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Abstract.The present work experimentally investigates the effect of the geometrical parameters of a conically coiled
tube in tube (CCTIT) evaporator and its operating conditions on the coefficient of performance (COP) of a vapour
compression refrigeration system (VCRS). The CCTIT evaporator is oriented vertically, through which refrigerant
R134a flows in its internal tube, while pure water flows in its annulus as heating mediums, in a counter-flow
configuration. Twelve CCTIT evaporators with different taper angles (0°-135°) and pitch ratios (0.0777-0.1311) are
constructed. Totally 72 test runs are performed on the twelve evaporators for heating water flow rates from 1.8 to 14
1/min, which are equivalent to Dean number in the evaporator annulus from 119.8 to 756.4. The experimental results
demonstrate that increasing the taper angles and the pitch ratio of the CCTIT evaporator in addition to decreasing the
Deey w augments both the COP of the VCRS. Finally, an experimental correlation is developed to predict the COP of
the VCRS as a function of the investigated parameters.

Keywords:Experimental, Conically coiled tube, Coefficient of performance, Vapour compression refrigeration system,
Taper angle, Pitch.

1. INTRODUCTION the side of tube wall nearest to the coil axis is
termed inner side of the coil, while the farthest
side is labelled as the outer side of the coil.

Enhancing the thermal performance of the
refrigeration systems affects directly on the
energy, material and cost savings. The VCRS is
one of the refrigeration systems, which is used in
most domestic refrigerators in addition to in
numerous large industrial and commercial
refrigeration systems [1]. There are numerous
methods that were employed in the VCRS to
improve its COP. One of the proposed methods
for improving the heat exchange is the helically
coiled tubes (HCTs). They are widely used as heat
exchangers and have many applications. This Fig. 1: Basic geometry of a HCT.
wide application of the HCTs is due to their
compactness and the geometry promotes good
mixing of the fluids, which leads to increasing the
heat transfer coefficients [2, 3]. Due to the

There are also dimensionless parameters that were
commonly used to explain the effects of the coil
curvature and coil torsion. They are defined as
follows [4, 5]:

extensive use of the HCTs in these applications, dy;
knowledge about the heat transfer and pressure 8= d_ (D
drop characteristics is very important. A ¢
schematic representation of HCT characteristics Pe
with main geometrical parameters is shown in =T[_dc ()

Fig. 1. Considering any cross-section of the HCT
created by a plane passing through the coil axis,
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)

Where

Coil curvature ratio; it is the ratio of the inner

diameter of the coiled tube (d;) to the mean

diameter of the coil curvature, d..

Coil torsion (pitch ratio); it is the ratio of the

coil pitch (p,) to the established length of one

turn of the coil (1td,).
There are numerous studies, which were carried
out enhance the COP of the VCRS. Some of them
investigated the effect of employing liquid-suction
heat exchanger [6-11] into the VCRS. Other
studies devoted to investigate the effect of
geometrical parameters of the capillary tube on the
VCRS  performance [12-21]. In  other
investigations, the effect of adding nanoparticles to
the VCRS refrigerant or compressor oil was
examined [22—-34]. Other investigations considered
the evaporator/condenser geometry. Prasonna and
Kishore [35]practically examined the effect of
employing a shell and coil heat exchanger between
the compressor and the condenser of a simple
VCRS on its performance. It was revealed a
significant  decrease in  the evaporation
temperature, and therefore the COP of the cycle
was augmented by 16%, while the mass flow of
the refrigerant and the power required to drive the
compressor were reduced by 14%. Chandramouli
et al. [36] performed an experimental investigation
on the COP of a domestic refrigerator by
incorporating an evaporator of a spiral coil shape.
The results demonstrated that the refrigeration
effect and COP of the cycle were augmented by
1.5% due to using the proposed design. Kumar et
al. [37] experimentally compared the effect of a
conventional serpentine condenser with a spiral
shape on the COP of a domestic refrigerator. The
results indicated that the spiral coil condenser
provided a maximum COP of 4.25 with 18.8%
more than the conventional one. Vali et al. [38]
practically tested the performance of a simple
domestic refrigerator for two designs of the
condenser; conventional serpentine type and HCT
type. R134a was used as the working refrigerant.
The results indicated that using a helically coiled
condenser augmented the cycle COP by 21.4%.
Patil et al. [39] experimentally and numerically
carried out an effective analysis to compare the
COP of a VCRS for employing a conventional
condenser and for a spiral micro tube air cooled
condenser. The results demonstrated that there was
a decrease in the compressor work by 35.9%,
which resulted in an enhancement in the COP by
13.45% with conducting the spiral condenser.
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From the literature survey, it is clear ({2 there are
numerous techniques that were conducted to
enhance the COP of the VCRSs. However, there
is still a need for the COP improvement. One of
the proposed techniques is the HCT, which
enhanced the thermal performance of the heat
exchangers examined by other researchers. As
indicated, the geometrical parameter of the coiled
tubes and the operating conditions of the VCRS
affect its COP. It was demonstrated that
decreasing the coil curvature increased the rate of
heat transfer rate in addition to the pressure drop.
Therefore, in the present study, it is aimed to
investigate the effect of the geometrical
parameters of coiled tubes with different taper
angles and coil torsions on the performance
attributes of the refrigeration cycle at different
operating condition.

