J Ther Eng, Vol. 10, No. 1, pp. 78-87, January, 2024

Journal of Thermal Engineering ()
Web page info: https://jten.yildiz.edu.tr ( “)\
DOI: 10.18186/thermal. 1429191 EF

L UL DL

Research Article

An enhancement of double pipe heat exchanger performance at a
constant wall temperature using a nanofluid of iron oxide and refrigerant

vapor

Saif Ali KADHIMY ¥, Ali Habeeb ASKAR®, Ahmed Abed Mohammed SALEH"

'Department of Mechanical Engineering, University of Technology - Iraq, Baghdad, Iraq

ARTICLE INFO

Article history

Received: 05 September 2022
Revised: 05 December 2022
Accepted: 11 January 2023

Keywords:

Double Pipe Heat Exchanger;
Constant Wall Temperature;
Nanofluid; Turbulent Flow;
Nusselt Number; Refrigerant
Vapor; Convection Heat Transfer
Coefficient

INTRODUCTION

ABSTRACT

This study reports on experimentally enhancing the performance of a concentric double pipe
heat exchanger using nanofluid and refrigerant vapor under constant wall temperature con-
ditions. Ferro-nanoparticles with diameters of 80 nm are distributed in distilled water with
volume concentrations of 0.1-0.7 % (nanofluid), which is used as hot fluid flowing turbulently
inside the inner tube with Reynolds numbers ranging from 3900 to 11800, while refrigerant
vapor produced from the refrigeration unit is used as cold fluid with counterflow through
the annular tube. The results show that the convection heat transfer coefficient and Nusselt
number in the inner tube increase proportionally with a rise in the mass flow rate of nanofluid
and the ratio of nanoparticles in the fluid (concentration). Under Reynolds number 11900,
the maximum enhancement for convection heat transfer coefficient and Nusselt number in
the inner tube was 13.4% and 10.7%, respectively, when using the iron oxide nanofluid with
volume concentration of 0.7% compared to pure water. The results of the test were also com-
pared with an almost similar study that used water in the annular tube, and it was found that
the use of refrigerant vapor in the annular tube gives better performance compared to water.

Cite this article as: Kadhim SA, Askar AH, Saleh AAM. An enhancement of double pipe heat
exchanger performance at a constant wall temperature using a nanofluid of iron oxide and
refrigerant vapor. ] Ther Eng 2024;10(1):78-87.

an increase in researchers’ interests by enhancing its effi-
ciency (the increased heat transfer rate). In general, There

The working principle of heat exchangers is the trans-
fer or conversion of thermal energy. Heat exchangers have
many types that are widely used for industrial and domestic
purposes, including air conditioning [1, 2], refrigeration [3,
4], power generation [5, 6] and food processing [7]. The
importance of heat exchangers in many applications led to
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are two primary approaches to enhance heat exchanger eftfi-
ciency: the passive and active methods [8]. In the passive
technique, no external force is required for enhancement
of heat exchanger performance, including additives for flu-
ids to increase heat transfer [9, 10], or an increase in heat
transfer surface, such as a surface shape change and also
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the addition of fins, blocks, ribs, twisted tapes, and coiled
wires [11-15], to create turbulence in the fluid flow, which
increases the boost mixing of fluid and thermal boundary
layer, and therefore increases heat transfer rate [16]. In the
active method, an external power source is required to
improve heat exchanger performance like stirring the fluid,
and vibrating the surface [17, 18].

Nanoparticles are additives for fluids to form nanoflu-
ids. Because nanofluid has superior thermal properties that
improve the performance of thermal applications [19, 20], it
is commonly used in heat exchangers instead of traditional
fluids like water. It is worth noting that the enhancement
ratio varies according to the type of application, the type
and diameter of the nanoparticles (metal, metal oxides, car-
bon components, etc.), the concentration of nanoparticles
in the base fluid, and the stability of nanofluids [9].

The double-pipe heat exchanger transfers The transfer
of thermal energy between two fluids of varying tempera-
tures. It consists of one or more pipes positioned con-
centrically within a larger pipe with fittings to guide the
flow. While one fluid flows through the inner pipe (tube
side), another fluid flows across the annular gap (annular
tube) [21]. Many researchers have tended to enhance the
performance of this heat exchanger, whether by passive
or active methods, or both [22-26]. Kumar et al. [27] pre-
sented an experimental study to estimate the efficiency
of a two-pipe heat exchanger with a return bend for the
inner tube, and they used different volume concentrations
(0.005%, 0.01%, 0.03%, and 0.06%) of the Fe,O,-water
nanofluid. The hot water and nanofluid flow through the
inner tube with a Reynolds number ranging from 15000
to 30000, and an annular tube transports cold water.
by the counter flow. The results showed an increase in
Nusselt number reached 14.7% and an increase in effec-
tiveness reached 2.4% for volume concentration of 0.06%
compared to water at a Reynolds number of equal 30000.
Baba et al. [28] presented an experimental study of the
formed Fe,O,-water nanofluid, inner tube cold working
fluid flows using nanoparticles with an average diame-
ter of 75 nm mixed with water at varying amounts (0.02,
0.04, 0.06, 0.08, and 0.1%). The findings indicated that the
convection heat transfer coefficient and heat transfer rate
increased with increasing the enhancement of the heat
transfer rate is about 70-80% with the use of the finned
tube instead of the smooth tube with a volume concentra-
tion of 0.1%. Sundar et al. [29] presented an experimental
study to evaluate the performance of the In a double-pipe
U-bend heat exchanger, varied pitch ratios of wire coil
with core-rod (WCCR) inserts are used. and the use of
water and Fe;O,-water nanofluid with varying volume
concentrations (0.005%, 0.01%, 0.03%, and 0.06%). The
hot fluid flows through the inner tube at a Reynolds num-
ber that ranges from 16000 to 29000, in addition, the cold
water runs via an annular tube by the counter flow. The
results showed an increase in Nusselt number reached
14.7% for a volume concentration of 0.06% compared to

