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ABSTRACT: The azeotropic mixture of R30 & R160 

is made with R160 concentrations of 0%, 20%, 40%, 

60%, 80% and 100% in R30 and it is used in a 

Refrigeration unit with different flow rates by fixing 

the other input parameters constant.  

In this thesis the analysis it is known that higher flow 

rates of the refrigerant mixture increases the heat 

transfer rates but in the expense of higher work 

consumption which will affect the coefficient of 

performance of the refrigerant unit which is not 

advisable to use since the work utilization of the good 

refrigeration unit should be lesser for unit of 

refrigeration. CFD analysis to determine the heat 

transfer coefficient, mass flow rate, heat transfer rate, 

pressure drop at different number coils (30 and 40 

coils). 

Key words: Finite element analysis, helical 

capillary tube, CFD analysis, thermal 

analysis. 

1. INTRODUCTION 

A simple vapors compression refrigeration system 

consists of mainly five components namely 

compressor, condenser, expansion device, evaporator 

and a filter/drier. The following study is focused 

towards finding out the effect of the capillary tube on 

the performance of the refrigeration system. A 

capillary tube is a small diameter tube which is used 

for the expansion of the flowing fluid. The pressure 

difference between the entry and exit ends of the 

capillary tube is always equal to the pressure 

difference between the condenser and the evaporator. 

The diameter of the capillary tube used in the 

refrigeration appliances varies from 0.5mm to 2.3mm. 

the effect of the capillary tube has been investigated 

by many researchers in the past and encouraging 

results were obtained.  

 

Capillary Tube 

 A capillary tube is a long, narrow tube of 

constant diameter. The word “capillary” is a misnomer 

since surface tension is not important in refrigeration 

application of capillary tubes. Typical tube diameters 

of refrigerant capillary tubes range from 0.5 mm to 3 

mm and the length ranges from 1.0 m to 6 m.  The 

pressure reduction in a capillary tube occurs due to the 

following two factors: 

1. The refrigerant has to overcome the frictional 

resistance offered by tube walls. This leads to some 

pressure drop, and 

2. The liquid refrigerant flashes (evaporates) into 

mixture of liquid and vapour as its pressure reduces. 

The density of vapour is less than that of the liquid. 

Hence, the average density of refrigerant decreases as 
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it flows in the tube. The mass flow rate and tube 

diameter (hence area) being constant, the velocity of 

refrigerant increases since = ρVA. The increase in 

velocity or acceleration of the refrigerant also requires 

pressure drop. 

 Several combinations of length and bore are 

available for the same mass flow rate and pressure 

drop. However, once a capillary tube of some diameter 

and length has been installed in a refrigeration system, 

the mass flow rate through it will vary in such a 

manner that the total pressure drop through it matches 

with the pressure difference between condenser and 

the evaporator. Its mass flow rate is totally dependent 

upon the pressure difference across it; it cannot adjust 

itself tovariation of load effectively. 

2. LITERATURE REVIEW  

 
EFFECT OF CAPILLARY TUBE ON THE 

PERFORMANCE OF A SIMPLE VAPOUR 

COMPRESSION REFRIGERATION SYSTEM. 

 It is essential to study the effect of capillary tube 

geometry on the performance of refrigeration systems. 

The literature review focuses on the effect that 

geometrical parameters like capillary tube length, bore 

diameter, coil pitch, number of twist and twisted angle 

have on the pressure drop, coefficient of performance 

(COP) and mass flow rate of the system. These 

parameters can be further studied using physical 

models and mathematical modeling concepts. The 

parameters stated above can be further optimized in 

order to enhance the performance of the refrigeration 

system 

AN EXPERIMENTAL STUDY OF THE EFFECT 

OF CAPILLARY TUBE DIAMETER AND 

CONFIGURATION ON THE PERFORMANCE 

OF A SIMPLE VAPOUR COMPRESSION 

REFRIGERATION SYSTEM. 

 The study of the expansion device in the simple 

vapour compression refrigeration system is necessary 

in order to understand the parameters which can 

enhance the overall performance of the system. The 

experimental study was done on the capillary tubes of 

31 gauge, 36 gauge and 40 gauge and each test section 

was studied with three distinct configurations i.e. 

helical coiled, straight coiled and serpentine coiled 

configuration. The effect of the configuration and the 

capillary tube diameter on the overall performance of 

the system was studied. The findings of the 

experimental study revealed that the mass flow rate is 

maximum for the straight configuration and is least for 

the helical coiled configuration. The refrigeration 

effect was found to be maximum for the helical coiled 

configuration and was found to be least for straight 

coiled configuration. The compressor work was found 

to reduce as the load was increased on the system. 

