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Abstract: The capillary tube is commonly employed in refrigerant flow control systems. As a result, the capillary tube's
performance is optimal for good refrigerant flow. Many scholars concluded performance utilising experimental, theoretical, and
analysis-based methods. This paper examines the flow analysis of a refrigerant within a capillary tube under adiabatic flow
circumstances. For a given mass flow rate, the suggested model can predict flow characteristics in adiabatic capillary tubes. In
the current work, R-134a refrigerant has been replaced by R600a refrigerant as a working fluid inside the capillary tube, and the
capillary tube design has been modified by altering length and diameter, which were obtained from reputable literature. The
analysis is carried out using the ANSYS CFX 16.2 software. The results show thatutilising a small diameter and a long length (R-
600a refrigerant flow) is superior to the present helical capillary tube. The most appropriate helical coiled design with a diameter
of 0.8 mm and a length of 3 m is proposed.

Keywords: Capillary Tube, Condenser, Refrigeration effect, CFD.

L. INTRODUCTION
Capillary tubes have been studied extensively for decades. In small refrigeration and air-conditioning systems, a capillary tube is
a popular expansion device. A capillary tube is a constant area expansion device positioned between the condenser and the
evaporator in a vapor-compression refrigerationsystem, and its roleis to lower the high pressure in the condenser to low pressurein the
evaporator. Capillary tube expansion devices are commonly employed in refrigeration equipment, particularly in compact unitslike
refrigerators, freezers, and air conditioners. The most significant reason to keep utilising it instead ofother extension devices is its
simplicity. Capillaries are a cheaper and more complicated alternative to thermostatic valves. Capillary tubes, for example, are
employed in certain complicated cooling systems for particle detectors. Other reasons for their use in highly specialized cooling
circuits can be found, though.In reality, the flow through the capillary tube is adiabatic rather than isenthalpic. The refrigerant
expands from high pressure to low pressure in an adiabatic capillary tube with no heat exchange with theenvironment. In many
cases, the refrigerant enters the capillary as a sub-cooled liquid. The pressure lowerslinearly as the liquid refrigerant passes through
the capillary owing to friction, but the temperature remainsconstant. A percentage of the liquid refrigerant flashes into vapour as the
refrigerant pressure falls below the saturation pressure. The fluid velocity increases as the refrigerant's density decreases owing
to evaporation. As a result, the whole length of the capillary tube seems to be split into two separate areas.
The liquid phase occupies the region near the entry, while the two-phase liquid vapour region occupies theother.
In this study, an attempt is made to examine the flow of refrigerant within a capillary tube of variouslengths and diameters under
adiabatic flow circumstances. For a given mass flow rate, the suggested model can predict flow characteristics in adiabatic capillary
tubes. In this study, R-600a was utilised as the workingfluid within the capillary tube, and the flow properties of the refrigerant were
studied using the same modelin ANSY'S CFX software. It is proposed to investigate the effects and applications of various capillary
tubelengths and diameters in order to determine the most effective combination.

1. LITERATURE REVIEW
Abhinav Kulmitra et al.[1] has studied numerically the use of capillary tube in the mostly in the refrigerant flow control devices. As
a result, the capillary tube's performance is optimal for good refrigerant flow. Analyze the flow of refrigerant within a capillary tube
for adiabatic flow conditions in his study. Fora given mass flow rate, the author's suggested model can predict flow characteristics in
adiabatic capillarytubes. In his study, R-22 has been replaced with ammonia as the working fluid inside the capillary tube, and the
capillary tube architecture has been modified from straight to coiled. ANSYS CFX 16.2 software is used for the analysis. The results
show that using a helical capillary tube improves the dryness fraction over using a straight and existing helical capillary tube.
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Raja Y et al. [2] presents in investigation for attempt to analyze the flow Analysis of the refrigerantinside a straight capillary tube and
coiled capillary tube for adiabatic flow conditions. For a given mass flow rate, the provided model predicts flow characteristics in
adiabatic capillary tubes. In this study, R-22 was utilised as a working fluid within a straight capillary tube and a coiled capillary
tube with a diameter of 1.27 mm, and the flow properties of refrigerant were studied using the same model in ANSYS CFX
software. The results showed that the helical capillary tube performed better than the straight capillary tube in terms of dryness
fraction. The best helical coiled design is recommended.

