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ABSTRACT: Heat exchanger is a device to transfer heat from one medium to another medium. In order to increase the heat
transfer rate many researcher optimized different process parameters of heat exchanger. Due to the reduction of size of
heat exchanger there is a pressure on designer to increase heat transfer per unit area of heat exchanger. Now day metal
oxide particles of nano size were used to make nano fluid which increases the heat transfer rate inside the heat exchanger.
Here in this work we have calculated the effect of different nano fluid on heat transfer, for calculating the effect of different
nano particle here we have considered three different nano particles that is Aluminium oxide (Al203), Ferric oxide (Fe20z3)
and Copper oxide (CuO). Here we have also calculated the effect of different percentage of nano particles in nano fluid, for
calculating the effect of different percentage of nano fluid here we have considered two different volume percentage of nano
particle that is 0.25 and 0.5 %. Through analysis it is found that copper-oxide nano fluid shows maximum heat transfer as
compared to other nano fluids. CuO nano fluid shows 8% more heat transfer than the Al203, whereas CuO shows 39.90%
more heat transfer as compared to Fe20s.
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1. Introduction

Heat exchanger is a device to transfer heat from one medium to other medium. Tubes in tube heat exchanger were used to transfer
heat from one medium to another without coming in connect with each other. To increase the performance of heat exchanger
different working fluid were used. Now a days many researcher uses the nano fluid to increase the heat transfer rate, for making the
nano fluid different metal oxide where used innano particles foam. For making nano fluid metallic powder in nano size form at a
particular volume fraction were mixed with base solution and then ultrasonic were done to properly mixed the nanoparticles in the
base solvent. Here in this work we have analyzed the effect of different nano fluid on heat transfer. To analyze the effect of different
nano fluid here it considered three different nanofluid that is aluminium oxide (Al.Os), Ferric oxide (Fe;Os3) and copper oxide
(CuO). To analyze the effect of volume concentration of nano fluid on heat transfer rate enhancement heat it has considered two
volume fractions of nano particles that is 0.25 % and 0.5 % by volume percentage. Here it also analyzed the effect of change in
Reynolds number, for analyzing the effect of change in Reynolds number here it considered five different Reynolds numbers that
is 20000, 30000, 40000, 50000, 60000 and calculate the value of heat transfer.To perform the numerical analysis, tube in tube heat
exchanger geometric parameters as mention in Han et.al [22] were used in this analysis. On the basis of geometric parameters given
in Han et.al solid model of double tube heat exchanger were developed.

2. Development of solid model
Here in this work tube in tube heat exchanger were used for the numerical analysis. The geometric dimension of the heat exchanger
as taken during the experimental analysis performed by Han et.al [22] is shown in the below table.

Table.1Showing the value of geometric parameters

Parameters Value
Inner tube diameter 38 mm
Outer tube diameter 100 mm

Tube length 2100 mm

Tube thickness 2 mm

Based on the geometric analysis solid model of tube in tube heat exchanger were developed as shown in the below fig.
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Fig.1 solid model of tube in tube heat exchanger
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3. Mesh

In order to perform the numerical analysis of tube in tube nanofluid heat exchanger, discretization of heat exchanger is performed.
To perform numerical analysis of heat exchanger, complete body of heat exchanger were discretized in to number of nodes and
element. To calculate the effect of number of node and element on result, here solid model of heat exchanger were analyzed as
different number of nodes and elements.
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Fig.2 mesh of the tube in tube heat exchanger

4, Material used

Here in this work water with different nanoparticles used as a cold fluid, which is used to extract heat from hot fluid, water steam
is used as a hot fluid. Here in this analysis inner tube is made of aluminium, and also the outer tube is made of aluminium. The
thermal properties of different materials are shown in following tables.

Table.2 Properties of Al,O3 Nano particles [24]

Properties Value
Thermal 40
conductivity(Wm'K™")
Density (Kg/m®) 3970
Specific heat (J/kg K) 765
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Table.3 Properties of CuO Nano particles [24]

Properties Value
Thermal 76.50
conductivity(Wm'K™1)
Density (Kg/m?) 6350
Specific heat (J/kg K) 535.60

Table.4 Properties of Iron oxide nano particles [27]

Properties Value
Thermal 20
conductivity(Wm'K™1)
Density (Kg/m?®) 5250
Specific heat (J/kg K) 650

4.1 Water
Water with different nanoparticles used as nanofluid to increases the heat transfer rate inside the heat exchanger. The properties of
water is shown in the below table.

