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Abstract  Simulation technology has been widely 
used for performance prediction and optimal design 
of refrigeration and air conditioning appliances. A 
brief history of simulation technology for refrigeration 
and air conditioning appliances is reviewed. The 
models for evaporator, condenser, compressor, cap-
illary tube and thermal insulation layer are summa-
rized, and a fast calculation method for thermody-
namic properties of refrigerant is introduced in this 
paper. The model-based intelligent simulation tech-
nology and the simulation technology based on graph 
theory are also illustrated. Finally, an updated trend 
of simulation technology development for refrigera-
tion and air conditioning appliances is discussed. 
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puter. 

The output of refrigeration and air-condition appli-
ances have been increasing rapidly in recent years, es-
pecially in China. For example, the annual output of 
room air conditioners in China is over two thirds of the 
world total, and the use of air conditioners consumes a 
lot of electricity, amounting up to 40% of the total elec-
tricity consumption in the summer in some cities like 
Shanghai. Therefore it is an important target to make 
the design process of refrigeration appliances more ef-
ficiently and to improve the product performance. 
Computer simulation technique is one of valuable 
means to accomplish this target[1―3]. 

The traditional methods for designing refrigeration 
and air-conditioning appliances are: to determine the 
required performance object of a product at first, then 
to estimate the working conditions, and to calculate the 
structural parameters at last. This process is very 
straightforward and quite easy to be understood. But 
the actual performance of the product might obviously 

deviate from the required one because there is no accu-
rate model available in the design process. In order to 
let the products have the desired performance, the 
processes of developing prototypes, testing their per-
formance and modifying their structures have to be re-
peated many times, which will increase the cost and 
delay the completion of the design process.  

With the computer simulation method, the working 
conditions and the structural parameters of the product 
are given, and then the performance is predicted. After 
predicting the product performance by simulation, the 
configuration parameters of the product can be evalu-
ated easily. In order to get a group of suitable configu-
ration parameters of the product, the original parame-
ters should be adjusted according to the simulated re-
sults, and simulation with the adjusted structural pa-
rameters will be done again. The process of modifying 
the parameters and simulating with modified parame-
ters will be repeated many times until a set of the most 
suitable parameters is obtained. Such a computation 
process is an optimization process, which can be im-
plemented by adding some optimization programs or 
directly operated by users based on their experience. In 
order to obtain a perfect optimization result quickly, the 
initial parameters should not be far away from the op-
timal ones. It is recommended to give the appropriate 
parameters for optimization with a conventional design 
method.  

Researchers, such as Dhar & Soedel[4], Chi & Did- 
ion[5], began to do refrigeration and air-conditioning 
appliance simulation at the end of the 1970s and the 
beginning of the 1980s. Many papers[5―13] on modeling 
of refrigeration and air-conditioning appliances were 
published in the 1980s. Lots of simulation technologies 
were used to substitute CFCs since the late 1980s[14―20]. 
Artificial intelligence technologies[21 ― 24] and graph 
theory[25] were introduced into simulation of refrigera-
tion and air-conditioning appliances at the end of the 
1990s, which further enriched the simulation methods.  

In this paper, the state-of-art of simulation technol-
ogy for refrigeration and air-conditioning appliances is 
reviewed and the trend of simulation technology for 
refrigeration and air-conditioning appliances is dis-
cussed.  

1  Mathematical model for main components of 
refrigeration system 

The cycle system for realizing the basic function of 
refrigeration is called refrigeration system, which in-
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cludes four main components, i.e. compressor, evapo-
rator, condenser and throttling device. Here, evaporator 
and condenser can be treated as a heat exchanger. The 
throttling device can be expansion valve, capillary tube, 
orifice tube, etc. Capillary tubes are widely used in the 
small-scale refrigeration and air-conditioning appli-
ances, a large amount of production, and there are a lot 
of papers on capillary tube modeling. This paper 
chooses the capillary tube as the representative of throt-
tling devices. 

1.1  Compressor model 

Compressor is the power source to drive the entire 
refrigeration system. Different heat and mass transfer 
and mechanical movements can be observed for differ-
ent types of compressors in the running process. So 
different kinds of mathematical models should be de-
veloped depending on the objectives of the study[26,27]. 
In the refrigeration system simulation, the important 
performance parameters are refrigerant mass-flow rate, 
input power and the refrigerant temperature at the 
compressor exit. Some unimportant parameters can be 
ignored in order to simplify the model.  

Compressor models for refrigeration system simula-
tion includes following types. 

(1) Dynamic model  
The actual operating characteristics of compressor 

are always dynamic even in a stable running condition. 
For example, the refrigerant mass-flow rate of a recip-
rocating compressor varies in each cycle of the com-
pressor motor. Therefore a dynamic model reflecting 
the dynamic characteristics of all parts of the compres-
sor might be more accurate than a steady state model, 
and such models were used for dynamic simulation of 
refrigeration systems[5]. But this kind of dynamic model 
is complicated, and the calculation speed is slow. We 
believe such a model is suitable for simulation or opti-
mum design of compressors but not suitable for simula-
tion of refrigeration systems.   

(2) Steady state model 
This model is introduced to calculate thermodynamic 

compressor performance in text books[1]. Once the cal-
culation method with the (semi-) empirical parameters 
for polytropic exponent, mass-flow rate coefficient and 
motor efficiency are determined, the calculation of the 
compressor performance becomes explicit and very fast. 
This kind of compressor model was used in some ear-
lier works by Murphy [8] and MacArthur[9]. 

A steady state compressor model is certainly suitable  

for a steady simulation of a refrigeration system. In 
simulating the mass-flow rate of refrigerant through 
compressor in the dynamic simulation of refrigeration 
systems, a steady state model can still be used because 
the time constant of refrigerant flow-rate variation is 
too small compared to that of the heat exchangers. But 
for the start-up process of the compressor when the 
rotating speed of the compressor varies from 0 to its 
full rotation speed, the simulation accuracy and the sta-
bility can be improved if we use a zero-order or 
one-order delay model instead of a steady state model. 

The time constant for the heat exchange process in 
compressor is large because of the large heat capacity 
of the compressor. So the calculated temperature inside 
the compressor might not be accurate enough if a 
steady state model is used.   

(3) Two-node model 
This model may be divided into two parts: steady 

state model for the mass flow rate calculation and dy-
namic model for the calculation of heat exchange proc-
ess[1,13]. This model is recommended for dynamic sys-
tem simulation.  

1.2  Capillary tube model 

Experimental and theoretical studies on capillary 
tube began in the 1940s[28,29]. Different models and al-
gorithms have been developed to meet different re-
quirements with different refrigerants.  

(1) Models for different refrigerants 
Researches, especially experimental researches on 

capillary tubes, have close relations to the working flu-
ids. A lot of earlier studies have dealt with refrigerants 
R12[30―32] and R22[33―35]. But at present, more re-
searches focus on CFCs alternatives, such as pure re-
frigerants of R134a and R152a[36―42] and blended re-
frigerants of R410A and R407C[43―45].  

(2) Adiabatic and nonadiabatic capillary tubes 
The speed of the refrigerant flowing through the 

capillary tube is very fast and the order of magnitude of 
time for refrigerant flowing through a capillary is 0.1 s. 
The outside heat transfer surface area of a capillary 
tube is small because of its very small diameter. The 
flow in the insulated capillary tube can be considered as 
an adiabatic flow. If the capillary tube is directly ex-
posed to the ambient air, just like those in the room air 
conditioners, the incoming flow can still be considered 
as an adiabatic flow because the natural convection 
heat transfer on the outer surface of the capillary tube is 
small. A lot of studies on adiabatic capillary tube have 
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been published[38,40,45,47―57]. 
When the capillary tube is combined to the suction 

tube to make a regenerator, as is often done in house-
hold refrigerators, the heat transfer will influence the 
refrigerant mass-flow rate, and the capillary tube under 
this condition belongs to non-adiabatic capillary. A 
non-adiabatic capillary tube can be treated as an 
equivalent adiabatic capillary tube in the calculation of 
the refrigerant mass-flow rate for engineering applica-
tions[42]. But this equivalent method lacks theoretical 
proof. As there are some differences in the characteris-
tics between adiabatic capillary tubes and non-adiabatic 
capillary tubes, further studies on models and solutions 
for the non-adiabatic capillary are necessary[41,42,58―62].  

For the adiabatic capillary tube, the quality of 
two-phase refrigerant will increase in the flow direction. 
An actual non-adiabatic capillary tube has similar 
characteristics. But in the calculation, the two-phase 
refrigerant might return to subcooled section in the 
flowing direction due to the outside heat transfer effect, 
and then calculation instability will occur. One of the 
solutions to this sort of calculation problem is to as-
sume a linear distribution of the refrigerant quality in 
the two-phase region[59]. 

(3) Distributed parameter model for capillary tube 
The most important type of capillary tube model is a 

distributed parameter model. Most of distributed pa-
rameter models belong to homogenous equivalent 
model (HEM). The assumptions in HEM include ther-
modynamic equilibrium, nil slip and complete mixing 
between liquid phase and vapor phase.  

The metastable flow occurs due to high speed of re-
frigerant flowing through the capillary tube[31,63―67]. 
Metastable flow is sensitive to working conditions and 
it is difficult to observe in experiments[33]. Chen’s cor-
relation[31] is one of the best empirical correlations for 
metastable flow, but it still has obvious deviations[33,34]. 
Due to the effect of the metastable flow, the refrigerant 
mass-flow rate in capillary is not only affected by the 
working conditions, but also by the way to reach this 
condition[58,65]. That is to say, there might exist two 
values of refrigerant mass-flow rate under the same 
working condition. This phenomenon can explain the 
difference among experimental data reported by differ-
ent studies and the difficulty in improving the reliability 
of the correlations for metastable flow.   

