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Abstract: Day by day there is increasing demand of refrigerating effect which increases the load on compressor.
But sub cooling and superheating are the process used for getting maximum refrigerating effect, ultimately
improve COP of the refrigerating system.

Condenser plays an important role in any refrigeration system .it is use to remove heat from refrigerant vapour
coming from compressor p-h and T-s diagrams clearly shows, the effect of sub cooling after condensate formation
on COP. Now a day we are interested in improving COP of refrigeration system, without affecting compressor
work. Sub cooling is one of the factors that can improve the COP of refrigeration system. Sub cooling is done in the
condenser, thus condenser design is the key factor to improve the COP of domestic refrigerator.
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1. INTRODUCTION

Now a days when we think about any refrigeration system our interest going towards the coefficient of performance of
that system. In the same sense whenever we focused on domestic refrigerator we can observed there are two easy way to
enhance the coefficient of performance. That is superheating of refrigerant after evaporator and another way is subcooling
of refrigerant before entering into expansion device.

Effects of sub cooling and superheating of refrigerant on the refrigerating effect are clearly explained from p-h and t-s
diagrams of refrigeration system.
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fig.1- p-h diagrams [19]
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fig.2- t-s diagrams [20]

Condensers and evaporators are basically heat exchangers in which the refrigerant undergoes a phase change. Next to
compressors, proper design and selection of condensers and evaporators is very important for satisfactory performance of
any refrigeration system.

As per design concerned of domestic refrigerator, it is easy to change the design of condenser instead of evaporator design
[10]. Earlier different types of condenser slides air cooled condenser, water cooled condenser is been used in a domestic
refrigeration system. Air cooled condenser is most popular condenser for a refrigerator [1]. Many researches done in a
past on the condenser, one of them wire-on-tube condenser where main tube is used in a spiral form with vertical wire
having fins with different spacing. Heat transfer rate can be enhanced by using this type of condenser [12].

Helically coiled exchangers offer certain advantages as compare to straight tube condenser. Such as compactness of size,
higher film coefficients, increased heat transfer rate, thermal performance these are some attractive features in case of
helical coiled tube heat exchanger [2]. Due to flow resistance, there is more possibilities of pressure drop result in
efficient and less-expensive designs [8].

The curved surface of helical coil is responsible for generation of the centrifugal force in outwards direction which create
secondary flow inside the tube. These secondary flow increases the mass flow rate of the refrigerant ultimately heat
transfer rate to the tube wall improved. Improvement of heat transfer rate shows the increment in COP of the refrigeration
cycle [4, 6, 8].

It has been found that the secondary flow is turbulent flow. This turbulent flow must have sufficient intensity to enhance
the heat transfer rate. Intensity of the turbulent flow is depends on diametric ratio. Diametric ratio is nothing but the ratio
of diameter of helical coiled tube (D) to the outer diameter of the tube (d). Characteristics of flowing fluid through helical

coiled tube is also determined from Dean number [i.e. De:Re\/(%)]. Where De is the Dean number and Re is the
Reynolds number [6, 8].
Another most important parameter is the pressure drop across the helical coil tube. There is increasing in mass flow rate

of flowing fluid with increase in pressure drop. Pressure drop is depends on the frictional factor. Friction coefficient (f) is
given as,

f=_ 4P

0.5><§xpV2
Where L and d are length and diameter of the helical coil tube respectively
AP is the pressure drop, V is the velocity of flowing fluid [8].

The void fraction is use to find out flow regimes along the length of helical coiled tube. Calculation of the pressure drop
and heat transfer coefficient are affected by the flow regimes hence flow regimes must be identified by considering void
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fraction with time it can be done by using densitometer. The void fraction is defined as the ratio of the vapour area to the
total cross sectional areas [18].

As heat transfer rate increases subcooling of refrigerant also increases when we using helical coiled tube condenser which
gives maximum refrigerating effect ultimately coefficient of performance of domestic refrigerator will be enhanced. But
due to space limitation | decided to use elliptical helical coiled tube condenser instead of circular helical coiled tube
condenser.