Table.5 Properties of water at 40°C [23]

Properties Value
Thermal 0.6
conductivity(Wm K1)
Density (Kg/m?®) 998
Specific heat (J/kg K) 4182

4.2 Aluminium
It is used to manufacture inner and outer tube of heat exchanger, the properties of aluminium material is shown in the below table.

Table.6 Properties of Aluminium [23]

Properties Value
Thermal 202.4
conductivity(Wm'K™")
Density (Kg/m®) 2719
Specific heat (J/kg K) 871

5. Data Reduction
Mathematical relation used for the calculation of Nusselt number and heat transfer coefficient of Al,Oz at 0.25% volume
concentration with water as base fluid.

In order to calculate the different properties of nano fluid after mixing nano particles in to water following relations were used.
Relations used for the calculation of nano fluid properties is mention Elsevier [26]

»  For calculating the density of nano fluid following relation is used
Dnf=V Dpp + (1'V) Dwater
»  For calculating the dynamic viscosity of nano fluid
Haf = Hwater(1+2.5v)
»  For calculating the specific heat of nano fluid
Cpnf: [V(an-Cnp) + (1'V)(Dwater-Cwater) ]/an

»  For Calculating the thermal Conductivity of nano fluid
Knf= Kwater(1+3V)

»  For calculating heat transfer coefficient with the help of nusselt number
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S
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Where, Dy is density of nanofluid. pyr is coefficient of viscosity of nanofluid. v is volume concentration of nanoparticles in water.
Dnp is density of nanoparticles. Dwaer iS density of water. Cyns is heat capacity of nanofluid. Cp, is heat capacity of nanoparticles.
Cuwater IS heat capacity of water. Ky is thermal conductivity of nanofluid . Kwater is thermal conductivity of water. Nu is nusselt
number. h is heat transfer coefficient. D is characteristics length. k is thermal conductivity of fluid.

6. Boundary condition

Here in this work hot water steam is flowing in the upper tube where as cold nanofluid is flowing in inner tube. During the analysis
the hot fluidsteam is flowing at velocity 2.5 m/s as mention in base paper Han et.al [22]. Whereas cold nanofluid flowing in inner
tube at different Reynolds number (Re) that is 20000, 30000, 40000, 50000, and 60000. The change in Renault number of nanofluid
is used to measure the effect of change in mass flow rate of cold fluid on heat transfer. For the initial case of analysis that is flow
of fluid at Reynolds number 60000, the velocity of cold fluid inlet is 0.9868 m/s. water steam is flowing in the outer tube as hot
fluid. The temperature of hot fluid that is seam is near about 427 K. whereas the cold fluid that is nanofluid at different content of
nanoparticles is flowing in inner tube.

7. Validation of the Numerical Model

In order to validate the numerical model of nano fluid heat exchanger, here we have develop the numerical model of tube in tube
nano fluid heat exchanger on the basis of boundary condition considered during the experimental analysis performed by Han et.al
[22]. For the initial analysis, here it considered Aluminium oxide (Al>O3) as a nanoparticle with two different volume fractions that
is 0.25% and 0.5 % at different Reynolds number. And measure the value of Nusselt number for different Reynolds number.

7.1 For AlxO3
Here in this section Al>Os is used as a nanofluid at two different volume fractions that is 0.25% and 0.5 %.
Table.7 Value of Nusselt number for different Re numbers
Reynolds Nusselt Number at 0.25% | Nusselt number at 0.25% of Al,O3 Percentage error
Number of Al,Os from base paper (%)

20000 122.4655 130.50 6.15

30000 182.7567 190.00 3.81

40000 216.1447 230.65 6.28

50000 241.7068 256.50 5.76

60000 269.1495 285.65 5.79
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Fig.3 comparison of VValue of Nusselt number for different Reynolds number

From the above graph it is found that the value of Nu number calculated from numerical analysis is closer to value of Nu Number
obtained from the base paper which means that numerical model of nanofluid heat exchanger is correct. There is much lesser
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difference in numerical values. At 0.5% volume fraction and remaining is water is used as a cold fluid in tube in tube heat exchanger.
To calculate the effect of change in Reynolds number, here nano fluid is flowing with five different Reynolds number.

