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ABSTRACT

Heat exchangers are widely used in different industrial applications. Among all categories of heat exchangers, tube in tube heat
exchanger is most effective in specific applications. The performance of heat exchange has depended on the properties of the
working fluid. The present experimental study shows the performance enhancement of tube in tube heat exchanger using CeO»/
H>O nanofluid as compared to water. CeO,/ H,O nanofluids of different volume concentrations (1.0%, 2.0 % & 3.0%) of the
various mass flow rate (1.5 Ipm, 2.0 Ipm, 2.5 Ipm, 3.0 Ipm and 3.5 Ipm) used in the heat exchanger. Nanofluid application
enhanced the overall heat transfer coefficient by 15-20%. It also reduced the required pumping power by 10-15% for the same
heat transfer rate. Therefore, the authors claimed that nanofluids are an efficient working fluid and it shows its superior heat
transfer potential for tube in tube heat exchanger applications.
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INTRODUCTION

Heat exchangers are quite common equipment used in many industries such as power generation, refrigeration, air conditioning,
chemical industry. The need for better energy conversion required efficient heat exchangers. Tube in tube heat exchanger is the
simplest and widely used due to their low cost of design and maintenance. Tube in tube heat exchanger (TITHE) is suitable for
applications where extended heat transfer surface is not possible due to space limitation. Due to rapid technological development
in the field of nano materials, make possible the use of nano particles (size less than 100 nm) dispersed in the conventional base
fluids, and they are termed as nanofluids. This kind of fluid was first introduced by Choi et al.[1], showing that it can be used as a
promising way for enhancing the heat transfer capability of base fluids. In the recent, many researchers have done experimental
studies to investigate the heat transfer performance of various nanofluids. Duangthongsuk and Wongwises [2] investigated
experimentally the thermal performance of TiOx/water nanofluids in double tube heat exchanger and conclude that the heat
transfer coefficient was 26% greater at 1.0 vol. % of nanofluid than that of water, with little penalty in pressure drop. Suresh et al.
[3] conduct experimental investigation to analyze affect of nanofluid on heat transfer when Al.Os/water nanofluids flowing in
plain tube and observed 24% increase in Nusselt Number as compared with water when Al;Os/water nanofluid with 0.5% vol.
concentration was used. Azmi et al.[4] reported a maximum heat transfer coefficient enhancement of 26% at 1.0% nanofluid
(TiOgwater) concentration in a plain tube and found enhancement of 33.0% at 3.0% volume concentration of SiOj/water
nanofluid. Reddy and Rao [5] study the performance of TiO, nanofluids in water/EG base fluid in double pipe heat exchanger,
and resulted in the finding that the heat transfer coefficient gets enhanced by 10.7% at 0.02% concentration. Albadr et al. [6]
investigated Al,Os/water nanofluid (0.3-2%) convective heat transfer characteristic in a horizontal shell and tube heat exchanger,
and reported that at 2% volume concentration overall heat transfer coefficient is 57% greater than that of base fluid. Suresh et al.
[7] performed experimental study to investigate heat transfer characteristic of CuO/water nanofluid in the plain and helically
dimpled tube and found a maximum of 12.6% higher Nusselt number for 0.3% vol concentration than those of distilled water in
plain tube. Sonawane et al. [8] have studied Al,Oz/water nanofluids heat transfer, flowing in concentric heat exchanger and
observed 39% enhancement of overall heat transfer coefficient with 2.0 vol% compared to base fluid. Tiwari et al.[9] investigated
heat transfer and pressure drop characteristic of corrugated plate heat exchanger using CeO; /water nanofluid and found 39%
higher heat transfer coefficient at concentration of 0.75 vol.%. Chandrasekar et al.[10] reviewed the various mechanisms which
are responsible for enhancement of heat transfer characteristic of various nanofluids. Kong and Lee [11] found that the heat
transfer coefficient is improved by 19% with the addition of Al.Os; nanoparticles to base fluid water whereas overall performance
improved by 8%.Therefore, to make heat exchange processes more energy efficient in terms of heat energy transfer, the stability
and the thermo physical properties of the working fluid used in heat exchange have become a vital importance[12-14]