Chetan Kumar et al. [3] were worked to improve the Coefficient of Performance, It was to be required that the Refrigerating Effect
be increased while the Compressor Work be reduced. The findings of an experimental investigation of a vapour compression
refrigeration (VCR) system with ammonia refrigerant were described. The impacts of key performance factors such as superheating
on the refrigerating effect, power required to run the compressor at various evaporation temperatures, refrigerant mass flow, %
increase in COP, and coefficient of performance on the refrigerating effect (COP). The findings from a vapour compression
refrigerant plant were examined, with factors such as compressor suction pressure, delivery pressure, evaporator and condenser
temperatures documented and the coefficientof performance computed. CFD simulation was used to verify the results obtained. A
diffuser has been added between the compressor and the condenser, reducing the power input to the compressor and therefore
increasing the COP. CFD simulation was used to improve the findings; modelling and meshing will be donein ICEMCFD, analysis in
CFX, and post-processing in CFD POST.

Buddha Chouhan et al [4] has used Low-capacity refrigeration devices, such as household refrigerators and window air
conditioners, use capillary tubes as an expansion mechanism. The benefits ofthe capillary tube over alternative expansion devices are
that it is simple, cheap, and allows the compressor to start at low torque during the off-cycle when the pressure across the tube
equalises. The flow propertiesof refrigerants via capillary tubes have been widely investigated both experimentally and analytically
over the last six decades, with the majority of these studies focusing on straight capillary tubes. The impact of important factors on
the flow characteristics of R134a and R-22 running through adiabatic helical tubes areexperimentally investigated in this thesis. The
diameter of the capillary tubes, coil diameter, and flow- related factors such as intake pressures and degree of subcooling were the
main parameters examined. Theheat transfer rate, pressure drop, velocity, mass flow rate, and heat transfer coefficient for the fluids
R134Aand R-22 with various tube and coil sizes are determined using CFD analysis in this thesis. The purpose ofthermal analysis
for copper and aluminium tube materials is to determine the temperature distribution and heat flux. Pro-engineer is used for 3D
modelling, while ANSYS is used for analysis.

Narendra Yadav et al. [5] Capillary tubes are commonly employed in refrigerant flow control systems. As a result, the capillary
tube's performance should be enough for smooth refrigerant flow. Manyresearchers investigated these topics both experimentally
and analytically. The current study examines theflow of refrigerant inside a capillary tube under adiabatic flow conditions. For a
given mass flow rate, the suggested model has predicted flow characteristics in adiabatic capillary tubes. In the current study, R-22
has been replaced by ammonia as the working fluid within the capillary tube, and the capillary tube designhas been modified from
straight to coiled, as per reputable literature. ANSYS CFX 16.2 software is used for the analysis. The results show that utilising a
helical capillary tube (Ammonia refrigerant flow) improves the dryness fraction over using a straight and existing helix capillary tube
(R22 refrigerant flow). The besthelical coiled design is recommended.

Oyedepo et. al. [6] has conducted an experimental comparison of R600A and LPG performance ina home refrigerator with variable
refrigerant charge (wr) and capillary tube length (L). REFPROP softwarewas used to calculate the enthalpy of the refrigerants
RB600A and LPG for each data set under the experimental circumstances (version 9.0). The results demonstrate that with a
refrigerant charge of 60 g of LPG and a 1.5 m capillary tube length, the design temperature and pull-down time for a compact
refrigeratordefined by ISO may be attained earlier. The greatest COP (4.8) was achieved with a 60-g LPG charge anda 1.5-m L. The
average COP achieved with LPG was 1.14 percent greater than with R600A. R600A has the lowest power usage based on the results
of the electric power consumption test. When compared to the LPG in the system, the compressor used 20% less electricity. In terms
of COP and cooling capacity, LPG was the best, whereas R600A was the best in terms of power consumption.