2. LITERATURE REVIEW

The purpose of this literature review is to study the recent work carried out for design the condenser of domestic
refrigerator and find out the better design to enhance the COP of domestic refrigerator without changing any components
other than condenser.

Otto J. Nussbaum [1] studied all relevant type of condensers and investigate the effects of advantages and disadvantages
of various condensers on performance of refrigeration systems. Air cooled condensers with small capacity i.e. 5to 7.5 Hp
is commonly used as indoor condensing unit. Selection of condensers is depends on the total heat rejection (THR) and
quantity of flowing fluid.

Water cooled condensers is use for 0.25TR to 200TR. When we considering water circulating pump work, corrosive
nature of water, make up water requirement air cooed condenser is best suitable for domestic refrigerator as compared to
water cooled condenser.

An experimental investigation of N. D. Shirgire and P. Vishwan gives variation of overall heat transfer coefficient for
strait tube and helical coil heat exchanger by keeping constant mass flow rate of hot water and varying the cold water
mass flow rate. The graphs drawn in there research papers shows the increase in overall heat transfer rate with increase in
mass flow rate [2]. Overall heat transfer coefficient is higher for helical coil heat exchanger as compared to straight tube
heat exchanger.

There are various augmentation techniques which is used to improve heat transfer rate. Mainly three techniques i.e.
passive, active and compound methods for heat transfer [3]. Insets required in passive technique while active technique
required some external power input and in case of compound technique two or more active or passive techniques
combined together for enhancement of heat transfer rate. After studying these three techniques passive technique is
commonly used for enhancement of heat transfer rate.

B. Chinna Ankanna and B. Sidda Reddy [4] making some calculation by considering geometry and parameters of helical
coils to calculate effectiveness and overall heat transfer coefficient.

First they set dimensional parameters and operating parameters for helical coil heat exchanger as given below.

Table 1. Dimensional parameters of Helical coil [4] (B. Chinna Ankanna and B. Sidda Reddy)

Sr. No. Dimensional Parameters Dimensions
1 Outer diameter of SS cylinder (D) 63.5mm

2 Inner diameter of SS cylinder (Di) 1.058Dmm
3 Thickness of SS cylinder (T) 3-5mm

4 outer diameter of SS end cap (Dco) 1.376Dmm
5 inner diameter of SS end cap (Dci) 1.162Dmm
6 thickness of the end cap (Tc) 6-9mm

7 Outer diameter of projected tube (Dto) 0.211Dmm
8 Inner diameter of projected tube(Dti) 0.145Dmm
9 Diameter of connecting tube(Dcp) 0.2Dmm
10 Diameter of CPVC pipe(Dcpvc) 0.3Dmm
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Table 2. Operating parameters of Helical coil heat exchanger [4] (B. Chinna Ankanna and B. Sidda Reddy)

Parameters Cold Water | Hot Water
Mass flow rate Mf 0.0625 0.166
Initial temperature (°C) 30 100

Outlet Temperature (°C) 60 70

Cp JIKg°C 4183 4216
Prandtl Number (Pr) 5.68 1.74
Thermal conductivity(K) (W/m2 °C) 383 16.2
Viscosity (N-s/m2) 0.0008294 0.00028157
Density (kg/m3) 997.5 961

After setting dimensional parameters and operating parameters design procedure adopted for helical coil considering
Reynolds number, Dean number, Nusult number, Prandtl number and there relation for finding heat transfer rate. After
calculation and comparison of various parameters they conclude that helical coil heat exchanger provide more surface
area for making fluid contact for long time, which may result in improvement of heat transfer rate as compared to straight
tube heat exchanger.

Table 3. Effectiveness [4] (B. Chinna Ankanna and B. Sidda Reddy)

Arrangements Effectiveness (max.)
Helical coil in parallel configuration 0.631
Helical coil in counter configuration 0.671
Straight tube in parallel configuration 0.316
Straight tube in counter configuration 0.498

From above table effectiveness of counter helical coil heat exchanger is much higher than other arrangements.