EXPERIMENTAL INVESTIGATION

In the present experimental study, CeO,/ H,O nanoparticles (size in the range of 30-50nm) procured from Alfa-Essar (USA), were
used to prepared nanofluid. The nanofluid was prepared by two step method. To prepare CeO,/ H,O nanofluid, the required
weight of CeO; nanoparticles for volume concentration of 1.0%, 2.0%, 3.0% were dispersed in distilled water and sonicating the
mixture using an ultrasonicator for 4 h. To ensure good stability of nanofluid, zeta potential test was done using Zetasizer Nano
ZS-Malvern. The result of the test (zeta potential value —29.2mV) ensured a good stability[15] shown in figure 1.
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Figurel Zeta potential test result image of nanofluid sample with volume concentration (3.0%).

Figure 2 FESEM image of nanofluid sample.
THERMOPHYSICAL PROPERTIES

The thermo-physical properties (thermal conductivity, viscosity) of nanofluid were measured experimentally. A KD2 pro thermal
analyzer (Decagon Devices, Inc; USA) was used to measure thermal conductivity of nanofluid. Brookfeild viscometer was used to

measure the dynamic viscosity of nanofluid. A significant increase in thermal conductivity and dynamic viscosity was observed
with the rise in volume concentration of nanofluid.

EXPERIMENTAL SETUP

The present investigation on heat transfer and pressure drop characteristic of a TITHE is conducted to study the effect of using
CeO; /water. The figure 3 shows the schematic representation of experimental setup. The outer tube of heat exchanger is made
with Galvanised Iron (G.1.) material having inner diameter and outer diameter 28.5 mm, 32.5 mm respectively. The inner tube is
made up of copper having inner diameter and outer diameter 9.5 mm, 12.5 mm respectively. The outer tube is insulated with
cladding of glass wool to minimize the heat loss. Two separate tanks are provided for cold water and hot nanofluid. The flow rate
of cooling water and hot nanofluid is measured by using two calibrated float type rotameters (each of 0.2 — 10.0 Ipm range). The
inlet and outlet bulk temperatures of cooling water and hot nanofluid were measured using four thermocouples. A 2kW electric
heater with thermostat is used to heat and, to keep the nanofluid temperature constant. Two centrifugal pumps are used to circulate

water and nanofluid in the cool water loop and hot nanofluid loop, respectively. The pressure drop of nanofluid was measured
along the test section, by using a U-tube manometer with mercury as manometric fluid.
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Figure 3 Schematic diagram of experimental setup

DATA REDUCTION AND VALIDATION
In the present experimental study, the performance of heat exchanger was evaluated based on convective heat transfer coefficient

and pressure drop, using following equations.

Heat transfer rate of the base fluid (water) and nanofluid:
Qw = mwcw(Tc,in - Tc,out)w

Qn: mncn(Th,in - Th,out)n
Where, T¢inis the inlet temperature of base fluid, Tcou is outlet temperatures of base fluid .Thinand Thou are the inlet and outlet

temperatures of nanofluid, respectively.
Average heat transfer rate:

Overall Heat transfer coefficient (OHTC)

The logarithmic temperature difference:

(AT) mTD

The Nusselt number

The Reynold number

The effectiveness
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The pressure drop is measured and the friction factor calculated based on the diameter of the inner tube
AP

fex = TIN7ov2y
")
The performance index of the heat exchanger [16] is given by

_ Qave
= Py

UNCERTAINTY ANALYSIS

®)

)

(10)

The result of the experiment depends on uncertainties due to the errors in measurement of all the parameters that are measured to
determine the dimensionless numbers (Reynolds number, Nusselt number etc.).In the present experimental study, the probable
error associated with each measured data is calculated and the uncertainty in result is estimated using the equation of Moffat [17].

The estimated uncertainty of OHTC and friction factor found 6.8% and 5.1% respectively.

RESULT AND DISCUSSION

The baseline verification of the experimental apparatus is carried out by performing experiments using base fluid water and
compares the experimental data with the correlation for turbulent flow and friction factor provided by Kakac [18] and Zayed [16]

with Reynolds number ranging from 5000 to 15000.
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Figure 4 Comparison of experimental friction factor with Blasius relation for water (base fluid)
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Figure 5 Comparison of experimental Nu with Gnielinski relation for water

The comparison of experimental data shows a good agreement of experimental values of Nusselt number and Darcy friction factor

with the classical correlation as shown in figure 4 and figure 5.
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Figure 6 Heat transfer rate verses Flow rate of nanofluid.

