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Abstract 
In the present investigation, an attempt is made to develop 

mathematical model to determine the flow characteristics of 

refrigerant inside a straight capillary tube for adiabatic flow 

conditions. The proposed model can predict the length of the 

adiabatic straight capillary tube for a given mass flow rate. In the 

present study R-12 has been used as a working fluid inside the 

straight capillary tube of diameter 1.17 mm and 1.41 mm and used 

the same model to study the flow characteristics of refrigerant in 

ANSYS CFX software. 

Finally the results of mathematical model are valuated with 

ANSYS CFX and the results are found to be in fair agreement. 

Key word: adiabatic straight capillary tube, refrigerant R12, 

ICEM, CFD AND ANSYS CFX. 

 

1. INTRODUCTION 

The capillary tube is simple, reliable, inexpensive, and 

widely used as a throttling device in this small-scale vapor 

compression refrigeration appliances. It is used as an automatic 

flow rate controller for the refrigerant when varying load 

conditions and varying condenser and evaporator temperatures are 

to be encountered. The capillary tube is employed where the 

cooling load is fairly constant and the cooling capacity is not more 

than 3TR (ton of refrigerant). Capillary tube is a long narrow 

hollow drawn copper tube with an internal diameter ranging from 

0.5 to 2.0 mm. Capillary tubes have been investigated in detail for 

many decades.A capillary tube is a common expansion device used 

in small sized refrigeration and air-conditioning systems. A 

capillary tube is a constant area expansion device used in a vapor-

compression refrigeration system located between the condenser 

and the evaporator and whose function is to reduce the high 

pressure in the condenser to low pressure in the evaporator. The 

capillary tube expansion devices are widely used in refrigeration 

equipment, especially in small units such as household 

refrigerators, freezers and small air conditioners. The thermo 

dynamical analysis of capillary tube though looking simple is 

complicated because of irreversibility. As already indicated it is 

experimentally studied by various researches [8] and reported. To 

evaluate heat transfer and fluid flow characteristics of expanses 

model. The numerical simulation has been done by some 

researches [5] and presented. The refrigerants used for the 

numerical analysis R22, R134a, R600a, R407c and R410a. Further 

analysis heat transfer and fluid flow characteristics studied of 

capillary tube R12 using CFD that is ANSYS CFX carried out and 

presented this project .In continuous with this the results obtained 

various research are compared and presented. 

 

2. METHODOLOGY 

         The physical domain has been converted to computational 

domain, as shown in Figure.3.1. The refrigerant from condenser 

enters the capillary tube at section 1 in a sub cooled liquid state. 

Due to sudden contraction at the capillary tube inlet, the refrigerant 

pressure is dropped and state point 2 is reached. Subsequently, a 

single phase liquid flow in the capillary tube is established. Since 

the flow of refrigerant through the capillary tube is adiabatic, the 

temperature of the flowing liquid refrigerant remains constant. The 

pressure inside the capillary tube drops linearly as long as the flow 

is in liquid state. When the refrigerant pressure drops up to point 3 

i.e., the saturation pressure, at that point two-phase flow set up in 

the capillary tube. In the two-phase region of the capillary tube, the 

temperature and pressure of refrigerant starts falling rapidly till the 

evaporator pressure or the choking point 4 is attained. 

 

Fig. Computational domain of  adiabatic straight capillary tube 

 

Thus, the flow of refrigerant through an adiabatic straight capillary 

tube has been divided into following two distinct regions: 

 

1 – 2 represents pressure drop due to 

sudden contraction at capillary inlet,  

2 – 3 represents single-phase subcooled 

flow region. 

3 – 4 represents liquid-vapour two-phase flow region. 