Comparison of value of Nusselt number calculated from the numerical analysis with the value give in base paper for 0.5% volume
fraction of nanofluid. The comparison of nusselt number is shown below
Table.8 Shows comparison of nusselt number at 0.5%

Reynolds Nusselt Number calculated Nusselt Number of Al,O3 Percentage
Number of Al,O3 from Base paper error
(%)
20000 126.44 137.35 7.94
30000 207.94 220.60 5.73
40000 237.14 250.85 5.46
50000 275.14 288.50 4.63
60000 307.23 320.00 3.99
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Fig.4 comparison of Nusselt for different Re at 0.5% volume fraction of Al,Os

From the above analysis it is found that the value of Nusselt number for 0.5% volume fraction of Al,O3 nano fluid is close enough
to the value of Nusselt number given in the base paper. It is also conclude that as the Reynolds number increases, heat transfer also
increases.

After calculating the value of nusselt number from CFD analysis here it also calculates the value of heat transfer coefficient for
different Reynolds number.

Table.9 Value of heat transfer coefficient for different Re number at different volume fraction

Reynolds number | Al,Os heat transfer coefficient Al,O3 heat transfer
at 0.25% coefficient at 0.5%
20000 2022.63 2123.7
30000 3238.45 3501.39
40000 3632.87 4059.29
50000 3759.84 4672911
60000 4573.87 5184.38
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7.2 For CuO
Copper oxide is mixed with water to make nanofluid, it is then used as a cold fluid in tube in tube heat exchanger at volume fraction.
Here in this section, it calculates the value of Nusselt Number for different Re number at two different volume fraction.

Table.10 shows the value of Nusseltnuber for different Re at 0.5% of CuO

S.No Reynolds Number Nusselt number at 0.25% Nusselt number at 0.25%
1 20000 136.1135 138.3422
2 30000 211.2087 241.6494
3 40000 233.86624 272.4185
4 50000 262.8948 301.007
5 60000 298.938 323.4901

Value of Heat transfer coefficient for different Re number is shown in the below table

Table.11 Shows the value of heat transfer coefficient for different Re number

Reynold number CuO heat transfer coefficient at CuO heat transfer coefficient at
0.25% 0.5%
20000 2192.143 2275.361
30000 3401.57 3974.49
40000 3766.473 4480.559
50000 4233.97 4950.773
60000 4814.47 5320.56

7.3 For Fe203

Here we are using the iron oxide as nanoparticles, to prepared the nano fluid iron oxide is mixed with water at two different

proportion that is 0.25 and 0.5% of volume fraction.

Table.12 Shows the value of Nusselt number and Heat transfer coefficient for different Re at 0.25% of Fe,O3

Reynold number Fe»03 Nusselt number at 0.25% Fe»O3 heat transfer coefficient at
0.25%
20000 82.3362 1317.37
30000 131.4349 2102.95
40000 184.8015 2956.82
50000 216.0685 3457.09
60000 254.5391 4072.62

Table.13Shows the value of Nusselt number and Heat transfer coefficient for different Re at 0.5% of Fe,Os

Reynold number

Fe,O3 Nusselt number at 0.5%

Fe,Os heat transfer coefficient at

0.5%
20000 86.5270 1402.64
30000 159.4803 2585.254
40000 208.3741 3377.852
50000 242.8227 3936.27
60000 294.2475 4769.89
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8. Comparison of different nano fluid
After analyzing the different nano fluid at different volume fraction, it is then compare and find out the nano fluid which enhances
heat transfer.
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Fig.5 shows the comparison of different nano fluid at 0.25% volume fraction

From the above graph it is found that the value of Nu number increases as the Re number increases. This means that the heat transfer
increases with increase in velocity of cold fluid. It is also found that nano fluid in which copper oxide used as a nano particle shows
higher heat transfer as compared to the other nano fluid, at all different Reynolds Number. After comparing the value of Nu for
0.25% volume fraction of nano particles, it is then compared the value of Nu for 0.5 % volume fraction of nano fluid.