2 Experimental apparatus
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Fig. 2: Schematic diagram of the experimental setup.

The apparatus used in the present investigation
comprisesheating and cooling water loops along
with the refrigerant circuit. The hot water
(supplied to the annulus side of the VCRS
evaporator) circuit consists of a heating unit with
a thermostat, pump, valves, water flow meter and
the connecting pipes. While the cooling water
supplied to the annulus side of the VCRS
condenser from the domestic water supply is
passed through the connecting pipes and is
controlled by a valve and water flow meter
through an open loop. In addition, the refrigerant
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circuit consists of a compressor, valves, HCTIT
condenser, filter drier, sight glass, capillary tube,
CCTIT  evaporator, temperature  sensors,
pressure/pressure difference transducers and the
connecting pipes. Fig. 2 is a schematic
representation of the experimental facility in
which the heating water from the heating unit
to/from the evaporator annulus, and the cooling
water to/from the condenser annulus is revealed
as red lines, while the refrigerant (R134a) in the
VCRS is illustrated with blue lines.

Thirteen CCTIT evaporators of counter-flow
configuration are constructed with different taper
angles and coil torsions. The characteristic
dimensions of the tested coils are revealed in
Table 1. In the experimental runs, twelve of them
(coils no. 1 to 12) are used as evaporators while
the coil no. 13 is used as the condenser. The
CCTITs are formed from straight soft copper
tubes of the same length 5000 mm. The inner tube
is of inner (d¢;) and outer (di,) diameters of 8.31
mm and 9.52 mm, respectively, while the outer
tube is of inner (dan,i) and outer (dan,) diameters of
17.65 mm and 19.05 mm, respectively. In
addition, the coils are formed with four different
taper angles (0); 0° (helical), 45°, 90° and 135°.
Furthermore, the first (top) turn of all coils is of
an inner coil diameter of 100 mm, while the final
(base) turn is of a different diameter according to
the coil taper angle. It ought to be noticed that for
CCTITs of 6 = 0°, the pitch between the coil turns
is the same, while for other angles, the pitch
increments as the coil turn diameter increases to
provide the same torsion for all turns as indicated
in Eq. (2). In addition, expanding the cone angle
leads to decrease the total number of coil turns
due to the fixed length of the tube as illustrated in
Table 1.

Additionally, to prevent any flattening to the
CCTITs during coiling process, the tubes are
filled with fine sand before bending to safeguard
the smoothness of the inward surface and this is
washed with high hot water flow after the process.
Furthermore, care is taken to locate the inner tube
into the center of the outer tube by using a
circular ring that has the dimension of the annulus
with a clearance of 0.5 mm during the filling
progression. As the annulus is filled with fine
sand, the ring is moved systematically until it
exits from the other end of the tube after the
annulus is completely loaded with the fine sand.

Table 1: Characteristic dimensions of
the tested coils.

CoilNo.