Reddy et al. [7] present work the experimental examination of a domestic refrigerator was computed by varying the refrigerant
charge (mr) and capillary tube length at the same time (Lc). Due to the growing necessity and relevance of the climate change
consequences faced by humanity, a recent literatureanalysis reveals consistent development in the field of novel refrigerants for use
in refrigeration and air conditioning systems. CFCs have been gradually replaced by HFCs, and then by a combination of HFCs, in
recent decades. However, HFCs' high GWP allowed for the creation of novel refrigerants based on hydrocarbons or hydrocarbon
blends.
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The experimentation on the household refrigerator employing two distinct hydrocarbon mixtures, namely R550/50(R290/R600a)
and R436A with mass fraction of 56/44 of R290 and R600a, is presented in this work. The tests are carried out by varying the
refrigerant charge (mr)and capillary tube length (LC) at various evaporator temperatures (Te). Under steady state conditions, the
refrigerator is subjected to continuous sequential and cycle testing. The pressure at the compressor's input and exit is recorded and
analysed, and temperature readings are taken at different points throughout the refrigerator. In addition, the draw down time for the
three distinct refrigerants is recorded for altering refrigerant charge and capillary length, and graphs are displayed. The findings
reveal that with 70g of R436A with L=4.5M, a design temperature of -150C (according to 1S1476 partl), and a pull-down time 0f90
minutes can be obtained for CARE, and for R134a, a pull-down time of 100 minutes can be reached with 70g and L=5m. The
performance of the R 436A refrigerant has demonstrated that it may be a good alternative for R134a.

Sunu et al. [8] The performance of a water chiller air conditioning simulation with a thermostatic expansion valve (TEV) is
compared to that of a capillary tube. The same charge of refrigerant was used inthe water chiller system. Comparative evaluations
were conducted using the refrigeration system's coefficient of performance (COP) and performance parameters at a medium cooling
load level, with an ambient temperature of 29-310C, constant compressor speed, and a fixed chilled water volume flowrate of 15
Ipm. It was discovered that the TEV system consumed less energy than the capillary tube system. Whencomparing the thermostatic
expansion valve system tothe capillary tube system, the thermostatic expansion valve system had a better coefficient of performance
(21.4%).

Rocha et al. [9] An algebraic solution was provided for studying adiabatic coiled capillary tubes inthe transcritical CO2 cycle. With a
total of nine possibilities, this solution tested three distinct friction factors and three possible k factors (connected to the specific
volume). A correlation was also developed for estimating sand grain roughness. Experimental tests were performed with two
distinct capillary tubes in a total of 60 locations to confirm the algebraic solution and to be beneficial for future investigations. The
findings revealed that 95 percent and 98.3 percent of the projected mass flow rates, respectively, fell within 10% and 15% error
ranges, with average deviation (AD) and absolute average deviation (AAD) of 0.1 percent and 4.4 percent, respectively. The C-
M&N (M&N maodified) friction factor fared better overall, butthe Schmidt friction factor was the only one that could accurately
anticipate 100% of data within a 12% error range. For the coiled shape, an algebraic equation and a dimensionless correlation for
straight capillarytubes were also modified, and the results were adequate. It is possible to infer that the offered solution is an
adequate tool for this application. An algebraic solution and experimental data for coiled capillary tubesin the trans-critical CO2
cycle are provided for the first time, to the best of the authors' knowledge.

Zareh et al. [10] offers a drift flux model for steady state refrigerant flow via horizontal lateral straight capillary tube-suction line
heat exchangers using R134a as the working fluid. A capillary tube's geometry is separated into two parts: an entry length and a
lateral heat exchanger length. In this study, the metastable flow phenomena is ignored. Three modes were examined and the
fundamental equations were solved for all three modes, then the results were evaluated, in order to better understand fluid behaviour
in non- adiabatic capillary tubes, according to the refrigerant condition at the entry of the heat exchanger area. Thecurrent results,
which were obtained using a drift flux model, were comparedto prior numerical work using a homogeneous model and found to be in
reasonable accord. Because the slip ratio effects in the drift flux model were taken into account, this model was able to predict
refrigerant flow behaviour under non- adiabatic flow conditions through a capillary tube more precisely than previous two-phase
flow model.

