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Abstract: The aim of the present study is to investigation of increasing of the heat transfer coefficient inside the double
tube. This is done by mixing water with aluminum oxide nanoparticles (Al,03), the study was carried out experimentally. In
this study, the effects of nanofluids at different volume concentrations from 0.05% to 0.4%, different mass flow rates of the
nanofluids inside the tube, and different mass flow rates of the water flow through the annulus were tested. Experiments
done with different nanoparticles and without nanoparticles under the same operating conditions. The experiment was
designed, and built in the laboratory according to the international specifications and standards of the tubular exchanger
manufacturers association (TEMA). By collecting and analyzing the results of the experiments, it was found that the
nanoparticles have a significant improvement in the heat transfer coefficient inside the double tube. The heat transfer
coefficient inside the tube increases with the increase the Reynolds number of the tube flow. The maximum value of the

Nusselt number is when the volume concentration of Al,03 nanoparticles is 0.1%.

Keywords: Double pipe heat exchanger, enhance the heat transfer rate, heat transfer double pipe with Al,05 nanofluid.
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1- INTRODUCTION.

Due to its small size, non-manufacturing difficulties, and compactness, the double pipe heat
exchanger is one of the most common heat exchangers used in commercial and industrial applications.
Ethylene glycol, propylene glycol, engine oil, etc. are the main fluids used in heat exchanger equipment.
Cho [1] and his team developed nanofluids called high thermal conductivity fluids, which are prepared by
dispersing solid metallic particles of a nanometer in the fluids. In normal life and different industries, water
heating is indispensable, with the availability of many different heating methods that contain many
problems, among which are the high construction cost, high maintenance cost, and environmental
pollution resulting from some of these methods. Therefore, this study will focus on finding a method to
heat water at a low cost and without pollution to preserve the environment. We will use nanoparticles for
different materials; these materials will be of high purity, and they will be added to hot water to speed up
the heating process. Experiments will be conducted by mixing nanoparticles with hot water at different
percentages from (0.05% to 0.4%), then the experimental data will be collected and the amount of
thermal conductivity, heat transfer rate, Reynolds Number, Nusselt Number, and effectiveness will be
found, then the data will be analyzed and compared to each other and also compared to the water heating

process without nanoparticles.

Nomenclature:

A Area of inner tube, m’

Ai Surface area of the inner tube, m’

Ao Surface area of the outer tube, m’
Al,O4 Aluminium oxide

be Specific heat at constant pressure of hot water in the tube, )/kg.K

Cp Specific heat at constant pressure of nanoparticles, )/kg.K
Cp nf Specific heat at constant pressure of nanofluids in the tube, |/kg.K
Cp . Specific heat at constant pressure of cold water in the annulus, ]/kg.K
Dy, Hydraulic diameter, = (D; — d,), m
Di Diameter of inner annulus, m
D:2—d. 2
DT Thermal diameter, = 4, m
do
F Fraction factor of nanofluid in the tube, -
L Length of the heat exchanger, m
NTU Number of transfer units of the nanofluid in the tube, -
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Nunf Nusselt number of the nanofluid in the tube, -

Nuo Nusselt number of the cold water in the annulus, -
Pi Pressure inlet of the nanofluid in the tube, Pa
Po Pressure outlet of the nanofluid in the tube, Pa

Pr Prandtl number, -

Prnf Prandtl number of the nanofluid in the tube, -

Q Average of heat transfer rate, W
Qc Heat transfer rate of the cold water in the annulus, W
an Heat transfer rate of the nanofluid in the tube, W

Re Reynolds Number for annulus fluid, -
Renf Reynolds Number of the nanofluid in the tube, -

Tc,i Inlet temperatures of the cold water in the annulus, K
Tc,o Outlet temperatures of the cold water in the annulus, K
Th,i Inlet temperatures of the nanofluid in the tube, K
Th,o Outlet temperatures of the nanofluid in the tube, K

