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ABSTRACT

In this paper, a comparison of heat transfer arebgure drop characteristics of CuO/water nanofliida
helically coiled heat exchanger held in horizorstatl vertical positions is presented. heat transfétanofluid is a new
environment, usually metallic nanoscale particlespended in a base fluid composed. Do nanofluidarepared with
conventional fluids have higher coefficients ofrthal conductivity and displacing. However, duehie tncreased use of
nanofluidics, sometimes leading to excessive presdwop can be pumped. The theoretical study o ig8ue using
nano-fluids in the heat exchanger tube and shédltalpe heat exchangers are widely used in the indaee the purpose of

the project is located.
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INTRODUCTION

Heat exchangers are used in a wide variety of epjidins. Besides the performance of the heat exghdreing
improved, the heat transfer enhancement enablessitee of the heat exchangerto be considerably deetk
The enhancement in heat transfer can be dividedtimee techniques. The active techniques requiermal forces, e.qg.
electric field, acoustic and surface vibration. \asgechniques require special surface geometrieflual additives.
Compound heat transfer technique is the combinaifoany two or three above mentioned techniquesilsimeously.
Nanotechnology is trying to overcome all the husdigced by the micro/millimeter sized suspendedgies while trying
to augment the heat transfer. The new class oftheadfer fluids with 1-100 nm sized suspended pariles has been
introduced by Choi [1] and conceived the conceptarfofluids in 1995. Choi [1], Wang and Choi [2kd_et al. [3], and
Das et al. [4] measured the thermal conductivityafiofluids containing Al203 and CuO nanoparticed investigated
the effect of base fluid on thermal conductivityranofluids. Li et al. [5] suggested the simultaregontrol of both the
pH and chemical surfactant improve the thermal ootidity of Cu/water nanofluids for practical apgdtions. Xuan and
Li [6] investigated the convection heat transfed 8ow characteristics of Cu/H20 by flowing throughstraight tube with
a constant heat flux under laminar and turbuleowficonditions. Masuda et al. [7] reported the Nlissember of

nanofluid increases with increasing Reynolds nunaloer particle volume concentration.

The research groups Xuan and Roetzel [8], Wen aimgj [®], Heris et al. [10-12], and Hwang et al. J13
investigated the effect of nanoparticles and expentally measured the thermal conductivity of nand$. They
proposed that the suspended nanoparticles in haddead to the positive impact on heat transpooperties. Farajollahi
et al. [14] experimentally studied the nanofluidahdransfer in a shell and tube heat exchangery Thend that
TiO2/water nanofluid possesses heat transfer behdeétter than that of Al203/water nanofluids aghwr particles

volume concentration. Present investigation isral lof comparison of compound heat transfer enhaanetechniques,
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because the two passive techniques such as hetitadnd nanofluids are taken together to enharea transfer. The
horizontal positioned shell and helically coiletbéuexchangers are widely used in chemical reacigrgted vessels, and
food processing industries. The vertical positiorsbe@ll and helically coiled tube exchangers ared usecryogenic
industries, marine applications, also used formstgegneration in absence of gravity-space ship egipdins. Salimpour
[15,16] experimentally investigated on overall herahsfer coefficient of shell and helically coiledat exchanger using
conventional fluid. They proposed the correlatiforsNusselt number (Nu), incorporating Dean num{i), and Helical
number (He). Prabhanjan et al. [17] suggestedthigahelically coiled tubes are superior to stratgies when employed
in heat transfer application using conventionaldfluThey also reported the tube curvature playsngortant role in
enhancing heat transfer rate. Srinivasan et al. ¢a&ied out an experiment on friction factor ohalical coil tube by
varying coiled tube diameter and suggested thatctiieal Reynolds number which relates to the atuve ratio. They
reported that the formation of secondary flow ibeside depends on the curvature radius and DeaberyDe). Kumar
et al. [19] carried out an experiment on shell &etically coiled heat exchanger using nonmetaligaSnanofluids of
0.1-0.5% volume concentration and reported thabtrerall heat transfer coefficient increases ober particle volume
concentration at various Reynolds number. They r@ported that the addition of nanoparticles irebfisid enhances heat
transfer coefficients. Akbarinia [20] studied tHéeet of laminar flow mixed convection of nanoflsiéh horizontal curved
tubes. He reported that the nanoparticle volumeeatnation does not affect the secondary flow, laxéocity and skin
friction factor. Most of the pipe/tube flows weresgribed using Nusselt number as a function of Blegnnumber and
Prandtl number.