TaperAngle ) | peimm) [ 2 N [ Lmm)
1 29.05 0.0777 46235
2 0e 39.05 0.1044 15.92 780.66
3 49.05 0.1311 1098.97
4 2905 0.0777 6.47 392.70
5 432 39.05 0.1044 5.57 471.70
6 49.05 0.1311 4.96 549.90
7 2905 0.0777 4.19 318.40
8 90° 39.05 0.1044 3.60 370.30
9 49.05 0.1311 331 428.50
10 29.05 0.0777 2.74 231.20
11 135¢ 39.05 0.1044 219 277.70
12 49.05 0.1311 215 343.80
13 e 39,05 0.1044 15.92 780.66

Additionally, two copper pipes of inner diameter
of 17.65 mm are welded at the outer tube to
permit the water to enter/exit to/from the annular
passage. Moreover, the outer surface of the
CCTIT evaporators/condensers is thermally
isolated with a rubber insulation material (12.4
mm thickness). Fig. 3 reveals a photograph of the
CCTIT evaporator/condenser.

Fig. 3: A photograph and schematic representation of
the CCTIT evaporator/condenser.

In the present VCRS, a 1 hp -centrifugal
compressor model (KCG498HAG-C221H) is
used. Additionally, a narrow copper tube of 1.62
mm internal diameter and 1500 mm effective
length is conducted as a capillary device. Two
digital pressure/differential pressure transducers
are employed for measuring the pressure and
pressure difference of the refrigerant at the
evaporator/condenser inlets and exits. One of
them is of a high scale (installed at the inlet and
exit of the condenser) with a differential pressure
range of 0-206.8 kPa, with a maximum pressure
of 17.24 bar. While the other transducer of a
lower scale (installed at the inlet and exit of the
evaporator) with a differential pressure range of
0-103.4 kPa, with a maximum pressure of 3.45
bar. Both transducers are liquid and gas pressure
measurement and of accuracy of +1% of full
scale.Four temperature sensors of digital readers
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with a resolution of 0.1°C are utilized to measure
the temperatures of the refrigerant incoming or
leaving the condenser and the evaporator. The
sensors are conducted on the refrigerant copper
tube. Disregarding the conduction resistance of
the tube wall, the readings are presumed to equal
the refrigerant temperatures at these locations.
The used filter drier and sight glass are Danfoss
Type. The size of their inlet and outlet tubes is 3/8
inch.

For the heating unit, it is comprised of
stainless steel slab (2 mm thickness), which is
formed to produce a cabinet with dimensions of
300 mm * 300 mm * 600 mm. Three ports are
conducted to the cabinet; one is at the tank base,
which represents the departure pipe to the pump.
Whilst the others are on the cover of the tank,
which represent the inlet ports from the
evaporator and from the by-pass line. Two
electric heaters (have a maximum power of 6 kW)
are installed horizontally at the bottommost of the
heating cabinet to heat the water to the wanted
temperature. The operation of the electric heaters
is based on a pre-adjusted digital thermostat,
which is used to keep a constant temperature of
the water directed to the evaporator. Moreover,
the outer sides of the tank is thermally isolated
utilizing a layer of each of ceramic fiber and glass
wool. The heating water is given from the heating
unit and circulated through the annular passage of
the evaporator, flow meter-1 and is backed to the
heating tank. The water is delivered by a 0.5 hp
power rating centrifugal pump with a maximum
capacity of 30 I/min. Two identical variable area
flow meters of a range from 1.8 to 18 1/min
(accuracy of £5% of reading), are used to amount
the rate of the heating/cooling water flow required
for the evaporator/condenser. Four digital sensors,
with a resolution of 0.1°C, are directly embedded
into the flow streams, at approximately 50 mm
from inlet and exit ports of the annulus of the
evaporator and condenser, to measure the water
temperatures. While for the cooling loop, the
cooling water circuit is an open loop. It is
provided from the domestic water source and
supplied to the annular passage of the condenser
then to the drain. The rate of water flow is
specified by a valve and flow meter-2.