Ui Overall heat transfer coefficient of nanofluid in the tube, W/mz.K

Uo Overall heat transfer coefficient of the cold water in the annulus, W/mZ‘K

an Weight of nanofluids, kg
Wwater Weight of water, kg

di Diameter of inner tube, m

do Diameter of outer tube, m

f Friction coefficient, -

hi Heat transfer coefficient of nanofluid in the tube, W/mz.K

ho Heat transfer coefficient of the cold water in the annulus, W/mz.K

kbf Thermal conductivity of hot water in the tube, W/m.K

km Thermal conductivity of the tube material, W/m.K

knf Thermal conductivity of nanofluids, W/m.K

ko Thermal conductivity of the cold water in the annulus, W/m.K
Thermal conductivity of nanoparticles, W/m.K

Unf Velocity of nanofluid in the tube, m/s

Greek symbol:
Pbf Density of hot water in the tube, kg/m3
pnf Density of nanofluids in the tube, kg/m3
Pp Density of nanoparticles, kg/m3
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Pwater Density of cold water in the annulus, kg/m3

Aubf Viscosity of hot water in the tube, kg/s.m

HUns Viscosity of nanofluid, kg/s.m

Uo Viscosity of the cold water in the annulus, kg/s.m
mc Mass flow rate of cold water in the annulus, kg/s
mh Mass flow rate of nanofluid in the tube, kg/s

AP Pressure drop of the nanofluid in the tube, Pa

c Effectiveness of the nanofluid in the tube, -

¢ Volume concentration, -

1.1 Research Problem:

In many uses we need to heat water, there are many options for heating water but they have
problems. As for example; if we use solar cells for heat the water the cost will be high. In addition, if we use
electricity for heat the water the cost will be high and pollution comes from it. Also if we use traditional
heating methods this leads to more pollution for the environment. Therefore, we want to find a method

with low-cost heating and does not pollute the environment.

1.2 Research Objectives:
The aim of this study is to improve the heat exchange rates in the double pipe heat exchanger.

Improving the heat exchange rates shall reduce heat exchange size, capital and may be operational costs.

1.3 Importance of the Research:

The importance of this study in finding a method to heat water using nanoparticles. To get a
method that reduces the amount of energy used. Improve the efficiency of the system that used it.
Increase the speed of processes within the system. Improve the physical characteristics by using

nanoparticles and protect the environment from pollution resulting from other heating processes.

2- LITERATURE REVIEW.

Nanofluid is the term used to suspend solid, nanometer-sized particles in traditional fluids;
improved heat characteristics, such as convective heat transfer coefficient, are the most prominent
characteristics of such fluids in contrast to the base fluid without major alterations in physical and
chemical properties. In this study, aluminium oxide nanofluids and copper oxide were prepared separately
from ethylene glycol. Using a double pipe and plate heat exchangers, the effect of forced convective heat
transfer coefficient in turbulent flow was calculated. Besides, to compare the findings with the
experimental data, we calculated the forced convective heat transfer coefficient of the nanofluids using

theoretical correlations. The effects of particle concentration and operating temperature on the
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nanofluids' forced convective heat transfer coefficient were also calculated to evaluate the effects. The
results show a large improvement in the nanofluids’ convective heat transfer coefficient relative to the
base fluid, varying from 2 percent to 50 percent. Also, the results show that the convective heat transfer
coefficient of nanofluid increases with increased concentration of nanoparticles and nanofluid
temperature. Our studies showed that the theoretical and experimental findings coincided at lower
temperatures; however, the two sets of results appear to have growing discrepancies at higher
temperatures and with increased concentrations of the nanoparticles in ethylene glycol, Zamzamian et al
[2].