The neglect of metastable flow in HEM will lead to 
lower refrigerant mass-flow rate predicted by the theo-
retical analysis. But many studies[35,48,51―54,68―71] show  

that the deviation of HEM from experimental data is 
within ±15%, which may satisfy the requirements in 
engineering applications. 

The actual slip ratio between vapour phase and liq-
uid phase is less than 2, as shown by Lin’s experi-
ments[32]. The slip ratio in HEM is taken as unit, and is 
not far from the actual value. Separated phase model 
can predict the refrigerant parameters along the tube 
more accurately, but the predicted mass-flow rate is 
similar to that by HEM[50,71].  

The refrigerant in a refrigeration system always con-
tains some lubricant oil. Oil can decrease the cross- sec-
tional flow area, thus decreasing refrigerant mass-flow 
rate. But the lubricant can decrease the refrigerant flow 
friction, thus increasing mass-flow rate[72] on the other 
hand. 

(4) Empirical correlation model 
Distributed parameter model is reliable but compli-

cated. The most important advantage of empirical cor-
relation model to distributed parameter model is that it 
is simple in its functional form and easy to calculate. 
But an empirical correlation model of capillary tube is 
usually suitable only for a limited range of working 
conditions. If a new refrigerant is used, or working 
conditions and configuration parameters change a lot, 
then the coefficients in the empirical correlation should 
be renewed.  

The available empirical models are mainly for adia-
batic capillaries because this kind of capillary tubes is 
widely used and their empirical correlation models are 
easy to be developed due to fewer effective factors. The 
available empirical models can be classified into di-
mension associated model and non-dimension associ-
ated model. The dimension associate models[46,73]I are 
easy to be built up but they lack theoretical support and 
have limited application range. Non-dimension associ-
ated model was first presented by Bittle et al.[55], and 
later verified and improved by some other research-
ers[44,47,56,57]. 

The data base to determine the empirical correlation 
model is a set of experimental data[44,55,56,73], or calcu-
lated results by the distributed parameter models[46,47,57]. 
The advantage of the models based on experimental 
data is that the predicted results can be verified directly. 
But the available number and range of the experimental 
data are limited and the experimental data by different 
researchers are not always consistent, so the accuracy 
of the models based on experimental data cannot be 
widely recognized. The advantages of the models based 
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on calculated results are that the range of interested 
values can be selected arbitrarily, and the consistent-
ness among predicted values can be easily verified. But 
the predicted results by this kind of model need further 
verification by experiment data. Considering the matur-
ity of the distributed parameter model, we recommend 
the models based on predicted results because it can 
avoid uncertainties in experiments and retain higher 
efficiency in modeling. 

(5) Approximate analytic model 
Distributed parameter models are complicated, while 

empirical correlation models have some drawbacks in 
its generalization. Yilmaz[74] presented an approximate 
analytic model, which is suitable for refrigeration sys-
tem simulation. The complexity and accuracy of this 
kind of model are in between the distributed parameter 
model and the empirical correlation model. In this 
model, the adiabatic flow in the capillary is simplified 
into an isenthalpic flow first, and then the correlation 
between pressure and specific volume of two-phase 
refrigerant under isenthalpic condition is developed in 
order to solve the momentum equation by integration. 
Our recent studies in Shanghai Jiaotong University 
have improved the approximate analytic model. The 
application range of this model has been extended and 
the accuracy has been improved[75―77].  

(6) Serial and parallel characteristics of capillary 
tubes 

Most studies on capillary tubes focus on single cap-
illary tube. But multi-capillaries are often used in actual 
appliances. For example, several parallel capillary 
tubes are often used in a single air conditioner, and se-
rial capillary tubes are used in some air conditioners 
operating under heat pump mode. So the modeling of 
multi-capillary tubes should be developed based on 
those for single capillary tubes. Such studies are also in 
progress by our group in Shanghai Jiaotong Univer-
sity[78,79]. 

1.3  Evaporator and condenser model 

Evaporator and condenser are considered as heat 
exchangers, and the following models are available to 
simulate the functions both for evaporator and con-
denser.  

(1) Steady state model 
The steady state models for heat exchangers are 

mainly used to describe the steady state characteristics 
of heat exchangers, and can be divided into 3 types. 

1) Single-node model or lumped parameter model. 

The logarithmic mean temperature difference method, 
which is widely used to predict steady state perform-
ance of heat exchangers without refrigerant phase 
changes, is a typical lumped parameter model[80]. For 
the heat exchangers that have phase change process, the 
logarithmic mean temperature difference method is 
ineffective, and the accuracy of lumped parameter 
model becomes quite limited.  

2) Multi-node model or distributed parameter 
model[81―83]. This model divides the heat exchanger 
into several control volumes and parameters in each 
control volume are lumped. Another way to set up this 
kind of model is to discrete the partial differential equa-
tions directly. This kind of model has higher accuracy 
than lumped parameter model, but the simulation time 
becomes longer.  

3) Zone model[84,85]. Condenser is normally divided 
into 3 zones: superheated zone, two-phase zone and 
subcooled zone, and lumped parameter models are de-
veloped for each zone. Evaporator model normally in-
cludes the lumped parameter model for two-phase zone 
and that for superheated zone. Both the accuracy and 
the calculation speed of zone model are in between 
those of the lumped parameter model and distributed 
parameter model. There are little difference between 
the zone model and distributed model, while the calcu-
lation speed of zone model is obviously faster than that 
of the distributed model[84], so the zone model is a 
suitable model for system simulation when the re-
quirement on accuracy is not extremely high. 

(2) Dynamic model 
Dynamic models for heat exchangers can be catego-

rized into following two models: 
1) Transient model. This model is mainly used to 

represent the heat exchanger dynamic response to the 
variation of the boundary conditions during the operat-
ing process. It is often applied to controlling the state 
parameters such as superheat[86―93] or developing con-
trollers[94]. In the transient response process of heat ex-
changer, the variations of some parameters are very 
small, so some nonlinear terms in the model can be 
linearized to make the model more simple or explicit. 

2) Long-term dynamic model. This model is mainly 
used to describe the dynamic performance of heat ex-
changers in simulating the start-up or shut-down proc-
ess of refrigeration system[95]. The variation in parame-
ters of heat exchangers in the start-up or shut-down 
process is so large that almost all of the nonlinear terms 
in the model should be maintained, resulting in more 
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difficulties in the calculation. 
According to the parameter lumped characteristics, 

dynamic models can be classified into 3 models: sin-
gle-node model[4―12], multi-node model[96―100] and zone 
model l[94,95]. But we will not address them here be-
cause of limited space. 

2  Models for envelop structure 
Some refrigeration systems such as chillers do not 

have envelop structures, and we need no en-
velop-structure model in the evaluation of the per-
formance of such appliances. But there are a lot of re-
frigeration appliances, such as household refrigerators 
and cold storages, consisting of envelop structures. 
Some characteristics of these appliances, such as the 
cooling-down speed and temperature recovery time of 
household refrigerator, have close relation to the dy-
namic performance of the envelop structures, so dy-
namic model for the envelop structure is necessary.  

An envelop structure is often made of solid materials, 
whose property variation can be ignored in the actual 
range of refrigeration conditions. The envelop structure 
can be exclusively considered as thermal resistant in 
the steady state simulation of the refrigeration appli-
ances, and it is easy to calculate. But the prediction of 
the dynamic characteristics of the envelop structure is 
more complicated. 

In the earlier stage of development in dynamic 
simulation of refrigeration system, only transient char-
acteristics were studied[4,5]. In those cases, the ambient 
conditions related to the envelop structure were as-
sumed to be unchanged because the period time of the 
transient process is much shorter than the time constant 
of the envelop structure. But this assumption is not fit 
for a long-term process simulation.  

It is a reasonable challenge but not the best method 
to formulate the heat transfer differential equations and 
solve them together with the equations for other com-
ponents during the entire simulation process. The rea-
son is discussed below. 

The envelop structure should be divided into a lot of 
layers, and many corresponding dynamic equations for 
these layers have to be formulated. They should be 
solved in each time interval in order to predict the dy-
namic performance of the envelop structure with high 
accuracy. But the solving processes for these equations 
may take a long time and decrease the simulation sta-
bility. But the calculated accuracies of envelop struc-
ture model and also of the refrigeration system model 

will decrease if less layers are used for the envelop 
structure. From the viewpoint of system dynamic 
simulation and optimization, the calculation time re-
quired by the envelop structure model should be as 
short as possible, and it is better not to combine the 
major parts of the computing tasks of the envelop 
structure into the system simulation.  

Therefore it is not recommended to use direct dif-
ferential method to solve the envelop structure model in 
the dynamic simulation for refrigeration system. 

2.1  Dynamic model for envelop structure based on 
classical control theory 

The envelop structure can be dealt with as a linear 
system because its properties change little. We can first 
calculate the transfer behavior of the envelop structure, 
and then synthesize them with the disturbance variables 
to calculate the system dynamic response in the simula-
tion of refrigeration system. As there is only one time to 
solve the differential equations for envelop structure, 
the calculation time is not very long. Such a method is 
very suitable for dynamic simulation of refrigeration 
appliances. This kind of methods include response co-
efficient method (corresponding to S transfer function), 
transfer coefficient method (corresponding to Z transfer 
function) and harmonic wave method (corresponding to 
sinusoidal transfer function)[101―109]. 