Here we have compare the value of heat transfer coefficient for differentnano fluid at different Re number
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Fig.6 comparision of heat transfer coefficient for different nano fluid at 0.25%
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Fig.7 Shows the comparison of Nu number of different nano fluid at 0.5% volume fraction
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Fig.8 shows the comparison of heat transfer coefficient of different nano fluid at 0.5% volume fraction
From the above graph it is found that the value of Nu for copper oxide nano fluid is higher as compared to other nano fluid at all
Reynolds number. From the analysis it is found that as the percentage of nano particles increases in nano fluid heat transfer get also
increases because increases in nano particle concentration increases the specific heat of nano fluid whereas it also increases the
thermal conductivity of nano fluid.

9. Conclusion
Developed the numerical model of nanofluid heat exchanger on the basis of experimental analysis performed in the base paper and
calculate the nusselt number, function of heat transfer rate.

I It is found that the value of heat transfer increases as the mass flow rate of nanofluid increases inside the heat exchanger.
Il. From analysis it is also observed that the heat transfer is higher in case of CuO nanofluid as compared to other nanofluid.
. It is found that as compared to Al,Oznano fluid used in base paper CuO shows 8.68% increase in heat transfer at 20000
Reynolds number and 0.25% concentration.
IV.  After analyzing the comparison graph it is also found that with increase in nano particle concentration in nano fluid heat
transfer get also increased for all nano fluids as mention.

References

[1] Masuda, Hidetoshi, Akira Ebata, and Kazumari Teramae. "Alteration of thermal conductivity and viscosity of liquid by
dispersing ultra-fine particles. Dispersion of Al203, SiO2 and TiO2 ultra-fine particles." (1993): 227-233.

[2] S.U.S. Choi, “Developments and applications of non-Newtonian flows”, ASMEFED 66 (1995) 99-105.

[3] Lee, S., et al. "Measuring thermal conductivity of fluids containing oxide nanoparticles.” Journal of Heat transfer 121.2 (1999):
280-289.

[4] Yimin Xuan, Qiang Li “Heat transfer enhancement of nanofluids” *“ International Journal of Heat and Fluid Flow 21 (2000) 58-
64”.

[5]Xing Zhang, Hua Gu, and Motoo Fujii “Effective thermal conductivity and thermal diffusivity of nanofluids containing spherical
and cylindrical nanoparticles” Journal Of Applied Physics 100, 044325 2006

[6] S. Zeinali Heris, M. Nasr Esfahany , S.Gh. Etemad “Experimental investigation of convective heat transferof Al.Os/water
nanofluid in circular tube” International Journal of Heat and Fluid Flow 28 (2007) 203-210.

[7] Weerapun Duangthongsuk, Somchai Wongwises “Heat transfer enhancement and pressure drop characteristics of TiOo—water
nanofluid in a double-tube counter flow heat exchanger” International Journal of Heat and Mass Transfer 52 (2009) 2059-2067.
[8] M. Chandrasekar, S. Suresh, A. Chandra Bose “Experimental investigations and theoretical determination of thermal
conductivity and viscosity of Al,Os/water nanofluid” Experimental Thermal and Fluid Science 34 (2010) 210-216.

[9] M.T. Naik G. Ranga Janardhana “Temperature dependent thermal conductivity enhancement of copper oxide nanoparticles
dispersed in propylene glycol-water base fluid” Int. J. Nanoparticles, Vol. 3, No. 2, 2010

[JRTI1807024 International Journal for Research Trends and Innovation (www.ijrti.org) 154



http://www.ijrti.org/

© 2018 IJRTI | Volume 3, Issue 7 | ISSN: 2456-3315

[10] R. Saidur, S.N. Kazi, M.S. Hossain, M.M. Rahman, H.A. Mohammed “review on the performance of nanoparticles suspended
with refrigerants andlubricating oils in refrigeration systems” Renewable and Sustainable Energy Reviews 15 (2011) 310-323.
[11] A. Kamyar, R. Saidur , M. Hasanuzzaman “Application of Computational Fluid Dynamics (CFD) for nanofluids” International
Journal of Heat and Mass Transfer 55 (2012) 4104-4115

[12] H.A. Mohammed , Husam A. Hasan, M.A. Wahid “Heat transfer enhancement of nanofluids in a double pipe heat exchanger
with louvered strip inserts” International Communications in Heat and Mass Transfer xxx (2012).