3 Experimental Procedures

To initiate the experiments, the following parts
are assembled: the evaporator,
condenser, filter drier, sight glass, capillary tube,
heating tank, pump, piping, flow meters, valves

compressor,

and the pressure transducers. These parts are
connected together using either nuts or welding
the pipes with silver solder. Then, the temperature
sensors are attached on the refrigeration piping at
evaporator/condenser inlets and outlets, in
addition to four temperature sensors are inserted
in evaporator/condenser water inlets and outlets to
measure the heating and cooling water inlet ant
outlet temperatures. After attaching the
temperature sensors on the refrigerant tubes, they
are well isolated from the surroundings. After
assembling the VCRS components, it is charged
with R134a.

The first step to collect the data from the system
is to fill the heating tank with water from the
domestic water supply, and then the electric
heaters, the compressor, and the pump are turned
on. The temperature of the heating water in the
tank is adjusted at 20+0.5°C by regulating the
temperature of the heating tank through its
thermostat. While the condenser annulus is linked
to the tap of the domestic water supply through a
flexible hose. The water from the heating tank is
circulated in the main line to the evaporator
annulus at different flow rates in each experiment.
The remainder from the pumped flow is returned
to the tank through a bypass line. The range of the
operating conditions are revealed in Table 2.

Table 2: Range of operating conditions.

Component Shape

Parameters Range or value

Evaporator CCTIT | Heating water flow rate, l'min 18-14

0.0777-0.1311
0,45,90, 135

Coiled tube torsion

Taper angle. ®

Heating water inlet temperature. °C 20

Heating water Dean Number 119.8-7564

Coiled tube torsion 0.1044
Taper angle. ° 0
Condenser | HCTIT | Cooling water flow rate, Umin 6
Cooling water inlet temperature, °C 28
Cooling water Dean Number De_ .. & 6304

In addition, all experiments are conducted with
cooling water entering the condenser annulus at
28+1°C inlet temperature. While its flow rate is
adjusted through the faucet handle and the flow
meter 2. A series of 72 experiments are carried
out on the twelve evaporator geometries shown in
Table 1. During the test operation, the steady-state
condition is conducted when a maximum
variation of 0.5°C for each temperature sensor
reading within 20 minutes is recorded. Moreover,
it is considered to be achieved when the stable
fluid inlet and outlet temperatures are obtained;
variation of inlet and outlet temperatures of the
water and refrigerant streams are within 0.2°C
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during a minute period before each measurement
is taken.

4 Data Reduction

The measured temperatures and pressures during
the experiments are used to calculate the specific
enthalpy of the refrigerant in the different
locations of the VCRS. It should be noted that
each experiment is repeated three times, and the
average readings of the measured variables are
recorded despite the tinny difference between
these repeated readings. Microsoft Excel sheets
are prepared to process the experimental data for
the COP and the other characteristic parameters of
the VCRS. The specific enthalpy of the
refrigerant is estimated using its measured
pressure and temperature at evaporator and
condensers  inlet end exit. = Schematic
representation of the VCRS on the P-h chart is
revealed in Fig. 4. The estimated specific
enthalpies are used for calculating the following

parameters:
RE = h1 - h4_ (3)
we =h; —hy (4)
qc =h; —hs (5)
RE h;—h
cop=—=-2_"2* (6)

* h

Fig. 4: Schematic representation of the VCRS on
the P-h chart.

It should be noticed that the specific enthalpy of
the R134a entering the evaporator (h,) is assumed
to be equal to the specific enthalpy of the
refrigerant entering the capillary tube (hs3). In
addition, to calculate refrigerant mass flow rate in
the VCRS, the compressor power is calculated by
measuring the voltage drop and current passing
across it.

Deeyw = Reev,w(San)O'5 =

W, IV cos@

W, hy—h, 7

Myer =

According to Ministry of Electricity and Energy
in Egypt, the power factor, cos @, for the public
network is ranged from 0.93 to 0.97. In the
present study, the AC power factor is assumed to
be 0.95. Additionally, to ensure the veracity of the
measured data and calculations, the evaporator
heat transfer rate is calculated from refrigerant
and heating water data as follows:

Qevyref = Myet - RE = Tyer(hy —hy) ©))

Qevw = MevwCPevw(Tevwi — Teviwo) (9
With the same method, the condenser load is
calculated;

Qe ref = Myefqc = Mper(hy —h3) (10)

Qo = MewCPew(Tomo = Tewss) (11)

Assuming that the measurements are sufficiently
accurate without heat gain or loss, there is an
energy balance between the two streams Qey ref =
Qevw and Qcref = Qcw. While in the real
experiments, there would always be
discrepancy between the two rates. Therefore, the

some

arithmetical mean of the two, Qeyave and Qcaye
can be used as the heat load of each exchanger.

