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Abstract: Nanoparticles and nano-fluids are having its
significant rolein transforming and improvising the existing tools
and techniques of science and other research. This experimental
study deals with the parametric analysis of Al2Ozof size 20-30 nm
and CuO of size 30-50 nm nanoparticles to improve the
effectiveness of a shell and tube heat exchanger. Nanoparticles
used in heat exchangers improved performance through better
heat transfer characteristics. An experimental investigation was
done on the forced convective heat transfer and flow
characteristics of the nano-fluid flowing in a horizontal shell and
tube heat exchanger under turbulent flow conditions. The heat
transfer of nano-fluid is found higher than that of the base liquid
at same mass flow rate and temperature difference. The heat
transfer thus heat transfer parameters increases with an increase
in volume concentration up to 1.6 % after which heat transfer
decreases due to viscosity effects.

Keywords : Effectiveness, Heat Exchanger , Heat Transfer
parameters, Nanoparticles.

. INTRODUCTION

Heat exchangers are the units that exchanges heat between

two or more fluids by the virtue of temperature gradient

because of the temperature difference. Two or more fluids

may be in direct or indirect contact for exchanging the heat

with each other depending on the compactness, heat load

and nature of fluid under the process. Heat exchangers finds

wide application in various industries, process as well as

commercial. Heat exchangers now are the integral part of

electronic circuits and other electrical appliances. Other

industries for the application includes food industry,

chemical industry, manufacturing, refrigeration and air

conditioning and other space applications. Nearly a decade

ago, the nano-techniques have reached different heights

with remarkable advancement in various scientific

applications, where the size of nanoparticles have shrinked

from micrometers to nanometers upto 100 nm[1]

. When these nanoparticles gets dispersed in the base fluid
they are termed as nano-fluids. This term was suggested by
Choi in 1995[2] and since then this term has gained the
popularity. Several research works have been carried by
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various researchers where the heat transfer phenomenon and
the flow characteristics have been investigated and got the
results in positive direction with few challenges.
Abu-Nada,[3]studied heat transfer through natural
convection using CuO nano-fluid using finite volume
method in a differentially heated enclosure.His findings
reveals that the friction factor and dynamic viscosity
increases on dispersing nanoparticles into the base fluid.
Chein and Chuang[4] used CuO nano-fluid as coolant in
microchannel heat sink. Various equations have been used to
calculate several thermal and physical properties of
nano-fluids. Nanotechnol ogy includesthe structure where the
size ranges from 1 nm t0100 nm. As per the Royal Society
and Royal Academy of Engineering [5] Nano materials are
the building blocks of the nanotechnology with size ranging
between 1 nm to 100 nm and detailed study of its
thermo-physical properties for application is needed. The
project deals with the use of Aluminum oxide, Al>Os(20-30
nm) and Copper Oxide , CuO (30-50 nm) nanoparticles
individually to improve the effectiveness of a shell and tube
heat exchanger by analyzing various parametersrelated to it.
A shell and tube heat exchanger with four tube and a shell is
used for the investigation. Water is selected to flow in the
shell side as cold fluid and nano-fluid is selected to flow in
the tube side in thisinvestigation.

Equations and Formulas Used
1. Density for the nanofluid given by Pak and Cho relation[6]

Pur = (1 —0)p; + Op,
Where,
pnf - Density of the nanofluid
g - Particles volume concentration
pi - Density of the base fluid and
pp - Density of the nanoparticles.
2. Specific heat is calculated by Zuan and Roetzel relation[7]
(PCp)nr = (1= 0)(pCo)f + O(pC,),
Where,
Cont - Heat capacity of the nanofluid,
Cy - Heat capacity of the base fluid and
Cpp - Heat capacity of the nanoparticle.
3.Thermal conductivity formulafor nanofluid was introduced
by Yu and Choi[8]
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K. — g, K+2K =20 —K)
nf T (ka2kp+ 0(Kp4E)

4. The viscosity of the nanofluid was given by Drew and
Passman[9]
Hnp = (1+ 2.50)u,,
Where,
unt - Nano fluid viscosity
ww - water viscosity

5. Thermal Diffusivity is given by

6. Prandtl number[10]

pPr=20L

DCan
7. Nusselt number

Nu — {(0.125f)(Re—1000)Pr

" 1+12.7(0.125f)5 (Prifa—1)
8. Kinematic viscosity

p=~t

o]
9. Calculations of Reynold’s No.[11]
__ VDg

Re = —

i

Where,
V - Huid Veocity
D - TubeDiameter
10. Peclet Number ~ [10]
Pe=Re*Pr
11. Heat transfer rate
g = mc,At
Where,
g - Heat transfer rate
m - Massflow rate
At - temperature difference of the cooling liquid

12. The logarithmic temperature difference
(Twi-Tno ) - (Twi-Tni )
Lol (Twi-Tno )/ (Twi-Tni })

ATy, =

Where,

ATim - Logarithmic temperature difference,
Twi - Inlet temperature of the water,

Two - Outlet temperature of water,

Tn - Inlet temperature of the nanofluid and

Tno - Outlet temperature of the nanofluid.
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13. Overall heat transfer coefficient
q = UA_AT,

