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The effects of nanoparticles in the subcooled boiling flow in the channels with
different cross-sectional area and same hydraulic diameter
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ARTICLE INFORMATION ABSTRACT

In this research, subcooled flow boiling of water and water-based nanofluid in the different channels
cross sections with the same hydraulic diameter is simulated. The subcooled flow boiling of water in the
channels is studied by Euler — Euler model. The results of this part matched the experimental data very
well. To study the effects of nanoparticles in the subcooled boiling flow, copper oxide nanoparticles 40
nm in diameter were injected to the flow at the inlet. The nanofluid subcooled boiling is simulated by
considering three phases, liquid, vapor and nanoparticles. The water and vapor interaction is simulated
by Euler-Euler approach; and the motion of nanoparticles in the continuous fluid is modeled by Euler —
Lagrange model. Water, vapor and nanoparticles were considered continuous fluid, dispersed fluid and
dispersed solid, respectively. After model validation, boiling of nanofluids was modeling in different
channels. Volume fraction and temperature variations are obtained along the channels. The results
showed that, at low concentrations of nanoparticles (0.001 kg/s) rectangular channels and at higher
concentrations (0.005 kg/s) square channels have the greatest changes in vapor volume fraction
compared to pure water boiling.
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© Wall lubrication force

" Turbulent dispersion force

8 Favre averaged drag force

° Transient conduction (quenching heat flux)
1 Turbulent convection
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Fig. 4 The average vapor volume fraction along the rectangular channel
for validation case 3
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Fig. 10 Variation of axial vapor volume fraction along the rectangular
channel for different concentrations of nanoparticles
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Fig. 11 Variation of vapor volume fraction along the rectangular
channel for different concentrations of nanoparticles
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Fig. 13 Variation of vapor volume fraction near the wall along the
square channel for different concentrations of nanoparticles
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channel for different concentrations of nanoparticles

Jsb o JS tlie JUIS o)ls 5 e o bk gormm puS Ol 14500
3l alise glaclale g3l 4 JUS

12 o )laiis 16 095 1395 sl (w3 Silse wise



Ve 9 53l poule s

VbSs SSWg)3ud o3 b 9 wiglisie aladie mhouw by (HLJLL )3 3 ue Ygdlo Liubga Vb & 1) 393L H39 381 )G

[12]Z. Yang, X.F. Peng, P. Ye, Numerical and experimental
investigation of two phase flow during boiling in a coiled tube,
International Journal of Heat and Mass Transfer, Vol. 51, No.5,
pp. 1003-1016, 2008.

[13]E. Krepper, B. Koncar, Y. Egorov, CFD modelling of subcooled
boiling—concept, validation and application to fuel assembly
design, Nuclear Engineering and Design, Vol. 237, No. 7, pp.
716-731, 2007.

[14]L. Xu, J. Xu, Nanofluid stabilizes and enhances convective boiling
heat transfer in a single microchannel, International Journal of
Heat and Mass Transfer, Vol. 55, pp. 5673-5686, 2012.

[15]E. Abedini, A. Behzadmehr, S. M. H. Sarvari, S. H. Mansouri,
Numerical investigation of subcooled flow boiling of a nanofluid,
International Journal of Thermal Science, Vol. 64, pp. 232 — 239,
2013.

[16] M. Boudouh, H. Louhalia Gualous, M. De Labacheleria, Local
convective boiling heat transfer and pressure drop of nanofluid in
narrow rectangular channels, Applied Thermal Engineering Vol. 30,
pp. 2619 — 2631, 2010.

[17] K. Henderson, Y. G. Park, L. Liu, A. M. Jacobi, Flow-boiling heat
transfer of R-134a — based nanofluids in a horizontal tube,
International Journal of Heat and Mass Transfer, Vol. 53, pp. 944
—951, 2010.

[18]A. A. Chehade, H. L. Gualous, S. L. Masson, F. Fardoun, A. Besq,
Boiling local heat transfer enhancement in minichannels using
nanofluids, Springer open Journal, Nanoscale Research Letters, pp.
8-130,2013.

[19] T. Lee, J. H. Lee, Y. H. Jeong, Flow boiling critical heat flux
characteristics of magnetic nanofluid at atmospheric pressure and
low mass flux conditions, International Journal of Heat and Mass
Transfer, Vol. 56, No. 1, pp. 101-106, 2013.

[20]H. Aminfar, M. Mohammadpourfard, R. Maroofiazar, Numerical
study of non — uniform magnetic fields effects on subcooled
nanofluid flow boiling, Progress in Nuclear Energy, Vol. 74, pp.
232 -241,2014.