water when Reynolds number was 28954. Also, the results
showed that with the use of a coil of wire with a core-rod
insert of a certain pitch ratio = 1, an increase in Nusselt
number reached 37.9% for a volume concentration of
0.06% compared to water when Reynolds number was
28954. Dhiaa et al. [30] presented an experimental study
to improve the performance of a vertical double-pipe heat
exchanger with counter flow using MgO-water nanofluid
at a concentration of 0.1%. The nanofluid passes into the
inner tube as a hot fluid, while the water passes through
the annular tube as a cold fluid. The results showed an
improvement in the performance, as the Nusselt number
increased to 17% when using the nanofluid compared to
distilled water. Alsaffawi et al. [31] presented a numeri-
cal study using ANSYS FLUENT R-14.5) to find out the
effect of Al,O,- The effects of water nanofluid and CuO-
water nanofluid on the performance of a two-pipe heat
exchanger in turbulent flow regulation, and they used dif-
ferent volume concentrations (1%, 3%, and 5%) of both
nanofluids. The results showed an increase in Nusselt
number and effectiveness when using nanofluids instead
of water and as follows (5% > 3% > 1% > 0% of volume
concentrations). The results also showed that the effec-
tiveness decreases with the increase in the Reynolds num-
ber and that Cu-water nanofluid has a Nusselt number and
effectiveness greater than Al,O;-water nanofluid. Jalili et
al. [32] presented an experimental study to evaluate the
performance of a countercurrent flow double pipe heat
exchanger in turbulent flow with the smooth inner tube
and various inner tubes, and they used water, Al,O,-water
nanofluid, and TiO,-water nanofluid with different vol-
ume concentrations (0.4%, 2%, 4%, and 6%) water serves
as the cold fluid in the inner tube and as the heated fluid
in the annular tube. The results showed that the convec-
tion heat transfer coefficient is as follows: (Al,O5-water
nanofluid > TiO,-water nanofluid > water) and increas-
ing the volume concentration to 6% leads to an increase
in the convection heat transfer coefficient by 12%. The
studies also show that heat exchangers with a rectangular
or curved fin are 81% and 85% more efficient than those
without a fin. Kassim et al [33] presented an experimen-
tal and numerical study to investigate the performance
of a two-pipe heat exchanger, and they used varying vol-
ume concentrations (0.1%, 1%, and 3% of the SiO,-water
nanofluid with a nanoparticle size of (15-20) nm. The hot
nanofluid flows with a high Reynolds number through the
inner tube. The number ranges from 3019.43 to 4824.22 in
addition, the cold water runs via an annular tube. by the
counter flow. The results showed an increase in Nusselt
number reached 15.72% and an increase in performance
factor reached 11.57% when volume concentration was
3% and Reynolds number was 4824. Poongavanam et al.
[34] presented an experimental study of analyzing the heat
transfer, Nusselt number, and pressure drop characteris-
tics in a double pipe heat exchanger, in counterflow with
the smooth and shot peened inner tube, and they used a
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Multi-walled carbon nanotube nanofluid (MWCNT-Solar
glycol) at various volume concentrations (0.2%, 0.4%,
and 0.6%). The findings revealed that the shot was suc-
cessful peened tube increased the performance of the heat
exchanger compared to the smooth tube. The heat transfer
rate and Nusselt number increased when using MWCNT-
Solar glycol nanofluid compared to the basic fluid, and
the biggest increase was with a volume concentration of
0.6%. Singh and Sarkar [35] conducted an experiment
to determine the effectiveness of the double-pipe heat
exchanger. when inserting a tapered wire coil and using
an (Al,0;+MgO/water) hybrid nanofluid flowing in the
inner tube under turbulent conditions. The results showed
that the hybrid nanofluid and tapered wire coil combina-
tion improved the double pipe heat exchanger hydrother-
mal characteristics.

Hamza and Aljabair [36] presented an experimental
and numerical study to investigate the enhancement of a
horizontal double-pipe heat exchanger performance using
hybrid nanofluid (CuO+Al,O;/water) at volume concen-
trations of 0.6, 1.22, and 1.8%. The nanofluid passes in the
inner tube as a hot fluid with a Reynolds number range of
3560-8320 and uniform heat flux (13217.5 W/m?) while
the water passes through the annular tube as a cold fluid,
and a twisted tape (twist ratios = 9.2) into the inner tube
was inserted. Results show a high increase in the Nusselt
number at a concentration of 1.8% and twisted tape, as
well as an enhancement in the heat transfer of about
6.70% to water.