1. NUMERICAL METHOD
The new results were compared to previous numerical work employing a homogeneous model and found to be in reasonable
agreement. This model was able to predict refrigerant flow behaviour under non- adiabatic flow circumstances through a capillary
tube more precisely than prior two-phase flow models because the slip ratio effects in the drift flux model were taken into
consideration.

A. Governing Equations

The new results were compared to prior numerical work using a homogeneous model, and they were found to be reasonably
consistent. Because the slip ratio effects in the drift flux model were taken into account, this model was able to predict refrigerant
flow behaviour under non-adiabatic flow conditions through a capillary tube more precisely than previous two-phase flow models.
The natural convection flow under investigation was modeled by a set of partial differential equations describing the conservation of
mass, momentum and energy in three dimensional Cartesian coordinate system.
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1) Conservation of Mass

a(a";) + a(a"yv) + a(gzv) =0 ...Equation 1
2) Conservation of Momentum
2 20 20 - 20y py (Th+ TR+ ) ...Equation 1
o)y 0y 200) = 200 4y (T2 224 2Y) 4 g0 —p)  ...Equation 3
2o 2om) y SO - 200 4y (T2 224+ 22 Equation 2
3) Conservation of Energy
2 2 2
HED 4 20D 4 20D = (T S+ 5R) ...Equation 3

Where, p is the variable density, po the reference density, Py the operating pressure and v is the kinematic viscosity.
The numerical model is based on a control volume formulation. The above equations are integrated over each control volume to
obtain a set of discretized linear algebraic equations of the form:

a‘p¢p :Z anb¢nb + b

... Equation 4

4) Standard k-¢ Model

The standard k-¢ model is a two-equation turbulence model proposed by Launder and Spalding. It is a high-Reynolds number
model. The two terms on which the model is based are the turbulent kinetic energy (k ) and dissipation rate of turbulence kinetic
energy (g). The turbulent kinetic energy (k) is derived from an exact equation by assuming that the effect of the molecular viscosity
of the flow is negligible while the turbulence dissipation rate (¢ ) is obtained by employing physical reasoning. The transport
equations, turbulent viscosity and model constants for the standard models.

Turbulence kinetic energy equation:

a(k)"' a(k ) 0 ( +’ut) ok +G, +G Equation 7
— - V= 2 He), 9K 3
at’ 0x; iU x; H o) 0x; kT Up— pE quation

Dissipation rate of turbulence kinetic energy equation:

7] 7] 7] 7] 2 .
E(PE) + a_xi(PEui) = [(,u + &) * a_xsj +Cls£* (Gi + C3:Gp) — CZSP% ...Equation 8

oxj og

where Gyis the generation of turbulence kinetic energy due to the mean velocity gradients; Gy, is the generation of turbulence kinetic
energy due to buoyancy; Cy,, C,. and Cs; are model constants; the quantities oy and o, are the turbulent Prandtl numbers for k and &
respectively.

Turbulent viscosity is given as:
k2

Ue = pCMT ....Equation 9

The setup was modeled for only entire fluid domain was used. It is logical to assume part of fluid domain instead of whole domain
that saves computation time. Domain has to build by considering inside fluid volume only.
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Figure 1 Geometry used for computational analysis
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Figure 2 Meshing