In this study, both parallel and counter flow double pipe heat exchanger heat transfer and
turbulent flow of water/alumina nanofluid were investigated. The governing equations, based on the
finite volume method, were solved by using an in-house FORTRAN code. For nano fluid and turbulent
modelling, single-phase and stander k-€ models were used. The internal fluid was known to be hot fluid
(nanofluid) and cold fluid (outer fluid) (base fluid). The effects of volume fraction, flow direction and
Reynolds number of nanoparticles on base fluid, nanofluid and wall temperatures, thermal efficiency,
Nusselt number, and coefficient of convection heat transfer were studied. The findings showed that
increasing the volume fraction of nanoparticles or the amount of Reynolds causes Nusselt number and
convection heat transfer coefficient to be increased. 32.7% and 30% are the highest levels of average
Nusselt number and thermal efficiency, respectively. Also, by increasing the volume fraction of
nanoparticles, the fluid outlet temperature and wall temperature will increase. The analysis of the
minimum temperature in the solid heat exchanger wall shows that the minimum temperature in the
counter flow has decreased substantially compared with the parallel flow rate. However, the slope of
thermal efficiency enhancement of the heat exchanger gradually tends to a constant value by increasing
the number of Reynolds. This behaviour is more apparent in heat exchangers with the parallel flow. For
higher Reynolds numbers, Bahmani et al [3] found that the counter flow in heat exchangers enhanced the
heat transfer of the heat exchangers.

Experimental research was performed to estimate the convective heat transfer and friction factor
of the flow of CuO nanofluids under turbulent flow conditions in a double pipe U-bend heat exchanger.
The CuO nanofluid was circulated at different mass flow rates (8,10, 12, and 14 LPM) and different
volume concentrations through the inner tube of the U-bend heat exchanger. At a fixed mass flow rate of
8 LPM, the hot water was flowing through the annulus tube. The results show that the number of
nanofluids in Nusselt increases with increasing concentrations of Reynolds number and particle volume.
As compared to base fluid with a pumping penalty, the Nusselt number increase is around 18.6% at 0.06%
volume concentration, Rao and Sankar [4].

The deposition of nanoparticles is one of the main challenges in the industrial use of nanofluids.

Due to vibrating walls, the heat transfer enhancement of Multi Wall Carbon Nano Tube, MWCNT-water
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nanofluid is examined for various mass fractions in a double pipe heat exchanger. A compact double pipe
heat exchanger made of PVDFF conducts this function. Forced vibration is imposed by electro-dynamic
vibrators on the outer surface of the heat exchanger. Results show that the imposition of vibrations
increase the heat transfer coefficient, thus decrease the deposition of nanoparticles. By increasing the
temperature of the nanofluid, mass flow rate, nanofluid mass fraction and vibration frequency, heat
transfer increases. In the test of the lowest mass fraction 0.04% with the highest vibration level 9 m/s2 in
the experiment range will get the highest increase in the heat transfer coefficient is 100%, Hosseinian et al
[5].

The lack of response of heat devices at higher capacities is one of the obstacles to increasing the
capability of different industries. Furthermore, increasing capacity leads to an increase in the drop in
pressure, and this is one of the main constraints on large industries. Conventional methods of increasing
heat transfer greatly increase the drop in pressure. According to results of previous studies, the thermal
efficiency of the heat exchanger can be significantly improved using special nanofluids, which is one of
the most thermal devices in the industry. In this study, first an analysis of nanofluid studies and the
introduction of nanofluids is presented, then their simulation methods are investigated, and finally,
studies have been investigated on the used heat exchanger tubes, and studies have been examined on the
plate heat exchanger, helical heat exchanger, shell and tube heat exchanger, and double tube heat
exchanger. In terms of energy conversion, improving the thermal and hydraulic efficiency of heat
exchangers is very important and also important for the economic recovery of systems by savings. This
paper summarizes prior work on heat exchangers and their use of nanofluids. The aim of the paper is not
only to explain the previous studies, but also to understand the mechanisms of heat transfer in the heat
exchanger application of nanofluids, as well as to evaluate and compare the various techniques of heat
transfer. Finally, it can be concluded that in most situations, nanofluids increase the transfer of heat, which
decreases the amount of heat exchangers, thereby saving energy, water consumption and industrial
waste, Pordanjani, et al [6].

