, so so
of the electrical power is dissipated as heat. Some of this h
is convected to the low-pressure refrigerant entering 
hermetic compressor shell, thereby raising the temperatur

TABLE 2  
Relative Errors for Mass Flow Rate 

Model for Data Set A4

Tevap (°C) Tcond (°C) Relative Error

-12.2 37.8 -1.4%

-17.8 37.8 1.6%

-23.3 37.8 1.5%

-28.9 37.8 1.6%

-23.3 40.6 1.1%

-12.2 43.3 -1.0%

-17.8 43.3 1.5%

-23.3 43.3 1.4%

-28.9 43.3 -1.4%

-12.2 48.9 -0.1%

-17.8 48.9 0.9%

-23.3 48.9 -1.6%

-28.9 48.9 -1.1%

-23.3 54.4 -1.7%

Average 1.3%

Figure 3 Extrapolated mass flow rate map (data set A4).
������53�����
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the inlet refrigerant and lowering the compressor’s volumet
efficiency. The electrical power input to the compressor h
been modeled based on estimating the work necessary f
polytropic compression process as well as an efficiency te
that includes the electric motor efficiency and other inefficie
cies that occur inside a compressor, such as frictional effe
Equation 5 shows the power model including this combin
efficiency, ηcomb.

(5)

where psuction = (1 – δp)pevap and pdischarge = pcond.
The same suction and discharge conditions were use

for the mass flow rate model, i.e., the discharge pressure is
to the pressure in the condenser and the suction pressure is
mated using δp, the pressure drop parameter defined for t
mass flow rate model. The polytropic exponent, n, is set to the
specific heat ratio, k, at the compressor inlet condition, as i
the refrigerant mass flow rate model. We have found that us
the mass flow rate calculated with the model rather than 
experimental mass flow rate tends to smooth out the mass f
rate data and provide a slightly better fit for the power. 

Only one unknown parameter remains in Equation 5—t
combined efficiency, ηcomb. The combined efficiency was
found not to be a constant. In order to identify a function
relation for the combined efficiency, values of the combin
efficiency that perfectly fit the data for each point in the da
set were plotted against pressure ratio and evaporating 
condensing temperature. The data scatter least when plo
against the evaporating pressure. Several relationships w
considered to represent the variation of the combined e
ciency with operating conditions. Equation 6 shows the exp
nential equation that provided the best fit to the data.

ηcomb = d + e · exp(f · pevap) (6)

where d, e, and f are regression parameters.
Figure 4 shows a map for power generated with this

model (Equations 5 and 6, data set A4). The experimental data
included saturated evaporator temperatures ranging from
28.9°C (–20°F) to 12.2°C (10°F) and saturated condensin
temperatures from 37.8°C (100°F) to 54.4°C (130°F). The
figure illustrates model agreement in the range for whi
experimental data were available as well as extrapolation
saturated evaporator and condenser temperatures outsid
the measured data range. Table 3 shows the relative erro
each data point as well as the average relative error for
points for data set A4. See Table 1 for results of all data s

The specific power has been plotted for data set A4 a
function of evaporating temperature in Figure 5. The map
the specific power (shown in Figure 5) appears to be reas
able. The specific power increases consistently with decre
ing evaporating temperature and with increasing condens
temperature, and the lines representing a fixed condens

Power ηcomb⋅ m·
k

k 1–
----------- psuction vsuction

Pdisch earg

Psuction
------------------------ 

 
k 1–

k
-----------
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temperature do not cross. Additional validity checks of the
extrapolation capabilities of the model are described in the
following section.

EXTRAPOLATION CAPABILITIES

A method for representing calorimeter test data has been
proposed that requires only two curve fit parameters in the
mass flow rate equation (Equation 4) and three parameters for
the power equation (Equations 5 and 6). In theory, three
measurements of mass flow rate and power at three different
conditions are sufficient to determine the five parameters
involved in this representation. In contrast, 20 parameters are

TABLE 3  
Errors for the Exponential Power Model (Data Set A4)

Tevap (°C) Tcond (°C) Relative Error

-12.2 37.8 -1.7%

-17.8 37.8 -0.8%

-23.3 37.8 -0.5%

-28.9 37.8 0.8%

-23.3 40.6 -0.1%

-12.2 43.3 -1.1%

-17.8 43.3 0.8%

-23.3 43.3 0.4%

-28.9 43.3 -0.6%

-12.2 48.9 2.0%

-17.8 48.9 1.1%

-23.3 48.9 -0.5%

-28.9 48.9 0.1%

-23.3 54.4 -0.1%

Average 0.9%

Figure 4 Extrapolated power map using the exponential
relationship for the combined efficiency (data
set A4).
�

needed if mass flow rate and power were represented with
polynomials of the form shown in Equation 1.