After conducting a literature survey, it was found that
all nanofluids improve the performance of the double-pipe
heat exchanger. The improvement quality varies according
to the size of the nanoparticles, the type of nanofluid, the
method of its preparation, the operating conditions, the
size and design of the heat exchanger, as well as the pres-
ence or absence of additions such as fins and twist tubes,
etc. Most previous studies also relied on water acting as an

Figure 1. The test rig.

auxiliary fluid in the other tube, exchanging heat with the
nanofluid according to a constant heat flux as a boundary
condition. Constant heat flux generates a magnetic field
that negatively affects the performance of the thermocou-
ples, resulting in unstable readings.

This study describes how to enhance the performance
of a double pipe heat exchanger by using an Fe;O,-water
nanofluid flowing through the inner tube and refrigerant
vapor flowing through the annular tube. The refrigerant
vapor is used for the first time in this field, and the aim of its
use is to improve the performance and to achieve a constant
wall temperature as a boundary condition.

EXPERIMENTAL SETUP

The experimental test of nanofluid heat transfer prop-
erties was implemented in the experimental apparatus as
shown in Figures 1 and 2. It chiefly consists of a refriger-
ation unit, a test section (double pipe heat exchanger), a
pump to circulate the fluid from a receiving tank to the
test section tube, thermocouples to read temperatures, a
turbine flowmeter to observe the nanofluid rate of flow,
and the rest of the constituents. The operating fluid rate
of flow will be controlled by employing a bypass branch
with a control valve once the pump discharges. The test
section is 0.45 m long, with hot pure water and nanofluid
applied inside the inner tube of a horizontal double-pipe

Table 1. Uncertainty and operation range of the measuring
devices

The device Operation range Uncertainty
Thermostat 0-100°C +1%
Thermocouples 0-180°C +1%
Flowmeter 0-30 L/min +0.08%

"""'"ﬂ'ﬂ""r“*
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Figure 2. Diagram of the test rig.

heat exchanger with a counterflow path; the annular tube
contains the evaporator of the refrigeration unit acting on
R134a with a capability of 0.88 kw. The inner and outer
tubes are made of copper and measure 12.5 mm and 28
mm in diameter, respectively, to measure the inlet and
outlet temperatures of the nanofluid, two K-type ther-
mocouples were used, and a third thermocouple was also
used to measure the temperature of the refrigerant inside
the evaporator. Grooves have been made on the surface
of the tube to fix the thermocouples. To maintain the
temperature of the nanofluid, an electrical heater with a
thermostat consisting of two thermocouples was installed
within the nanofluid tank. The test measurement uncer-
tainty is also recorded, as shown in Table 1.

PREPARATION OF FE;0, NANOFLUID

The iron oxide nanoparticles (Fe;O,) used in the exper-
iment have 99.0% purity with a median particle size of 80
nm (see Table 2). The base operating fluid is pure water,
and the nanoparticles are magnetic Fe;O,. By dispersing
Fe,O, nanoparticles in water, Fe,O,-water nanofluids
were produced. In a bulk amount of five liters, completely
different particle concentrations were ready. It is necessary
to achieve homogeneous nanoparticle dispersion within
the base fluid (distilled water). The expression in Table 3

Laptop Computer

can be used to calculate the density, specific heat, viscos-
ity, thermal physical phenomenon, and particle variety of
the Fe;O, particles and nanofluid. The nanofluid proper-
ties are often predicted by the correlations listed in Table
3. Using a mixer, the nanoparticles and water are com-
bined immediately and stirred for 15-30 minutes before
every experiment. Nanofluid samples are ready for vari-
ous concentrations by dispersing pre-weighed quantities
of nanoparticles in water. The concentrations utilised in
the experiments are (¢ = 0.1, 0.3, 0.5 and 0.7 available
volume). The volume concentration (¢) is evaluated from
the subsequent relation in percentage [37]:

vol. of nanopartical

= x100
@ vol. of nanopartical + vol. of water M

Table 2. Material properties
Substance Fe,O, Water
Mean diameter (nm) 80 -
Density (Kg/m?®) 5180 997
Thermal conductivity (W/m.K)  80.4 0.607
Specific heat (J/kg.K) 670 4180
Viscosity (N.s/m?) - 8.91x10*
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Table 3. The correlations used to calculate nanofluid Property

Property Correlation
Pns pnr = (L= @Ipps + ©Pyyp [38]
Cnf Cnf = (1 - (P)be + (anp [39]
u _ Hbf

M tny = (73 [40]

Knr = K

where: K, = % [41]
f

where: p,; pyrand p,,,: density of nanofluid, base fliud
and nanoparticles (Kg/m’), C,, Cy and C,, specific heat of
nanofluid, base fliud and nanoparticles (J/kg.°C), u, and
Uy viscosity of nanofluid and base fliud (N.s/m?), K,p Ky
and K, thermal conductivity of nanofluid, base fliud and
nanoparticles (W/m.°C).

EXPERIMENTAL CALCULATIONS

Using the experimental data, the convective heat trans-
fer coefficient and Nusselt number of nanofluids were
calculated with varied concentrations of particle volume.
The heat transfer rate of the hot fluid (water and nanofluid
Fe;0,) flowing in the inner tube will be expressed as [28]:

Qn = mMpCr (Timyn — Toutyn) (2)

where: Qy;: hot fluid heat transfer rate (W), m,: rate of
mass flow of the heated fluid (kg/s), C,: specific heat of a
warm fluid, T;,), & T, inlet and outlet temperatures of
the hot fluid (°C).