When the harmonic wave method is applied to 
structural walls, the decay and delay to each stage har-
monic wave can be calculated in advance. The response 
can easily be obtained after the synthesis of each stage 
harmonic wave is inputted. The concept of unstable 
heat transfer through a plane plate introduced by har-
monic wave method, such as decay, delay and heat ac-
cumulation characteristics, has obvious physical mean-
ing and is familiar to us. The harmonic wave method 
has the premise of periodic disturbance, which is in-
convenient for refrigeration appliance simulation. The 
response coefficient method appearing at the end of the 
1960s cast off the limitation of the periodic disturbance 
premise, and can be used more easily. There are many 
coefficients to be memorized in response coefficient 
method, while a very few coefficients are needed in the 
Z transfer coefficient method. But the calculation 
method for Z transfer coefficients is more complicated 
than that for response coefficients. In order to simulate 
the dynamic characteristics of refrigeration appliances 
quickly, the Z transfer coefficient method is recom-
mended.  



 
 

REVIEW 

1918 Chinese Science Bulletin  Vol. 51  No. 16  August  2006 

2.2  Dynamic model for envelop structure based on 
modern control theory 

The response coefficient method and the Z transfer 
coefficient method were based on classical control the-
ory when they were initially proposed. The state-space 
method in modern control theory can also be used for 
envelop structure model[110], which has the following 
characteristics: 

1) Formula deduction is simple. Formula deduction 
with Laplace transformation based on classic control 
theory should convert the time-domain problems into 
frequency-domain problems and then reconvert them 
back to the time domain. Theses two times of conver-
sions are complicated. But all the problems are solved 
only in the time domain with the state-space method, so 
the process is simple enough and well understandable.  

2) The calculation on computer is easy to realize. 
Programming to calculate differential coefficients, pole 
point or root of complex function, required by the 
Laplace transformation method, is quite complex. But 
programming is simple for the calculation based on the 
state-space method because only operations of some 
matrix are needed. 

3) The time-dependent temperature and heat flow 
variation inside the plate can be represented conven-
iently. S transfer function belongs to outside model, and 
only the time-dependent output temperature and heat 
flux variation can be obtained. But the state-space 
method is an inside model, and can easily reproduce the 
time-dependent variation of temperature and heat flux 
at each state point.   

4) There also exist some drawbacks in the state- 

space method. For example, the state-space method is 
actually a semi-differential method, and its accuracy is 
lower than the Laplace transformation method. But 
case studies show that its accuracy can satisfy the re-
quirements in engineering applications[1].  

2.3  Synthesis of transfer function and variable time 
interval  

The temperature variation in a refrigeration appli-
ance with envelop structure depends on the characteris-
tics of the entire envelop, which may consist of a lot of 
plane walls. But the characteristics of different plane 
walls may differs significantly, so we should set up a 
model for the entire envelop on the basis of the model 
for each plane wall. The methods for establishing the 
model for the entire envelop among those for each 
plane wall include: 1) common ratio method[111], 2) 

dominating characteristic root method which is very 
stable in getting low orders of transfer function[112,113], 
and 3) system identification method[114]. 

The time interval of the envelop structure algorithm 
based on transfer function is fixed. But the time interval 
of the refrigeration system simulation may be change-
able, so it does not match that of envelop structure. As 
the calculation time of refrigeration system model is 
longer than that of the envelop model, we should 
change the time interval of the envelop model so that 
the time intervals of the refrigeration system and of the 
envelop structure are equal. The variable time-interval 
algorithm for envelop structure can be classified into 
the following three types: 

1) Interpolation method[1]. This method is simple. 
The calculated results by this method are general satis-
factory when the disturbance changes slowly. But for 
the envelop structures affected by fast variation distur-
bance, this will lead to large error in calculation.  

2) Variable time-interval algorithm based on the dif-
ferent time-interval relationship between the response 
coefficients/transfer function coefficients. With this 
method, we should first establish the conversion equa-
tion for different time-interval (long interval is the in-
teger times of the short interval) response coeffi-
cients/transfer function coefficients, and then develop 
the variable time-interval algorithm by using the su-
perposition theorem in the linear system[115,116]. 

3) Define new response coefficients from the view-
point of disturbance decomposition, and then create a 
new self-adaptive variable time-interval response coef-
ficients, such as variable time interval algorithm based 
on the cross response coefficient[117]. 

3  Fast calculation method for refrigerant thermal 
properties 

3.1  Requirements on calculation method for refriger-
ant thermodynamic properties in system simulation 

There are numerous calculations of refrigerant ther-
mal properties in the simulation of refrigeration and air 
conditioning appliances, so the calculation model for 
refrigerant thermodynamic properties play a vital role 
in the simulation of refrigeration and air conditioning 
systems. Furthermore, the effect of the refrigerant 
thermal property model also influences the component 
model selection in the entire system simulation. If the 
calculation of refrigerant thermodynamic properties is 
too complicated, the models for the components have to 
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be simplified in order to guarantee the calculation 
speed of the entire system simulation, which will in-
fluence the function and accuracy of the system simula-
tion. Thus, the following aspects in the calculation of 
refrigerant thermodynamic properties should be con-
sidered from the viewpoint of system simulation: 

1) Fast speed. Since there are numerous calculations 
to be called on refrigerant thermodynamic properties in 
the simulation, the calculation speed of refrigerant 
thermodynamic properties is a vital factor for practical 
simulation.  

2) High stability. Since there exist numerous times of 
calls for the calculation of refrigerant thermodynamic 
properties, calculation divergence is likely to happen 
even if divergence probability is low in a single calcu-
lation, and the requirement on the stability is extremely 
important. 

3) Reversibility. In the simulation of refrigeration 
and air conditioning appliances, many refrigerant ther-
modynamic properties need to be converted to each 
other. Even a very little deviation occurring in a single 
conversion process will lead to a large difference in the 
final calculated results because of a large number of 
iterations required. 

4) Continuity and smooth. Only an iteration of con-
tinuous functions can provide a convergence result. As 
some differential coefficients are used for some kinds 
of refrigerant thermodynamic properties, the differen-
tial coefficients of those thermodynamic properties 
should be continuous too, i.e. the function of the refrig-
erant thermodynamic properties should be smooth.  

The EOS (equation of state) method is usually used 
to predict refrigerant thermodynamic properties in a 
wide range with a high accuracy. But the calculation 
speed and stability are limited by unavoidable iterations 
in calculation. 

3.2  Fast calculation method for refrigerant thermo-
dynamic properties 

Since the EOS method has limited calculation speed, 
fast calculation methods are desirable.  

Look-up table method is an easy way to improve the 
calculation speed of refrigerant thermodynamic proper-
ties. Before using this method a table that contains the 
values of different refrigerant thermodynamic proper-
ties should be established in advance. These values are 
mostly calculated with EOS. The simulation program 
will look up this table during the simulation process. If 
the state point is not included in this table, its property 

value will be calculated from those at its neighboring 
state points in the table with a linear interpolation 
method. This method is applied in the heat exchanger 
simulation software developed by NIST[118]. There is no 
need of solving the state equations, and this method can 
satisfy the high speed and stability requirements for 
simulation. But this method cannot guarantee the 
smooth requirement of simulation. In the look-up table, 
the refrigerant thermodynamic properties are given at 
many grid points. The refrigerant thermodynamic 
properties are linear in each mesh, but the refrigerant 
thermodynamic properties at the intersection grid 
points of different meshes are continuous but not 
smooth. This will limit the use of differential coeffi-
cients during the simulation.  

Explicit polynomial regression method is another 
simple yet fast calculation method for refrigerant ther-
modynamic properties. Explicit high power polynomial 
functions, regressed for thermodynamic properties, 
have higher calculation speed and better stability than 
EOS while the accuracy is still satisfied[119,120]. But the 
big shortcoming of this method is that it cannot guar-
antee the calculation reversibility. So divergence might 
happen unless extremely high regressing accuracy is 
applied. 

Cleland[121,122] presented a method to speed up the 
calculation of refrigerant thermodynamic properties and 
gave the correlations for R12, R22, R114, R502, 
R717(NH3) and R134a. The formulae for saturation 
pressure and temperature are similar to the Antoine 
equation, and the calculation reversibility can be en-
sured. The function for saturated liquid and vapor en-
thalpy is regressed into a cubic polynomial equation, 
and the superheated enthalpy is regressed to functions 
of saturation temperature and mass quality. This model 
is simple, practical and consumes less calculation time. 
Its effective range is of application covers −60℃―  

60℃ in subcritical region, but does not cover the re-
gion near the critical point. It cannot be used for 
zeotropic refrigerant mixtures.  

3.3  Implicit regression and explicit calculation 
method 

The refrigerant thermodynamic properties are given 
as a monotonic function in the range in common use 
which is heuristic for us to apply the reversible function 
for regress. The highest power of the polynomial in this 
equation is not larger than 4 in order to solve it analyti-
cally. But lower power polynomials often provide 
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lower accuracy. This can be explained by using the 
theorem of formula expansion. A polynomial can be 
considered as the remaining low order parts of the ex-
panded form of EOS. The calculation accuracy of the 
polynomial is lower than the EOS because only low 
order parts of the expanded form of EOS are included 
in the polynomial. The more lower-order items the 
polynomial includes, the higher accuracy it exhibits. 
The number of the lower order items should be in-
creased in order to improve the accuracy of the poly-
nomial. The number of lower order items in the ex-
panded form of an explicit formula can be increased if 
the number of independent variables is increased. We 
can convert the explicit formula into an implicit one, 
and the original dependent variable is changed into an 
independent variable for the purpose of increasing in-
dependent variables. After the regression process, ex-
plicit formulae can be obtained by solving the regressed 
equations.  

As a practical application of the above method, our 
resent study at Shanghai Jiaotong University proposed 
an implicit polynomic model for explaining refrigerant 
thermodynamic properties[123]. This model is not only 
suitable for both pure refrigerants and refrigerant mix-
tures. In order to extend the applicable range of fast 
calculation, the piecewise smooth regression method 
can be used. That is to divide a wide range into several 
subsections and to guarantee the continuity of the func-
tion and its differential coefficient at the intersection 
point. The deviations of the fast calculation result by 
this kind of implicit model from the original property 
values can be ignored while the calculation speed can 
be increased by about 1000 times. The stability of this 
model is guaranteed because no iteration is needed. 
This model can also guarantee the calculation reversi-
bility since the relevant variables are analytical solu-
tions of the same implicit equation. At present, this im-
plicit model is the best model for calculating refrigerant 
thermodynamical properties during simulation of re-
frigeration and air conditioning systems. 