To test the extrapolation capabilities of the proposed
models, the five parameters were determined using different
combinations of four or five measured data points. The esti-
mated parameters were then used in Equations 4 through 6 to
predict mass flow rate and power at independent operating
conditions for which measured data were available. Then
predicted and measured data were compared.

TABLE 4  
Relative Errors for Extrapolation to Higher 

Condensing and Higher Evaporating Temperatures 
(Data Set A4)

Operating Conditions Relative Errors

Condensing 
Temperature 

(°C)

Evaporating 
Temperature 

(°C)
Mass Flow 

Rate Power 

U
se

d 
fo

r 
m

od
el

 
pa

ra
m

et
er

 f
it

tin
g 37.8 -23.3 -0.1% -0.4%

37.8 -28.9 1.3% 0.2%

40.6 -23.3 -0.2% 0.4%

43.3 -28.9 -0.8% -0.2%

Average: 0.8% 0.3%

N
ot

 u
se

d 
fo

r 
m

od
el

 p
ar

am
et

er
 f

it
ti

ng

37.8 -12.2 -4.5% -2.8%

37.8 -17.8 -0.9% -1.2%

43.3 -12.2 -3.6% -2.0%

43.3 -17.8 -0.5% 0.7%

48.9 -12.2 -2.3% 1.4%

43.3 -23.3 0.5% 1.1%

48.9 -17.8 -0.4% 1.5%

48.9 -23.3 -1.7% 0.9%

48.9 -28.9 0.9% 1.7%

54.4 -23.3 -0.8% 2.2%

Average: 2.1% 1.7%

Figure 5 Extrapolated power per unit mass flow rate map
for the combined efficiency (data set A4).
������53�����
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For example, four data points at low evaporating and low
condensing temperatures were selected from the test data and
the five parameters were fit using these measurements. Table
4 shows these data points as well as the other ten independent
data points extrapolated using the model.

Extrapolation was tested for saturated condensing and
evaporating temperatures up to 10°C (18°F) from the data that
were used to do the curve fit. The relative error for extrapola-
tion was less than 10% for all data, and for most data points it
was well under 5%. Of course, extrapolation becomes less
reliable as deviations from the measured data increase.

Interpolation was tested by using the four most extreme
operating conditions to determine the curve fit parameters.
Relative errors for the extrapolated data points are below 3%
for all data points.

To achieve acceptable extrapolation capabilities, we
found it necessary to use at least four data points representing
two different evaporating and two different condensing
temperatures as a basis for estimating model parameters. We
recommend using the four most extreme operating conditions
in which the compressor is expected to operate to minimize the
need for extrapolation. A fifth measurement should be taken
at an intermediate operating condition to verify the curve fit.

EFFECT OF AMBIENT TEMPERATURE

Standard calorimeter tests for domestic refrigerator/
freezer units are performed at an ambient temperature of 32°C
(90°F). In these tests, the compressor suction temperature and
the liquid line temperature are set equal to the ambient temper-
ature. In normal operation, however, the compressor may
operate at ambient conditions well below 32°C (90°F). The
temperature of the refrigerant exiting the evaporator may be
considerably below 32°C (90°F) as controlled during calorim-
eter tests. The model, presented in Equations 4 through 6, does
not have the ability to separately consider the effects of ambi-
ent and suction temperatures. In the following results, these
two temperatures are assumed to be equal. Although not
completely accurate, this assumption is reasonable because
the liquid temperature approaches the ambient temperature in
the condenser and the suction temperature approaches the
liquid temperature in the interchanger. A higher suction
temperature causes the specific volume at the inlet of the
compressor to be larger and the mass flow rate of refrigerant
to be smaller. There is little reduction in power because the
specific work increase is countered with a reduction in refrig-
erant flow rate. The ambient temperature also affects the
amount of heat transfer from the shell to the surroundings. The
second effect is not taken into account by the model.