Consider an infinitesimal fluid element of length „dL‟ within the 

capillary tube, shown in Figure 3.2 , and applying the equations of 

conservation of mass, momentum and energy are expressed in 

equations . 
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Fig. Forces acting on the fluid element 

 

Mass Balance 

Application of continuity equation results into the following 

                                  

Momentum Balance 

On  applying  the  principle  of  momentum  conservation  or  

the  Second  law  of 

Thermodynamics, the following equation will result 

  

On simplification, Equation 3.2 reduces to 

 

Taking log both sides of equation 3.1 and then differentiating and 

simplifying 

   

Equation 3.3 reduces to 

    

Energy Balance 

On applying the steady flow energy equation on the element to 

get 

 

    

2.1 Single-phase region  

 

 

In the single phase liquid region, the refrigerant density is almost 

constant as the liquids are practically incompressible (ρ = constant) 

and with tube cross sectional area being constant, from mass 

balance represented by Equation, the velocity is constant. 

Integrating Equation, the length of single-phase liquid region 

expressed in equations.    

 

   

Pressure loss due to entrance effects 

    

Where k is the entrance loss coefficient, taken as 1.5 

From  equations. 

    

  

Where „fsp‟ is the single phase friction factor . 

2.2 Two-phase regions 

Two-phase region expressed in equations . 

Applying continuity equation between sections 3 and 4 

    

Equation is quadratic in 

x and the quality x can 

be expressed as 

The two-phase friction factor ftp can be calculated using Moody‟s 

correlation [28]. The Reynolds number in two-phase region has to 

be determined by 

    

Where, μtp is the two-phase dynamic viscosity correlations  

Finite Volume Formulation 

ANSYS-CFX uses a finite-element-based finite volume method. 

The governing equations namely the conservation for mass; 

momentum and energy are expressed in equations. 

 

Where the energy conservation has been replaced by a generic 

scalar transport equation. The finite volume method proceeds by 

integrating these equations over a fixed control volume, which, 

using Gauss Theorem, results in equation. 

 

where v and s denote volume and surface integrals respectively and 

dnjrepresents the differential Cartesian component of the outward 

normal surface vector.  

The equations represent a flux balance in a control volume. The 

above equations are applied to each control volume or cell in the 

2980

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 9, September - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS90720



computational domain. These continuous equations are 

approximated numerically using discrete functions. Discretisation 

of the equations yields the following in equations. 

 

3. Modelling 

For setting up any CFD problem, the geometry has to be modelled 

with required details, mesh has to be generated optimally to obtain 

the results correctly and flow parameters and boundary conditions 

are to be set up for solving the problem. The discretized domain is 

solved using solver and results are analysed in post processor. In 

the present investigation, ICEM software and ANSYS-CFX 

software is used for the geometry modelling and mesh generation. 

ANSYS-CFX software issued for defining boundary conditions, 

solving and post processing. 

 

 

 

 

Where , 

V is volume of the control volume 

3.1 Modelling 

For setting up any CFD problem, the geometry has to be modelled 

with required details, mesh has to be generated optimally to obtain 

the results correctly and flow parameters and boundary conditions 

are to be set up for solving the problem. The discretized domain is 

solved using solver and results are analysed in post processor. In 

the present investigation, CAD model and ANSYS-CFX software 

is used for the geometry modelling and mesh generation. ANSYS-

CFX software issued for defining boundary conditions, solving and 

post processing. 

3.2 Geometry and mesh generation 

In order to use simulation techniques developed, a physical model 

is used in ICEM 13.0 software. 

After creation of the physical model, file is saved in *.iges format. 

 

                                                 

Fig.Straight capillary tube model for case 1 

 

 

 

     

               1.41mm                                               2.5 mm 

  

Fig. Straight capillary tube model for case 2 

 

No of elements =1,45,000  

 

Figure Meshing for case 1 

No of elements =1,40,000  

 Fig. Meshing for case 2 

Now open the ANSYS Workbench and open the meshing module 

for creation of CFX mesh. Set the physical preference as CFD and 

mesh method as CFX. Import the geometry in the ANSYS 

Workbench, by clicking on the tab geometry and from this tab 

select from file. A new window CFX mesh is opened. Now set the 

default body spacing and default face spacing as the size of the 

capillary tube used is small reduce the size of default body spacing 

and default face spacing. The meshing is done by iterative process. 