Sanjeev Singh Punia and Jagdev Singh [5] conduct an experiment to investigate the effect of capillary tube length,
capillary tube diameter and capillary coil diameter on the mass flow rate of refrigerant through helical coil tube. They
used LPG as refrigerant in VCR system. In their experiment they set the range of tube length as 4.5 to 2.5 m and find out
there is increment in the mass flow rate by an average 25% .

Also find that when inner diameter of helical coil tube increases from 1.12mm to 1.52mm mass flow rate increases by an
average 106%.

They again investigate that when coil diameter of helix decreased from 190mm to 70mm mass flow rate also decreased by
13%, 7% and 9% for 1.12mm, 1.4mm and 1.52mm inner diameter of helical tube respectively.

After studying this paper | found that maximum COP can be obtained by using helical coil tube condenser but maximum
pressure drop and frictional resistance are drawbacks of helical coil tube.

Rajesh Joshi and Dr. A. I. Khandwawala [7] gives experimental support to the research paper of Sanjeev Singh Punia and
Jagdev Singh [5] Rajesh Joshi and Dr. A. I. Khandwawala used R134a refrigerant for their experiment. They noted all
thermo-physical properties of R134a refrigerant at mean temperature of condenser i.e. at 60°C as

Liquid phase density = 1052.85 kg/ m3 Vapour phase density= 87.719 kg/ m3 Thermal conductivity of R134a
K=0.01144W/m-k

Prandtl number for liquid= 0.769 Condensers inside diameters selected as 6.25mm, 8mm, 10mm and 12mm respectively.
Mass flow rate of refrigerant varied from 0.002kg/s to 0.02 kg/s. in step of 0.001 kg/s.
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They experimentally noted the result as effect of variation of inside diameter of condenser tube and mass flow rate on heat
transfer coefficient in common domestic refrigerator which is given below,

Table 4 Comparative performance with Reynolds number [7] (Rajesh Joshi and Dr. A. I. Khandwawala)

Mass flow rate
(kg/s) Reynolds number
Pipe dia. Pipe dia. Pipe dia. Pipe dia.
6.25mm 8mm 10mm 12mm
0.002 29300.2 22890.78 18312.6 15260.5
0.003 43950.2 34336.17 27468.9 22890.7
0.004 58600.3 45781.56 36625.2 30521.0
0.005 73250.4 57226.95 45781.5 38151.3
0.006 87900.5 68672.33 54937.8 45781.5
0.007 102550.7 80117.72 60944.1 53411.8
0.008 117200.8 91563.11 73250.4 61042.0
0.009 131850.9 103008.5 82406.8 68672.3
0.01 146501 114453.9 91563.1 76302.5
0.011 161151.1 125899.3 100719 83932.8
0.012 175801.2 137344.7 109875 91563.1
0.013 190451.3 148790.1 119032 99193.3
0.014 205101.4 160235.4 128188 106823
0.015 219751.5 171680.8 137344 114453
0.016 234401.6 183126.2 146501 122084
0.017 249051.7 194571.6 155657 129714
0.018 263701.8 206017 164813 137344
0.019 278351.9 217462.4 173969 144974
0.02 293002 228907.8 183126 152605
Comparative graph for different diameter pipes
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Graph 1. Comparative effects mass flow rate on Reynolds number for different diameters of pipe [7] (Rajesh Joshi and Dr. A. 1.
Khandwawala)
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Table 5 Comparative performance with heat transfer coefficient [7] (Rajesh Joshi and Dr. A. I. Khandwawala)

Mass flow Heat transfer coefficient
rate (kg/s) (w/m2-K)
Pipe dia. Pipe dia. Pipe dia. Pipe dia.
6.25mm 8mm 10mm 12mm

