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Design of heat exchangers and heat transfer enhancement methods are strug-
gling to meet out the cooling demand of present scenario. Many researchers sug-
gested that the addition of nanosized solids particles into traditional base fluids
resulting the higher heat transfer rate than the existing coolants and named the
new fluids as nanofluids. In this investigation, the effect of microwave carbon
nanotube (MWCNT)-water nanofluids on heat transfer rate, pressure drop and
pumping power of a triple concentric tube heat exchanger are experimentally in-
vestigated and compared the results of MWCNT-water nanofluids with water.
The MWCNT-water nanofluids were prepared by two step method at the volume
concentrations of 0.2%, 0.4%, and 0.6%. The range of target fluid mass-flow rate
is in the range of 0.026 to 0.039 kg per second and the constant heat flux condi-
tion is considered. On experimentation, it is noted that the effectiveness and pres-
sure drop of 0.6% MWCNT-water based nanofluids are 27% and 21% greater
than water at the maximum mass-flow rate. The reason for improved heat trans-
fer rate of nanofluids is because of higher thermal conductivity, Brownian mo-
tion, lower boundary-layer thickness, and lower specific heat capacity of
nanofluids. Also found that the pumping power increases with increasing volume
concentration and pumping power is 25% higher than water at the 0.6% nanoflu-
ids. Therefore, the MWCNT-water nanofluids are good choice for replacing wa-
ter as coolant in triple concentric tube heat exchanger.

Key words: triple tube heat exchanger, MWCNT-water, Nusselt number,
Reynolds number, pressure drop, pumping power

Introduction

Many heat transfer enhancement techniques have been proposed by many research-
ers like passive, active and compound techniques. However most of the heat transfer en-
hancement techniques are passive methods as they have lower pumping power than the active
methods. The one among the suggested heat enhancement techniques is increasing the heat
transfer surface are by placing another, outer annulus, tube in the double concentric tube heat
exchangers. The triple concentric tube heat exchanger (TCTHE) is identified as higher effec-
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tiveness than the tube in tube heat exchanger which is designed to meet out the disadvantages
of double tube heat exchanger (DTHE). The new design of TCTHE has an additional flow
passage for improving the heat transfer rate with the larger heat transfer area. The research
and experimental work in the area of TCTHE is limited even though it has lot of advantages.

Zurtiz [1] analyzed the fluid temperatures of TCTHE with the set of equations. Gar-
cia-Valladares [2] performed 1-D transient and steady-state analysis for different model con-
figurations and found that the effectiveness of TCTHE in counter flow arrangement is in-
creased by 12% than the parallel flow. Unal [3] theoretically studied the triple tube heat ex-
changer and plotted effectiveness versus NTU graph for individual tubes. Sahoo et al. [4] pro-
ceeded the study in helical triple tube heat exchanger and investigated the fouling factor of
milk in the tubes which decreases the effectiveness of heat exchanger. The TCTHE was fabri-
cated by Quadir etal. [5] and investigated the heat exchange characteristics of three fluids
under different configurations. Quadir et al. [6] investigated the triple tube concentric heat ex-
changer using FEM under steady condition and found out the thermal behavior and overall
heat transfer coefficients over the entire length of the heat exchanger. Antony et al. [7] carried
out the experimental and numerical investigation on TCTHE, thermo-fluid performance and
concluded that effectiveness and Nusselt number are higher than that of DTHE in counter
flow configuration. Basal and Unal [8] developed new heat storage system in TCTHE using
phase change material in the inner annulus. An interrelationship between the convective heat
transfer dimensionless number, effectiveness and pressure drop of triple tube heat exchanger
was analyzed by Gomaa et al. [9] and found that the Nusselt number increase with Reynolds
number for both configurations. Mohapatra et al. [10] verified the coil side Nusselt number by
comparing with Wilson technique value available in the literature. Mohapatra et al. [11] ex-
perimentally focused on triple tube heat exchanger with the Reynolds number range of 9000
and 54000 and found that the overall heat transfer coefficient increases with increase in hot
water-flow rate and the effectiveness decreases. Radulescu et al. [12] performed an analysis in
DTHE and TCTHE and observed that the area of the heat transferring surface and convective
heat transfer of TCTHE are greater than DTHE for the same length. Kumar et al. [13] carried
out the research for purifying milk using TCTHE and generated simulation model to speculate
the fouling thickness and milk outlet temperature. Patrascioiu and Radulescu [14] established
a mathematical model of the triple tube heat exchanger by considering several assumptions
for predicting fluid outlet temperature and overall heat transfer coefficient. Batmaz and
Sandeep [15] and Avudaiappan et al. [16] found that the overall heat transfer coefficient val-
ues of three tubes were higher in the clounter flow arrangement than the parallel arrangement.
Also found that the effectiveness of the TCTHE are higher than the DTHE.