While heat transmission of the refrigerant R134a (cold
fluid) and the mass flow rate for the outer tube are cor-
related, they are not identical are [42]:

Qc=m(F,—F) 3)
P IVcos®
c nisnm(FZ - Fl) (4)

where: Q_: heat transfer rate of the cold fluid (W), e,
mass flow rate of the cold fluid (kg/s), F,, F, & F,: refriger-
ant vapor enthalpies (cold fluid) (J/kg), it can be found by
Figure 3. I: compressor current (A), V: compressor voltage
(V), cos0: power factor, #;, & 7,,: mechanical and isotropic
efficiency.

The cold and hot sides are used to forecast the average
heat transfer rate (Q,,) employed in the computation as
shown [28]:

et o,
© & ooood

Ptes_surg [t/zir‘

=]

oooeo=~
P Nmieo

A7 . W) (S BT |
160 180 200 220 240 260 280 300 320 340 3Rn A0 4NN 420 440
Enthalpy [kJ/kg]

Figure 3. Ideal refrigeration cycle of cold tube [43].

— (Qc + Qh)

> (5)

Qav

Opverall heat transfer coefficient for hot fluid flows in
a concentric heat exchanger tube, the calculation is based
on [44]:

_ Qav
V=41, (6)

where: U: overall heat transfer coefficient (W/m2.°C),
A; inner tube area (m?), AT}, logarithmic mean tempera-
ture difference (°C), it can be determined by Eq. (9) [45]:

A _ _ATo— AT,
M = In (AT, /ATy) (7)

where: ATa = Tout)h - TC) ATb = Tin)h - TC and TCI
temperature of the cold fluid (°C).

The outer convective heat transfer coefficient is calcu-
lated from Eq. (8) [46]:

b= Nu, k.
0 Dhya (8
F
ke =ax—¢ ©)

Nu, = 0.0082(1feeczkc)°'5 (10)

PcVe Dhya
Re, = —- ¢ (11)
He

where: h: outer convective heat transfer coefficient (W/
m>°C), Nu,: Nusselt number of the cold fluid, k. thermal
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conductivity of the cold fluid (W/m.°C), D,,;: hydraulic
diameter (m), which represents the difference between the
outer and inner diameter. Ax = 0.75: difference in dryness
fraction, Fy: refrigerant vapor enthalpy at evaporater pres-
sure (J/kg), L: tube length (m), Re: Reynolds number of the
cold fluid, v, velocity flow of refrigerant vapor (m/s), p.:
density of the cold fluid (Kg/m?), u.: viscosity of the cold
fluid (N.s/m?).

The inner convective heat transfer coefficient, can be
found from the following Eq. (12) [47]:

1
YT 1 Din@,/Dy, D1
h; 2k D, h,

(12)

where: h;: inner convective heat transfer coefficient (W/
m?.°C), k: thermal conductivity of the tube wall (W/m.°C),
D,&Dy: inner and outer diameter of tube (m).

Now Nusselt number (Nu;,) and Reynolds number (Re;,)
of the hot fluid can be calculated using Eq. (13)&(14) [48]:

_hixD;
Nuh - kh (13)
PrViD;
Rey = —=—— (14)
Hn

where: k;,: thermal conductivity of the hot fluid (W/m.°C),
v,: velocity flow of the hot fliud (m/s), p,: density of the hot
fluid (Kg/m?), py,: viscosity of the hot fluid (N.s/m?).

The losses of heat are seeming to be very low and the
difference between Q, and Q. not more than 10% in the
heat exchanger, which indicates that the experimental work
is well adjusted and is completely ready to start to proceed
with the experiments.

RESULTS AND DISCUSSION

The results were obtained at laboratory conditions of
35°C, the humidity and wind speed are moderate. Water
and nanofluid were tested at four volume concentrations
(0.1, 0.3, 0.5, and 0.7 %) with mass flow rates ranging from
(0.0332 kg/s) to (0.0997 kg/s). The results were found based
on readings taken after the test rig reached a thermally sta-
ble state. The effect of thermophoretic forces on nanoparti-
cles was not taken into account.

Figure 4. depicts the variation of the heat transfer coeffi-
cient in an inner tube with the Reynolds variety for various
concentrations of nanofluids as compared to that of base
fluid (pure water). It will be determined that the heat trans-
fer coefficient of nanofluid will increase with an increase in
particle concentrations and Reynolds range. The improve-
ment in the heat transfer coefficient for nanofluid is caused
by the Brownian movement of the nanoparticles. The larg-
est percentage improvement in the heat transfer coefficient
reached almost 13.4% at a Reynolds number of 11900 and a
particle concentration of 0.7%.

r a

3600 -
| ] H20
® H20 + 0.1% Fe304 v
] . ]
3200 4 * H20 + 0.3% Fe304 >
] A H20 + 0.5% Fe304 ®
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A ]
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© 2800 - L]
bt L
NE ; n
2 ] .
£ 2400 -
®
4 | ]
2000 + ‘
n
1600 +——————"—"—"—"T"—""—"T "
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Reynolds number, Re
\ J

Figure 4. Heat transfer coefficient of the hot fluid at differ-
ent concentrations and Reynolds number.