International Journal of Mechanical Engineering

6144

Vol. 7 No. 1 (January, 2022)



3500
— ¢ water
¥ 3000 ©
o =19
t B p=1% N
% 2500 4 A d=2% ° =
g 0 b=3% A *
g 2000 1 o =
S - ¢
i (@]
5 1500 ° .
2} ]
S Y
5 1000 - R
= (]
3 *
e
= 500 -+
o
[<5)
>
o 0 T T T T T
1.0 15 2.0 2.5 3.0 3.5 4.0
Flow rate (Ipm)

Figure 7 Overall heat transfer coefficient verses flow rate

The effect of variation in nanofluid flow on the heat transfer rate and the overall heat transfer rate are shown in figure 6 and figure
7. It is observed that the inclusion of nanoparticles in base fluid result in increase in heat transfer rate and in terms of nanofluid
flow also. The maximum improvement in heat transfer rate observed with 3.0% volume concentration of nanofluid at 3.5 Ipm
volume flow rate (at 50°C temperature) whereas enhancement observed in overall heat transfer coefficient.
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Figure 8 Pressure drop verses flow rate

The observed values of the pressure drop in the experiments as shown in figure 8 demonstrate that the pressure drop rises with
increase in flow rate of nanofluid and increase in volume concentration of nanoparticles also. This is due to enhancement in
dynamic viscosity with increase in VC of nanoparticles in the water and turbulence in flow. The same trend was observed in
increase of pumping power as presented in figure 9.
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Figure 9 Pumping power verses flow rate.

The figure 10 demonstrates the result of experiments for variation in effectiveness verses flow rate at different VC. The results
show that, at higher flow rate, the effectiveness increases and observed a maximum enhancement of 28.7% in effectiveness with
3.0% VC compared to water (base fluid).
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Figure 10 Variation of Effectiveness with flow rate

The performance of the TITHX at different concentration of nanofluids varying from 1.0 % to 3.0% for various volume flow
rates (1.5 Ipm, 2.0 Ipm, 2.5 Ipm, 3.0 Ipm and 3.5 Ipm) is evaluated on the basis of performance index (I]). The value of I] i.e. the
ratio of heat transferred to the pumping power shows the tradeoff between the enhancement in heat transfer rate and
corresponding increase in power consumption. The figure 11 represents the variation in the performance index verses volume flow
rate at different volume concentration of nanofluid (at 50°C temperature). The results demonstrate that at higher flow rate (above
2.5 Ipm) of the nanofluid, the performance index was decreases with increase in volume flow rate. The maximum performance
index obtained at 2% VC with 2.5 Ipm flow rate of nanofluid. The maximum enhancement of 17.98 % in thermal performance
factor was obtained at 2.0% volume concentration
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Figure 11 Variation of Performance index with volume flow rate

CONCLUSION

An experimental investigation was performed to study the effect of variation in volume flow rate of CeO./ H20 nanofluid of
different volume concentration of nanoparticles. on the thermal performance of TITHX was investigated. The findings of the
experimental study are as follows

-The viscosity of the nanofluids increases with increase in volume concentration of nanoparticles and found the maximum
enhancement of in viscosity of the CeOy/water at 3.0% volume concentration.

-Adding CeO- nanoparticles in base fluid increases thermal conductivity of the nanofluids. The enhancement observed with 3.0%
volume concentration.

-The overall heat transfer coefficient increases with increase in volume concentration of nanofluids but at 3.5 Ipm flow rate of
nanofluid, the enhancement in heat transfer coefficient was less compared to that of observed at 1.5 Ipm volume flow rate. The
maximum enhancement of 55.5% in heat transfer coefficient was obtained at 1.5 Ipm flow rate of nanofluid of 3.0% volume
concentration. Whereas the effectiveness was enhance by 28.0%.

- At higher flow rate of the nanofluid the pressure drop increases result in increase in pumping power required to circulate the base
fluid. This was also due to the fact that more viscous nanofluid available at 3.0% volume concentration.

The maximum enhancement of 17.98 % in thermal performance factor was obtained at 2.0% volume concentration compared to
that of base fluid, while the flow rate of hot nanofluid was 2.5 Ipm.
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