_ Qev,ref + Qev,w

Qev,ave - 2 (12)
+

Qc,ave — Qc,ref2 Qc,w (13)

AQev — |Qev,w| - |Qev,ref| (14)
Qev,ave

AQC — |Qc,ref| - |Qc,w| (15)

Qc,ave
For all experimental tests, the water and

refrigerant loads in the evaporator and the
condenser did not differ by more than £2.2% and
+3%, respectively. For the water Dean Number in
the evaporator (Deg,,) annulus is calculated as

follows;
0.5

4 rhev,w (dan,h>
T dam,h Hev,w dc

5 Results and Discussions

5.1 Operating Conditions
Fig. 5 presents the obtained results due to varying
the CCTIT evaporator taper angle and torsion in
addition to its heating water Dean Number.
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Fig. 5: Effect of CCTIT evaporator geometry on VCRS operating conditions;
(a) Pev, (b) P, (C) ATsup, evsy (d) ATsub, cy (e) APev, (f) AP..

Effect of CCTIT evaporator taper angle: 1t is revealed from Fig. 5 that increasing the taper angle of the CCTIT
evaporator leads to a significant increase in the average pressure of both the evaporator and the condenser, and in
the refrigerant subcooling inside the condenser, in addition to a noticeable decrease in the superheating of the
refrigerant inside the evaporator. With increasing the taper angle of the CCTIT evaporator from 0 to 135°, the
evaporator and condenser average pressures increase from 1.44 bar to 1.97 bar, and from 8.47 bar to 10.55 bar,
respectively. In addition, the refrigerant is superheated inside the evaporator and subcooled inside the condenser
by average values of 13.1°C and 6°C, respectively, at 8., = 0° and by 5°C and 7.9°C, respectively, at 8, = 135°,
Furthermore, with increasing 6., from 0 to 135°, the refrigerant average pressure loss in the evaporator decreases
from 56.3 kPa to 23.4 kPa. This can be attributed to decreasing the centrifugal force in both sides of the CCTIT
evaporator with increasing its taper angle (the evaporator coil mean diameter increases), which diminishes the
secondary flow formation. This reduces the pressure drop in the evaporator and rises the compressor suction
pressure, and consequently increases the VCRS pressures. This leads to increasing their corresponding saturation
temperatures, in addition to a lower superheating temperature of the refrigerant entering the condenser with
decreasing the evaporator taper angle. This slightly enhances the subcooling of the refrigerant inside the
condenser, which leads also to an insignificant effect of the evaporator taper angle on the quality of the refrigerant
at the evaporator inlet.
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Effect of CCTIT evaporator torsion: 1t is observed from Fig. 5 that the effect of coil torsion is lower than that of
the coil taper angle in the investigated range of these parameters. It is clear that increasing the CCTIT evaporator
torsion slightly increases the average pressures of both the evaporator and condenser, in addition to the refrigerant
subcooling inside the condenser, and slightly reduces the superheating of the refrigerant in the evaporator. With
increasing the torsion of the CCTIT evaporator from 0.0777 to 0.1311, the evaporator and condenser average
pressures increase from 1.58 bar to 1.79 bar, and from 9.4 bar to 9.6 bar, respectively. In addition, the refrigerant is
superheated inside the evaporator and subcooled inside the condenser by average values of 10.6°C and 6.9°C,
respectively, at Ay = 0.0777 and by 8.2°C and 7.2°C, respectively, at Aoy = 0.1311. Furthermore, with increasing
Aev from 0.0777 to 0.1311, the refrigerant average pressure loss in the evaporator slightly decreases from 44.2 kPa
to 35.7 kPa, respectively. This can be returned to increasing the rotational force as a result of increasing the coil
torsion, which diminishes the secondary flow that established by the centrifugal effect.