Decreasing the capillary tube diameter increased the 

mass flow rate in the system and  

3. PROBLEM DESCRIPTION:  

The objective of this project is to make a 3D 

model of the helical capillary tube and study 

the CFD and thermal behavior of the heat 

exchanger by performing the finite element 

analysis.3D modeling software 

(PRO-Engineer) was used for designing and 

analysis software (ANSYS) was used for 

CFD and thermal analysis. 

The methodology followed in the project 

is as follows: 

 Create a 3D model of the helical 

capillary tube assembly using 

parametric software pro-engineer. 

 Convert the surface model into Para 

solid file and import the model into 

ANSYS to do analysis. 

 Perform thermal analysis on the 

helical capillary tube assembly for 

thermal loads. 

 Perform CFD analysis on the existing 

model of the surface heat exchanger 

for Velocity inlet to find out the mass 

flow rate, heat transfer rate, pressure 

drop.   

4. INTRODUCTION TO CAD/CAE: 

Computer-aided design (CAD), also known 

as computer-aided design and drafting 
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(CADD), is the use of computer technology 

for the process of design and design-

documentation.  

4.1. INTRODUCTION TO CREO 

CREO is the standard in 3D product design, 

featuring industry-leading productivity tools 

that promote best practices in design while 

ensuring compliance with your industry and 

company standards. Integrated CREO 

CAD/CAM/CAE solutions allow you to 

design faster than ever, while maximizing 

innovation and quality to ultimately create 

exceptional products. 

Different modules in CREO 

Part design, Assembly, Drawing& Sheet 

metal. 

3D MODEL OF 30 COILS  

 

3D MODEL OF 40 COILS 

  

 

 

4.2. INTRODUCTION TO FINITE 

ELEMENT METHOD: 

Finite Element Method (FEM) is also called 

as Finite Element Analysis (FEA). Finite 

Element Method is a basic analysis technique 

for resolving and substituting complicated 

problems by simpler ones, obtaining 

approximate solutions Finite element method 

being a flexible tool is used in various 

industries to solve several practical 

engineering problems. In finite element 

method it is feasible to generate the relative 

results. 

4.3 INTRODUCTION TO CFD  

Computational fluid dynamics, usually 

abbreviated as CFD, is a branch of fluid 

mechanics that uses numerical methods and 

algorithms to solve and analyze problems 

that involve fluid flows. Computers are used 

to perform the calculations required to 

simulate the interaction of liquids and gases 
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with surfaces defined by boundary 

conditions. With high-speed supercomputers, 

better solutions can be achieved. Ongoing 

research yields software that improves the 

accuracy and speed of complex simulation 

scenarios such as transonic or turbulent 

flows. Initial experimental validation of such 

software is performed using a wind tunnel 

with the final validation coming in full-scale 

testing, e.g. flight tests. 
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NANO FLUID PROPERTIES 

 

5. RESULTS AND DISCUSSIONS: 

CFD ANALYSIS OF HELICALLY 

COILED CAPILLARY TUBES 

IMPORTED MODEL 

 

PRESSURE  

 

 

 

HEAT TRANSFER COEFFICIENT   

 

MASS FLOW RATE 

 

HEAT TRANSFER RATE 
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5.2. THERMAL ANALYSIS OF 

HELICAL CAPILLARY TUBE 

 

Material –copper 

Temperature  

 

Heat flux 

 

6. RESULTS AND DISCUSSIONS  

 
 

 

 

7. CONCLUSION 

The azeotropic mixture of R30 & R160 is 

made with R160 concentrations of 0%, 20%, 

40%, 60%, 80% and 100% in R30 and it is 

used in a Refrigeration unit with different 

flow rates by fixing the other input 

parameters constant.  

In this thesis the analyzed it is known that 

higher flow rates of the refrigerant mixture 

increases the heat transfer rates but in the 

expense of higher work consumption which 

will affect the coefficient of performance of 

the refrigerant unit which is not advisable to 

use since the work utilized of the good 

refrigeration unit should be lesser for unit of 
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refrigeration. CFD analyzed to determine the 

heat transfer coefficient, mass flow rate, heat 

transfer rate; pressure drop at different 

number coils (30 and 40 coils). 

By observing the CFD analysis the more heat 

transfer coefficient of 30coils of capillary 

tube when we compare the 40 coils of the 

capillary tube. 

And we compare the refrigerants R30, 

R160and different volume fractions the heat 

transfer coefficient value more at R30 

refrigerant. 

By observing the thermal analysis the heat 

flux value is more for copper material 

compare with aluminum 7475. 
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