Where,
U - Oveadl heat transfer coefficient
As -Surface temperature

II. EXPERIMENTAL SETUP

Fig.1. and Fig.2. shows a shell and tube heat exchanger
consisting of a shell and four tubes is used to analyze the
behavior of aluminum oxide Al,Os and copper oxide CuO in
the basefluid that is distilled water. Here forced convectionis
used for the counter-flow action between the base fluid and
nano-fluid containing aluminum oxide and copper oxide
respectively. First of al, distilled water as base fluid was
tested for various flow rates and its heat transfer and other
parameters. Then at the flow rate of 0.000016 m%/s and
0.000014 md/s at various concentration of nano-fluid
consisting aluminum oxide and copper oxide was examined.
Water was kept on the shell side and taken as the colder fluid
and nano-fluid was kept on the tube side and was taken as
hotter fluid.The temperatures at inlet and outlet of water and
nano-fluid were recorded, then calculations for the heat
transfer and other parameters was done using empirical
Maxwell and other co-relations.

« Inlet for cold water in
Inlet for hot fubes

water in shell
P +Slot for thermocouple P

Outlet for hot water in shell

Outlet for cold water in tubes

= — i Ir———dnin

Fig.1. Skeleton view of Experimental set up
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Fig.2. Experimental set up

I11. RESULTSAND DISCUSSION
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Table 1. Analysis of heat transfer parameterswith
variation in concentration and selected flow rates

Vol Thermal
olume e Musselt NumberNu_[Reynolds Number, Re| Peclet Number e Effectiveness
Conductivity K

Parameters Fraction

® AlI203 cuo Al203 cuo Al203 cuo AlI203 cuo Al203 cuo
03 074 073 78.47| 12275| 6666.92| 9925.47| 57637.24| 132096.9| 0.409594| 0.428044|
05 0.80 079 8489 14420| 6700.22(10924.26 63817.43| 167895 0.409594| 0.457565|
0.7 085 0.3 89.29| 160.61| 6721.40( 11559.86 68022.15| 198599.1| 0.439114[ 0.479705]
Volumetric flor rate | 0.9 0.88 0.86 92.24] 17383] 6736.07] 11999.88] 70407.37| 225266.6] 0.453875] 0.538745]
(m3/5) =0.000016 1 080 0.87 93.26] 179.55] 6741.83[ 1217275 70944.04] 237268.3] 0.479705[ 0.549815]
12 092 0.80 94.46| 189.58| 6751.20( 12453.66| 70736.86) 258826 0.494465( 0.579336)
14 084 092 9459 198.02| 6758.48( 12672.15 68848.95| 277300.2| 0.523985| 0.585716|
16 096 034 93.63| 205.13| 6764.30| 12846.94) 65301.72| 292869.5| 0.512915| 0.583026|
03 074 0.73 57.34]  89.70| 4277.45 6368.11] 36979.64| B4752.43| 0.594096( 0.667897|
05 0.80 0.79 62.03] 10536] 429881 7008.93 40944.81] 107720.3] 0.601476[ £.701107]
o7 085 0.83 65.24| 117.35| 4312.40( 7416.72| 43642.53| 127419.8| 0.627306( 0.738007|
| volumetric flor rate 0.9 0.8 0.85 67.40| 127.02| 432181 769904 45172.87| 144520.5| 0.645756( 0.767528|
(m3/s)=0.000014 1 0.20 0.87 68.14| 15120| 4325.51| 7809.95) 45517.19| 152220.7| 0.660517| 0.789668|
12 092 0.90 69.02| 13852| 433152 7990.18 45384.27| 166060.9] 0.730627| 0.830258|
14 094 092 69.12| 14469| 433619 813036 44173| 177919.6| 0.726937| 0.826568|
16 096 034 6841 14989| 433993) 824250| 4189712 187903 0.723247| 0.810188|

Based on the Table 1. above the following graphs from
Fig.1.3 to Fig. 1.12 below are plotted. At the definite flow
rate for various concentration, the various parameters such as
Thermal Conductivity, Nusselt Number, Reynolds Number,
Peclet Number and Effectiveness for both the nano-fluids is
analyzed.

Ther mal conductivity (k) at 0.000016
(mé/s)
1.00
0.90 -
K
0.80 4= AI203
0.70 T T T T T T T T T 1 + CUO
00.2.9.0.811.2.4.4.82
Volume fraction ®

Fig.3. Thermal conductivity (k) at 0.000016 (m?%/s)

Fig.3. shows that Thermal conductivity for both aluminum
oxide and copper oxide nano-fluid ,thermal conductivity is
maximum at 1.6% of the volumetric concentration between
the same temperature limits for shell side base fluid and tube
side nano-fluid at 0.000016 m?s of volume flow rate. It can
also be inferred that the nano-fluid containing aluminum
oxide is having higher thermal conductivity as compared to
copper oxide.

