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ABSTRACT 
 

Due to the movement of orbiting scroll and leakage in scroll compressor chambers, the unsteady flow has significant 

influence on compression process. It's necessary to takes account of both flow and thermodynamics process in 

analysis of compression. This paper has carried out a numerical simulation of the whole compression process in 

scroll compressor, involving suction, compression and discharge process. By solving mass, momentum and energy 

equations of the refrigerant, the velocity, pressure and temperature distribution in all compression chambers 

throughout the entire compression cycle has been obtained, which takes account of all the influence of flow and 

thermodynamics process. The field quantities have shown nonuniform distribution in every compression chamber, 

and leakage between different chambers is obvious. Further, the overall parameters, such as mass flow rate and 

compression power consumption, have been calculated from the field quantities. The general comparisons between 

numerical and experimental results show a reasonable good agreement. The research is useful for the optimal design 

of the compressor geometric structure.  

 
1. INTRODUCTION 

 

Energy-saving and environment protection becomes the most serious problem in recent days. The scroll compressor, 

as a positive displacement machine with high efficiency and less noise, is very popular and widely used in air-

conditioning and refrigeration industry. With the increasing need of developing more efficient and reliable scroll 

compressor, it requires more effort to study the details of scroll compressor. 

  

In scroll compressor, several crescent-shaped chambers have been isolated by delicate designed orbiting scroll wrap 

and fixed scroll wrap. With the movement of orbiting scroll, the compression chamber from outside of the scroll is 

gradually squeezed towards discharge chamber and the refrigerant is compressed. During the compression process, 

the flow field in working chamber continues to move and deform, which shouldn’t be neglected in most situation of 

analysis. But the compression process is so complex that it still poses a great challenge for numerical simulation of 

the unsteady, three-dimensional, compressible flow in a scroll compressor. To simplify the problem, the flow and 

heat transfer could be computed using one-dimensional flow models with various empirical correlations (Chen,2002 

and Winandy,2002). However, these empirical correlations are usually not suitable well for different structure and 

operating condition, and one-dimensional flow models only focus on the averaged quantities in working chamber. 

The details of flow and heat transfer can not be presented, and also it is difficult to carry out the further analysis, 

such as force and thermal deformation.   

 

In this paper, a numerical simulation has been developed to study the whole compression process in scroll 

compressor. The real movement and shape deformation of the working chamber has been realized with the moving 

mesh method provided by commercial CFD software. This research is expected to provide a description and analysis 

of field quantities within the scroll compressor, which could be useful for the further optimal design of the 

compressor geometric structure. 
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2. PHYSICAL MODEL OF SCROLL COMPRESSOR 
 

Figure 1 shows the configuration of the scroll compressor. The refrigerant flows into the compressor through the 

suction port. And then, with the movement of orbiting scroll which is driven by the crank shaft, the refrigerant is 

compressed. After the compression process is over, the refrigerant is discharged into compressor shell through the 

discharge port of the fixed scroll. The compression process is demonstrated in Figure 2. From outer periphery to 

center, there are three pairs of chamber, the suction, first, second gas chamber and one discharge chamber. It takes 

two orbiting cycles from the gas pockets finishing suction to the refrigerant discharged. The starting step 0° is 

defined as the moment when the outermost chambers are sealed off. As refrigerant moves towards the center, the 

compression chambers continue deforming and moving, and the trapped gas is compressed. The discharge step 

begins at about 482°, while the compression chambers reach the center of the scrolls and the tip of orbiting scroll is 

unable to cover the discharge port of the fixed scroll. The discharge process will continue to next cycle. The main 

geometric and operating parameters of the scroll compressor studied in this paper are presented in Table 1. 

 

 
Figure 1: Geometry of scroll compressor 

 

 
Figure 2: Compression process 



 

 1200, Page 3 
 

22nd International Compressor Engineering Conference at Purdue, July 14-17, 2014 

 

Table 1: Main parameters of scroll compressor 

parameter Value 

Displacement volume [cm³] 55 

Wrap thickness [mm]  4 

Wrap Height[mm] 27.3 

Nominal speed [rpm]  3600.0 

Refrigerant  R410a 

Evaporating temperature [ºC]  7.2 

Condensing Temperature [ºC]  54.4 

Suction Temperature [ºC]  18.3 

 

 

3. NUMERICAL SIMULATION PROCRDURE 
 

When the refrigerant flows into the working chamber, it shows strong transient phenomena with the scroll orbiting. 