Much interest has been shown in modifying heat exchanger design and in improving
the heat thermal conductivity of conventional heat transfer fluids with aid of active and pas-
sive techniques. Micro-fluids have been derived by dispersing the micro-particles in to the
base fluids and suggested that they show very poor stability and hence they have been
dropped. In order to overcome the drawbacks of microfluids. Choi [17] first developed a new
fluid by dispersing nanosize particles into a base fluid and named as nanofluids. Choi [17]
characterized the nanofluids and proposed the nanofluids have enhanced thermal conductivity
than the base fluids. Many researchers have investigated the nanofluids by using various types
of nanoparticles together with the characteristics of heat transfer. Generally nanoparticles
used are metals such as Cu, Ag, Au, and Ni; metal oxides such as CuO, Al;O3, TiO2, Fe0s,
Fes0a4, SiO2, and ZrO,; metal carbides (SiC), metal nitrides such as AIN, and SiN; carbon ma-
terials such as graphite, carbon nanotubes CNT, and diamond. Choi et al. [18] investigated the
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thermal conductivity of CNT/engine oil nanofluids experimentally and revealed that there is a
huge rise in thermal conductivity for small volume concentration.

Saravanakumar et al. [19] found that the nanofluids possess higher thermal conduc-
tivity and minimum viscosity for an ideal concentration. They concluded that the replacement
of conventional fluid by nanofluid leads to reduction of size of the heat transfer equipment
and reduces cost. Govindhasamy et al. [20] carried out the investigation on diathermic oil
based TiO. and established that the base fluid thermal conductivity is lower than the TiO,
nanofluids. The heat transfer rate is enhanced because of Brownian motion and improved
thermal conductivity of nanofluids. Kumar et al. [21, 22] investigated the overall heat transfer
coefficient in shell and helically coiled DTHE and found heat transfer coefficient increases by
4-9% for 0.4% and 0.8% of Al.Oz-water nanofluids in counter flow configuration. They con-
cluded that the Nusselt number and pressure drop are increased with increase in particle vol-
ume concentration.

In the light of literature review, the experimental works on tubes in tube (Triple)
with MWCNT nanofluids is very little. However, the heat transfer and pressure drop analysis
in TCTHE using MWCNT-water nanofluids as the heat transfer medium is very limited.
Therefore, in this experimental research work, the MWCNT-water nanofluids at different vol-
ume concentration are taken as the cooling medium in the TCTHE with the objectives of
comparing the heat transfer rate and pressure drop of MWCNT-water nanofluids with water.

Methods and materials

The MWCNT nanopatrticle is procured from Nanostructure and Amrophous Materi-
als, Inc. Houston, Tex., USA. The MWCNT-water nanofluids were prepared with the help of
two step method. In this investigation, MWCNT-water nanofluids have been prepared at
0.2%, 0.4%, and 0.6% volume concentration. The morphological characteristic of MWCNT
were studied with the help of SEM image and observed that the MWCNT are highly agglom-
erated and entangled in dry condition. The required amount of MWCNT were taken and dis-
persed in to the water. The process of dispersion was done by the ultrasonification for 5 hours
of each sample (sonicator specifications of 40 W at 36 + 3 kHz) 0.05% volume concentration
of sodium dodecylbenzenesulfonate surfactant is added to have uniform dispersion and longer
stability of MWCNT-water nanofluids.