4  System model and algorithm  
In order to combine the component models into an 

overall model for refrigeration systems, the relationship 
among parameters of each component should be clearly 
known. There are many parameters affecting the refrig-
eration system, and most of them interact with each 
other. So some basic and necessary parameters in each 
component must be selected as a representative of this 

model.  
Parameters in the refrigeration system include the 

self-influencing parameters and inter-influencing pa-
rameters. Self-influencing parameters only influence 
the system performance for a single component. In-
ter-influencing parameters influence the performances 
of other components and the entire appliance. The role 
of the self-influence parameters is well reflected in the 
component models, but the interaction of the in-
ter-influence parameters should be quantitatively stud-
ied in the system simulation.  

There are two kinds of approaches to analyzing the 
inter-influence parameter: 1) using the relationship be-
tween the different components produced by the refrig-
erant mass flow; 2) using the relationship between the 
different components produced by heat transfer. There 
are larger differences between the two approaches, and 
they should be studied independently[1,3].  

Fig. 1 shows the schematic of a refrigeration appli-
ance having an envelope structure. The refrigeration 
system and the envelope structure interact with each 
other by heat transfer. After further dividing the refrig-
eration system into the components of evaporator, con-
denser, compressor, etc, and defining the coupling rela-
tion among these parameters, these component models 
can be combined into a system model. 

 
Fig. 1.  Schematic of the refrigeration appliance having envelop struc-
ture. 

 
The algorithm for system model is more complicated 

than that for a single component model because not 
only each component model but also the coupling rela-
tionship should be determined in solving the system 
model.  

Two kinds of algorithms for the refrigeration and 
air-conditioning appliances are available in literatures. 

One is the simultaneous solving method. This 
method combines all the equations and initial condi-
tions into an equation group and solves these equations 
simultaneously with Euler method[5], Newton-Rahpson 

1920 Chinese Science Bulletin  Vol. 51  No. 16  August  2006 



 
 

REVIEW 

www.scichina.com   www.springerlink.com 1921 

method[124], Runge-Kutta method, etc. Simultaneous 
solving method has wide uses, but it has no physical 
meaning in calculation process. It is also difficult for 
the user to detect the cause if divergence happens in the 
calculation and the calculation stability is not easy to be 
ensured. 

The other algorithm is the sequential module 
method[125,126]. This method uses certain kinds of bal-
ance conditions, such as the mass balance, as the con-
vergence criterion. A set of initial values is assumed, 
and then calculation starts from the innermost cycle, 
and other parameters are outputted. If the convergence 
criterion is not satisfied, the old assumed initial values 
would be updated and then we have to repeat the itera-
tion again. The cycles in all levels are calculated in 
such steps. The advantages of this method are that it 
has obvious physical meaning, and it is easy to debug 
and to ensure the calculation stability. Its shortcoming 
is that it has low generalization and the algorithm 
should be designed according to the actual system cycle 
steps. 

When simulation is done by non-professional experts 
in the field of refrigeration and air conditioning, the 
sequential module method is recommended because it 
is easier than simultaneous solving method.   

It is better to study the relationship between the 
complexity and accuracy of the model before simula-
tion, and a simpler model guaranteeing certain accuracy 
is preferred because it is easy to be solved[127]. 

5  Model-based intelligent simulation methodology  
The intelligent simulation methodology of refrigera-

tion and air conditioning appliances resort to the 
method of combining the modern artificial intelligence 
technique with mathematical model of refrigeration and 
air conditioning appliances, so that the simulation 
software have a certain “intelligence ” for simulating 
the actual complex objectives. This technology can help 
the user to cope with the technical problems in simu-
lating complex objectives, and make the simulation 
software more practical. 

The artificial intelligence technique was used to pre-
dict the performance of refrigeration and air condition-
ing appliances as a simple method[21,22,128,129]. Pure arti-
ficial intelligence techniques, such as ANN (artificial 
neural network), fuzzy theory and expert system belong 
to non-model method, and they do not need mathe-
matical models but have high adaptability. In using 
such a method we still encounter some unsolvable 

problems brought by the imperfection of the artificial 
intelligence technique itself and the limitation of the 
user’s understanding of it.  

The classical mathematical model method has been 
theoretically studied and practically applied for the lat-
est many years. The mathematical model is more likely 
to ensure the qualitative correctness of simulation than 
an intelligent method. It is a good way to combine the 
classical mathematical method and the intelligent 
method together in order to take the advantages and to 
avoid the shortages of both methods[2]. For example, 
the predicted result of the classical mathematical model 
can well fit the experimental data if its empirical coef-
ficients can be adopted by an artificial intelligence 
module. The training task of the artificial intelligence 
module will reduce, and the training speed can be ac-
celerated if the calculated results by the theoretical 
model are used as the initial or prior assumed values for 
the artificial intelligence module. The adjustment proc-
ess of the empirical coefficients in the mathematical 
model can be converted into the training process of the 
artificial intelligence module, and can be executed by 
the computer itself. In this way, less or even no artifi-
cial adjustment is needed in the simulation, and 
self-learning, self-adjusting and self-adapting function 
can be realized. On the other hand, the number of input 
parameters and the dimension of the artificial intelli-
gence module will be decreased since many important 
parameters including configuration parameters are al-
ready included in the mathematical model. Those com-
plicated, empirical and even uncertain factors in the 
theoretical model can be incorporated into the artificial 
intelligence module to simplify the mathematical 
model. 

For the heat exchanger model, ANN can be used to 
make up the deviations between the original model 
prediction and experimental data. Distributed parameter 
models are usually used for highly accurate simulation 
of heat exchangers. But the simulation speed of a dis-
tributed parameter model is slow. In order to raise the 
simulation speed with good accuracy, we can use the 
lumped parameter model first, and then use an ANN to 
make up the difference between the lumped parameter 
model and the distributed parameter model[2,130]. 

For compressor, we can combine a simple mathe-
matical model containing two empirical parameters of 
mass flow coefficient and motor efficiency with an in-
telligent module, and the combined model may provide 
us very high accuracy. These two empirical parameters, 
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which are usually regressed by experimental data, are 
calculated by the intelligent module. The artificial in-
telligence module can be either the ANN[131] or fuzzy 
algorithm[24].  

For capillary tube model, the original nonlinear 
equations can be converted into some integral equations 
by using the ANN to identify some coefficients. The 
simulation can also be sped up by using this 
method[132,133].  

In using the ANN to improve the performance of the 
entire refrigeration system, we should first determine 
the characteristic parameters indicating the important 
performance of the system. These characteristic pa-
rameters may include input power to compressor, con-
densing pressure, evaporating pressure, condensing 
heat, cooling capacity, the refrigerant pressure drop in 
the evaporator, etc. The simulation result of the charac-
teristic parameters can be improved by adjusting the 
empirical parameters in the refrigeration system model, 
such as the compressor volumetric efficiency, motor 
efficiency, heat transfer coefficients, friction coefficient, 
etc. These empirical parameters are named quantitative 
parameters, which will directly influence the quantita-
tive accuracy of the simulation program. The quantita-
tive parameters have already been adjusted in the com-
ponent models. But after all the component models are 
assembled into a system model, the quantitative pa-
rameters still have be adjusted because the characteris-
tics of the components may change in the system.  

The process of identifying and adjusting the quanti-
tative parameters is very complicated. Adjustment of 
one quantitative parameter will lead to a variation of 
calculated results for the entire appliance, so these pa-
rameters can hardly be adjusted step by step by the user. 
A good way is to convert all quantitative parameters 
into a vector and then to optimize this vector in the en-
tire system characteristic space. Considering the com-
plexity of this process, the ANN is recommended when 
the adjusting process. Both direct adjusting method and 
deviation-based adjusting method are available[134]. 

6  Graph theory applications in simulation   
We should developing general and reliable simula-

tion algorithm in order to apply simulation technology 
widely in engineering. But it is difficult to accomplish 
this goal because there are a vast variety of refrigera-
tion systems and its components.  

CYCLE-11 developed by Domanski and McLin-
den[135], Cycle-Tempo developed by Verschoor and Van 

Gerwen[136] are only effective for simple theoretical 
cycle analysis and are still not applicable to practical 
appliances. There are some system simulations based 
on CFD software. For example, TRANSYS is used to 
predict the dynamic performance of supermarket re-
frigerators by Ge et al.[137] and Fluent to predict the 
dynamic performance of household refrigerators by 
Sorensen et al.[138]. But these kinds of CFD software 
are not designed specifically for refrigeration system 
simulation, and the calculation time is very long and 
calculation stability can not be ensured.   

Graph theory can be applied to develop a general 
simulation method. Graph theory is an important 
branch of the algorithm theory, and abstracts a specific 
problem into a graph of nodes and verges. It has been 
applied to many fields, such as electric circuit network, 
fluid network, etc. In the refrigeration theory, refrigera-
tion cycle is a baseline of various actual refrigeration 
systems, and it is usually described by lg p-h diagram 
which is one kind of graph but needs further regulation 
based on graph theory. A heat exchanger can also be 
considered as a kind of fluid network with the confines 
on configuration parameters. Suitable general algorithm 
for heat exchanger can be developed with the help of 
ideas from the application of the graph theory in fluid 
network. 