Heat transfer, friction factor, and effectiveness-number of heat transfer units in the inner tube of a
double pipe U-bend heat exchanger with different pitch ratios (p/d) of wire coil with core-rod (WCCR)
inserts were experimentally estimated for different volume concentrations of Fe;O, nanofluid flow. The
experiments were performed at varying concentrations of particle volume (0.005%, 0.01%, 0.03% and
0.06%), various Reynolds numbers (16000-29000) and different WCCR insert pitch ratios (p/d = 1, 1.34
and 1.79). In compared water data with a pumping penalty of 10%, the Nusselt number for a 0.06%
volume concentration of nanofluid, is increased by 9.76% and 14.76% in Reynolds number of 16545 and
28954, respectively. Likewise, for 0.06% nanofluid with wire coil with a core-rod insert of (p/d=1) at
Reynolds numbers 16545 and28954, the Nusselt number is further increased by 25.39% and 37.90%

respectively, compared to water. Based on the experimental data, Nusselt number and friction factor
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correlations were suggested. For water/nanofluid flow in a tube with WCCR inserts, the effectiveness-

number of transfer units (NTU) was determined, Sundar et al [7].

3- EXPERIMENTAL WORK.

Figure (1) displays the experimental setup's schematic diagram. At the beginning of the
experiment, the heater is turned on in the hot water tank to raise the water temperature to the required
degree. After that, the temperature of the water inside the hot and cold water tank is measured to ensure
its desired degree of temperature. After that, nanoparticles of aluminum oxide (Al,O;) are added inside the
hot tank, and then the water is mixed with nanoparticle well. After that, the valves of the water path of the
two tanks are opened, then the pump is turned on to raise the water flow rater in the pipes, the tube and
shell flowmeter is calibrated at the required flow rate, the experiment begins to work, and the results are
collected and recorded by the fluke device connected to the computer, which takes temperature readings
from the thermocouples installed inside the tubes. The experiment is running for 20 to 30 minutes
according to the specified time, after that the experiment is stopped, the data is saved, the pump is stopped
and the valves are closed. The heater is restarted to raise the temperature of the hot tank, then repeat the
same steps with a change in the flow rate and the concentration of nanoparticle, this is done all

experiments are completed.
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Figure (1) displays the experimental setup's schematic diagram.

Where:

1. Valve of nanofluid tank.

3. Pump of nanofluid.

5. Flowmeter of nanofluid.

7. Pressure gauge of inlet nanofluid in the tube.
9. Thermocouple of inlet nanofluid in the tube.
11. Pressure gauge of outlet nanofluid in the tube.

13. Thermocouple of outlet nanofluid in the tube.

4- METHODOLOGY.

The volume concentration of nanofluid:
Wnf

Py

an+Wwater

Pnf  Pwater

¢=

Experimental investigation of increasing heat
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2. Valve of cold tank.

4. Flowmeter of cold tank.

6. Pressure gage of inlet annulus.
8. Thermocouple of inlet annulus.
10. Pressure gage of outlet annulus.

12. Thermocouple for outlet annulus.
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The viscosity of nanofluid:

tnr = Upr(1 + 2.5¢) (2)

The density of nanofluid:
Pns = Gpp(1 — @) poyr 3)

The specific heat at constant pressure of nanofluid:

Cp,nf = ¢Cp(1 - (,'b) be (4)

The thermal conductivity of nanofluid:

k _ [kp+2kbf+2®(kp—kbf)
n T P L e 2k, -~ (ke —Kp )

()

The heat transfer rate of annulus:

Q. =m, Cp,c (Tc,o - Tc,i) (6)
The heat transfer rate of the nanofluid:
Qung =M G, (Thi — Thy) (7)

The overall heat transfer coefficient:

_ _0 _ Q
Ui = AiATy Uo = AoAT Ly ®)

Where: A; = 1td;L
A, =mnd,L

AT ¢—AT)

ATq
‘“(m)

