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Abstract:
In the past several years a number of new alternative refrigerant have been discovered to replace
the existing refrigerants used in refrigerating equipment for improvement of performance. In
order to study these refrigerants extensively an in-depth knowledge of their single-phase heat
transfer characteristics, thermodynamic properties as well as simulation analysis is needed. This
paper provides a literature review of current research that has been conducted on single
phase flow for alternative refrigerants, addresses a number of relations for determining the
thermodynamic properties of these alternative refrigerants with computational fluid analysis
using different software likewise ANSYS ; and discusses their sensitivity to uncertainty.
Finally, an overview of some of the current research that has been conducted on various
enhancements and refrigerant / oil mixtures is provided as well. Present paper give a brief study
about throttling expansion of refrigerant, capillary tube, refrigerant property and mathematical
correlation for the flow through the capillary tubes of different geometries operating under
adiabatic and diabetic flow conditions.
Keywords: CFD; Fluid Flow; ANSYS; Refrigeration.
1. Introduction
The cooling effects of a vapor-compression refrigeration (VCRS) cycle are
accomplished by evaporating and condensing the refrigerant at low and high pressure states,
respectively. An ideal system operates entirely in the two-phase region, but actually , this is
not practical for the actual system. The dry compression is carried out entirely in the singlephase vapor region, to avoid erosion damage within the compressor. In addition, the outlet phase
of the condenser is slightly sub-cooled, residing in the liquid phase. The single phase heat
transfer for the superheated vapor and sub-cooled liquid regions of the evaporators and
condensers are important aspects of an efficient vapor-compression refrigeration cycle.
Accurate thermodynamic properties of refrigerants are essential for determining the
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energy efficiency and capacity of a vapour compression cycle. In addition, their transport
properties are needed for the design of the equipment and its economic feasibility. With
the advent of alternative refrigerants, accurate correlations and a knowledge of their
sensitivity to uncertain properties, mass flow rates, and other parameters are needed for a
thorough analysis of a system's design and performance. Furthermore, the determination of
the heat transfer in enhanced tubes becomes more difficult when the thermodynamic properties
of alternative refrigerants are uncertain.
2. Theoretical Background
Vapour compression heat pumps are refrigeration systems whose operational cycle is
based on the reversed Rankine cycle, requiring work input to accomplish their objective of
transferring heat from a lower temperature source to a higher temperature sink as shown in
Figure 1a. Their operational mode is virtually identical to that of refrigerators, being only
different in its purpose. The low pressure liquid refrigerant is boiled by absorbing heat via an
evaporator at the heat source. It is then compressed and passed through a condenser at the heat
sink, where it is condensed and heat is released to the heat sink. The high pressure liquid
refrigerant is then passed through the expansion device and returns to the heat source heat
exchanger. To accomplish this, work is done on the working fluid through the use of a
compressor. From a thermodynamics point of view, the performance of a heat pump is evaluated
by its heating capacity and coefficient of performance COP.

Figure 1: Vapour compression heat pumps with (a) Rankine and (b) Carnot cycles
An expansion device is another basic component of a refrigeration system. The basic
functions of an expansion device used in refrigeration systems are to:
1. Reduce pressure from condenser pressure to evaporator pressure, and
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2. Regulate the refrigerant flow from the high-pressure liquid line into the evaporator at a rate
equal to the evaporation rate in the evaporator
Under ideal conditions, the mass flow rate of refrigerant in the system should be
proportional to the cooling load. Sometimes, the product to be cooled is such that a constant
evaporator temperature has to be maintained. In other cases, it is desirable that liquid refrigerant
should not enter the compressor. In such a case, the mass flow rate has to be controlled in such a
manner that only superheated vapour leaves the evaporator. Again, an ideal refrigeration system
should have the facility to control it in such a way that the energy requirement is minimum and
the required criterion of temperature and cooling load are satisfied. Some additional controls to
control the capacity of compressor and the space temperature may be required in addition, so as
to minimize the energy consumption.[9]
The expansion devices used in refrigeration systems can be divided into fixed opening
type or variable opening type. As the name implies, in fixed opening type the flow area remains
fixed, while in variable opening type the flow area changes with changing mass flow rates. There
are basically seven types of refrigerant expansion devices. These are:
1. Hand (manual) expansion valves
2. Capillary Tubes
3. Orifice
4. Constant pressure or Automatic Expansion Valve (AEV)
5. Thermostatic Expansion Valve (TEV)
6. Float type Expansion Valve
a) High Side Float Valve
b) Low Side Float Valve
7. Electronic Expansion Valve
Of the above seven types, the hand operated expansion valve is not used when an
automatic control is required. The orifice type expansion is used only in some special
applications. Hence these two are not discussed here.[9]
Capillary Tube
A capillary tube is a long, narrow tube of constant diameter. The “capillary” is a
misnomer since surface tension is not important in refrigeration application of capillary tubes.