The inner tube Nusselt number of the water and the var-
ious volume concentrations of nanofluid with Reynolds vari-
ety are shown in Figure 5. It’s clear that the identical trend of
heat transfer coefficient will be found in this figure, in spite
of the fact that the most significant part of Nusselt’s number
is that the convection heat transfer addition to tube diam-
eter and thermal conductivity that is additionally increased
in a nanofluid. Underneath the identical Reynolds num-
ber, compared to water, the Nusselt number of nanofluid is
rather high. This is possible with nanoparticle dispersion. At

70 -
] [ ] H20
[ ] H20 + 0.1% Fe304
+  H20+0.3% Fe304 ;
A H20 + 0.5% Fe304 ®
60 1 v  H20 +0.7% Fe304
5 z u
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Q
o |
£
2 50
o=
@ n
@
=
3 3
1 | |
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| |
30 4— ——r—r———r——————r——r—rr
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Reynolds number, Re
. 7

Figure 5. Nusselt number of the hot fluid at different con-
centrations and Reynolds number.
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Figure 6. Heat transfer rate of the hot fluid at different con-
centrations and Reynolds number.

a particle concentration of 0.1%, the improvement in Nusselt
number at a Reynolds number of 11,800 is worrisome at 5.8%
compared to pure water. Similarly, when the concentration of
particles is 0.3%, the improvement in the Nusselt number at
Reynolds number of 11,800 is around 7.8% compared to the
water data, but when the particle concentration is 0.7 per-
cent and the Reynolds range is 11,800, the Nusselt number
increases to 10.7% at the same Reynolds number compared
to the pure water result.

Figure 6 shows the heat transfer rate of the water and
the various volume concentrations of nanofluid with the
Reynolds variety. The heat transfer rate increases as the
Reynolds number increases due to the increase in fluid mass
flow rate. Increasing the particle concentration also leads to
an increase in the heat transfer rate compared to pure water
due to the increase in the specific heat. According to the
study’s findings, the heat exchanger’s overall heat transfer
area may be smaller since nanofluid improves heat transfer
there.

To employ nanofluids in practical applications, it is
required to analyse their flow characteristics in addition
to their heat transfer performance. In general, nanoflu-
ids need a higher pumping force than their base fluid. An
increase in the volumetric concentration of nanoparti-
cles in the working fluid results in an increase in the flu-
id’s density relative to pure water, which increases energy
consumption. Additionally, when the working conditions
improve, the mass flow of the refrigerant required for the
heat exchanger’s cooling decreases, resulting in a decrease
in pumping consumption. It can be may disregard this extra
power by restricting the rise in volume concentration such
that the advantage of improved heat transfer is higher than
the power needed for pumping. Figures (7, 8) show the heat

transfer coefficient and Nusselt number variety with respect
to volume concentration for various Reynolds numbers.
Rates of enhancement can be seen in the two parameters
(h; and Nuy,) with an increased volume concentration in all
ranges of Reynolds numbers, This increase decreases with
the increase in concentration, due to the increase in the vis-
cosity of the nanofluid, so the proportions of nanoparticles
in base fluid must be controlled because excessive propor-
tions lead to negative results.

[ 3600 )
J - Re=4000 . Re=10000
J o Re=6000 hd Re=12000
| - Re=8000
3200
;; 2800 -_
‘j% 4
2 ]
= 2400
2000 -
1600 +—r—rrr T
0.1 0 041 0.2 0.3 0.4 0.5 06 0.7
L volume concentration )

Figure 7. The effect of volume concentration on heat trans-
fer coefficient in inner tube for different Reynolds.
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. >

Figure 8. The effect of volume concentration on Nusselt
number in inner tube for different Reynolds.
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Figure 9. Heat transfer coefficient of the hot fluid is com-
pared with Md Sikindar Baba et.al. [22].

Figure (9) supplies a good comparison of the heat trans-
fer coefficient in the inner tube between this work and Md
Sikindar Baba et. al. [22]. This comparison proves two facts:
that the heat transfer coefficient increases with the increase
in Reynolds number, and that the use of nanofluid within
the calculated concentrations instead of water leads to an
increase in the heat transfer coefficient.

In [22], water was used as a cold fluid in the annular
tube, so it can be compared with this study that used refrig-
erant vapor in the annular tube. Despite the difference in
the test section between the two studies, the comparison
gives an acceptable perception due to the similarity of the
Reynolds number, the type of nanoparticles, and their con-
centration in water. Figure 9 shows that the heat transfer
coefficient values in the inner tube are higher in the current
study, whether it is water or nanofluid, and this is due to
the low and almost constant refrigerant vapor temperature
(5°C) which enhances the heat exchange process. Figure
9 shows also that the difference between the heat transfer
coefficient of the inner tube for the water is larger than the
nanofluid due to the mean diameter of the nanoparticles
used in the [22] equals 75 nm, which is smaller than it
was in the current study and which leads to better thermal
properties for the same concentration [49].