Where:
AT, = Th,i - Tc,o

ATy =Thpo — T,

The Reynolds Number of the annulus:

Re = —fc_ (10)

N TDplo
Where: D, = D; — d,

The Nusselt number Nuo of the annulus:
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_ (f/2)(Re—1000)(Pr)
Nu, = 1.07+12.7(f/2)0-5(Pr2/3-1) (11)
f = (3.64lnRe — 3.28)7%, Re at Tm (12)
Where: T... = TcitTcotThitTho
. m _— 4

The heat transfer coefficient of annulus:

Nuy,K
h, =—= (13)
Dt
D;%—dy?
Where: DT =Lt
do

The heat transfer coefficient of nanofluid:
1 1 In(d,/d; 1
_ 1 In@o/dp)
UiA; h;A; 2Ky, L hoA,

(14)

The Nusselt number of the nanofluid:
h;d;
Nunf = ﬁfl (15)

The Reynolds Number of the nanofluid:

Renp = —h (16)

_ _Mn

Where: A = g diz

The fraction factor:

AP
k= L pnfunfz (18)
di z )
Where: AP = P; — P,

The Number of transfer units:

NTU = 24 - ¢

Cmin ATLM Cmin

(19)

Where: Cp, = thPh , Cc = mCCPC

Conin: The minimum value of C, and C,
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The effectiveness:

_ 1-exp[-NTU(1-Cr)]
"~ 1-Cr exp[-NTU(1-Cr)]

(20)

Coi
Where: C,. = ——

Cmax

5- RESULTS AND DISCUSSIONS.

5.1 Effects of AI203 nanoparticl on Nusselt number:

From figure (2) can shows the effects of the Al,0; nanoparticle with different volume
concertations on the Nusselt number, at temperatures is 63°C and at different mass flow rate of the
annulus of about:

(a) is 0. 5816 kg/s and (b) is 0.7478 kg/s respectively. It was showen that the Nusselt number
increases as the mass flow rate of annulus increases. As shown in the figure, the Nusselt number increase
when the Reynolds number inside the tube increases. The nanoparticle has a huge enhancemet on the
Nusselt number when the volume concentration from 0% to 0.1%, the maximum value of the Nusslet
number at volume concentration is 0.1%, this increase depend on effect of increase the thermal
conductivity and effect of decrease the specific heat at constant pressure. The increasing of the Nusselt
number continues until arrive to maximum value at 0.1% then the nanoparticle concentration has a little

effect on the Nusselt number this because the nanoparticles make a insulating layer inside the tube.

Al,O; - mc=0.5816 kg/s, T(h,i)= 63 °C

60
A water -
-0.05% N X X
=}
0.10% Z 40
€0.15% ) X
2 -
0.20% : % . X i
0.25% P 5 1 L 4
(]
X 0.30% g 20 P-4 a A
+0.35% z A A
X 0.40%
0
30 35 40 45 50 55 60 65 70
Reynolds number (Re) *¥1073, -
(a)
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Al,O, - mc=0.7478 kg/s, T= 63 °C

70
A water 60
-0.05%
0.10% 3 5 -
€015% + %
RS X
0.20% € 4
025% ¢© -
%2 X ¥
X030% 8 3 % z +
+035% 3
X 040% 20 A A A A
10
30 35 40 45 50 55 60 65 70

Reynolds number (Re) *¥1073, -

(b)
Figure (2) Effects of nanoparticle on the Nusselt number of water and Al,O; nanofluid at different

particle concentrations, at temperatures is 63°C, and at different mass flow rate of the annulus of:

(a) 0.5816 kg/s and (b) 0.7478 kg/s.