If a very fine mesh is created then more calculation work is to be 

done by the processor. Generate the volume mesh by clicking on 

generate volume mesh. file is saved in *.gtm or *.After creation of 

CFX mesh, open ANSYS CFX module. In the ANSYS CFX open 

CFX-Pre and from the file menu select new simulation and set the 

simulation type as general 
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3.3 ANSYS-CFX SETUP 

The first steps taken after importing the mesh geometry into 

ANSYS-CFX involve checking the mesh/grid for errors. Checking 

the grid assures that all zones are present and all dimensions are 

correct. It is also important to check the volume and make sure that 

it is not negative. If the volume is shown as negative, there is a 

problem with the grid. When the grid is checked completely and 

free of errors, a scale and units can be assigned. For this study, the 

grid was created in mm, and then scaled to meters. Once the grid 

was set, the solver and boundary conditions of the system were 

then set and cases were run and analyzed. 

3.4 Simulation with ANSYS CFX 

An ANSYS CFX analysis consists of several main steps: 

3.4.1 Define the Problem Domain 

We have to first of all define the proper domain for each problem 

to analyze and then apply the boundaries of the problem where 

conditions are known. 

3.4.2 Define the Flow Regime 

In this step, the character of the flow is defined, as the character is 

a function of the fluid properties, geometry, and the approximate 

magnitude of the velocity field. Fluid flow problems that ANSYS 

CFX solves will include gases and liquids, the properties of which 

can vary significantly with temperature. The flow of gases is 

restricted to ideal gases. So it is very important to determine 

whether the effect of temperature on fluid density, viscosity, and 

thermal conductivity. As in many cases, we can get adequate 

results with constant properties. To assess whether we need the 

ANSYS CFX turbulence model, use an estimate of the Reynolds 

number, which measures the relative strengths of the inertial and 

viscous forces.  

To determine whether we need to use the compressible flow 

option, estimate the Mach number. As the Mach number at any 

point in the flow field is the ratio of the fluid speed and the speed 

of sound. At Mach numbers above approximately 0.3, consider 

using the compressible solution. At Mach numbers above 

approximately 0.7, we can expect significant differences between 

incompressible and compressible results. 

3.4.3 Creating the Finite Element Mesh 

We have to make assumptions about where the gradients are 

expected to be the highest, and adjust the mesh accordingly. Now 

let us consider if we are using the turbulence model, then the 

region near the walls must have a much denser mesh than that 

would be needed for a laminar flow. 

We have to use hexahedral elements to capture detail in high-

gradient regions and tetrahedral elements in less critical regions. 

Although we can instruct ANSYS to automatically create pyramid 

elements at the interface. For two phase flow analysis, especially 

turbulent, we should not to use pyramid elements in the region near 

the walls because it may lead to inaccuracies in the solution 

 3.4.4 Applying Boundary Conditions 

After creating CFX mesh for the problem to be analyzed we have 

to apply the boundary conditions for the problem that we can done 

before or after creation of the CFX mesh. We have to define the 

boundary condition for the each element in the problem. Table 4.1 

boundary conditions, if we not able to properly define specified 

condition for a dependent variable, a zero gradient of that value 

normal to the surface is assumed. We have no need to restart the 

ANSYS CFX analysis if we forgot to apply the boundary condition 

accidentally because we can change the boundary condition unless 

the change causes instabilities in the analysis solution.  

Table 4.1 Boundary Conditions 

S. 

No.  

Input Parameters  Case 1 Case 2 

1 Refrigerant Used R12 R12 

2 Mass flow rate 15.66 

kg/h 

21.23kg/h  

3 Dia of Capillary Tube 1.17 mm 1.41 mm 

4 Roughness Ratio 0.003 0.000384 

5 Capillary TubeInlet Pressure 885 kPa 858 kPa 

6 Capillary Tube Inlet 

Temperature 

303k 305.8k 

7 Capillary Tube Length 2m  2.5m 

 

3.4.5 Setting ANSYS CFX Analysis Parameters 

In order to use the solution of the temperature equation for the two 

phase region, we must have to activate and the behavior of relevant 

dependent variables. These variables include velocity, pressure, 

and temperature. An analysis typically requires multiple restarts. 

