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This paper presents an experimental comparative thermal analysis of Multi Walled Carbon Nano
Tubes (MWCNT) in rectangular minichannels. 0.01% volume concentration of MWCNT
nanoparticles were suspended in water as base fluid to obtain MWCNT-water nanofluid.
MWCNT nanoparticles do not readily get mix well with water, hence functionalization of these
particles is carried out. Scanning Electron Microscopy (SEM) analysis is done for the
functionalized MWCNT nanofluid. For 0.25lpm (liter per minute), 0.5lpm and 0.75Ipm flow
rates variation in Nusselt number (Nu), Convective heat transfer coefficient (h), friction factor,
pressure drop and pumping power for MWCNT-water nanofluid is compared with water. For all
the flow rates considered in present investigation, an increase in all the thermal performance
parameters is observed. For 0.5lpm flow rate of nanofluid, the % enhancement in Convective
heat transfer coefficient and actual heat transfer rate is 15.48 and 91.21 which is maximum
compared to other flow rates considered in the present investigation.

1. INTRODUCTION

Minichannels heat sink serves as a means of cooling for
several devices. Due to this, attention of researchers is
increasing for their application in automobile, aerospace,
bioengineering, refrigeration and electronic cooling [17-18].
To enhance the heat transfer phenomenon in minichannels,
nanoparticles are mixed with conventional fluids like water
and circulated through the channels. The obtained nanofluid is
passed through the minichannels which results in great
enhancement of heat transfer rate [19-20]. Many nanofluids
prepared using nanoparticles like Al;Os;, CuO, TiO,, SiO,,
MWCNT etc., are studied by various researchers for their
application in different heat sinks and heat exchangers [7, 21,
22], [23-25], [26]. The other type of heat sink is microchannel,
but there is large pressure drop compared to minichannels
which leads to high pumping power requirement.
Minichannels of up to 3mm hydraulic diameter are suggested
as more suitable for high heat flux and less drop in pressure

[20, 27].

Many investigations on minichannels using different
nanofluids are carried out in the recent past. In Table 1, the
type of nanoparticles used, type of equipment employed for
heat transfer study, volume concentrations (VC) and
enhancement obtained by various experimental or numerical
investigations are presented.

From the summary presented in the Table 1 it is clearly
understood that a variety of nanofluids for rectangular, circular
and trapezoidal type of minichannels are adopted for thermal
investigation. Few others have also used alumina-water [28],
alumina aqueous solution [29], Al.Os-ethylene glycol [11],
MWCNT-water in circular tube [30] for their research.
However, no work is reported on comparative thermal analysis
of MWCNT-water nanofluid in rectangular minichannels.
Hence, the present experimental investigation is intended to
study a comparative thermal performance of rectangular
minichannels subjected to MWCNT nanofluid and water.

Table 1. Summary of research done in minichannels for thermal analysis of nanofluids

Nanoparticles Base fluid Type of Parameters/nano Results Reference
used channel particles
concentration
Al203 Water minichannel 0.1-0.25% VC 18% improvement in convective heat [1]
transfer coefficient (h)
Al20zand TiO2 Water minichannel 0.8-4% VC 17.3% and 16.5% in cooling [2]
TiOz2and SiC Water minichannel 0.8-4% VC h improved [3]
Al20s3 Water minichannel 0.1and 0.2% VC 23.92% in local Nu
Water Rectangular Channel height & improved actual heat transfer rate [4]
width
Al20zand TiO2 Water Rectangular 4% VC 11.98% & 9.397% improvement of TC [2]
Al20s3 Water Rectangular Re 133 to 1515 h improved [5]
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Water Straight, Re 17 to 450 Nu linearly varies with Re [6]
diamond&
offset
R245fa Pin &strip fin mass flow rate and more suitable for hot-spot cooling [7]
heat flux
Water Circular Re 200 to 900, Nu variation is from -5.8% to 7.0% [8]
straight oblique fin
TiO2 Water Rectangular Re, heat flux Enhanced heat transfer rate [9]
Diamond, CuO, wavy amplitude, better cooling performance [10]
SiO2 wavelength, VC
Al203 water/ethylene Rectangular 0.1&05%VC h improved up to 23% [11]
glycol
Al20sand TiO2 Water U-shaped Re 125-20000 heat transfer increases upto 71% [12]
mini/micro/m
acrochannels
Water Rectangular Heat flux and flow average h improved [13]
mini- and rate
microchannel
Al03 Water Rectangular, 0-3% VC Entropy depends on Nu & friction factor [14]
Cylinder
Water microchannel Re 100 to 2300 Vortex generators provide potential for h [15]
Water Rectangular Non-uniform mini Uniform temperature distribution [16]
baffles