K at 0.00014 (m%/s)

1.00

0.90 -

k
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——-CUO
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00.20.40.60.81 1.21.41.61.8
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Fig.4. Thermal Conductivity (k) at 0.000014 (m%/s)

Fig.4. shows that Thermal conductivity for both auminum
oxide and copper oxide nano-fluid thermal conductivity is
maximum at 1.6% of the volumetric concentration between
the same temperature limits for shell side base fluid and tube
side nano-fluid at 0.000014 m?/s of volume flow rate. It can
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also be inferred that the nano-fluid containing aluminum
oxide is having higher therma conductivity as compared to
copper oxide.

Nusselt number at 0.000016 (m?/s)

—4—AI203
—ili—-CUO

90.00 ‘W‘
70.00

00.20.4060.8 1 1.21.41.61.8 2

Volume fraction &
Fig.5. Nusselt number at 0.000016 (m%/s)

Fig.5. shows that Nusselt number for CuO nano-fluid is
higher in comparison with Al.Os . Further it inferred that for
Aluminum oxide Nusselt number is higher a 1.4%
concentration and for copper oxide Nusselt number is most
significant at 1.6% at the flow rate of 0.000016 m®/s.

Nu at 0.000014 (m?/s)

200.00
100.00 -
N o0 -00—0-0-0 == Al203
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Fig.6. Nusselt number at 0.000014 (m%/s)

Fig.6. shows that Nusselt number for CuO is higher in
comparison with Al>Oz nano-fluid Further it inferred that for
Aluminum oxide Nusselt number is higher at 1.4%
concentration and for copper oxide Nusselt number is most
significant at 1.6% at the flow rate of 0.000014 m¥/s.

Reynolds number at 0.000016 (m?3/s)
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Fig.7. Reynolds number at 0.000016 (m?%/s)
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Fig.7. showsthat Reynolds number and hence the turbulence
needed for heat transfer is maximum at 1.6% concentration
for both aluminum oxide and copper oxide at the flow rate of
0.000016 m¥s. Further it is inferred that the nano-fluid
having copper oxide gives the better result than nano-fluid
having aluminum oxide.

Reynol dsnumber at 0.000014 (m?3/s)
10000.00
Re 300000 ouomomomomo
=== Al203
== CUO
0.00 T )
0 1 2
volumefr action

Fig.8. Reynolds number at 0.000014 (m%s)

Fig.8. showsthat Reynolds nhumber and hence the turbulence
needed for heat transfer is maximum at 1.6% concentration
for both aluminum oxide and copper oxide at the flow rate of
0.000014 m3s. Further it is inferred that the nano-fluid
having copper oxide gives the better result than nano-fluid
having aluminum oxide.

Peclet Number at 0.000016 (m®/s)
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Fig.9. Peclet Number at 0.000016 (m¥%/s)

Fig.9. shows the Peclet number and hence the diffusion
needed for heat transfer is maximum at around 1%
concentration for aluminum oxide and at 1.6% for copper
oxide at the flow rate of 0.000016 m?/s. Further it isinferred
that the nano-fluid having copper oxide gives the better result
than nano-fluid having auminum oxide.

Peclet number at 0.000014 (m?/s)
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Fig.10. Peclet Number at 0.000014 (m?3/s)

Fig.10. shows that Peclet number and hence the diffusion
needed for heat transfer is maximum a around 1%
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concentration for aluminum oxide and at 1.6% for copper
oxide at the flow rate of 0.000014 m¥s. Further it isinferred
that the nano-fluid having copper oxide gives the better result
than nano-fluid having aluminum oxide.

Effectiveness at 0.000016 m3/s
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Fig.11. Effectiveness at 0.000016 m%/s

Fig.1l.shows that at 0.000016 m%s flow rate the
effectiveness increases from 0.3% to around 1.6% and tends
to decrease from 1.6% of nano-fluid for both the alumina
oxide and copper oxide.This happens because of the increase
in viscosity due to addition of nanoparticles[1].

Effectiveness at 0.000014 m3/s
0.9
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Fig.12. Effectiveness at 0.000014 m%/s

Fig.12. shows that at 0.000014 m¥s flow rate, the
effectiveness increases from 0.3% to around 1.6% and tends
to decrease from 1.6% of nano-fluid for both the alumina
oxide and copper oxide.This happens because of the increase
in viscosity due to addition of nanoparticles[1].

IV.CONCLUSION

From the above discussion it can be concluded that at the
flow rate of 0.000016 m%/s and 0.000014 m%/s the Thermal
Conductivity for aluminum oxide is more than copper oxide
and for rest of the parameters that is Nusselt Number ,
Reynolds Number , Peclet Number and effectiveness
nano-fluid containing copper oxide gave the better results
than aluminum oxide. It is aso concluded that the above
mentioned parameters tends to increase from 0.3 % to 1.6 %
concentration for both the nano-fluids after which it tends to
decrease.
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Thus from the above analysisit can be said that copper oxide
gives better results with respect to aluminum oxide at all
concentration on the basis of diffusion rate in turbulent flow.
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