3.4.6 Solve the Problem 

We have to observe the convergence of solution and stability of the 

analysis by observing the rate of change of the solution and the 

behavior of relevant dependent variables. These variables include 

velocity, pressure, and temperature. 

3.4.7 Examine the Results 

After the solution run by the ANSYS CFX we have to run the post 

processor to get the output results in the form of graphs, for this we 

have to define the stream line which acts as reference to draw 

graphs. 

4. RESULTS AND DISCUSSION 

4.1 Validating the Results 

Results obtained from the proposed model with experimental data. 
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Case1                           Case 2 

Fig.4.1 a) Comparison of proposed model with experimental data 

Li et al. (23). 

        b) Comparison of proposed model with experimental data 

Mikol et al. (26). 

These experiment results are compared with result generated by 

the model proposed for R12.The comparison indicated earlier 

shown in fig.4.1a for Li etal.(18)results and fig.4.1b for mikol et 

al.(19)  results. 

The proposed model under predicts the capillary length by 2.7 

percent for Li et al. [23] experimental data generated for the flow 

of R-12. However, the proposed model is in good agreement with 

the data of Li et al. [23].In the figure 4.1b the capillary tube length 

for the proposed model under predicts the experimental data of 

Mikol et al. [26] by 3.4 percent. However, the proposed model is in 

good agreement with the data of Mikol et al.[26].  

4.2 Simulation of refrigerant R-12 

    Case 01 

 

  
Fig.4.2 pressure contours              Fig.4.3 Temperature contours 

       

 

 

Fig.4.4 Density contours                    Fig.4.5 Viscosity contours 

 
 

 

 

 
 

Fig.4.6 Volume fraction contours 

Case :02 

  

  Fig.4.7 Pressurecontours 

 

 

    Fig.4.8 Temperature contours 

 

  

      Fig.4.9 Density contours  
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Fig.4.10 Viscosity contours 

 

 

 Fig.4.11 Volume fraction 

 

        Fig.4.2, 4.3, 4.4, 4.5 and 4.6.shows the pressure contours 

temperature, density,  viscosity and volume fraction contours of 

case1 using ANSYS CFX. 

SimilarlyFig.4.7, 4.8, 4.9, 4.10 and 4.11 shows the pressure and 

temperature density viscosity and volume fraction contours of 

case2 studied. As it is expected from the fig. we can absorbed that 

the pressure drop, temperature, density decreases and viscosity 

increases along the length of the capillary tube. 

Using visual c++ code the pressure contour, temperature, Reynolds 

number, viscosity, density and specific volume across the length of 

the capillary tube is generated and same in presented in appendex1. 

Part A of the appendix presents visual c++ program code case1 and 

case2 respectively. Table A.1 and A.2 of part B indicates results 

obtained visual c++ code case1 and case2 respectively. These 

tabulated values are also presented in the form of graph and results 

are compared with ANSYS CFX. 

4.3 Graphs 

 

 

Fig. 4.12 Pressure and length plot for proposed model with 

ANSYS CFX 

Figure 4.12shows the variation of pressure across the 

length proposed model with ANSYS CFX. For case1 and case2 as 

expected pressure reduces through its length as shown. The results 

are found to be fair agreement from ANSYS CFX with respect to 

the visual c++ code for case1and case2. For the  given Pressure 

drop  for (case 1)635kPa and  (case2)618kPa,the expected length is 

1.4491m for visual c++ code and 1.519m ANSYS CFX for 

R12.Similarly for case2 the expected length is1.867 mfor visual 

c++ code and is 1.9490 m ANSYS CFX for R12. 