2. FUNCTIONALIZATION AND EXPERIMENTAL
PROCEDURE

2.1 Functionalization of MWCNT nanofluid

The MWCNT samples were purchased from Nanoshel LLC,
USA [26]. The nanotube has a specified diameter of 40—70nm
with purity greater than 95%. MWCNT generally do not mix
with water due to their hydrophobic nature. In order to obtain
a uniform suspension of these nanoparticles, residual metal
particles and amorphous carbon are removed by intentionally
integrating them with oxygen functional groups. Aggressive
oxidative treatments (H.SO. /HNOs), are necessary to
decrease the quantity of amorphous carbon adsorbed on the
CNT surface. Following is the method adopted to
functionalize MWCNT for their use as nanofluid suspension
in water.

H>SO4/HNOs solution in the ratio of 3:1 is prepared at a
concentration of 20% each diluting with pure water. Carefully
weighed MWCNT are added to the acid solution at
100mg/60ml of acid solution. The mixed solution was heated
and stirred at 100°C for 1 hour in a magnetic stirrer. This hot
solution was left for cooling for half an hour. The obtained
solution is centrifuged with pure water using centrifuge tubes
in centrifuge machine and this centrifugation process is carried
out till neutral pH is obtained. The drying process of the
solution is carried out in a drying machine at 60°C for 24 hours.
The nanoparticles obtained after the drying process are the
functionalized MWCNT nanoparticles as shown in Figure 1.

Figure 1. Functionalized MWCNT nanoparticles
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To analyze the suspension of MWCNT particles in water
after functionalization, Scanning Electron Microscopy (SEM)
analysis is carried out. A recommended voltage in order to
avoid possible charging effects and achieve better image
contrast within the nanotube samples would be 10 and 2 keV
(or less) for a field emission SEM.

Figure 2. SEM image of CNT before functionalization

Figure 3. SEM image of CNT after functionalization



Figure 2 represents SEM image of CNT before
functionalization and Figure 3 represents SEM image of CNT
after functionalization. On a scale of 100nm and at a voltage
of 3KV, the average diameter of individual MWCNT was
52nm with larger in length of tubes. After functionalization on
a same scale and voltage the diameter of the tubes was reduced
to an average of 28nm and also the length of the tubes was
reduced, which is due to the chemical vapour deposition
technique (CVD) adopted to oxidize the functional groups.
And also due to the purification processes used to remove
amorphous carbon and residual metal particle sand as a result
of CNT exposure to oxidants present in the environment.

2.2 Experimental setup

Flow meter
Pump

Flow indicator

Reservoir

=

Heat exchanger

Mini channel

Insulator

Power supply

X

Figure 4. Experimental setup of minichannels
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1. Hydraulic Pump, 2. Rotometer, 3. Inlet Port, 4. Dimmer stat, 5. Power
Switch, 6. Minichannel, 7. Voltmeter, 8. Temperature Indicator, 9. Ammeter,
10. Outlet Port, 11. Heat Exchanger, 12. Reservoir

Figure 5. Experimental setup photograph

Figure 4 and 5 elucidate the various parts of experimental
setup of minichannel heat sink used in the present
investigation. The flow rate of flowing fluid in minichannels
is measured with efficient and accurate rotometer device. The
minichannels is having inlet and outlet ports where the
temperature of flowing nanofluids is measured with the help
of T-type thermocouples having a sensitivity of 43 uV/°C and
can measure the temperature in the range of -220<C to 330 <C.
Numbers of K-type thermocouples are fixed on the exterior
surface of the minichannels to measure the surface

temperature at regular intervals along the length of the channel.
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K-type thermocouples have range of about -220<C to 1400<C
and are cheap. An electric film heater is placed beneath the
minichannel which transforms alternating current into heat
based on the principle of joule heating effect. The heat is first
conducted in the walls of minichannels and then transferred to
the flowing fluid by convection. To avoid the loss of heat the
minichannels is insulated by asbestos. The minichannels is
heated with constant heat flux and nanofluid (after sonification
process) is made to pass through the minichannels with the
help of mini-hydraulic pump till a steady state is reached.
When fluid comes out of minichannels further it is made to
pass through the heat exchanger where the temperature of fluid
drops to ambient temperature. The same cycle is repeated for
number of times to achieve the most desirable readings. The
rectangular minichannels (length=300mm, width=50mm) are
made up of split aluminium plates each channel is of hydraulic
diameter of 2mm.