The following problems should be overcome when 
applying the graph theory to the refrigeration system 
simulation: 

(1) How to convert the problem of solving refrigera-
tion and heat exchanger models into a graph theory 
problem. The uniqueness and reversibility of the con-
version are the keys in this process due to numerous 
information, such as flow direction and process type, is 
included in the converting process. 

(2) How to optimize (or compress) the simulation 
algorithm. The generated simulation algorithm is not 
unique due to the diversity of the graph path. 
Low-efficiency simulation algorithm will lead to huge 
calculation quantity. Thus, optimizing (or compressing) 
the simulation algorithm is necessary to improve the 
application efficiency.  

6.1  Construction of graph-theory-based steady-state 
simulation algorithm for refrigeration system  

Different refrigeration systems have different cycles. 
Rasmussem and Jakobsen[139] presented the cycle-based 
simulation idea. And the system simulation algorithm 
corresponds to the cycle graph.   
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p-h (or T-s) diagram is often used to represent the 
refrigeration cycle. But the refrigerant-flow direction 
must be added to the diagram in order to reflect the 
refrigeration cycle definitely. Using figures to stand for 
the process between every two state points, the entire 
refrigeration cycle will become a directed graph com-
posed by multi nodes. Fig. 2 shows a directed graph for 
a two-stage compression refrigeration cycle.  

 
Fig. 2.  Directed graph for two-stage compression refrigeration cycle. 

 
The cycle in Fig. 2 can be expressed by the follow-

ing matrix in eq. (1), where the information in rows 
refers to the process leaving the connection point, and 
the information in columns refers to the process getting 
to the connection point. If there is no connection in two 
points, then the figure in the position is 0. The figure 1 
in row 1 and column 2 means that there is refrigerant 
flowing from point 1 to 2, and the process type is 1. 
The figure 4 in row 1 and column 9 means that there is 
refrigerant flowing from point 9 to 1, and the process 
type is 4. The meaning of each process-type figure is: 1, 
compression; 2, condensing; 3, throttling; 4, evaporat-
ing; 5, subcooling; 6, superheating; 7, liquid separating; 
8, vapor separating; 9, mixing. 

  (1) 

0 1 0 0 0 0 0 0 0
0 0 9 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 2 0 0 0 0
0 0 0 0 0 3 0 5 0
0 0 0 0 0 0 6 0 0
0 0 9 0 0 0 0 0 0
0 0 0 0 0 0 0 0 3
4 0 0 0 0 0 0 0 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣
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⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

A general expression of the refrigeration system can 
be obtained with the above method based on graph the-

ory[140].  

6.2  Graph-theory-based heat exchanger simulation 
methodology 

A refrigeration system may consist of a lot of heat 
exchangers with different configurations. A practical 
way to describe such a kind of system is to number 
each tube and the refrigerant flow direction within each 
tube.  

The number of heat exchangers can be assigned ac-
cording to the refrigerant flow sequence through each 
heat exchanger or according to its relative position in 
the network. After numbering heat exchangers, the 
tubes in each heat exchanger should be numbered. The 
number designation for the tubes starts from the lowest 
column of the front face row of the No. 1 heat ex-
changer (HX-1), and then the tubes are denoted one by 
one from bottom to top by  #1, #2, … till the last row 
of this heat exchanger. The numbering of the tubes in 
No. 2 to No. n heat exchangers is the same as that for 
the No.1 heat exchanger, but the number should be in-
creased one by one based on the largest number of the 
former one.  

There are two kinds of position arrangement of heat 
exchangers. One is a parallel arrangement. The inlet air 
parameters do not affect each other in this case. The 
other is an overlap arrangement. In this case, inlet air 
parameters of the front row(s) will influence those of 
the rear row, and the outlet air-side parameters of the 
front row are used as the inlet parameters to the rear 
row. 

In order to correctly describe the refrigerant circuits 
and the relationships among heat exchangers in the re-
frigeration system, directed graph and adjacent matrix 
in graph theory are applied. This kind of method has 
already been used in heat exchanger simulation[25] and 
optimization[141]. 

7  Trend of simulation technology development 
The improvement of computer hardware, the pro-

gress of the fundamental simulation technique, and es-
pecially the increasing demand in the refrigeration in-
dustry have accelerated the application of computer 
simulation technique to the refrigeration and air condi-
tioning field. In order to meet the needs in future, the 
refrigeration simulation technique should be further 
encouraged at least in the following two aspects. 

1) Technologies to assist engineers to feel easy in 
developing or operating simulation software. One of  



 
 

REVIEW 

1924 Chinese Science Bulletin  Vol. 51  No. 16  August  2006 

such technologies is general refrigeration system simu-
lation platform based on graph theory. Another tech-
nique is model-based intelligent simulation technique 
to let the software have self-adaptation function.  

2) Simulation technique for new types of refrigera-
tion systems or components. For example, micro re-
frigeration units are used recently, but the assumptions 
on the model for traditional units are not suitable to it 
and new models are needed. Nanofluids are used in 
refrigeration appliance and new models are also needed 
to represent the refrigeration system using nanofluids. 

Acknowledgements  This work was supported by the Na-
tional Natural Science Foundation of China (Grant No. 
50576053), State Technical Innovation Foundation (No. 
02BK278), Doctoral Subject Foundation, Shanghai Out-
standing Young Scientists Foundation (No. 05QMH1410), 
Fujitsu General Ltd., Haier, Chunlan, etc. A lot of contribu-
tions done by many graduate students and colleagues are 
greatly appreciated. 

References 

1 Ding Guoliang, Zhang Chunlu. Simulation and Optimization of 
Refrigeration and Air Conditioning Appliances. Beijing: Science 
Press, 2001  

2 Ding Guoliang, Zhang Chunlu. Intelligent Simulation of Refrigera-
tion and Air Conditioning Appliances. Beijing: Science Press, 2002 

3 Chen Zhijiu, Que Xiongcai, Ding Guoliang. Thermal Dynamics of 
Refrigeration System. Beijing: Mechanical Industry Press, 1998 

4 Dhar M, Soedel W. Transient analysis of a vapor compression re-
frigeration system. In: Proc XV IIR Cong, Venice, Italy, 1979 

5 Chi J, Didion D. A simulation of the transient performance of a heat 
pump. Int J Refrigeration, 1982, 5(3): 176―184[DOI] 

6 Murphy W E, Goldschmidt V W. Transient response of air condi-
tioners-a qualitative interpretation through a sample case. ASHRAE 
Transactions, 1984, 90(1B): 997―1008 

7 Murphy W E, Goldschmidt V W. Cyclic characteristics of a typical 
residential air conditioner- modeling of start-up transients. 
ASHRAE Transactions, 1985, 91(2): 427―444 

8 Murphy W E, Goldschmidt V W. Cycling characteristics of a resi-
dential air conditioner-modeling of shutdown transients. ASHRAE 
Transactions, 1986, 92(1A): 186―202 

9 MacArthur J W. Transient heat pump behaviour: A theoretical in-
vestigation. Int J Refrigeration, 1984, 7(2): 123―132[DOI] 

10 Rajendran N, Pate M B. A computer model of the startup transients 
in a vapor-compression refrigeration system. In: Proc IIR Conf 
Commissions B2, Purdue, USA, 1986, 1: 201―213 

11 Melo C, Pereira R H. Dynamic behaviour of a vapor compression 
refrigerator: A theoretical and experimental analysis. In: Proc IIR 
Conf Commission B2, Purdue, USA, 1988, 2: 141―149 

12 Janssen M J P, Kuipers L J M, De Wit J A. Theoretical and  
experimental investigation of a dynamic model for small refriger- 

ating systems. In: Proc IIR-Commissions B2-Purdue, USA, 1988, 2: 
245―257 

13 MacArthur J W, Grald E W. Unsteady compressible two-phase flow 
model for predicting cyclic heat pump performance and a com-
parison with experimental data. Int J Refrigeration, 1989, 12(1): 
29―41[DOI] 

14 Sami S M, Duong T N. Dynamic performance of heat pumps using 
refrigerant R134a. ASHRAE Transactions, 1991, 97(2): 41―47 

15 Sami S M, Zhou Y. Numerical prediction of heat pump dynamic 
behavior using ternary non-zaeotropic refrigerant mixtures. Int J 
Energy Research, 1995, 19(1): 19―35 

16 Sami S M, Dahmani A. Numerical prediction of dynamic per-
formance of vapor-compression heat pump using new HFC al-
ternatives to HCFC-22. Applied Thermal Engineering, 1996, 
16(8): 691―705[DOI] 

17 Jung D S, Radermacher R. Performance simulation of single- 

evaporator domestic refrigerators charged with pure and mixed re-
frigerants. Int J Refrigeration, 1991, 14(5): 223―232[DOI] 

18 Domanski P A, McLinden M O. A simplified cycle simulation 
model for the performance rating of refrigerants and refrigerant 
mixtures. Int J Refrigeration, 1992, 15(2): 81―88[DOI] 

19 De Monte F, Laurenti L, Marcotullio F. Performance prediction of a 
vapor compression refrigeration machine with pure and mixed re-
frigerants-experimentally validated. In: Proc 20th Int. Congress f 
Refrigeration, Sydney, 1999. 1595―1602 

20 Zhao P C, Ding G L, Zhang C L, et al. Simulation of a geothermal 
heat pump with non-azeotropic mixture. Applied Thermal Engi-
neering Volume, 2003, 23(12): 1515―1524[DOI] 

21 Diaz G, Sen M, Yang K T, et al. Simulation of heat exchanger per-
formance by artificial neural networks. Int J HVAC&R Research, 
1999, 5(3): 195―208 

22 Pacheco-Vega A, Sen M, Yang K T, et al. Neural network analysis 
of fin-tube refrigerating heat exchanger with limited experimental 
data. Int J Heat Mass Transfer, 2001, 44: 763―770[DOI] 