 

    Figure 4.13 Temperature and length plot for proposed model 

with ANSYS CFX 

Figure 4.13shows the variation of temperature across 

the length proposed model with ANSYS CFX. For case1 and case2 

as expected temperature reduces through its length as shown. The 

results are found to be fair agreement from ANSYS CFX with 

respect to the visual c++ code for case1 and case2. For the given 

Temperature drop for(case 1) 43K and(case 2) 45.8K,the expected 

length is 1.4491m for visual c++ code and 1.519m ANSYS CFX 

for R12. Similarly for case2 the expected length is1.867 m for 

visual c++ code and is 1.9490mANSYS CFX forR12. 

 

                   Case 1                                           Case 2 

Fig. 4.14 Reynolds number and length plot for proposed model 

with ANSYS C 

Figure 4.14 shows the variation of Reynolds number 

across the length proposed model with ANSYS CFX. For case1 

and case b as expected Reynolds number   reduces through its 

length as shown. The results are found to be fair agreement from 

ANSYS CFX with respect to the visual c++ code for case1and 

case2. For the  given Reynolds number drop (case a) 3400 and 

4550(case 2), the expected length is 1.4491m for visual c++ code 

and 1.519m ANSYS CFX for R12 .similarly for case2 the expected 

length is1.867mfor visual c++ code and is 1.9490m ANSYS CFX 

for R12. 

  

Fig. 4.15 shows the variation of viscosity across the 

length proposed model with ANSYS CFX. For case1 and case2 as 

expected viscosity increment through its length as shown. The 

Case 1 Case 2 
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results are found to be fair agreement from ANSYS CFX with 

respect to the visual c++ code for case1and case2. For the given 

Viscosity increment (case 1) 0.00003Pa-s and (case 2) 

0.000075Pa-s,the expected length is 1.4491 m for visual c++ code 

and 1.519 m ANSYS CFX for R12.Similarly for case2 the 

expected length is1.867m for visual c++ code and 1.9490 m 

ANSYS CFX for R12 

 

  Fig. 4.16 Density and length plot for proposed model with 

ANSYS CFX 

Figure 4.16 shows the variation of density across the 

length proposed model with ANSYS CFX. For case1 and case2 as 

expected density reduces through its length as shown. The results 

are found to be fair agreement from ANSYS CFX with respect to 

the visual c++ code for case1and case2. For the  given density drop 

for (case 1)1248  kg/m3  and (case 2)1300kg/m3,the expected 

length is 1.4491m  for visual c++ code and 1.519 m ANSYS CFX 

for R12 .similarly for case2 the expected length is1.867m for 

visual c++ code and is 1.9490m ANSYS CFX for R12. 

 

Figu. 4.17 Specific volume and length plot for proposed model 

with ANSYS CFX 

Figure 4.17 shows the variation of specific volume   

across the length proposed model with ANSYS CFX. For case1 

and case2 as expected Specific volume increment through its 

length as shown. The results are found to be fair agreement from 

ANSYS CFX with respect to the visual c++ code for case1and 

case2. For the  given specific Specific volume increment (case 1) 

0.018m3/kg and (case 2) 0.02 m3/kg,the expected length is 1.449m  

for visual c++ code and 1.519m ANSYS CFX for R12 .similarly 

for case2 the expected length is1.867m for visual c++ code and is 

1.9490m ANSYS CFX for R12. 

     

5. CONCLUSION 

The following conclusion can be drawn.  

 Model is created for the straight capillary tube of length 

2m and 2.5m for the modelling is done. 

 A numerical solution visual c++ code generated and 

presented. 

 The CFD simulation for the consider straight capillary 

tube done ANSYS CFX and presented. 

 The variation of pressure drop, temperature drop, 

Reynolds number drop and density drop are compared 

for the case1 and case2 using visual c++ code and 

ANSYS CFX. The results obtained both well 

comparable with a small 2 to 3% of error.   

 The viscosity and specific volume increment are 

compared for the case1 and case2 using visual c++ code 

and ANSYS CFX. The results obtained both well 

comparable with a small 2 to 3% of error.    
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