In case of helically coiled tube, Moris and Nzkagd@1], Kalb and Seader [22] replaced Reynolds rerntly
Dean number which takes the curvature effect irdooant. In general, flow through the helical caivdlves the
centrifugal force, gravity force and inertia. Whitrid passes through a helical coil, the secondary is developed due to
curvature effect of coil. This secondary flow pme$ proper mixing to enhance heat transfer. Baseth® literature
survey, no comparative study was done and reporieitie application of CuO/water nanofluids in horital and vertical
positioned shell and helically coiled tube heathexger with nanofluid. Therefore the objectivelu tinvestigation is to
compare the heat transfer and pressure drop ofdwidl and vertical positioned shell and helicalbiled tube heat
exchanger by flowing CuO/water nanofluids. Moregule tube side Nusselt number and friction factmrelations are
developed with the experimental data. This analissidone by varying nanoparticles volume conceiatnaat different

Dean number.

Nomenclature

la, inside heat transfer area (m?) Greek symbols i

b coil pitch (m) P density (kg/m~)

C, specific heat capacity (J/kg K) @ volume concentration (%)
D mean coil radius (m) It dynamic viscosity (kg/m’s)
De Dean number = Re; (d;/2R,. "> 3 internal tube radius d;/mean coil radius D
d internal Diameter of the tube (m) AP pressure drop (N/m?)

f friction factor

h convective heat transfer co-efficient (W/m*K) Subscripts

k thermal conductivity (W/m K) eff effective

m mass flow rate (kg/fs) i inside condition

M molecular weight in inlet

n no. of turns out outlet

Nu Nusselt number = h d,/k | base fluids

Pr Prandtl number = Gy /k nf nanofluids

Q heat transfer rate (W) 5 surface

R, curvature radius (m) P particle

Re Reynolds number = ppy v dif iy w water

T temperature (K) m mean

vi velocity (m/s)

Impact Factor (JCC): 3.2766 Index Copernicus Value (ICV): 3.0
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MATERIALS AND METHODS

The purpose of this project is to investigate thefgrmance improvement of heat exchanger in thegmee of
nanofluidics. In this project, a heat exchangetlghbe with an outer shell with four horizontalppiis considered. Using
the properties of nanofluids is presented for abersition and appropriate boundary conditions, tbat lexchanger at
different volume percentage of nanofluids is inigeged. A three-dimensional flow modeling using Hudtware Ansys
Fluent done. Also, as a study by the question R&fyshanmvgam [37] In 2010, the nanofluids coneilers a single
phase which is calculated in the following speaition.

Characteristics of Nanofluids

Intended for heat exchanger CuO nanofluids witfedint volume percentages. Using the features geavin the
third quarter of nanofluids is calculated. Relatioare considered to compute the density, specifat, hthermal

conductivity and viscosity are as follows.

pns = (L= @)ps + 0py (1
Cop = (1= @)pscr + 9ppcy)/Pny (2)
ty = (14 2.5¢)uf (3)

knf _ kp(n=1)kpy—(n=1)g(kns—lep)

(4)
kbf kp"‘(n_l)kbf‘l'(p(kbf_k‘p)

Assuming spherical particles, nanofluids, fixed alue of 3 is considered. Using the above equatitimes,
characteristics of nanofluids at different volunagias in Table 1. Cuo of reference data on thenthkproperties of the

particles [11] and [11] have been extracted.