Experimentation

Experimental set-up

Figure 1 presents the schematic diagram of the experimental set-up. The inner tube
handles nanofluids, the inner annulus handles hot water and outer annulus handles normal wa-
ter. All the three tubes are made up of copper with different diameters and lengths. The three
tubes are connected to three storage vessel. The outside tube is connected with a storage ves-
sel size of 5 L, a mono block pump of 0.5 hp, and a flow regulating valve is fitted along the
tube side. The inner annulus is connected with a storage vessel size of 30 cm x 25 cm x 25 cm,
with 2 kW heat capacity, hot water pump with thermostat to maintain the temperature of hot
water. The heater is used to increase the temperature and maintain the steady-state in the hot
water sump. The inner tube is connected with a storage vessel of 5 L capacity, with a mono
block pump of 0.5 hp, flow regulating valve is fitted along the tube, test section and cooling
unit. The tubes are placed concentrically with a constant space between tubes and
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welded. Seven K-type thermocouples with
0.09 °C accuracy were used to find out the inlet
and outlet temperatures of TCTHE. The outer
annulus of TCTHE is insulated with the help of
cotton thread to avoid heat loss from the tubes
to the surroundings. Nanofluids tube inlet and
outlet pressure is measured using pressure
gauge and flow of MWCNT-water is controlled
with flow control valve and outlet of inner tube
is connected with a radiator to cool the hot
MWCNT-water nanofluids. Experimental set-
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inner surface is smooth, and constant tube wall temperature is maintained. Heat conduction
through the tube material is low. As shown in the fig. 1 schematic set-up the counter-current
flow of nanofluids is measured. MWCNT-water, hot water and normal water were circulated
simultaneously in inner tube, inner annulus and outer annulus of TCTHE. Hot water is circu-
lated at different temperature range from 45 °C to 65 °C and it was measured by using K-type
thermocouples fixed at inlet and outlet of the tube. Similarly normal water is allowed to flow
through the outer annulus and temperatures were noted. The MWCNT-water nanofluids is
circulated in counter-current flow arrangement at 0.2%, 0.4%, and 0.6% volume concentra-
tion and temperatures were noted using thermocouple fixed at inlet and outlet of the inner
tube. During the experiments, flow rate of nanofluids was changed and readings were taken
for all concentrations. The pressure was measured with the help of pressure gauge fitted at the
inlet and outlet side of the MWCNT-water nanofluids tube.
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Figure 1. Schematic diagram of experimental

Data reduction

The specific heat, density, thermal conductivity, and dynamic viscosity of nanofluids
are obtained from equations proposed by [18]. The inner annulus heat transfer, Qn, the inner
tube heat transfer rate, Qnr, the outer tube heat transfer rate, Qn, the average heat transfer, Qay,
of the three fluids are calculated from the equations suggested by [9].

The Nusselt number and Reynolds number, are calculated:

_ hDy
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Friction factor, fq, of the inner tube is calculated:
2Ap,+ D,
f.o= nf “id 3
nf ,DLVZ ( )
The TCTHE effectiveness, ¢, is calculated:
PR R Y @
Qmax (mC)min (Thi _Tnfi)
The pumping power is calculated:
Pumping power = pressure drop - area - velocity (5)

Results and discussion

In this experimental work, the effect of MWCNT-water nanofluids at different vol-
ume concentration on the heat and flow behavior of TCTHE and compared the results with
water.

Nusselt number vs. mass-flow rate

Figure 2 illustrates the enhancement of Nusselt number by varying volume concen-
tration with mass-flow rate. It is found that the Nusselt number increases with increasing par-
ticle volume concentration and increase in mass-flow rate. The MWCNT-water nanofluids
Nusselt number are 15%, 23%, and 28% higher than water at 0.2%, 0.4%, and 0.6% volume
concentration, respectively, at the mass-flow rate of 0.034 kg/s. This is because of the en-
hanced convection current caused by the better fluids mixing, and reduction of thermal
boundary-layer thickness. The enhanced convection current is caused by the better mixing ti-
ny MWCNT nanostructure with the water. The mixing is due to more adsorption nature of
MWOCNT. The boundary-layer thickness is reduced as the MWCNT motion in base fluids is
Brownian motion. This motion disturbs the formation of boundary-layer. Hence the resistance
to flow is reduced resulting higher heat transfer coefficient.