Table 1: Mesh Statistic

Parameter 0.8mm 0.8mm 0.8mm lmm* lmm * Imm>* [ 1.2mm 1.2mm 1.2mm
*1m *2m *3m Im 2m 3m *1m *2m *3m
Relevence Fine Fine Fine Fine Fine Fine Fine Fine Fine
Center
Type of Tetrahe | Tetrahe | Tetrahe | Tetrahe | Tetrahe | Tetrahe | Tetrahe | Tetrahe | Tetrahe
Mesh dral dral dral dral dral dral dral dral dral
No. of 422906 [ 832635 113451 | 342319 674079 112039 282142 564865 120399
Node
No. of 190730 | 376640 537292 154449 | 304322 540293 128174 | 254865 562829
Element 3 8 0 3 1 2 2 4 1
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V. BOUNDARY CONDITIONS
The inclusion of additional source and/or sink terms in the finite volume formulation for computational cells at the boundaries
implements all boundary conditions. There is experimental velocity in force convection flows. The temperature field causes the
velocity field to evolve, which in turn impactsthe temperature field, because the governing equations are invariably connected. The
inlet is given a temperature value; this temperature value is determined via a laboratory experiment. All of the walls in this study are
considered to be in no-slip condition.
Table 2: Boundary condition

Model Domain Boundary Parameter
Condition
Viscous (K-Epsilon)& R600a Inlet Inlet Pressure and
Energy Temperature (8 bar, 313K)
Wall Surface Heat Flux
(OW/m?)
Outlet Pressure Outlet
(Atmosphere)
Following boundary condition applied to model:
1) Theinlet condition of tube is constant for all the tubes
2) Heat flux applied is zeroas the condition is adiabatic.
3) All remaining wall are maintained at noslip condition.
V. RESULTS AND DISCUSSION

CFD analysis is completed at different diameter and length and fixed values of heat flux. These results are given in below.
Temperature counters over the domain surface give a clear idea of the drop in temperature after flow through the tube. Pressure
counter over the domain also gives information about the drop in pressure over the length. The refrigeration characteristics are
presented in below section by variationin length of capillary tube and below section presents the effect of variation in diameter on
COP, Refrigeration effect, temperature and pressure outlet.

By considering the experimental results it has been observed that the inlet temperature of capillarytube is 400C and pressure if 8bar
and tube was adiabatic. By keeping same condition as a boundary conditionfor the simulation of the capillary tube the analysis has
done for the varying diameter and length so as to optimize the dimensions of capillary tube and gives maximum output. Following is
the observation table from the computational results coming from the analsyis.

Table 3 Observation Table of Computational results

Expmental CASE - CASE | CASE| CAst CASE CASE | CASE CASE
I v v Vi VI Vil IX

Dia 08 08 08 1 1 1 12 12 12
Length 1 2 3 1 2 3 1 2 3
Pin 8 8 8 8 8 8 8 8 8
Tcapin 313 313 313 313 | 313 313 313 313 313
Pout(bar) -0.00617 -0.05003 01198 | 00224 -0.0342 -0.0846 0.0326 .0.0284 -0.0459
Teapout(K) 270 264 260 270 268 263 271 269 264
Tcin 284 284 284 284 | 284 284 284 284 284
Teout 334 334 334 334 | 334 334 334 334 334
h 5745 574.7 575 5744 5746 574.9 574.4 574.6 574.7
h2 638.2 638.2 638.2 6384 6382 638.2 638.2 638.2 638.2
ha 195.1 186 1712 195 | 1921 184.6 196.5 1937 186
RE 379.3 388.7 4038 3799 3825 390.2 377.8 380.9 388.7
\;Vcom 63.68 63.47 63.17 63.78] 63.54 63.32 63.83 6356 63.48
cop 5.9572 6.1244 6.3925 5.9482 6.0198 6.1628 5.9188 5.9931 6.1235
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A. Effect of Temperature

Temperature contour on outlet wallare shown in figure 3 for condenser tube for diameter of 0.8mm,1mm and 1.2mm and length 1m,

2m and 3m. Maximum temperature drop of 49K obtain for the diameter 0.8mm and 3m length. Percentage improvement in
temperature drop as compared previous is 22%.