2.3 Experimental uncertainty

Sl Measuring Variable Uncertainty
No# Device
01 K-Type Temperature(°C) +1°C
Thermocouple
02 T-Type Temperature(°C) 4).5°C
Thermocouple
03 Flow meter Flow rate (Ipm) #0.01lpm
04 Electric film Heat flux(W/m?°C) #0.1W/
heater m2C
05 Voltmeter Voltage(Volts) 0.1 volt
06 Ammeter Current(Ampere) +0.1
ampere
07 Hydraulic mini Pumping +0.05%
Pump Power(Watts)

2.3.1 Methods used to reduce the experimental errors

a) Instrumental Uncertainty:

Every instrument has got the precision of measurement.
The measuring instruments used in the present experimental
setup are calibrated by using calibration tool in mechanical
measurement and metrology lab under the supervision of
highly skillful person. Each calibration procedure for each
instrument is repeated for 8-10 times. After confirming the
complete calibration, the instruments are used in the
experimental setup.

b) Random Uncertainty:

There are certain uncontrolled factors which may affect the
value of measurement each time we take readings and such
uncertainty is called as random uncertainty. To avoid such
random uncertainty in the present investigation each set of
reading is repeated for 10 times and after achieving certainty
in readings the final data is taken.

2.4 Relations used

The following Equations 1-8 were used to estimate the
different important thermal parameters of the minichannel heat
sink [31-33].

Actual heat transfer: q=mpCy(Teo — Tei) (1)

Reynolds number:

R, = PPn¥/, 0)



LMTD AT, ., = ATz = ATy / a, @3)
n (5)

1
Where ATZ = ATb - ATh,O’ AT1 = ATb - ATC,i

u 0.14
Nusselt number: Nu = 0.027Re%8pr0-33 (”—) 4)
.o Nk
Heat transfer coefficient: h = / D, (5)
Friction factor: f = 0.184Re™02 (6)
Pressure drop: AP = fp(L/D) (”2/2) (7
Pumping power: P = APfv (8)

3. RESULTS AND DISCUSSIONS

Volume concentration of 0.01% of MWCNT nanoparticles
is used in this case, and for three flow rates of 0.25lpm, 0.5lpm
and 0.75lpm the values of temperature is recorded after
reaching a steady state. For each flow rate three trails were
taken which consumes at least 3 hours of time. Water was
circulated for the same flow rates to compare with the results
of MWCNT nanofluid.
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Figure 6. Effect of flow rate on heat transfer coefficient

Figure 6 illustrates the effect of flow rates on heat transfer
coefficient when water and CNT were used as flowing fluids.
It is clearly observed from the Figure that with increase in the
flow rate of both the fluids the heat transfer coefficient also
increases as this may be due to increase in the velocity of
flowing fluid. It is also observed that compare to water the
CNT nanofluids results in enhancement of heat transfer
coefficient though the flow rate for both the fluid is same. This
may be due to high thermal conductivity of CNT nanofluid
which may leads to carry more amount of heat hence further
increasing the convective heat transfer coefficient of fluid. A
maximum difference in heat transfer coefficient of both the
fluids is observed at a flow rate of 0.75lpm. It is also observed
that with further increase in flow rates, increase in the heat
transfer coefficient was less.