CONCLUSIONS

The main target of this work is to enhance the perfor-
mance of double-pipe heat exchangers under a constant wall
temperature achieved by a refrigeration unit. A counterflow
is applied in the heat exchanger, where the nanofluid passes
through the inner tube and the refrigerant vapour passes
through the annular tube. The heat transfer enhancement

due to the utilization of nanofluid in turbulent flow is an
important phenomenon. Moreover, the use of refriger-
ant vapor can further enhance performance. It concluded
that the heat transfer enhancement is affected by the type
of nanoparticle, its size, and its concentration in the base
fluid, as well as the ratio between thermal conductivity and
viscosity of the nanofluid, an important parameter in the
enhancement process. The mass flow rate of the fluid also
influences heat transfer enhancement. The study showed
that the biggest enhancement of the heat transfer coeffi-
cient and Nusselt number in the inner tube was 13.4% and
10.7%, respectively, when using the nanofluid with a vol-
ume concentration of 0.7% compared to pure water under
Reynolds number 11900. In addition, the use of refrigerant
vapor instead of water in the annular tube enhances per-
formance more, according to a comparison with a similar
study that used water in the annular tube.

NOMENCLATURE

tube area (m?)

specific heat (J/kg.°C)

diameter of tube (m)

refrigerant vapor enthaly (J/kg)
compressor current (A)

tube length (m)

heat transfer rate (W)

temperature (°C)

overall heat transfer coefficient (W/m2.°C)
compressor voltage (V)

convection heat transfer coefficient (W/m?2.°C)
thermal conductivity (W/m.°C)

mass flow rate (kg/s)

velocity flow (m/s)

hydraulic diameter (m)

Nusselt number (-)

Re Reynolds number (-)

U3 T<cgoHNOoE~TmDAaR
)

g

ATy logarithmic mean temperature difference (°C)
Ax dryness fraction (-)
Greek symbols

cos0= power factor (-)

u viscosity (N.s/m?)

p density (Kg/m’)

¢ volume concentration (-)
n efficiency (-)

Subscripts

c cold

h hot

i inner

0 outer

bf base fliud

fe wet refrigerant vapor

in inlet

out outlet
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nf
np

nanofluid
nanoparticles

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

ETHICS

There are no ethical issues with the publication of this
manuscript.

REFERENCES

(1]
(2]

Jones WP. Air conditioning engineering. Routledge;
2007. [CrossRef]

Nasution DM, Idris M, Pambudi NA. Room air con-
ditioning performance using liquid-suction heat
exchanger retrofitted with R290. Case Stud Therm
Eng 2019;13:100350. [CrossRef]

Silberstein E, Obrzut J, Tomczyk ], Whitman B,
Johnson B. Refrigeration and Air Conditioning
Technology. Cengage Learning; 2020.

Zhang Z, Hou Y, Kulacki FA. Theoretical analysis
of a transcritical double-stage nitrous oxide refrig-
eration cycle with an internal heat exchanger. Appl
Therm Eng 2018;140:147—157. [CrossRef]
Orts-Gonzalez PL, Zachos PK, Brighenti GD. The
impact of heat exchanger degradation on the per-
formance of a humid air turbine system for power
generation. Appl Therm Eng 2019;149:1492-1502.
[CrossRef]

Garud KS, Seo J-H, Patil MS, et al. Thermal-
electrical-structural performances of hot heat
exchanger with different internal fins of thermoelec-
tric generator for low power generation application.
] Therm Anal Calorim 2021;143:387—419. [CrossRef]
Wallhdufler E, Hussein MA, Becker T. Detection
methods of fouling in heat exchangers in the food
industry. Food Control 2012;27:1-10. [CrossRef]
Zhang ], Zhu X, Mondejar ME, Haglind E A
review of heat transfer enhancement techniques in
plate heat exchangers. Renew Sustain Energy Rev
2019;101:305-328. [CrossRef]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

Li Z, Shafee A, Tlili I, Jafaryar M. Nanofluid in Heat
Exchangers for Mechanical Systems: Numerical
Simulation. Elsevier; 2020. [CrossRef]

Askar AH, Kadhim SA, Mshehid SH. The surfac-
tants effect on the heat transfer enhancement and
stability of nanofluid at constant wall temperature.
Heliyon 2020;6:€04419. [CrossRef]

Tokgoz N, Alig E, Kagka 0, Aksoy MM. The numeri-
cal study of heat transfer enhancement using A1203-
water nanofluid in corrugated duct application. J
Therm En 2018;4:1984—1997. [CrossRef]

Aljelawy AM, Aldabbagh AM, Hatem FF. Numerical
Investigation of Thermal-Hydraulic Performance of
Printed Circuit Heat Exchanger with Different Fin
Shape Inserts. Eng Technol ] 2022;41:23—36. [CrossRef]
Klemes JJ, Wang Q-W, Varbanov PS, et al. Heat trans-
fer enhancement, intensification and optimisation
in heat exchanger network retrofit and operation.
Renew Sustain Energy Rev 2020;120:109644. [CrossRef]
Shelare SD, Aglawe KR, Belkhode PN. A review on
twisted tape inserts for enhancing the heat transfer.
Mater Today Proc 2022;54:560—565. [CrossRef]
Chompookham T, Chingtuaythong W,
Chokphoemphun S. Influence of a novel serrated
wire coil insert on thermal characteristics and air
flow behavior in a tubular heat exchanger. Int J
Therm Sci 2022;171:107184. [CrossRef]