o 0100 (m) )/t\ 0 0.100 (m) D/I\
) X ) X
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0 0100 (m) ))\ 0 0.100 (m) A
L SS—
L S X X
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Figure 3 Temperature contour at profile (a) The diameter of 0.8mm and length 1 meter (b) Thediameter of 0.8mm and length 2

meter (c) The diameter of 0.8mm and length 3 meter (d) Thediameter of Imm and length 1 meter (e¢) The diameter of 1mm and

length 2 meter (f) The diameter of 1mm and length 3 meter (g) The diameter of 1.2mm and length 1 meter (h) The diameter of
1.2mm and length 2 meter (i) The diameter of 1.2mm and length 3 meter
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B. Pressure Profile
Pressure contour on outlet wall are shown in figure 4 for condenser tube for diameter of 0.8mm, Immand 1.2mm and length 1m, 2m
and 3m. Minimum pressure obtain for -6231 Pa obtain for the diameter0.8mm and 3m length.
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) X [ Ee— X
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= o)

Y
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—
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Figure 4 Pressure contour at profile (a) The diameter of 0.8mm and length 1 meter (b) The diameter of 0.8mm and length 2 meter
(c) The diameter of 0.8mm and length 3 meter (d) Thediameter of 1mm and length 1 meter (e) The diameter of Immand length

2 meter (f) The diameter of Imm and length 3 meter (g) The diameter of 1.2mm and length 1 meter (h) The diameter of 1.2mm
and length 2 meter (i) The diameter of 1.2mm and length 3 meter.
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Figure 5 Effect on outlet Temperature of Capillary tube by varying diameter and length
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The analysis are performed with different length and diameter of capillary tube. As shown in abovefigure the temperature of capillary
tube are studied. It has been found that temperature of R600a is increasing as diameter increases and length decreases of capillary
tube. Minimum output temperature can be found in a R600a for combination of 0.8 mm diameter and 3 meter length.

6000
4000
2000

0
0.6 0.8 1 1.2 1.4
-2000
—8— 1 meter

-4000
2 meter

-6000
3 meter

Output Pressure

-8000
-10000
-12000

-14000 i
Diameter

Figure 6 Effect on outlet Pressure of Capillary tube by varying diameter and length

The analysis are performed with different length and diameter of capillary tube. As shown in abovefigure the Output pressure of
capillary tube are studied. It has been found that output pressure of R600a isincreasing as diameter increases and length decreases of
capillary tube. Minimum output pressure can be found in a R600a for combination of 0.8 mm diameter and 3 meter length.

6.5
6.4

6.3

COP

6.2
—8— 1 meter

6.1
2 meter

6 3 meter

0\.\.

5.9

5.8
0.6 0.8 1 1.2 1.4

Diameter
Figure 7 Effect on outlet Temperature of Capillary tube by varying diameter and length
The analysis are performed with differentlength and diameter of capillary tube. As shown in abovefigure the COP of capillary tubeare

studied. It has been found that COP of R600a is decreasing as diameterincreases and length decreases of capillary tube. Maximum
COP can be found in a R600a for combinationof 0.8 mm diameter and 3 meter length.
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VI. CONCLUSION

Numerical analysis of capillary tube was carried out with varying diameter and length. The following conclusions may be drawn
from the present investigation. The effect of dimensions of the capillary tube on the refrigeration system can be seen in the simulation.
Average temperature drop from the tube increased with decreasing diameter of tube by keeping length as a constant parameter.
Average temperature drop from the tube increased with increasing length of tube by keeping diameter as a constant parameter. From
the overall results it has been conclude for the temperature parameter is the minimum value of diameter and maximum length gives the
maximum temperature drop in this case the values are 0.8mm dia and 3 m length. Average pressure drop from the tube increased with
decreasing diameter of tube by keeping length as a constant parameter. Average pressure drop from the tube increased with
increasing length of tube by keeping diameter as a constant parameter. From the overall results it has been conclude for the pressure
parameter is the minimum value of diameter and maximum length gives the maximum pressure drop in this case again the values
are 0.8mm dia and 3 m length. The maximum refrigeration effect obtain i.e. 403.82 watts for the same combination. The
Maximum COP aobtain i.e. 6.39 for the domestic refrigeration system for the same combination.
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