The Figure 7 shows the variation of Nusselt number with
flow rate for both CNT and water at fully developed flow
condition. As the flow rate increase the Nusselt number also
increases which is due to increase in heat transfer coefficient.
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The Nusselt number for water is maximum when compared to
CNT nanofluid because of high thermal conductivity of the
CNT nanofluid which is inversely proportional to the Nusselt
number.
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Figure 7. Effect of flow rate on Nusselt number
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Figure 8. Effect of flow rate on friction factor

Figure 8 depicts the impact of flow rate on friction factor
for CNT nanofluid and water. It is observed that when flow
rate increases the friction factor decreases irrespective of
flowing fluid. As the fluid rushes into the channel with high
velocity which may leads to decrease the friction between the
fluid layer and walls of the channel. This decrease in the
friction value increases with increase in flow rate. But it is also
observed that for CNT nanofluids the friction between the
fluid layer and walls of the channel is more as it can be
observed from Figure 8. As the presence of nanoparticles may
lead to create more viscous force on the walls of channel,
which is due to increase in viscosity of nanofluid. Though the
concentration of nanoparticle is less but some of the
nanoparticles may get adhere to the walls of channel which
may create more disturbance leading to increase the friction
between the walls of channel and flowing fluid.

Figure 9 illustrate the effect of flow rate on pressure drop
along the length of the channel. It is observed that in case of
CNT nanofluid the pressure drop is more compare to water this
increase in the rate of pressure drop is mainly due to
suspension of nanoparticles in a fluid. The nanoparticles
increase the viscous force in the fluid and this increase in the
viscous force may lead to increase the friction between walls
of the channel and fluid and hence further leads to increase the



pressure drop. One more thing to be observed from Figure 9 is
that with increase in flow rate the pressure drop also increases
this may be due to increase in the velocity of flowing fluid
which may additionally affect the pressure of flowing fluid.
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Figure 9. Effect of Flow rate on pressure drop
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Figure 10. Effect of flow rate on pumping power

The Figure 10 depicts the change in pumping power with
flow rate. It is clearly seen that with increase in flow rate the
pumping power also increases, and it is known fact that the
velocity and pressure are inversely proportional to each other
in a flowing fluid which leads to overall drop of pressure
throughout the length of the channel. Pressure drop and
pumping power for both the fluids is slightly different as the
volume concentration of nanoparticles in water is very less.
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Figure 11. Effect of flow rate of LMTD

Figure 11 elucidate the effect of flow rate of both CNT
nanofluid and water on LMTD. It is clear from the Figure that
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with increase in the flow rate of fluids the LMTD also
increases and the difference by which LMTD increases for
both the fluids remains almost constant throughout the
different flow rates. For CNT nanofluids the LMTD value is
more compare to water this may be due to suspension of multi-
walled carbon nano tube particles in base fluid which may tend
to increase and improve the heat conducting ability of fluid
which may further leads to enhance the heat transfer capability
of fluid and hence results in achieving the better LMTD range.
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Figure 12. Flow rate vs Actual heat transfer
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In Figure 12 and 13, variation of actual heat transfer and its %
enhancement for different flow rates of MWCNT nanofluid
compared to water is shown. Clearly it can be noted that, actual
heat transfer is more for all flow rates for MWCNT nanofluid
compared to water which is due to its enhanced specific heat
capacity. Percentage enhancement for actual heat transfer and
convective heat transfer coefficient compared to water is seen
in Figure 13. For all flow rates, percentage enhancement is
seen for the nanofluid, but for 0.5Ipm the percentage increase
is maximum compared to water.

4. CONCLUSION

An experimental study has been carried out on comparative
heat transfer analysis of rectangular minichannels subjected to
MWCNT and pure water as a fluid. The experiments were
conducted for constant heat flux steady state turbulent forced
flow conditions. During the time of experiments the following
concluding remarks were disclosed.

) With increase in the flow rate the convective heat



transfer coefficient increases, and it is maximum in case of
MWCNT nanofluid compare to water.

o For MWCNT nanofluid the amount of pumping work
required is more compared to water.

o Even small percentage of MWCNT nanoparticles
suspension in base fluid can improve and enhance the heat
transfer capability of fluid.

o There exists an upper limiting value of flow rate
(0.5lpm) beyond which increase in heat transfer coefficient
may not get affected.

o Finally it may be concluded that MWCNT with low
volume concentration proves to be a better heat transfer fluid
but at the cost of pumping power.
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NOMENCLATURE
Re Reynolds number
Nu Nusselt number
v Fluid average velocity m/s
h Convective heat transfer coefficient, W/m?
K
k Thermal conductivity, W/m K
Dn Hydraulic diameter, m
T Temperature, °C
b, w base, water
LMTD Log Mean Temperature Difference
L Length of the channel, m
Pr Prandtl number
% Percentage
K Viscosity