The change in mass flow rate and power that the model
predicts for different ambient temperatures has been
compared with the very little data available in the literature
(Haider et al. 1997; Bullard 1998) and with experimental data
from one compressor manufacturer. It was found that the
model’s predictions are reasonably accurate as shown in T
������53�����
able

5. Relative errors are less than 2%, except for measurem
at 15.6°C (60°F). At this very low ambient temperature, th
condensing temperatures were much lower than the ones 
to fit the model parameters. The inaccuracies of extrapolat
to 22°C (40°F) lower condensing temperature and to 16.7°C
(30°F) lower ambient temperature are confounded in this ca
and relative errors for power range from 8% to 12%.

CONCLUSIONS

Bicubic polynomials are commonly used to genera
maps that represent calorimeter measurements of refrige
mass flow rate and power for the small hermetic compress
employed in refrigerator/freezer appliances. These polyno
als may fit the experimental data well, but they do not allo
reliable extrapolation or interpolation of the data. In additio
more than ten measurements of mass flow rate and powe
necessary for this method.

A semi-empirical method has been investigated to rep
sent the performance of reciprocating refrigerator/freez
compressors. The model can be used to estimate the refr
ant mass flow rate and power using as few as four experim
tal data points. The model interpolates and extrapola
reliably up to 10°C (18°F) higher and lower evaporating an
condensing temperature. Relative errors in mass flow rate 
power are below 5%.

The effect of ambient temperature seems to be well rep
sented in the model as a change in specific volume of 
refrigerant at the suction side of the compressor. No data w
available to test the model for the case in which the amb
and suction temperatures are not close to each other. 

All the data used in this research were taken using forc
air cooling over the compressor shell. The model does 
extrapolate from static (zero air velocity) cooling to force
cooling or vice-versa. 

RECOMMENDATIONS

To minimize the need to extrapolate, it would be useful
take four measurements at the extreme points of the rang
operating conditions in which the compressor is expected
work to fit the five model parameters. A fifth measureme
should be taken at intermediate operating conditions that 
be used to verify the model (Figure 6). If a single point is to
used to represent compressor performance, we recomm
that the conditions should be 40.6°C (105°F) saturated
condensing and –23.3°C (–10°F) saturated evaporating
temperature at 32.2°C (90°F) compressor suction, liquid line,
and ambient temperature. This condensing temperature m
closely represents the conditions at which the forced 
condensers in modern refrigerator/freezers operate. T
single rating point should also be used as the center point o
five recommended measurements as shown in Figure 6. 
accuracy and method of testing should be in accordance w
ASHRAE Standard 23-1993 (ASHRAE 1993). 
�



TABLE 5  
Predictions at Different Ambient Temperatures 

(Measured Data from Haider et al. [1997], Compressor D)

Ambient 
Temperature

(°C) Tcond (°C) Tevap (°C)

Mass Flow Rate Power

meas. 
(kg/s)

calc. 
(kg/s) Relative Error

meas.
(kg/s)

calc. 
(kg/s) Relative Error

32.2 54.4 -28.9 0.001148 0.001138 -0.9% 118.3 118.2 -0.1%

48.9 -28.9 0.001184 0.001184 0.0% 115.8 116.2 0.3%

43.3 -28.9 0.001225 0.001225 0.0% 113.6 113.2 -0.4%

54.4 -23.3 0.001511 0.001528 1.1% 135.9 136.6 0.5%

48.9 -23.3 0.001586 0.001575 -0.7% 132.4 132.3 -0.1%

43.3 -23.3 0.00162 0.001617 -0.2% 127.7 127.1 -0.5%

54.4 -17.8 0.00197 0.001994 1.2% 154.4 155.6 0.8%

48.9 -17.8 0.002039 0.002041 0.1% 148.9 148.9 0.0%

43.3 -17.8 0.002113 0.002084 -1.4% 142.6 141.2 -1.0%

43.3°C 54.4 -28.9 0.001091 0.001097 0.5% 116.6 117.9 1.1%

48.9 -28.9 0.001144 0.001141 -0.3% 114.3 115.9 1.4%

54.4 -23.3 0.00149 0.001473 -1.1% 134.5 136.2 1.3%

48.9 -23.3 0.001502 0.001518 1.1% 130.4 132 1.2%

15.6°C 26.7 -28.9 0.001376 0.001408 2.3% 106.9 98.71 -7.7%

23.9 -28.9 0.001436 0.001424 -0.8% 104.6 95.46 -8.7%

26.7 -23.3 0.001846 0.001825 -1.1% 117.3 106.0 -9.6%

23.9 -23.3 0.001885 0.001841 -2.3% 115.1 101.7 -11.6%
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