Borode AO, Ahmed NA, Olubambi PA. A review
of heat transfer application of carbon-based nano-
fluid in heat exchangers. Nano-Struct Nano-Objects
2019;20:100394. [CrossRef]

Rashid FL, Talib SM, Hussein AK. An Experimental
Investigation of Double Pipe Heat Exchanger
Performance and Exergy Analysis Using Air Bubble
Injection Technique. Jordan ] Mech Ind Eng 2022;16.
Hosseinian A, Meghdadi Isfahani AH, Shirani E.
Experimental investigation of surface vibration
effects on increasing the stability and heat transfer
coeflicient of MWCNTs-water nanofluid in a flexi-
ble double pipe heat exchanger. Exp Therm Fluid Sci
2018;90:275-285. [CrossRef]

Al-Ghezi MKS, Abass KI, Salam AQ, Jawad RS,
Kazem HA. The possibilities of using nano-CuO as
coolants for PVT system: An experimental study. In:
J Phys Conf Ser. 2021;1973:012123. IOP Publishing.
[CrossRef]

Hashemi Karouei SH, Mousavi Ajarostaghi SS, Gorji-
Bandpy M, Hosseini Fard SR. Laminar heat transfer
and fluid flow of two various hybrid nanofluids in a
helical double-pipe heat exchanger equipped with an
innovative curved conical turbulator. ] Therm Anal
Calorim 2021;143:1455—1466. [CrossRef]

Ezgi C, Akyol O. Thermal design of double pipe heat
exchanger used as an oil cooler in ships: A compar-
ative case study. J Ship Prod Des 2019;35:12-18.
[CrossRef]


https://doi.org/10.4324/9780080498942
v
https://doi.org/10.1016/j.applthermaleng.2018.05.053
https://doi.org/10.1016/j.applthermaleng.2018.12.061
https://doi.org/10.1007/s10973-020-09553-7
https://doi.org/10.1016/j.foodcont.2012.02.033
https://doi.org/10.1016/j.rser.2018.11.017
https://doi.org/10.1016/B978-0-12-821923-2.00002-6
https://doi.org/10.1016/j.heliyon.2020.e04419
https://doi.org/10.18186/journal-of-thermal-engineering.409655
https://doi.org/10.30684/etj.2022.132688.1137
https://doi.org/10.1016/j.rser.2019.109644
https://doi.org/10.1016/j.matpr.2021.09.012
https://doi.org/10.1016/j.ijthermalsci.2021.107184
https://doi.org/10.1016/j.nanoso.2019.100394
https://doi.org/10.1016/j.expthermflusci.2017.09.018
https://doi.org/10.1088/1742-6596/1973/1/012123
https://doi.org/10.1007/s10973-020-09425-0
https://doi.org/10.5957/JSPD.170009

J Ther Eng, Vol. 10, No. 1, pp. 78-87, January, 2024

87

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

Baba MS, Rao MB, Raju AVSR. Heat Transfer
Enhancement in Fe304-water Nanofluid through
a Finned Tube Counter Flow Heat Exchanger Int ]
Appl Eng Res. 2017;12:15709-15714. [CrossRef]
BAYAREH M. Numerical simulation and analysis of
heat transfer for different geometries of corrugated
tubes in a double pipe heat exchanger. ] Therm Eng
2019;5:293-301. [CrossRef]

Gnanavel C, Saravanan R, Chandrasekaran M. Heat
transfer augmentation by nano-fluids and Spiral
Spring insert in Double Tube Heat Exchanger-A
numerical exploration. Mater Today Proc
2020;21:857—861. [CrossRef]

Majeed AH, Abd YH. Performance of Heat
Exchanger with Nanofluids. In: Mater Sci Forum.
2021;1021:160-170. Trans Tech Publications Ltd.
[CrossRef]

Kavitha R, Algani YMA, Kulkarni K, Gupta MK.
Heat transfer enhancement in a double pipe heat
exchanger with copper oxide nanofluid: An experi-
mental study. Mater Today Proc 2022;56:3446—-3449.
[CrossRef]

Kumar NTR, Bhramara P, Addis BM, Sundar LS,
Singh MK, Sousa ACM. Heat transfer, friction
factor and effectiveness analysis of Fe304/water
nanofluid flow in a double pipe heat exchanger
with return bend. Int Commun Heat Mass Transfer
2017;81:155—163. [CrossRef]

Baba MS, Rao MB, Raju AVSR. Experimental study
of convective heat transfer in a finned tube counter
flow heat exchanger with Fe304-water nanofluid.
Int ] Mech Eng Technol 2017;500.

Sundar LS, Kumar NTR, Addis BM, Bhramara P,
Singh MK, Sousa ACM. Heat transfer and effective-
ness experimentally-based analysis of wire coil with
core-rod inserted in Fe304/water nanofluid flow
in a double pipe U-bend heat exchanger. Int ] Heat
Mass Transfer 2019;134:405—-419. [CrossRef]

Dhiaa AH, Abdulwahab MI, Thahab SM. Study
The Convective Heat Transfer of TiO2/Water
Nanofluid in Heat Exchanger System. Eng Technol
J 2015;33:1319—-1329. [CrossRef]

Alsaffawi AM, Ali FA. Enhancement of tube in tube
heat exchanger by using nanofluids. Int ] Mech Eng
2022;7:1050-1059.