[13] A.E. Kabeel, T. Abou El Maaty, Y. El Samadony “The effect of using nano-particles on corrugated plate heat exchanger
performance” Applied Thermal Engineering 52 (2013) 221e229

[14] Reza Aghayari, Heydar Maddah, Malihe Zarei, Mehdi Dehghani, and Sahar Ghanbari Kaskari Mahalle “Heat Transfer of
Nanofluid in a Double Pipe Heat Exchanger” Hindawi Publishing Corporation International Scholarly Research Notices Volume
2014, Article 1D 736424, 7 pages http://dx.doi.org/10.1155/2014/736424.

[15] Mehdi Bahiraei, Reza Rahmani, Ali Yaghoobi, Erfan Khodabandeh, Ramin Mashayekhi, Mohammad Amani “Recent research
contributions concerning use of nanofluids in heat Exchangers: A Critical Review” PII: S1359-4311(17)31021-9
DOI:Https://D0i.Org/10.1016/J.Applthermaleng.2018.01.041 Reference: ATE 11695 To Appear In: Applied Thermal Engineering.
[16] K. Somasekhar, K.N.D. MalleswaraRaob, V. Sankararaoc, RaffiMohammedd, M. Veerendrae and T. Venkateswararaoe “A
CFD Investigation of Heat Transfer Enhancement of Shell and Tube Heat Exchanger Using Al203-Water Nanofluid” Materials
Today: Proceedings 5 (2018) 1057-1062.

[17]RajaSekhar Dondapati, Vishnu Saini, Kumari Neelam Verma, Preeti Rao Usurumarti “Computational Prediction of Pressure
Drop and Heat transfer with Cryogen based Nanofluids to be used in Micro-Heat Exchangers™ International Journal of Mechanical
SciencesS0020-7403(17)31399-1

[18] Rajashekhar Pendyala, Suhaib Umerllyas, Lian Rui Lim, Narahari Marneni “CFD Analysis of Heat Transfer Performance of
Nanofluidsin Distributor Transformer” Procedia Engineering 148 (2016) 1162 — 11609.

[19]Kazem Bashirnezhad, Mohammad Ghavami, Abdullah A.A.A. Alrashed “Experimental investigations of nanofluids convective
heat transfer in different flow regimes: A review” Journal of Molecular Liquids S0167-7322(17)31441-1.

[20] Naseema, S.Nawazish Mehd, Dr.M. Manzoor Hussain, Syed Khader BashaMohd. Abdul Samad, “Heat Enhancement Of Heat
Exchanger Using AluminiumOxide(Al203), Copper Oxide(Cuo)Nano Fluids With Different Concentrations” Materials Today:
Proceedings 5 (2018) 6481-6488.

[21] Halil Dogacan Koc, Serkan Doganay, Alpaslan Turgut, Ismail Hakki Tavman, R. Saidur, Islam Mohammed Mahbubul “Effect
of particle size on the viscosity of nanofluids: A review” Renewable and Sustainable Energy Reviews 82 (2018) 1664—1674.

[22] D. Han, W.F. He, F. Z. Asif “Experimental study of heat transfer enhancement using nanofluid in double tube heat exchanger”
Energy Procedia 142 (2017) 2547-2553.

[23] U. Cengel “heat transfer a practical approach” Heat Exchanger 667-716.appendix

[24]Liu Yang, Jianyong Xu , Kai Du, Xiaosong Zhang “Recent developments on viscosity and thermal conductivity of nanofluids”
Powder Technology 317 (2017) 348-369.

[25] https://www.brighthubengineering.com/hvac/62410-heat-exchanger-flow-patterns/

[26]Ehsan  Ebrahimnia-Bajestan, Mohammad Charjouei Moghadam, Hamid Niazmand, WeerapunDaungthongsuk,
SomchaiWongwises “Experimental and numerical investigation of nanofluids heat transfer characteristics for application in solar
heat exchangers” International Journal of Heat and Mass Transfer 92 (2016) 1041-1052.

[27] Y. Vermahmoudi, S.M. Peyghambarzadeh, S.H. Hashemabadi, M. Naraki “Experimental investigation on heat transfer
performance of Fe203/water nanofluid in an air-finned heat exchanger” European Journal of Mechanics B/Fluids 44 (2014) 32-41

[JRTI1807024 International Journal for Research Trends and Innovation (www.ijrti.org) 155



http://www.ijrti.org/