Table 1: Shows the Characteristics of Nanofluids aifferent Volume Ratios [11] and [11]

Fluid Density Specific Heat | Thermal conductivity | Viscosity (Pa s)
3 (kg/m®) | U/kgk) (W /mK)

Water 997.13 4179 0.60500 0.00089

Cu0 6302 959.1 76.5 -
Water + 0.1%Cu0 1002 4160.6 0.6068 0.000892
Water + 0.2%Cu0 1008 4137.6 0.6086 0.000894
Water + 0.5%Cu0 1024 4078.5 0.6139 0.000901
Water + 0.7%Cu0 1034 4042.7 0.6175 0.000906
Water + 1.5%Cu0 1077 3895.2 0.6319 0.000923

SIMULATING

Modeling the nanofluids flow inside the heat exdlem the pressure, velocity and temperature areirsd by
considering the boundary conditions. Despite theratteristics in different parts of the performapaeameters of the heat
exchanger can be calculated in different statesd&termine the performance of the heat exchangardharacteristic of

the Nusselt number, dimensionless heat transferisatalculated.
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The characteristic parameters of the calculatdd &s follows:

h=—2
Twau=Tp
hD
Nu=—
k

Heat flux is considered, heat flux transition bedgwehe horizontal tube and the fluid around thetre Tesults of
the physical condition of the fluid at differentyRelds in Tables 2 and 3for Reynolds number 1Qfivien.
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Table 2: Shows the Calculated Nusselt Number for Eferent nanofluids in REYNOLDS 100

: 0 C k U velocit
flud boi®) | Gkl | k) | (Pas) (m/s]y oo M
Water 997.13 4179 | 0.60500 | 0.00089 | 0.0015 102.29 547
Water + 0.1%Cu0 1002 4160.6 | 0.6068 | 0.000892 | 0.0015 102.56 349
Water + 0.2%Cu0 1008 41376 | 0.6086 | 0.000894 | 0.0015 102.94 5.50
Water + 0.5%Cu0 1024 4078.5 | 0.6139 | 0.000901 | 0.0015 103.77 5.54
Water +0.7%Cu0 1034 40427 | 0.6175 | 0.000906 | 0.0015 104.20 357
Water + 1.5%Cu0 1077 38952 | 0.6319 | 0.000923 | 0.0015 106.54 5.68
Table 3: Nusselt Number is Calculated for Differentnanofluids in Reynolds 600
. C k velocit
flud (kg?m3) U/RZIK) (W/mK) (Pﬁ ) (m/s)y fe W
Water 997.13 4179 | 0.60500 | 0.00089 0.0088 600.11 9.48
Water + 0.1%Cu0 1002 4160.6 0.6068 | 0.000892 | 0.0088 601.69 9.50
Water + 0.2%Cu0 1008 41376 0.6086 | 0.000894 | 0.0088 603.94 9.52
Water + 0.5%Cu0 1024 4078.5 0.6139 | 0.000901 | 0.0088 608.76 9.58
Water +0.7%Cu0 1034 4042.7 0.6175 | 0.000906 | 0.0088 611.31 9.62
Water + 1.5%Cu0 1077 3895.2 0.6319 | 0.000923 | 0.0088 625.00 9.79

RESULTS

As can be seen, with increasing volume percentgiestin nanofluids, the calculated Nusselt numhereased.
Reynolds and Nusselt numbers in a specified amfourdifferent volume percentages in Figure 1 argufé 2 are drawn.

The values of Nusselt numbers for various Reynimdsgure 3 nanofluids are considered to have losawn.
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Figure 1: Nusselt Numbers at a Reynolds 100
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Figure 2: Nusselt Numbers at a Reynolds 1000
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Figure 3: Nusselt Numbers for Various Reynolds
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Also, due to the geometry intended temperaturevaltatity contours in Figures 4 and 5 for Mqt pemtiealar to

the pipe as shown.
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Figure 4: Temperature Contour at the Output
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Figure 5: The Velocity Contour at the Output
CONCLUSIONS
Heat transfer and pressure drop studies of a Higlicailed tube heat exchanger with CuO/water nandfwere
carried out in horizontal and vertical positionden turbulent region. As can be seen, with increasiolume percent
particles in nanofluids, the calculated Nusselt hamincreased.In this article, and we reached dmelasion that the use
of copper oxide nano-fluid heat exchanger is eifffecin improving the situation. And the thermaliei#fncy increases as

shown in the top diagram.

Impact Factor (JCC): 3.2766 Index Copernicus Value (ICV): 3.0



Numerical Modeling and Simulation of Copper Oxide mnofluids Used in Compact Heat Exchangers 7

REFERENCES

1. S.U.S. Choi, Developments and applications of nemtgnian flow, ASME FED 66 (1995) 99-105.

2. X.Wang, X. Xu, S.U.S. Choi, Thermal conductiviti rmnoparticles fluid mixture, J. Thermophys. H&adns.
13 (1999) 474-480.