Typical tube diameters of refrigerant capillary tube 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:
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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 it flows in the tube. The mass flow rate and tube diameter (hence area)
being constant, the velocity of refrigerant increases since m = 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 to variation of load effectively. On the basis of Geometrical shape the
capillary tubes can be classified as under: [9]
1. Straight capillary tube
2. Coiled capillary tube
Straight Capillary Tube: In adiabatic capillary tube, the refrigerant expands from high
pressure side to low pressure side with no heat exchange with the surroundings. The refrigerant
often enters the capillary in a sub cooled liquid state. As the liquid refrigerant flows through the
capillary, the pressure drops linearly due to friction while the temperature remains constant. As
the pressure of refrigerant falls below the saturation pressure a fraction of liquid refrigerant
flashes into vapor. The fluid velocity increases because of the fall in density of the refrigerant
due to vaporization. Thus, the entire capillary tube length seems to be divided into two distinct
regions. The region near the entry is occupied by the liquid phase and the other as the two-phase
liquid vapour region.[2]
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Figure 2 Temperature and pressure variation along the adiabatic capillary tube
1.2 Coiled Capillary Tubes
The helical capillary tubes in a domestic refrigerator or in a window air conditioner are no
more a new thing. The difference between the consecutive turns of the coiled capillary tube is
termed as coil pitch, denoted by ‘p’. In helical capillary tubes there are two coiling parameters
one is coil pitch and another is coil diameter. Figure 1.3 shows the helical and spiral tubes
depicting the geometric parameters, viz. coil pitch, coil diameter and tube diameter. [3]

Figure 3 helically coiled capillary tubes
Literature review of some previous researcher’s
Shivkumar et.al.(2013) developed mathematical model to determine the flow characteristics of
refrigerant inside a straight capillary tube for adiabatic flow conditions.. In that 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
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software. Finally the results of mathematical model are valuated with ANSYS CFX and the
results are found to be in fair agreement.
Ramesh Vathare et.al. (August 2013) has give an analysis through CFD Analysis of
enhancement of heat transfer of different inserts for improving heat transfer in horizontal tube
has been carried out with boundary conditions such as mass inlet and pressure outlet defined
with constant heat flux. Mesh is created ANSYS-ICEM 13.0 version(3- dimensional). The
variations of Temperatures, average Nusselt Numbers, friction factor and pressure drop on with
inserts like diamond, trapezoidal and cylinder has been studied.
Shou-ShingHsieh ,Feng-Yu Wu,Huang-Hsiu Tsai et al. : The present result of a study of
turbulent flow and pressure drop in a horizontal tube with strip type inserts. Experimental data
taken for air for a class of strip type inserts (longitudinal, LS and cross, CS inserts) used as a
tube side heat transfer augmentative device for a single-phase cooling mode operation are
presented. To broaden the understanding of the underlying physical phenomena responsible for
the heat transfer enhancement, flow mechanisms through velocity measurements are combined
with pressure drop measurements to develop friction factor correlations for 65006 Re 619500
where Re is the Reynolds number. Friction factor increases were typically between 1.1 and 1.5
from low Re 6500 to high Re 19500 with respect
Y Raja Kumar et.al.(2013) In that investigation, an attempt is made to analyze the flow
Analysis of the refrigerant inside a straight capillary tube and coiled capillary tube for adiabatic
flow conditions. The proposed model can predict flow characteristics in adiabatic capillary tubes
for a given mass flow rate. In the present studyR-22 has been used as a working fluid inside the
straight capillary tube and coiled capillary tube of diameter 1.27 mm and used the same model to
study the flow characteristics of refrigerant in ANSYS CFXsoftware. It was observed from the
results dryness fraction by using the helical capillary tube is better than straight capillary tube.
The best suitable helical coiled design is suggested.
A table with properties obtained from two sources (ANSYS "Ref prop" software,
version14.01, 2013 and F-Chart Software, Inc. "ANSYS" software, version 14.412, 2013) for
R134a and R22 at 20°C in the saturated liquid and saturated vapor states is shown below.
Table 1 shows properties of some refrigerant.
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