Effect of heating water Dean Number: 1t is indicated from Fig. 5 that the heating water Dean Number slightly
affects the VCRS operating conditions. It is clear that with increasing De.., w, the average pressures of both the
evaporator and condenser, in addition to the refrigerant superheating inside the evaporator slightly increase, while
the refrigerant subcooling in the condenser slightly decreases. With increasing Dey, w from 119.8 to 756.4, the
evaporator and condenser average pressures increase from 1.59 bar to 1.77 bar, and from 9.34 bar to 9.62 bar,
respectively. In addition, the refrigerant is superheated inside the evaporator and subcooled inside the condenser
by average values of 8.7°C and 7.4°C, respectively, at Decy, w = 119.8 and by 10.1°C and 6.6°C, respectively, Dey,
w = 756.4. Furthermore, with increasing De.,, w from 119.8 to 756.4, the refrigerant average pressure loss in the
evaporator slightly decreases from 42.6 kPa to 37 kPa, respectively. This can be returned to increasing the
corresponding evaporator saturation temperature and pressure as a result of increasing the heating water flow rate
in addition to increasing the annulus side centrifugal force.

5.2 VCRS Specifications
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Fig. 6: Effect of CCTIT evaporator geometry on VCRS specifications; (a) RE, (b) we, (¢c) COP, (d) qc, (€) Mref.

Effect of CCTIT evaporator taper angle: It is
evident that the CCTIT evaporator taper angle
significantly affects the VCRS performance
parameters as illustrated in Fig. 6. Increasing the
evaporator taper angle from 0 to 135° reduces
both the refrigerant RE and the compressor
specific work by an average percentage decrease
of 12.3% and 25.4%, respectively. This augments
the COP of the VCRS by an average percentage
increase of 17.4%.The decrease in the RE is due
to decreasing the centrifugal force in both sides of
the CCTIT evaporator with increasing the coil
taper angle (the coil mean diameter increases),
which diminishes the secondary flow. Therefore,
the refrigerant superheating inside the evaporator
decreases, which reduces the evaporator
refrigeration effect. Simultaneously, the specific
volume of the refrigerant at the compressor inlet
decreases with decreasing the refrigerant
temperature at the compressor inlet, and
consequently the specific work required to
compress the refrigerant molecules decreases.
This is also the reason for increasing the
refrigerant mass flow rate as a result of increasing
the taper angle of the CCTIT evaporator.
Additionally, increasing the evaporator taper
angle decreases the temperature of the refrigerant
at the condenser inlet, which leads to decrease the
condenser load.

Effect of CCTIT evaporator torsion: It is
demonstrated from Fig. 6 that the effect of coil
torsion is lower than that of the coil taper angle in
the investigated range of these parameters. It is
clear that increasing the CCTIT evaporator
torsion from 0.0777 to 0.1311 reduces both the
RE and the compressor specific work by an
average percentage decrease of 7.5% and 10.8%,
respectively. This slightly enhances the COP of
the VCRS by an average percentage of 3.5%. As
mentioned before, increasing the evaporator
torsion  slightly reduces the refrigerant

superheating inside the evaporator, which slightly
minimizes the evaporator refrigeration effect.
While simultaneously, the specific volume of the
refrigerant at the compressor inlet decreases, and
consequently the specific work required to
compress the refrigerant molecules decreases.
This is also the reason for the slight increase in
the refrigerant mass flow rate with increasing the
torsion of the CCTIT evaporator. Additionally,
increasing the evaporator torsion reduces the
temperature of the refrigerant at the condenser
inlet, which leads to minimize the condenser load.
Effect of heating water Dean Number: 1t is
indicated from Fig. 6that the heating water Dean
Number slightly affects the VCRS specifications.
It is clear that with increasing the heating water
Dean Number from 119.8 to 756.4, both the RE
and the compressor specific work slightly
increase by an average percentage of 2.7% and
6.8%, respectively. This slightly reduces the COP
of the VCRS by an average percentage of 3.7%.
The slight increase in the RE is due to increasing
the superheating of the refrigerant inside the
evaporator with increasing the hearting water
Dean Number in the CCTIT evaporator annulus,
which induces more effective secondary flow.
Therefore, the refrigerant superheating inside the
evaporator which augments the
evaporator refrigeration effect. Additionally, the
specific volume of the refrigerant at the
compressor inlet increases with increasing
hearting water Dean Number, which rises the
refrigerant temperature at the compressor inlet,
and consequently the specific work required to
compress the refrigerant molecules increases.
This is also the reason for decreasing the
refrigerant mass flow rate as a result of increasing
the hearting water Dean Number.