3. S. Lee, S.U.S. Choi, S. Li, J.A. Eastman, Measutfirggmal conductivity of nanofluids containing ogigarticle,
Transactions of ASME, J. Heat Trans. 121 (1999)-289.

4. S.K. Das, N. Putra, P. Thiesen, W. Roetzel, Temperadependence of thermal conductivity enhancerfnt
nanofluids, ASME Trans, J. Heat Trans. 125 (20@3)-574.

5. X.F. Li, D.S. Zhu, X.J. Wang, J.W. Goa, H. Li, Thaal conductivity enhancement depend on pH and Giami
surfactant for Cu—H20 nanofluids, Thermochim. Adt@9 (2008) 98-103.

6. Yimin Xuan, Qiang Li, Investigation on convectivedi transfer and flow features of nanofluids, JatHerans.
125 (2003) 151-155.

7. H. Masuda, A. Ebata, K. Teramae, N. Hishinuma, ratien of thermal conductivity and viscosity ofdig by
dispersing ultra—fine particles (dispersion of &3, SiO2 and TiO2 ultra fine particles) Nestu Bugdapan) 7
(1995) 227-233.

8. Yimin Xuan, Wilfried Roetzel, Conceptions for hegtnsfer correlation of nanofluids, Int. J. Heatddd rans. 43
(2000) 3701-3707.

9. Dongshang Wen, Yulong Ding, Experimental regionarddminar flow conditions, Int. J. Heat Mass Tra#s
(2004) 5181-5188.

10. S.Z. Heris, M. Nasr Esfahany, Gh.s. Etemad, Ingatittn of CuO/water nanofluids laminar convectiveath
transfer through a circular tube, J. Enhanced Heats. 13 (2006) 279-289.

11. S.Z. Heris, Gh.S. Etemad, M. Nasr Esfahany, Expemtal investigation of oxide nanofluids laminarwilo
convective heat transfer, Int. Commun. Heat Mass13r33 (2006) 529-535.

12. S.Z. Heris, M. Nasr Esfahany, Gh.S. Etemad, Expembal investigation of convective heat transferAd2
O3/water nanofluids in circular tube, Int. J. HEAtid Flow 28 (2007) 203-210.

13. K.S. Hwang, S.P. Jang, S.U.S. Choi, Flow and camedeat transfer characteristic of water-basedOd
nanofluids in fully developed laminar flow regimk,Heat Mass Trans. 52 (2009) 193-199.

14. B. Farajollahi, S. Gh, M. Hojjat, Heat transfernanofluids in a shell and tube heat exchangerJintleat Mass
Trans. 53 (2010) 12-17.

15. M.R. Salimpour, Heat transfer coefficients of staitl coiled tube heat exchangers, Exper. Thernd Hai. 33
(2009) 203-207.

16. M.R. Salimpour, Heat transfer characteristics dfeanperature-dependent property fluid of shell aoited tube

Heat exchangers, Int. Commun. Heat Mass Trans2@33) 1190-1195.

www.iaset.us anti@iaset.us



8 Amir Qashgaei & Ramin Ghasemi Asl|
17. D.G. Prabhanjan, G.S.V. Ragavan, T.J. Rennie, Casgraof heat transfer rates between a straight tudmat
exchanger and helically coiled heat exchangerdammun. Heat Mass Trans. 29 (2002) 185-191.

18. P.S. Srinivasan, S. Nanda purkar, F.A. Hollandctknn factor for coils, Int. J. Chem. Eng. Tran8. @970)
T156-T161.

19. K.P. Kumar, J. Saibabu, K.V.N.S. Rao, D.N. SrikaifRperimental analysis of sisal nanofluids in khed coil
heat exchanger, Int. J. Nanosys. 1 (1) (2008).

20. A. Akbarinia, Impacts of nanofluids flow on skindtion factor and Nusselt number in curved tubeth wi

Impact Factor (JCC): 3.2766 Index Copernicus Value (ICV): 3.0



