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Heat Transfer Enhancement by Nano Structured
Carbon Nanotube Coating

Sujith Kumar C. S, S. Suresh, Rajiv K

Abstract— The present work deals on the experimental investigation on the heat transfer and pressure drop characteristics of CNT
coating on a stainless steel substrate in a rectangular macro channel with water as the working fluid. The experiments were conducted
under both laminar and turbulent flow conditions with Reynolds number varying from 500-2600. The experimental results using an
uncoated stainless steel plate were compared with that of the coated plate results. All the tests were carried out under constant heat flux
condition. Experimental results showed that the heat transfer rate in the plate with the coating were significantly higher than those with the
uncoated plate. The enhancement in Nusselt number in the turbulent flow was less compared to that in the laminar region. The coating
increased the roughness on the surface and caused and adverse effect on the pressure drop especially in the case of turbulent flow region.
The experimental heat transfer coefficient has increased significantly in the case of coated plate. Even if a small increase in pressure drop
with the coated substrate, when the enhancement in heat transfer achieved is take into consideration, the increase in pumping power due

to coating can be neglected.

Index Terms— Adhesive, CNT coating, Heat transfer enhancement, Nusselt number, Pressure drop, rectangular macro channel

1.INTRODUCTION

EAT transfer enhancement is an extensive research

area, in order to increase the efficiency of energy

management. There are several ways to enhance the
heat transfer characteristics, which can be mainly classified
into active and passive techniques [1]. Active techniques rely
on external power source, such as electronic or acoustic
fields and surface vibration. Most of the active techniques
are abstruse and intractable with the surrounding. While
passive techniques include surface coating, intrinsic fins,
surface roughness and change of nanofluids. The passive
techniques help us to overcome the limitations faced by the
active techniques.

Nowadays there is a huge development in the field of
passive heat transfer. Among the different passive
techniques present, surface coating seems to the most
effective one. Surface coating can be macro structured, micro
structured and nano structured coatings. The commonly
formed structures using nano structured coatings are nano-
porous and nano-finned structure [1], [2], [4], [6], [7], [13].
The recent advances in the field of micro and
nanotechnology have led to the development of efficient
methods for heat transfer enhancement using nano-porous
and nano-fins which are expected to give unique heat
transfer potential and more efficient than the existing
techniques. Surface coating giving nanostructured coating is
the most preferred method due to the following 5 reasons.
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Surface area effect: The ratio of surface area to volume will
increase with the decrease in size of the particle. So for the
same volume of micro structured and nano structured
coating, nano structured coating will have more surface area.
So heat transfer rate will be substantially more for the nano
structured coating. Vertically aligned CNT will act as
Nanofins and that increase total surface area there by a
substantial increase in heat transfer will take place.

Pressure drop: In the case of micro channels, pressure drop is
the major problem. This will be further enhanced when we
are going for surface coating using micro structure. When
we are using nano structure the coating thickness will be
negligible compared with the size of micro channel. So the
pressure drop due to this surface coating is negligible.
Capillary rise: This effect is more dominant in micro and
nano-porous structured coating because the small pores can
act as capillary tubes. Capillary rise increases the local
turbulence there by enhances the heat transfer.

Contact time: Due to the surface area effect, contact time will
be more for nano structured coating. So water can take more
heat from the surface.

Contact angle: Nanostructured surfaces also yield lower static
contact angle and enhanced film dynamics resulting in a
noticeable enhanced heat transfer behavior. The effect of
multiple stream spacing on film morphology and heat
transfer phenomena in nanostructured surfaces is also
presented.

Various coating techniques are available for coating
nano porous and nano fins over the surface. Nano porous
coatings are usually obtained by using Spray pyrolysis [1],
thermal spray [4], [6], [13] and electro deposition [11]. Nano
fins are obtained by coating CNT over the surface. The
commonly employed technique for CNT coating is Chemical
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Vapour Deposition (CVD) [2], [12]. Other techniques like dip
coating with the help of fusion material [14] and coating
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a pump. The fluid after passing through the heated test
section flows through a riser section and then through the
cooling unit which is a radiator and finally it is collected in
the reservoir. The test section is heated using a heater which
is an aluminium block which is heated using cartridge heater
(heating capacity 750W). Cartridge heater is connected to an
auto transformer, by which heat flux can be varied by
varying the voltage. One dimensional heat transfer was
maintained with the help of insulation material. Two K —type
thermocouples with 5mm outer diameter are placed at the
entrance and the exit to measure the inlet and exit
temperature. Four thermocouples connected so that it gives
the bulk temperature of fluid. Four thermocouples are
connected so that they give the surface temperature of
substrate. All thermocouples are K type with outer diameter
Imm and calibrated using constant temperature bath. The
pressure drop across the test section is measured using a U
tube manometer with mercury as the working fluid.

Fig 1. Schematic of experimental setup
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coating was applied on the plate by brush coating. Then the
coated surface was kept under a 1000 W bulb. It produces a
temperature of about 160°C on the surface. While the coating
is getting heated CNT coating was applied on the surface by
spray coating. Then the coated plate was kept at 150°C for six
hours for curing to get a stable coated surface.