increases,
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6Experimental Correlations

Using the present experimental data, an empirical
correlation is developed to predict the COP of the
VCRS as follows;
1+ B¢y

180 )
Egs. (17) is applicable for a VCRS based on a
single stage compression unit, uses R134a as the
refrigerant, with CCTIT evaporator and condenser
of 0°< 0 <135° 0.0777 <A,y <0.1311,
119.8 < Degyw < 756.4, 1.25bar < P, <
2.14 bar, 8.26 bar < P, < 10.83 bar, and 5.06 <
(P./Psy) < 6.71. A comparisons of the COP of
the VCRS with those calculated by the proposed
correlation is shown in Fig. 7.

0.029
0.0611),—0.034
}\ev DeeV.W

17)

COP =5.71 (

40

344
&
o 33
=]
g 7
E 36
=

35
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34
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Experimental COP

Fig. 7: Comparison of the present experimental values
with that correlated by Eqs. (17).

From this figure, it is evident that the proposed
correlation is in good agreement with the present
experimental data. It is clearly seen that the data
falls of the proposed equation within maximum
deviation of £3%for the COP of the VCRS.

7Conclusions

The present study experimentally investigates the
effect of the geometrical parameters of a CCTIT
evaporator and its operating conditions on the
COP of a VCRS. The CCTIT evaporator is in
vertical position, through which R134a flows in
its internal tube as a refrigerant, while a pure
water flows in its annulus as heating mediums, in
a counter-flow configuration. The investigated
operating parameters 0° < 0,, < 135°, 0.0777 <
ey < 0.1311, 119.8 < Degy\ < 756.4,
1.25 bar < P, < 2.14 bar, 8.26bar <P, <
10.83 bar, and 5.06 < (P./P,,) < 6.7.According
to the obtained results, the following conclusions
can be expressed:

e Increasing the CCTIT evaporator taper angle
augments the COP of the VCRS.

(1]

(3]

(3]

» Increasing the evaporator taper angle from 0
to 135° augments the COP of the VCRS by an
average percentage increase of 17.4%.

e Increasing the CCTIT evaporator torsion
augments the COP of the VCRS.

» Increasing the CCTIT evaporator torsion from
0.0777 to 0.1311 enhances the COP of the VCRS
by an average percentage of 3.5%.

e Decreasing the CCTIT evaporator heating
water Dean Number augments the COP of the
VCRS.

» Increasing the heating water Dean Number
from 119.8 to 756.4 reduces the COP of the
VCRS by an average percentage of 3.7%.

e An experimental correlation is developed to
predict the COP of the VCRS.
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Nomenclatures s Surface
Cp Specific heat at constant pressure, J/kg. °C sub Subcooled/subcooling
d Diameter, m sup Superheated/superheating
h Specific enthalpy, kl/kg t Tube
I Electrical current, A w Water
L Length, m Acronyms and Abbreviations
m Mass flow rate, kg/s AC Alternate Current
p Pitch, m CCTIT Conically Coiled Tube-In-Tube
P Pressure, Pa COP Coefficient Of Performance
q Specific heat, kJ/kg HCT Helically Coiled Tube
Q Heat transfer rate, W HCTIT Helically Coiled Tube-In-Tube
T Temperature, °C or K PVC Polyvinyl Chloride
\Y Voltage drop, V RE Refrigeration Effect
w Specific work, kl/kg VCRS Vapour Compression Refrigeration System
W Power, W

Dimensionless Groups

De Dean Number
Re Reynolds number
Greek Letters
A Differential
) Coil curvature ratio
() Power factor
A Coil torsion (pitch ratio)
T Pi = A mathematical constant = 3.1416

Superscripts and Subscripts

ave Average

c Condenser/compressor
ev Evaporator

i Inner or inlet or internal
0 Out or outer

ref Refrigerant
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