23 Ding G L, Zhang C L, Liu H. A fast simulation model combining 
with artificial neural networks for fin-and-tube condenser. Heat 
Transfer-Asian Research, 2002, 31(7): 551―557[DOI] 

24 Ding G L, Zhang C L, Zhan T, et al. Compound fuzzy model for 
thermal performance of refrigeration compressors. Chin Sci Bull, 
2000, 45(14): 1319―1322  

25 Liu J, Wei W J, Ding G L, et al. A general steady state mathemati-
cal model for fin-and-tube heat exchanger based on graph theory. 
International Journal of Refrigeration, 2004, 27 (8): 965 ―

973[DOI] 
26 Tian Changqing, Dou Chunpeng, Yang Xinjiang, et al. A mathe-

matical model of variable displacement wobble plate compressor for 
automotive air conditioning system. Applied Thermal Engineering, 
2004, 24(17): 2467―2486[DOI] 

27 Shao Shuangquan, Shi Wenxing, Li Xianting, et al. Performance 
representation of variable-speed compressor for inverter air condi-
tioners based on experimental data. International Journal of 
Refrigeration, 2004, 27(8): 805―815[DOI] 

28 Bolstand M M, Jordan R C. Theory and use of the capillary tube 
expansion device. Refrigerating Engineering, 1948, 56(12): 519―
532 

http://dx.doi.org/10.1016/0140-7007(82)90099-8
http://dx.doi.org/10.1016/0140-7007(84)90025-2
http://dx.doi.org/10.1016/0140-7007(89)90009-1
http://dx.doi.org/10.1016/1359-4311(95)00075-5
http://dx.doi.org/10.1016/0140-7007(91)90007-4
http://dx.doi.org/10.1016/0140-7007(92)90031-O
http://dx.doi.org/10.1016/S1359-4311(03)00102-9
http://dx.doi.org/10.1016/S0017-9310(00)00139-3
http://dx.doi.org/10.1002/htj.10054
http://dx.doi.org/10.1016/j.ijrefrig.2004.06.008
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bTian%2C+Changqing%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bYang%2C+Xinjiang%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/j.applthermaleng.2004.04.011
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bShao%2C+Shuangquan%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bLi%2C+Xianting%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/j.ijrefrig.2004.02.008


 
 

REVIEW 

www.scichina.com   www.springerlink.com 1925 

29 Schulz U W. State of the art: The capillary tube for, and in, vapor 
compression systems. ASHRAE Transactions, 1985, 91(1): 92―
105 

30 Chen Z H, Li R Y, Lin S, et al. A correlation for metastable flow of 
refrigerant 12 through capillary tubes. ASHRAE Transactions, 
1990, 96(1): 550―554 

31 Li R Y, Lin S, Chen Z Y, et al. Metastable flow of R-12 through 
capillary tubes. Int J Refrigeration, 1990, 13(3): 181―186[DOI] 

32 Lin S, Kwok C C K, Li R Y, et al. Local frictional pressure drop 
during vaporization of R12 through capillary tubes. Int J Multi-
phase Flow, 1991, 17(1): 95―102[DOI] 

33 Kuehl S J, Goldschmidt V W. Steady flows of R-22 through capil-
lary tubes: Test data. ASHRAE Transactions, 1990, 96(1): 719―
728 

34 Kuehl S J, Goldschmidt V W. Modeling of steady flows of R-22 
through capillary tubes. ASHRAE Transactions, 1991, 97(1): 
139―148 

35 Sami S M, Poirier B, Dahamani A B. Modeling of capillary tubes 
behavior with HCFC 22 ternary alternative refrigerants. Int J En-
ergy Research, 1998, 22: 843―855[DOI] 

36 Chen D K, Lin S. Underpressure of vaporization of refrigerant 
R-134a through a diabatic capillary tube. Int J Refrigeration, 2001, 
24: 261―271[DOI] 

37 Melo C, Zangari J M, Ferreira R T S, et al. Experimental studies on 
non-adiabatic flow of HFC-134a through capillary tubes. In: Proc 
of the International Refrigeration Conference, Purdue University, 
2000: 305―312 

38 Wijaya H. Adiabatic capillary tube test data for HFC-134a. In: Proc 
of the International Refrigeration Conference, Purdue University, 
1992, (1): 63―71 

39 Wong T N, Ooi K T. Evaluation of capillary tube performance for 
CFC-12 and HFC-134a. Int Comm Heat Mass Transfer, 1996, 
23(7): 993―1001[DOI] 

40 Melo C, Boabaid-Neto C, Ferreira R T S. Empirical correlations for 
the modeling of R-134a flow through adiabatic capillary tubes. 
ASHRAE Transactions, 1999, 105(2): 51―59 

41 Hermes C J L, Melo C, Negrao C O R, et al. Dynamic simulation 
of HFC-134a flow through adiabatic and non-adiabatic capillary 
tubes. In: Proc of the International Refrigeration Conference, Pur-
due University, 2000, 295―303 

42 Bittle R R, Stephenson W R, Pate M B. An experimental evaluation 
of capillary tube-suction line heat exchanger performance with 
R-152a. ASHRAE Transactions, 1995, 101(1): 124―135 

43 Fiorelli F A S, Peixoto R A, Paiva M A S, et al. Analysis of R-410A 
and R-407C flow through capillary tubes using a separated flow 
model. In: Proc 20th Int Conf Refrigeration, Sydney, 1999, 1463―
1470 

44 Wei C Z, Lin Y T, Wang C C, et al. Experimental study of the per-
formance of capillary tubes for R-407C refrigerant. ASHRAE 
Transactions, 1999, 105(2): 634―638 

45 Chang S D, Ro S T. Experimental and numerical studies on adia-
batic flow of HFC mixtures in capillary tubes. In: Int Refrigeration 
Conference, Purdue, 1996: 83―88 

46 Jung D, Park C, Park B. Capillary tube selection for HCFC22 al-
ternatives. Int J Refrigeration, 1999, 22(8): 604―614[DOI] 

47 Chen S L, Liu C H, Jwo C S. On the development of rating correla-
tions for R134a flowing through adiabatic capillary tubes. 
ASHRAE Transactions, 1999, 105(2): 75―86 

48 Bittle R R, Pate M B. A theoretical model for predicting adiabatic 
capillary tube performance with alternative refrigerants. ASHRAE 
Transactions, 1996, 102(2): 52―64 

49 Mikol E P. Adiabatic single and two-phase flow in small bore tubes. 
ASHRAE Journal, 1963, 5(11): 75―86 

50 Wong T N, Ooi K T. Adiabatic capillary tube expansion device: A 
comparison of the homogeneous flow and the separated flow mod-
els. Applied Thermal Engineering, 1996, 16(7): 625―634[DOI] 

51 Bansal P K, Rupasinghe A S. An homogeneous model for adiabatic 
capillary tubes. Applied Thermal Engineering, 1998, 18(3-4): 
207―219[DOI] 

52 Liang S M, Wong T N. Numerical modeling of two-phase refriger-
ant flow through adiabatic capillary tubes. Applied Thermal Engi-
neering, 2001, 21: 1035―1048[DOI] 

53 Wongwises S, Pirompak W. Flow characteristics of pure refriger-
ants and refrigerant mixtures in adiabatic capillary tubes. Applied 
Thermal Engineering, 2001, 21: 845―861[DOI] 

54 Wongwises S, Songnetichaovalit T, Lokathada N, et al. Comparison 
of the flow characteristics of refrigerants flowing through adiabatic 
capillary tubes. Int Communications Heat Mass Transfer, 2000, 
27(5): 611―621[DOI] 

55 Bittle R R, Wolf D A, Pate M B. A generalized performance predic-
tion method for adiabatic capillary tubes. Int J HVAC&R Research, 
1998, 4(1): 27―43 

56 Melo C, Ferreira R T S, Neto C B, et al. An experimental analysis 
of adiabatic capillary tubes. Applied Thermal Engineering, 1999, 
19(6): 669―684[DOI] 

57 Chen S L, Liu C H, Cheng C S, et al. Simulation of refrigerants 
flowing through adiabatic capillary tubes. Int J HVAC&R Research, 
2000, 6(2): 101―115 

58 Liu Y, Bullard C W. Diabatic flow instabilities in capillary 
tube-suction line heat exchangers. ASHRAE Transactions, 2000, 
106(1): 517―523 

59 Pate M B, Tree D R. A linear quality model for capillary 
tube-suction line heat exchanger. ASHRAE Transactions, 1984, 
90(2): 3―17 

60 Pate M B, Tree D R. An analysis of pressure and temperature 
measurements along a capillary tube-suction line heat exchanger. 
ASHRAE Transactions, 1984, 90(2): 291―301 

61 Bittle R R, Stephenson W R, Pate M B. An evaluation of the 
ASHRAE method for predicting capillary tube-suction line heat 
exchanger performance. ASHRAE Transactions, 1995, 101(2): 
434―442 

62 Negrao C O R, Melo C. Shortcomings of the numerical modeling 
of capillary tube-suction line heat exchangers. In: Proc 20th Int 
Conf Refrigeration, Sydney, 1999, 663―669 

63 Kuijpers L J M, Janssen M J P. Influence of thermal 
non-equilibrium on capillary tube mass flow. In: Proc XIVth Int 
Cong Refrig, Paris, 1983, B2(2): 307―315 

64 Li R Y, Lin S, Chen Z H. Numerical modeling of thermodynamic 
non-equilibrium flow of refrigerant through capillary tubes. 
ASHRAE Transactions, 1990, 96(1): 542―549 