Effectiveness vs. mass-flow rate

Figure 3 shows the relation between the effectiveness and mass-flow rate at different
nanofluids concentrations. From the figure the effectiveness of the TCTHE increases with in-
creasing MWCNT-water nanofluids. At the mass-flow rate 0.0389 kg/s, the effectiveness of
TCTHE for the nanofluids at 0.2%, 0.4%, and 0.6% volume concentration are 9%, 21%, and
27% higher than water. The difference in effectiveness is relatively less at the lower concen-
trations. The maximum effectiveness is found at the lowest mass-flow rate and at 0.6% vol-
ume concentration. This is due to lower temperature difference between Thi and Trsi. In partic-
ular, the effectiveness is higher at 0.6%. This is due to the lower specific heat capacity and
higher thermal conductivity of the nanofluids which carries more heat energy. Adding more
MWCNT in base fluid, the gap between the MWCNT is reduced which improves the thermal
conductivity. It is found that the effectiveness of TCTHE decreases with increase of mass-
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flow rate for all concentrations. The reason for decreasing the effectiveness with respect to
mass-flow rate is due to the increase in heat capacity of the fluid.
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Figure 2. Variation of Nusselt number with Figure 3. Variation of effectiveness number
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Friction factor vs. mass-flow rate

Figure 4 shows the effect of nanoparticles volume concentration on friction factor. It
can be clearly seen that the friction factor decreases over increase in mass-flow rate. This is
because of the higher flow velocity which leads to lesser contact with the tube surface. Ob-
served that the friction factor of MWCNT nanofluids are 7%, 10%, and 14% lower than water
at 0.2%, 0.4%, and 0.6% nanofluids concentrations, respectively, at the mass-flow rate of
0.030 kg/s. The friction factor is found to be higher at the lower mass-flow rate 0.026 kg/s. It
is remarkable that the 0.6% nanofluids has the highest friction factor at 0.026 kg/s. The reason
for this is the improved viscosity of nanofluids when more MWCNT is added. The improved
viscosity reduces the Brownian motion of MWCNT in the base fluids and contact with the
tube surface is improved.

Pressure drop vs. mass-flow rate

Figure 5 shows the effect of nanoparticles volume concentration on pressure drop at
different mass-flow rate. It is clearly seen that increase in particle volume concentration and
mass-flow rate increases the pressure drop. The flow characteristics of nanofluids are 4%,
11%, and 21% greater than water at 0.2%, 0.4%, and 0.6% particle volume concentration, re-
spectively, at the mass-flow rate of 0.30 kg/s. In this case, the viscosity of nanofluids plays
the vital role. The viscosity of nanofluids increases with increasing MWCNT in base fluids.
The inter space between the MWCNT is reduced when adding more MWCNT and the viscos-
ity is increased. At 0.026 kg/s mass-flow rate, the pressure drop is minimal when compared
with higher mass-flow rate 0.039 kg/s. This is due to the increase of viscosity at lower flow
velocity of mas flow rate.

Conclusion

In this experimental investigation, thermal and flow behavior of MWCNT-water
nanofluids is carried out using triple concentric tube heat exchanger. The nanofluids were



Periyasamy Chokkeyee, M. K., et al.: Analysis on Thermal and Flow Behavior of ...
THERMAL SCIENCE: Year 2020, Vol. 24, No. 1B, pp. 487-494 493

prepared with three volume concentration and found that the prepared MWCNT-water

nanofluids
_ 096 o 0.48 "
*] B —=—02% o - T
§0%] <o S 0d6] oz
0901 . ) L 0449 4 06% A
O 0.887 A ¥— water] 2 0.421 v water, N
S 086 = 80 .
£ 0841 . . o 0401 - -
0.821 ~a 0.38
0.807 | ' -
0.787 U . 0361 4 = .
0.76 ] v Tu 0.344 v
81;3- v ~* 032] °
0.70 - oz "
i 1
T © w O o % © © O + © ©® o o ¥ @ o O
o o™ o o (] (22} ™ o« < o~ o™ o~ o (] (22} ™ o« <
o o o o o o o o o o o o o o o o o o
S © © ©o o 6o & o© o S © © ©o o 6o & o© o
Mass-flow rate [kgs™'] Mass-flow rate [kgs™']
Figure 4. Variation of friction factor with Figure 5. Variation of pressure drop with
mass-flow rate mass-flow rate

are stable even after 30 days of preparation. It is studied that the Nusselt number of MWCNT-
water nanofluids at 0.2%, 0.4%, and 0.6% volume concentration are found to be 15%, 23%,
and 28%, respectively, when compared with water at the mass-flow rate of 0.034 kg/s. Found
that the effectiveness of MWCNT-water nanofluids is found to be 27% higher than water at
0.039 kg/s. It is also noted that friction factor decreases with increase in volume concentration
and mass-flow rate. 0.6% volume concentration nanofluids resulted at 21% pressure drop and
25% pumping power higher than water.
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