The pressure, density and temperature of the refrigerant significant change as the volume of working chamber 

decreases. The governing equations are time dependant and involving mass, momentum and energy conservation 

equations. The mass and momentum equations for transient compressible fluid flows, as known as the Navier-

Stokes equations, can be expressed in Cartesian tensor notation (Warsi, 1981): 
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Heat transfer is solved through the following general form of the enthalpy conservation equation (Jones, 1980): 
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The standard k-ε model is used to solve the turbulent flow. Transport equations for turbulence kinetic energy and 

dissipation rate are as follows (El Tahry, 1983) 

 

     
NLt

i

i

i

i
t

ith

i

j

i
ijt

jk

t
j

j

P
x

u
k

x

u

x

pg

x

u
s

x

k
ku

xt

k





























































































3

21

,

                                 (4) 

   
NLt

i

i
Bt

i

i

i

i
tt

j

t
j

j

P
k

C
x

u
C

k
CP

k
C

x

u
k

x

u
P

k
C

x
u

xt























14

2

231
3

2





































































   (5) 

 

The computational domain includes the suction port, working chambers and discharge port. A Structured mesh is 

generated for the flow field, and the total mesh has about 300,000 hexahedral elements. A moving mesh method is 

used to regenerate the mesh for the domain involving scrolls at every time step. In computational model, the axial 

clearance of scroll is neglected, but the radial clearance is reserved. And the flow field is only occupied by 

refrigerant, without lubricating oil considered. 

 

The pressure boundary condition is applied on inlet and outlet, which is equal to 0.997MPa (evaporating 

temperature 7.2 ºC) and 3.36MPa (condensing temperature 54.4ºC) respectively. The inlet has constant suction 

temperature of 18.3 ºC. The scroll wrap is considered as smooth no-slip and adiabatic wall. The varying velocity 

boundary is imposed on orbiting scroll wrap, according to the rotational speed of the crank shaft.  
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Governing equations are dispersed using finite volume method (FVM) and algebraic equations are solved by PISO 

algorithm. The solution is considered as convergence when normalized absolute residual sum over all cells in the 

computational domain is reduced to 10−3 and 10−2 for pressure and other variables at every time step, respectively. 

The thermodynamic and transport properties of R410A are calculated by REFPROP 9.0 which is developed by 

National Institute of Standards and Technology (NIST, USA). 

 
Figure 3: Mesh for computational domain 

 

4. RESULTS VALIDATION AND DISCUSSIONS 
 

4.1 Results validation 
An experiment test has been carried out under the operating condition shown in Table 1. The numerical and 

experiment results about mass flow rate and isentropic efficiency have been compared to validate the numerical 

simulation. The isentropic efficiency ηi can be defined as follow 
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Where Wis is isentropic compression power, Wcp is actual compression power, hin is specific enthalpy of inlet, hdis,is 

is isentropic specific enthalpy of discharge gas, hdis,act is actual specific enthalpy of discharge gas. In numerical 

simulation, the compression power Wcp is directly obtained from the work that is done by gas pressure on the 

orbiting scroll. 

   

Figure 4 shows the compared results while the scroll compressor running at different rotational speed. The 

numerical results of mass flow rate are slightly higher than experiment, and the most deviation is lower than 3.2%. 

The differences between numerical and experiment results about isentropic efficiency are less than 3.5%, as shown 

in Figure 4(b).  

 

 
Figure 4: Comparison of experiment and simulation: (a) mass flow rate, (b) isentropic efficiency 
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4.2 Flow characteristic in working chambers 
Figure 5 shows the overall characteristics of the flow field. Although each pair of working chamber presents a 

general symmetric flow, the slightly difference still could be found in some parts of the flow field. The leakage is 

significant in compression chamber and the pressure difference causes gas flow into downstream chamber while 

other gas flow from upstream chamber. From outer to the center of scroll wrap, the pressure and temperature 

increase gradually. 