65 Meyer J J, Dunn W E. New insights into the behavior of the me-

http://dx.doi.org/10.1016/0140-7007(90)90073-6
http://dx.doi.org/10.1016/0301-9322(91)90072-B
http://dx.doi.org/10.1002/(SICI)1099-114X(199807)22:9%3C843::AID-ER406%3E3.0.CO;2-4
http://dx.doi.org/10.1016/S0140-7007(00)00019-0
http://dx.doi.org/10.1016/0735-1933(96)00081-4
http://dx.doi.org/10.1016/S0140-7007(99)00027-4
http://dx.doi.org/10.1016/1359-4311(95)00061-5
http://dx.doi.org/10.1016/S1359-4311(97)00016-1
http://dx.doi.org/10.1016/S1359-4311(00)00097-1
http://dx.doi.org/10.1016/S1359-4311(00)00090-9
http://dx.doi.org/10.1016/S0735-1933(00)00143-3
http://dx.doi.org/10.1016/S1359-4311(98)00062-3


 
 

REVIEW 

1926 Chinese Science Bulletin  Vol. 51  No. 16  August  2006 

tastable region of an operating capillary tube. Int J HVAC&R Re-
search, 1998, 4(1): 105―115 

66 Garcia-Valladares O, Perez-Segarra C D, Oliva A. Numerical 
simulation of capillary tube expansion devices behavior with pure 
and mixed refrigerants considering metastable region (I): Mathe-
matical formulation and numerical model. Applied Thermal Engi-
neering, 2002, 22: 173―182[DOI] 

67 Garcia-Valladares O, Perez-Segarra C D, Oliva A. Numerical 
simulation of capillary tube expansion devices behavior with pure 
and mixed refrigerants considering metastable region II): Experi-
mental validation and parametric studies. Applied Thermal Engi-
neering, 2002, 22: 379―391[DOI] 

68 Escanes F, Perez-Segarra C D , Oliva A. Numerical simulation of 
capillary-tube expansion devices. Int J Refrigeration, 1995, 18(2): 
113―122[DOI] 

69 Sami S M, Tribes C. Numerical prediction of capillary tube behav-
ior with pure and binary alternative refrigerants. Applied Thermal 
Engineering, 1998, 18(6): 491―502[DOI] 

70 Chung M. A numerical procedure for simulation of Fanno flows of 
refrigerants of refrigerant mixtures in capillary tubes. ASHRAE 
Transactions, 1998, 104(2): 1031―1042 

71 Wongwises S, Chan P, Luesuwanatat N, et al. Two-phase separated 
flow model of refrigerants flowing through capillary tubes. Int 
Communications Heat Mass Transfer, 2000, 27(3): 343―356 

72 Cao Xionglin. Mechanism of refrigerant with oil flowing through 
capillary tube (in Chinese). Ph.D. Dissertation. Xi’an: Xi’an 
Jiaotong University, 1999 

73 Bansal P K, Rupasinghe A S. An empirical model for sizing capil-
lary tubes. Int J Refrigeration, 1996, 19(8): 497―505[DOI] 

74 Yilmaz T, Ünal S. General equation for the design of capillary 
tubes. ASME Transactions of Fluids Engineering, 1996, 118(3): 
150―154 

75 Ding G L, Zhang C L, Li H, et al. An approximate analytic model 
for flow through capillary tubes. Chin Sci Bull, 1999, 44(7): 668―
670 

76 Zhang C L, Ding G L. Modified general equation for the design of 
capillary tubes. ASME Journal of Fluids Engineering, 2001, 123(4): 
914―919[DOI] 

77 Zhang C L, Ding G L. Approximate analytic solutions of adiabatic 
capillary tube. International Journal of Refrigeration, 2004, 27(1): 
17―24[DOI] 

78 Zhang Chunlu, Ding Guoliang. Series flow characteristics through 
two adiabatic capillary tubes. Journal of Shanghai Jiao Ttong Uni-
versity (in Chinese), 2001, 35(8): 1178―1181 

79 Zhang Chunlu, Ding Guoliang. Equivalent method for parallel cap-
illary tubes. Chinese Journal of Mechanical Engineering (in Chi-
nese), 2002, 38(3): 43―45 

80 Kays W M, London A L. Compact Heat Exchangers. 3rd Ed. New 
York: McGraw Hill, 1984 

81 Aprea C, Mastrullo R, Renno C. Numerical and experimental 
analysis of an air cooled evaporator. In: Proc 20th Int Conf Refrig, 
Sydney, 1999, 2416―2423 

82 Bensafi A, Borg S, Parent D. CYRANO: A computational model 
for the detailed design of plate-fin-and-tube heat exchangers using 
pure and mixed refrigerants. Int J Refrigeration, 1997, 20(3): 218―

228 
83 Rhodes N, Else K. Predicting the performance of water and air 

cooled condensers. Int J Pressure Vessels and Piping, 1996, 66(1-3): 
99―112[DOI] 

84 Martins-Costa M L, Parise J A R. Three zone simulation model for 
air-cooled condensers. Heat Recovery Systems & CHP, 1993, 13(2): 
97―113[DOI] 

85 Ge Y T, Cropper R. Performance evaluations of air-cooled con-
densers using pure and mixture refrigerants by four-section lumped 
modelling methods. Applied Thermal Engineering, 2005, 25(10): 
1549―1564[DOI] 

86 He X D, Liu S, Asada H. Modeling of vapor compression cycles 
for advanced controls in HVAC systems. In: Proc American Con-
trol Conf, Seattle, 1995, 3664―3668 

87 Willatzen M, Pettit N B O L, Ploug-Sorensen L. A general dynamic 
simulation model for evaporators and condensers in refrigeration, 
Part I: moving-boundary formulation of two-phase flows with heat 
exchange. Int J Refrigeration, 1998, 21(5): 398―403[DOI] 

88 Pettit N B O L, Willatzen M, Ploug-Sorensen L. A general dynamic 
simulation model for evaporators and condensers in refrigeration 
(II): Simulation and control of an evaporator. Int J Refrigeration, 
1998, 21(5): 404―414[DOI] 

89 Ataer O E, Ileri A, Gogiis Y. Transient behavior of finned-tube 
cross-flow heat exchangers. Int J Refrigeration, 1995, 18(1): 153―
160[DOI] 

90 Jia X, Tso C P, Chia P K, et al. A distributed model for prediction of 
the transient response of an evaporator. Int J Refrigeration, 1995, 
18(5): 336―342[DOI] 

91 Jia X, Tso C P, Jolly P G, et al. Distributed steady and dynamic 
modelling of dry-expansion evaporators. Int J Refrigeration, 1999, 
22(2): 107―125[DOI] 

92 Zijie W, Krauss G. Dynamic models of heating and cooling coils 
with one-dimensional air distribution. J Thermal Science, 1993, 
2(2): 126―134 

93 Jakobsen E, Antonius J, Knudsen H J H. Experimental evaluation 
of the use of homogeneous and slip-flow two-phase dynamic mod-
els in evaporator modeling. In: Proc 20th Int Conf Refrigeration, 
Sydney, 1999, 762―768 

94 Shah R, Alleyne A G, Bullard C W, Dynamic modeling and control 
of multi-evaporator air-conditioning systems. ASHRAE Transac-
tions, 110(PART 1), 2004, 109―119 

95 Ding G L, Zhang C L, Li H, et al. Fast dynamic simulation of a 
split unit domestic air conditioner. In: International Conference of 
Cryogenics and Refrigeration, Hongzhou, China, 1998, 282―285 

96 Wang H, Touber S. Distributed and non-steady-state modelling of 
an air cooler. Int J Refrigeration, 1991, 14(2): 98―111[DOI] 

97 Ataer O E, Ileri A, Gogiis Y. Transient behavior of finned-tube 
cross-flow heat exchangers. Int J Refrigeration, 1995, 18(1): 153―
160[DOI] 

98 Jia X, Tso C P, Chia P K, et al. A distributed model for prediction of 
the transient response of an evaporator. Int J Refrigeration, 1995, 
18(5): 336―342[DOI] 

99 Jia X, Tso C P, Jolly P G, et al. Distributed steady and dynamic 
modelling of dry-expansion evaporators. Int J Refrigeration, 1999, 
22(2): 107―125[DOI] 

http://dx.doi.org/10.1016/S1359-4311(01)00074-6
http://dx.doi.org/10.1016/S1359-4311(01)00097-7
http://dx.doi.org/10.1016/S1359-4311(97)00048-3
http://dx.doi.org/10.1016/S0140-7007(96)00044-8
http://dx.doi.org/10.1115/1.1411970
http://dx.doi.org/10.1016/S0140-7007(03)00117-8
http://dx.doi.org/10.1016/0308-0161(95)00087-9
http://dx.doi.org/10.1016/0890-4332(93)90029-U
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bGe%2C+Y.T.%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bCropper%2C+R.%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/j.applthermaleng.2004.10.001
http://dx.doi.org/10.1016/S0140-7007(97)00091-1
http://dx.doi.org/10.1016/S0140-7007(97)00092-3
http://dx.doi.org/10.1016/0140-7007(94)00002-F
http://dx.doi.org/10.1016/0140-7007(95)00015-4
http://dx.doi.org/10.1016/S0140-7007(98)00045-0
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bShah%2C+Rajat%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bAlleyne%2C+Andrew+G.%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/0140-7007(91)90082-R
http://dx.doi.org/10.1016/0140-7007(94)00002-F
http://dx.doi.org/10.1016/0140-7007(95)00015-4
http://dx.doi.org/10.1016/S0140-7007(98)00045-0


 
 

REVIEW 

www.scichina.com   www.springerlink.com 1927 

100 Zijie W, Krauss G. Dynamic models of heating and cooling coils 
with one-dimensional air distribution. J Thermal Science, 1993, 
2(2): 126―134 

101 Ding Guoliang, Chen Zhijiu. A study on thermal insulation layer of 
refrigeration set. Journal of Chinese Association of Refrigeration 
(in Chinese), 1990, (2): 9―13 