Jalili B, Aghaee N, Jalili P, Ganji DD. Novel usage of
the curved rectangular fin on the heat transfer of a
double-pipe heat exchanger with a nanofluid. Case
Stud Therm Eng 2022;102086. [CrossRef]

Kassim MS, Lahij SE Numerical and experimen-
tal study the effect of (SiO,) nanoparticles on the
performance of double pipe heat exchanger. ] Eng
Sustain Dev 2019;23. [CrossRef]

Poongavanam GK, Panchabikesan K, Murugesan
R, Duraisamy S, Ramalingam V. Experimental
investigation on heat transfer and pressure drop

(35]

(36]

(371

(38]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

of MWCNT-Solar glycol based nanofluids in shot
peened double pipe heat exchanger. Powder Technol
2019;345:815-824. [CrossRef]

Singh SK, Sarkar J. Improving hydrothermal per-
formance of hybrid nanofluid in double tube heat
exchanger using tapered wire coil turbulator. Adv
Powder Technol 2020;31:2092—2100. [CrossRef]
Hamza NFA, Aljabair S. Numericaland Experimental
Investigation of Heat Transfer Enhancement by
Hybrid Nanofluid and Twisted Tape. Eng Technol ]
2022;41:69—85. [CrossRef]

Kadhim SA, Ibrahim OAA. Improving the Thermal
Efficiency of Flat Plate Solar Collector Using Nano-
Fluids as a Working Fluids: A Review. Iraqi ] Ind Res
2021;8:49—60. [CrossRef]

Pak BC, Cho YI. Hydrodynamic and heat transfer
study of dispersed fluids with submicron metallic
oxide particles. Exp Heat Transfer 1998;11:151-170.
[CrossRef]

Sundar LS, Singh MK, Sousa ACM. Investigation of
thermal conductivity and viscosity of Fe304 nano-
fluid for heat transfer applications. Int Commun
Heat Mass Transfer 2013;44:7—14. [CrossRef]

Sundar LS, Naik MT, Sharma KV, Singh MK, Reddy
TCS. Experimental investigation of forced convec-
tion heat transfer and friction factor in a tube with
Fe304 magnetic nanofluid. Exp Therm Fluid Sci
2012;37:65—71. [CrossRef]

Karamallah AA, Habeeb L], Asker AH. The effect of
magnetic field with nanofluid on heat transfer in a
horizontal pipe. Al-Khwarizmi EngJ 2016;12:99-109.
Chandra AR, Arora RC. Refrigeration and air con-
ditioning. PHI Learning Pvt. Ltd.; 2012.

Platzer B, Polt A, Maurer G. Thermophysical prop-
erties of refrigerants. Berlin: Springer-verlag; 1990.
[CrossRef]

Askar AH, Albedran H, Kovécs E, Jarmai K. A New
Method to Predict Temperature Distribution on
a Tube at Constant Heat Flux. Multidiszciplinaris
Tudoményok 2021;11:363—372. [CrossRef]

Bendaraa A, Charafi MM, Hasnaoui A. Numerical
and experimental investigation of alumina-based
nanofluid effects on double-pipe heat exchanger ther-
mal performances. SN Appl Sci 2021;3:1-10. [CrossRef]
EE IIT Kharagpur. Lesson in Refrigeration and Air
conditioning. India; 2018.

Holman JP. Heat Transfer. New York, NY, USA:
McGraw-Hill Science; 2010.

Kadhim SA, Ibrahim OAAM. The Effect of Holes
Number in Cylindrical Samples on the Forced
Convection Heat Flow. Int ] Mech Eng Robot Res
2022;11:429—436. [CrossRef]

Patel HE, Sundararajan T, Das SK. An experimen-
tal investigation into the thermal conductivity
enhancement in oxide and metallic nanofluids. J
Nanoparticle Res 2010;12:1015-1031. [CrossRef]


https://doi.org/10.1016/j.csite.2018.08.001
https://doi.org/10.18186/thermal.581775
https://doi.org/10.1016/j.matpr.2019.07.602
https://doi.org/10.4028/www.scientific.net/MSF.1021.160
https://doi.org/10.1016/j.matpr.2021.11.096
https://doi.org/10.1016/j.icheatmasstransfer.2016.12.019
https://doi.org/10.1016/j.ijheatmasstransfer.2019.01.041
https://doi.org/10.30684/etj.2015.116701
https://doi.org/10.1016/j.csite.2022.102086
https://doi.org/10.31272/jeasd.23.5.11
https://doi.org/10.1016/j.powtec.2019.01.081
https://doi.org/10.1016/j.apt.2020.03.002
https://doi.org/10.30684/etj.2022.131909.1069
https://doi.org/10.53523/ijoirVol8I3ID86
https://doi.org/10.1080/08916159808946559
v
https://doi.org/10.1016/j.expthermflusci.2011.10.004
https://doi.org/10.1007/978-3-662-02608-3
https://doi.org/10.35925/j.multi.2021.5.40
https://doi.org/10.1007/s42452-021-04195-2
https://doi.org/10.18178/ijmerr.11.6.429-436
https://doi.org/10.1007/s11051-009-9658-2