0.002 328.05 210.36 140.77 101.39
0.003 453.74 290.96 194.71 140.24
0.004 571.17 366.25 245.10 176.53
0.005 682.8 437.84 293.00 211.03
0.006 790.02 506.59 339.01 244.17
0.007 893.7 573.08 383,51 276.21
0.008 994.46 637.69 426.75 307.36
0.009 1092.72 700.7 468.91 337.73
0.01 1188.82 762.32 510.15 367.43
0.011 1283.01 822.72 550.57 396.54
0.012 11375.56 882.03 590.26 425.12
0.013 1466.46 940.36 629.29 453.24
0.014 1556.03 997.79 667.73 480.92
0.015 1644.33 1054.4 705.62 508.21
0.016 1731.46 1110.2 743.01 535.14
0.017 1817.51 1165.4 779.93 561.73
0.018 1902.54 1219.9 816.43 588.02
0.019 1986.64 1273.9 852.52 614.01
0.02 2069.86 1327.2 888.23 639.73

K

heat transfer coefficient
Wm"2 K

Comparative graph for different diameter pipes
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Graph 2. Comparative effects mass flow rate on Heat transfer coeficeint for different diameters of pipe [7] (Rajesh Joshi and
Dr. A. I. Khandwawala)

From above readings and graphs | can easily observed that for given mass flow rate, when pipe diameter increases value
of Re decreases and form given to diameter heat transfer rate increases with increase in mass flow rate.
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Spiral capillary tube condenser is another possible replacement for straight tube condenser. Nishant P. Tekade and Dr. U.
S. Wankhede [12] studied various papers related to the spiral tube heat exchanger. They noted that selection of refrigerant
is depends on thermo-physical properties and technological and economical aspects.

Suitable combination of length and diameter of tube affect the mass flow rate and pressure drop. Use of spiral capillary
tube improve COP of refrigeration system but heat transfer rate in case of spiral tube heat exchanger is difficult to
calculate as compare to helical coil tube heat exchanger, because there is complex and interfering heat transfer nature
from centre to outward direction. Also there is maximum value of centrifugal force in tangential direction which produce
greater frictional resistance to the flow of fluid and greater turbulence occurs inside the tube which may result in higher
uncontrolled pressure drop across the two ends of condenser tube which increases load on compressor.

Possible drawing of Helical coil tube condenser is as below

L
0.00 70.00 (rarm) Z’——LX
|

35.00

Diagram 1. Helical coil tube condenser [14] (Soby P. Sunny, Siddharth D. Mhaske and Yash B. Parikh)

Temperature drop in case of helical coil tube condenser is higher than the straight tube condenser because of curvature
nature of the helical coil which shows the enhancement of heat transfer rate [14].

From Numerical analysis and CFD modelling it can be seen that whenever there is increase in velocity of flowing fluid
decreases the ratio of pressure drop to the heat removed for greater pitch as compared to the smaller pitch. This shows
better heat transfer characteristics for larger pitch as compared to smaller pitch [15].

Under the turbulent flow condition of refrigerant inside the helical coil tube condenser overall heat transfer coefficient is
more. Because of calculation of heat transfer coefficient is based on the inlet and outlet temperature of flowing refrigerant
which affected by an intensity of turbulence [16]. Fin spacing also affect the discharge pressure and heat transfer
coefficient, which is higher in case of higher fin spacing [17].

3. CONCLUSIONS

After studying many papers | conclude that there is possibility to change the condenser design to improve the heat transfer
rate which gives easy subcooling of refrigerant after condensation. This is further responsible for increment in the
refrigerating effect of any refrigeration system. Increment in the refrigerating effect indicates that improvement in COP of
refrigeration system.

There are numbers of condenser design available for domestic refrigerator to enhance its COP. But | noted that Helical
coil tube condenser gives better heat transfer rate, maximum mass flow rate, minimum frictional losses with minimum
coil length.

Due to curvature shape of helical coil tube refrigerant flowing with higher turbulence nature which indicates that more
frictional resistance to the flow of refrigerant which increases the load on compressor.
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