2.2. Experimentation

Morphological and topographical features of coating are
done using Tungsten gun Scanning Electron Microscope
(Make —-HITACHI, Model- S-300H, and Magnification 60,000
X). Hardness of the coated surface is compared with
uncoated surface using Rockwell hardness testing apparatus.
Calibration of the test section was conducted under both
laminar and turbulent conditions. Heat transfer and pressure
drop studies were conducted with and without the coating.
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Fig. 2. Schematic of test section

3.RESULTS AND DISCUSSION

Here we have coated CNT over the SS 304 substrate
using Omegabond 200 adhesive. The morphological and
topographical are shown in fig. 3. From the SEM image, we
can conclude that, a uniform coating over the substrate is
obtained. The hardness test was conducted in Rockwell
hardness testing apparatus with diamond cone indenters.
HRC values were taken from four locations of both coated
and uncoated substrates. The average value for the uncoated
substrate was about 29 and that of the coated substrate was
26. Even though the hardness obtained for the coated
substrate was less than that of the uncoated one, the
reduction in hardness is very low. So the coating obtained is
stable.

£
a
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Fig. 3. SEM image of the coated substrate
3.1.Validation of Experimental Setup

To validate the experimental setup, experiments were
conducted with pure water in the test section with Reynolds
number ranging from 500 to 2500. The total length of the test
section is 0.38 m and the entrance length of the test section is
0.1 m. The width of the test section is very large compared to
its height. So the entry length for parallel plates can be
applied to this case.

According to Kakac and Yener (1995), the laminar
hydrodynamic and thermal entry lengths, L. and L:

respectively, for parallel plates with constant wall heat flux
can be calculated as:

L, = 0.011 Re D, (1
L, = 0.011 Re D, Pr @)

For a Reynolds number of 1000 the value of Lx is about
0.2 m and the thermal entry length is 1.154 m. So the test
section we have created has a hydrodynamically and
thermally developing region at the region of heat transfer. So
the equation that can be used is taken from [16]

0.0234 x; 114

Nu=7.55+ 1+0.0358P70-17 5064 ©)
_ *b
X = Re Pr (4)

The entrance length for turbulent flow is 1/4 of that of
laminar. So the flow in the turbulent region is
hydrodynamically fully developed.

Nusselt number for fully turbulent region is given by

Nu = 0.023Rej8Pr04 (5)

For pressure drop studies, experiment was conducted
under isothermal conditions. The experimental values were
compared to theoretical values. The equation for pressure
drop in hydrodynamically and thermally developing region
is given by the equation taken from [17].

(24+ 0.674 3.44

3.44 X1 Vxq
= — 6
f Re\/xl (a+ 2,1% 5) ( )
L v?
AP = fop )
L
*1= DpXRe ®)

The pressure drop study was carried out under the
isothermal condition, without the application of heat. The
pressure difference from the U tube manometer was
measured by the formulae.

AP = p g hy ©)

The experimental and the theoretical values are
compared to give the results. The pressure drop studies were
only conducted in the laminar region of flow. The graphs of
the results are indicated in fig. 4 & 5. As there is not much
difference between the theoretical and the experimental
values obtained, the test section is considered to be valid.
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Fig. 5. Validation based on Pressure drop

3.2.Heat transfer Comparison

Heat transfer comparison of the coated and uncoated
stainless steel substrates were carried out under constant
heat flux condition. The flow rate was changed by means of
the bypass valve. The flow rate readings were noted using
the rotameter. Thermocouples were wused to note
temperatures for the flow rates 100, 200, 300 and 500 LPH.
Based on these values the heat transfer characteristics were
noted.

Heat flux enhancement of coated substrate over the
uncoated one is shown in the fig. 6. In the graph the heat flux
values were plotted with the corresponding Reynolds
number values. Heat flux is found out by dividing the heat
taken by water by the area. The heat flux with coating shows
a considerable increase when compared to the heat flux
without coating. This is due to the fact that more amount of

heat can be transferred to water from the heater after the
application of coating.
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Fig. 7. Pressure drop comparison

Fig. 7. Shows the pressure drop comparison. There is
only a small difference in the pressure drop values. The
difference in the pressure drop values is mainly due to the
increase in roughness of the surface. The difference becomes
more prominent in the turbulent zone as the roughness
increases the turbulence created.

4. CONCLUSION

The effect of CNT coating on a stainless steel substrate
on the heat transfer and pressure drop characteristics were
studied in fully developed turbulent and developing laminar
flow conditions through a rectangular channel with constant
heat flux condition were investigated in the experimental
study. The conclusions obtained are

The use of CNT coatings on the surface enhances the
heat flux when compared to an uncoated surface. This is
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mainly due to the enhancement in surface area and the
increase in the roughness on the surface causing local
turbulence.

The use of CNT coatings on the surface results in heat
flux enhancement without much increase in the pressure
drop. The heat flux enhancement is mainly due to the
increase in the convective heat transfer and the increase in
the area of contact.
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