5.2 Effects of Al,05 nanoparticl on effectiveness:

From figure (3) can shows the effects of the Al,O; nanoparticle with different volume
concertations on the effectiveness, at temperatures is 63°C and at different mass flow rate of the annulus
of about: (a) 0. 5816 kg/s and (b) is 0.7478 kg/s respectively. It was shown that the effectiveness increases
as the mass flow rate of annulus increases. As shown in the figure, the effectiveness decrease when the
Reynolds number inside the tube increases. The nanoparticle has a big effect on the Nusselt number when
the volume concentration from 0% to 0.1%, the maximum value of the effectiveness at volume
concentration is 0.1%, then the nanoparticle concentration has a little effect on the effectiveness this

because the nanoparticles make a insulating layer inside the tube.
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A0, - rc=0.5816 kg/s, T(h,i)= 63 °C
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(b)
Figure (3) Effects of nanoparticle on the effectiveness of water and Al,0; nanofluid at different
particle concentrations, at temperatures is 63°C, and at different mass flow rate of the annulus of:

(a) 0.5816 kg/s and (b) 0.7478 kg/s.
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5.3 Effects of on Number of transfer units:

From figure (4) can shows the effects of the Al,O; nanoparticle with different volume
concertations on the Number of transfer units, at temperatures is 63°C and at different mass flow rate of
the annulus of about: (a) is 0. 5816 kg/s and (b) is 0.7478 kg/s respectively. It was showen that the
Number of transfer units increases as the mass flow rate of annulus increases. As shown in the figure, the
Number of transfer units decrease when the Reynolds number inside the tube increases. The nanoparticle
has a big enhancemet on the Number of transfer units when the volume concentration from 0% to 0.1%,
the maximum value of the Number of transfer units at volume concentration is 0.1%, this decrease
depend on effect of increase of the mass flow rate and effect of increase the specific heat at constant
pressure. The increasing of the Nusselt number continues until arrive to maximum value at 0.1%, then the
nanoparticle concentration has a little effect on the Number of transfer units this because the

nanoparticles make a insulating layer inside the tube.

Al,O, - c=0.5816kg/s, T(h,i)= 63 °C

0.500
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(b)
Figure (4) Effects of nanoparticle on the Number of transfer units of water and Al,O5 nanofluid at
different particle concentrations, at temperatures is 63°C, and at different mass flow rate of the

annulus of: (a) 0.5816 kg/s and (b) 0.7478 kg/s.

5.4 Effects of on friction factor:

From figure (5) can shows the effects of the Al,0; nanoparticle with different volume
concertations on the friction factor, at temperatures is 63°C and at different mass flow rate of the annulus
of about: (a) is 0. 5816 kg/s and (b) is 0.7478 kg/s respectively. It was shown that the friction factor
decreases as the mass flow rate of annulus increases. As shown in the figure, the friction factor decrease
when the Reynolds number inside the tube increases. The nanoparticle has a significant enhancement on
the friction factor when the volume concentration increases the friction factor increase, the maximum
value of the friction factor at volume concentration is 0.4%, this increase depend on effect of increase the

density and effect of increase the pressure drop between inside the tube.
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Al, O, - mc=0.5816 kg/s, T(h,i)= 63 °C
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Figure (5) Effects of nanoparticle on the friction factor of water and Al,0; nanofluid at different
particle concentrations, at temperatures is 63°C, and at different mass flow rate of the annulus of:

(a) 0.5816 kg/s and (b) 0.7478 kg/s.
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6- CONCLUSIONS.

In this research, the double tube heat exchanger is designed, and the test device is built. After
completing the experiments and analyzing the data, it was found that the nanoparticles have a large
improvement in the heat transfer coefficient inside the double tube. The Nusselt number increases when
increase of the Reynolds number inside the tube. The Al,O; nanoparticle has a enhancement of the
Nusselt number. By increasing the volume concentration, the Nusselt number increases until the
maximum value of the Nusselt number is reached when the volume concentration of Al,0; nanoparticle
is 0.1%. The increase in the Nusselt number is due to the effects of a increase in thermal conductivity, and
a decrease in specific heat at constant pressure, and after the maximum value by increasing the volume
concentration, the Nusselt number is slightly affected, because the nanoparticles make a insulating layer

that decrease the heat transfer rate.
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