 

 
Figure 5: Overall characteristic of the flow field: (a) velocity, (b) pressure, (c) temperature 

 

The velocity, pressure and temperature distribution in one working chamber from initial step θ=0° to step θ=360° are 

shown in Figure 6-8. With the movement of the working chamber, the refrigerant flows from outer corner to inner 

corner of the crescent chamber and the velocity finally decreases meanwhile. Also, the leakage flow is found in both 

corners of the chamber, and it seems more significant as the chamber is approaching the center of involute.  

 

The movement of scroll wrap and the leakage between chambers have important influence on the flow filed. The 

pressure and temperature along chamber both show nonuniform distribution. It should been noted that the pressure 

of the chamber at initial step θ=0° is actually higher than suction pressure, which means the refrigerant is already 

slightly compressed before the compression step starts due to the orbiting of scroll. And this feature of pre-

compression results a slightly higher volumetric efficiency than theoretical analysis could be found in scroll 

compressor if the leakage is small enough to be neglected. As shown in Figure 8, the leakage has significant 

influence on temperature distribution, and it conduces to more nonuniform phenomenon than pressure distribution, 

especially at the tip of chamber.  

 

 
Figure 6: Velocity of the working chamber 
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Figure 7: Pressure of the working chamber 

 
Figure 8: Temperature of the working chamber 

 

4.3 Gas forces on orbiting scroll 
Several forces and moment are acting on orbiting scroll during the compression. As seen in Figure 9, the gas forces 

mainly consist of axial, radial and tangential force. The horizontal forces, including radial and tangential force, 

cause the overturning moment. These forces have a very important influence on the friction loss and the reliability of 

the scroll compressor. The overturning moment raises a trend of tipping the orbiting scroll and increases the 

clearance between scrolls, which could result in more friction and leakage loss in scroll compressor.  

 

 
Figure 9: Illustration of gas forces on orbiting scroll 
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Figure 10 shows the forces and overturning moment curves acting on orbiting scroll in two orbiting cycles. 

Obviously, all curves periodically change with the rotation of crank shaft. The axial and tangential force first 

increase as the compression process continues, and they reach the peak at about θ=210° in every orbiting cycle. The 

under-compression process actually occurs in compressor at current operating conditions. It means the pressure of 

second compression chamber is lower than discharge pressure when compression step is ending, and after that the 

second compression chamber is merged into discharge chamber. Thus, the compression still continues until 

discharge chamber achieves terminal pressure at the beginning of discharge step. Once discharge chamber reaches 

the final pressure, as discharge process continues, the axial and tangential force begins to decrease. Also, as is seen, 

the tangential and radial force fluctuates rapidly, whereas the axial force is more like a smooth curve. In traditional 

analysis, uniform pressure distribution is assumed in compression chamber. The tangential and radial force need 

only consider the gas pressure acting on some parts of scroll as shown in Figure 9, while the pressure of rest parts 

can be eliminated with each other. However, pressure distribution has significant difference in the compression 

chamber, as discussed above. As the orbiting scroll moves, the variety of pressure distribution causes the fluctuation 

of tangential and radial force. The overturning moment basically depends on tangential force, which has the similar 

feature with tangential force as seen in Figure 10(b). 

 

 
Figure 10: Gas forces and moment: (a) axial, radial and tangential force, (b) overturning moment 

 

 

5. CONCLUSION 
 

A numerical simulation has been developed to study the unsteady three-dimensional compressible flow in scroll 

compressor. By solving mass, momentum and energy equations of the refrigerant, the velocity, pressure and 

temperature distribution in all compression chambers throughout the entire compression cycle has been obtained.  

 

The numerical and experiment results about mass flow rate and isentropic efficiency show a reasonable good 

agreement. The numerical results of mass flow rate are slightly higher than experiment, and the most deviation is 

lower than 3.2%. The differences between numerical and experiment results about isentropic efficiency are less than 

3.5%. 

 

The field quantities have shown nonuniform distribution in compression chamber, which is mainly caused by the 

movement and leakage. The leakage flow is significant in compression chamber, especially as the chamber is 

approaching the center of involute. Due to the orbiting of scroll, the refrigerant is already slightly compressed before 

the compression step starts. The axial, radial and tangential forces on orbiting scroll periodically change with the 

rotation of crank shaft, and the nonuniform distribution of pressure causes the fluctuation of tangential and radial 

force.  
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