102 Stephenson D G, Mitalas G P. Cooling load calculation by thermal 
response factors. ASHRAE Transactions, 1967, 73(III.1): 1―7 

103 Stephenson D G, Mitalas G P. Calculation of heat conduction 
transfer functions for multi-layer slabs. ASHRAE Transactions, 
1971, 77(2): 117―126 

104 Haghighat F, Liang H. Determination of transient heat conduction 
through building envelopes―― A review. ASHRAE Transactions, 
1992, 98(1): 284―290 

105 Hittle D C, Bishop R. An improved root-finding procedure for use 
in calculating transient heat flow through multilayered slabs. Int J 
Heat Mass Transfer, 1983, 26: 1685―1693 

106 Ouyang K, Haghighat F. A procedure for calculating thermal re-
sponse factors of multi-layer walls―― state space method. Building 
and Environment, 1991, 26(2): 173―177 

107 Davies M G. Wall parameters by time domain methods (I): Re-
sponse factors. Building Serv Eng Res Technol, 1995, 16(3): 153―
157 

108 Davies M G. Wall parameters by time domain methods (II): The 
conduction transfer coefficients a, b, c and d. Building Serv Eng 
Res Technol, 1995, 16(3): 159―164 

109 ASHRAE. ASHRAE Handbook―― Fundamentals. Atlanta: Ameri-
can Society of Heating, Refrigerating and Air-Conditioning Engi-
neers, Inc., 1993 

110 Ding Guoliang, Zhang Chunlu, Chen Zhijiu. State space recon-
struction of classic methods in air-conditioning dynamic load cal-
culation. Chin Sci Bull, 1996, 41(21): 1843―1846 

111 Ding Guoliang, Zhang Chunlu, Li Hao. Composition of the thermal 
response factor and z-transfer function coefficient for calculating 
room temperature. HVAC (in Chinese), 1999, 29(5): 67―68 

112 Seem J E, Klein S A, Beckman W A, et al. Model reduction of 
transfer functions using a dominant root method. ASME Journal of 
Heat Transfer, 1990, 112: 547―554 

113 Zhang Chunlu, Shen Yugang, Ding Guoliang. Transfer function 
model of transient heat conduction through an envelope. Journal of 
University of Shanghai for Science and Technology (in Chinese), 
2001, 23(3): 260―262 

114 Shen Yugang, Zhang Chunlu, Ding Guoliang. System identification 
method for composition of z-transfer function of building envelope. 
Journal of HV&AC (in Chinese), 2002, 32(2): 85―88 

115 Zhang Chunlu, Ding Guoliang, Chen Zhijiu, Relations between 
different time steps of TRFs or ZTRCs in air-conditioning loads 
calculation. Journal of Shanghai Jiao Tong University (in Chinese), 
1997, 31(9): 10―12 

116 Zhang Chunlu, Ding Guoliang, Chen Zhijiu. Air-conditioning load 
calculation with variable time steps. Journal of Shanghai Jiao Tong 
University (in Chinese), 1999, 33(3): 51―254 

117 Zhang C L, Ding G L. A novel thermal response factor method for 
dynamic load calculation of buildings. Journal of Asian Architec-
ture and Building Engineering, 2002, 1(1): 75―79 

118 http://www2.bfrl.nist.gov/software/evap-cond/ 
119 Martin-Dominguez I R, McDonald T W. Correlations for some 

saturated thermodynamic and transport properties of refrigerant 
R-22. ASHRAE Transactions, 1993, 99(1): 344―348 

120 Zhang Shaozhi, Wang Jianfeng, Chen Guangmin. Regression of 
thermodynamical properties of two-phase zeotropic working fluids. 
Fluid Machinery, 2000, 28(1): 59―61 

121 Cleland A C. Computer subroutines for rapid evaluation of refrig-
erant thermodynamic properties. Int J Refrig, 1986, 9(8): 346―
351[DOI] 

122 Cleland A C. Polynomial curve-fits for refrigerant thermodynamic 
properties: Extension to include R134a. Int J Refrig, 1994, 17(4): 
245―249[DOI] 

123 Ding Gouliang, Wu Zhigang, Liu Jian, et al. An implicit 
curve-fitting method for fast calculation of thermal properties of 
pure and mixed refrigerants. International Journal of Refrigeration, 
2005, 28(6): 921―932[DOI] 

124 Herbas T B, Berlinck E C, Urin C A T, et al. Steady-state simulation 
of vapor-compression heat pumps. Int J Energy Research, 1993, 
17(9): 801―816 

125 Ding Guoliang, Zhang Chunlu, Lu Zhili. Dynamic simulation of 
natural convection bypass two-circuit cycle refrigerator–freezer and 
its application (I): Component models. Applied Thermal Engineer-
ing, 2004, 24(10): 1513―1524[DOI] 

126 Lu Zhili, Ding Guoliang, Zhang Chunlu. Dynamic simulation of 
natural convection bypass two-circuit cycle refrigerator–freezer and 
its application (II): Sys+----tem simulation and application. Ap-
plied Thermal Engineering, 2004, 24(10): 1525―1533[DOI] 

127 Harms T M, Braun J E, Groll E A. The impact of modeling com-
plexity and two-phase flow parameters on the accuracy of system 
modeling for unitary air conditioners. Source: HVAC and R Re-
search, 2004, 10(1): 5―20 

128 Swider D J, Browne M W, Bansal P K, et al. Modelling of va-
por-compression liquid chillers with neural networks. Applied 
Thermal Engineering, 2001, 21: 311―329[DOI] 

129 Bechtler H, Browne M W, Bansal P K, et al. New approach to dy-
namic modelling of vapour-compression liquid chillers-artificial 
neural networks. Applied Thermal Engineering, 2001, 21: 942―953 

130 Ding Guoliang, Zhang Chunlu, Zhan Tao. An approximate integral 
model with an artificial neural network for heat exchangers. Heat 
Transfer-Asia Research, 2004, 33(3): 153―160[DOI] 

131 Ding Guoliang, Li Hao, Zhang Chunlu. Study on thermodynamic 
model of a compressor with artificial neural networks. Chinese 
Journal of Mechanical Engineering, 1999, 12(1): 23―26 

132 Ding Guoliang, Zhang Chunlu, Liu Hao. Fast simulation method 
for adiabatic capillary tubes based on model and artificial neural 
network. Journal of Engineering Thermophysics (in Chinese), 2000, 
21(2): 134―137 

133 Liu Hao, Zhang Chunlu, Ding Guoliang. General simple model for 
adiabatic capillary tubes based on the identification of average spe-
cific volume using artificial neural network. Journal of Shanghai 
Jiao Tong University (in Chinese), 2000, 34(4): 491―494  

134 Ding Guoliang, Zhang Chunlu, Li Hao. Artificial neural networks 

http://dx.doi.org/10.1016/0140-7007(86)90006-X
http://dx.doi.org/10.1016/0140-7007(94)90040-X
http://dx.doi.org/10.1016/j.ijrefrig.2005.01.014
http://dx.doi.org/10.1016/j.applthermaleng.2003.12.009
http://dx.doi.org/10.1016/j.applthermaleng.2003.12.010
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bBraun%2C+James+E.%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bGroll%2C+Eckhard+A.%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/S1359-4311(00)00036-3
http://dx.doi.org/10.1002/htj.20006


 
 

REVIEW 

1928 Chinese Science Bulletin  Vol. 51  No. 16  August  2006 

identification of quantitative coefficients in refrigeration system 
simulation. Journal of Shanghai Jiao Tong University (in Chinese), 
1999, 33(8): 939―941 

135 Domanski P A, McLinden M O. A simplified cycle simulation 
model for the performance rating of refrigerants and refrigerant 
mixtures. Int J Refrig, 1992(15): 81―88 

136 Verschoor M J E, Van Gerwen R J M. Modeling refrigeration and 
heat pump systems with software for power cyckes. In: 20th Inter-
national Congress of Refrigeration, IIR/IIF, Sydney, Australia, 1999. 
2635―2642 

137 Ge Y T, Tassou S A, Chan K Y. Dynamic simulation of 
multi-compressor supermarket refrigeration systems. In: 20th In-
ternational Congress of Refrigeration, IIR/IIF, Sydney, Australia, 
1999. 799―806 

138 Sorensen L P, Fredsted J P, Willatzen M. Improvements in the 

modeling and simulation of refrigeration systems: Aerospace tools 
applied to a domestic refrigerator [J]. HVAC&R Research, 1997, 
(3): 387―403 

139 Rasmussem B D, Jakobsen A. Simulation model structure numeri-
cally robust to changes in magnitude and combination of input and 
output variables. In: 20th international congress of refrigeration, 
IIR/IIF. Sydney, Australia, 2000. 1781―1788 

140 Liang Zhenqian, Zhang Chunlu, Ding Guoliang. Construction of 
system algorithm for steady-state simulation of refrigeration plants 
based on graph theory. Journal of System Simulation, 15(12): 
1759―1762 

141 Domanski P A,Yashar D, Kim M. Performance of a finned-tube 
evaporator optimized for different refrigerants and its effect on 
system efficiency. International Journal of Refrigeration, 2005, 
28(6): 820―827[DOI] 

 

http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bYashar%2C+David%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bKim%2C+Minsung%7d&section1=AU&database=1&startYear=1969&endYear=2006&yearselect=yearrange&sort=yr
http://dx.doi.org/10.1016/j.ijrefrig.2005.02.003

	Simulation technology for  refrigeration and air  conditioning appliances 
	DING Guoliang 
	1  Mathematical model for main components of refrigeration system 
	2  Models for envelop structure 
	3  Fast calculation method for refrigerant thermal properties 
	4  System model and algorithm  
	5  Model-based intelligent simulation methodology  
	6  Graph theory applications in simulation   
	7  Trend of simulation technology development 