[21]S.C.P. Cheung, S. Vahaji, G.H. Yeoh, J.Y. Tu, Modeling
subcooled flow boiling in vertical channels at low pressures—Part 1:
Assessment of empirical correlations, International Journal of
Heat and Mass Transfer, Vol. 75, pp. 736-753,2014.

[22]S. P. Antal, R. T. Lahey JR, J. E. Flaherty, Analysis of phase
distribution in fully developed laminar bubbly two — phase flow,
International Journal of Multiphase Flow, Vol. 17, No. 5, pp. 635-
652, 1991.

[23]M. Lemmert, J. M. Chawla, Influence of flow velocity on surface
boiling heat transfer coefficient, Heat Transfer in Boiling, pp.237-
247, 1977.

[24]V. L Tolubinsky, D. M. Kostanchuk, Vapour bubbles growth rate
and heat transfer intensity at subcooled water boiling, Proceedings
of the 4th international heat transfer conference, Vol. 5. 1970.

[25]Cole, Robert, A photographic study of pool boiling in the region of
the critical heat flux, AIChE Journal, Vol. 6, No. 4, pp. 533-538,
1960.

[26]N. Kurul, M. Z. Podowski, On the modeling of multidimensional
effects in boiling channels, Proceedings of the 27th national heat
transfer conference, pp. 301-314 1991.

[27] L. Vasefi, M. Alizadeh, A numerical investigation of CuO- Water
nanofluid in different geometries by Two — phase Euler —
Lagrange method, World Applied Science Journal, Vol. 26, pp.
1323-1329, 2013.

[28]G. G. Bartolomei, et al, An experimental investigation of true
volumetric vapor content with subcooled boiling in tubes, Thermal
Engineering , Vol. 29, No. 3, pp. 132-135, 1982.

[29] R. A. Egen, D. A. Dingee, J. W. Chastain, Vapour formation and
behaviour in boiling heat transfer. Battelle Memorial Inst. No.
BMI-1163, 1957.

[30] S. J. Kim, T. McKrell, J. Buongiorno, L. Hu, Subcooled flow
boiling heat transfer of dilute alumina, zinc oxide, and diamond
nanofluids at atmospheric pressure, Nuclear Engineering Design,
Vol. 240, pp. 1186-1194, 2010.

12 ol 16 09 1395 suawl (oI Slse Swiie

K) w0,lg0 sloo Tw

&) oo ,o OS] AT
®) ooy T

(M/S) (e yun

oylg0 jlam o aloll  y

S oz S @

Pa.s) ( Solus eyl H

kgm')  J&z P

NJm) (o S O
kg/m®.s) (o) 515 g0 o p o Jlinl Kial Iig
(kg/m’.s)

(o) 38 9 Gy oz Jlil Kl g
O PR)
Sy ol eff
e 8
SR
Sa 28
&lp-8

[1] S. G.Kandlikar, Development of a flow boiling map for subcooled
and saturated flow boiling of different fluids inside circular
tubes, Journal of Heat Transfer, Vol. 113, No.1, pp. 190-200, 1991.

[2] A.Gupta, J. S. Saini, H. K. Varma, Boiling heat transfer in small
horizontal tube bundles at low cross-flow velocities, International
Journal of Heat And Mass Transfer, Vol. 38 , No. 4 , pp. 599-605,
1995.

[3] S. Kumar, B. Mohanty, S. C. Gupta, Boiling heat transfer from a
vertical row of horizontal tubes, International Journal of Heat And
Mass Transfer ,Vol. 45 , No. 18, pp. 3857-3864, 2002.

[4] G. Ribatski, M. José, J. Saiz, E. Fockink, D. Silva, Modeling and
experimental study of nucleate boiling on a vertical array of
horizontal plain tubes, Experimental Thermal and Fluid Science ,
Vol. 32 No. 8, pp.1530-1537, 2008.

[5] N. I. Kolev, How accurately can we predict nucleate boiling?,
Experimental Thermal and Fluid Science, Vol. 10, No. 3, pp. 370-
378 ,1995.

[6] LL. Pioro, W. Rohsenow, S. S. Doerffer, Nucleate pool-boiling
heat transfer. I: review of parametric effects of boiling surface,
International Journal of Heat and Mass Transfer , Vol. 47, No. 23,
pp. 5033-5044, 2004.

[7] D. Steiner, Jerry Taborek, Flow boiling heat transfer in vertical
tubes correlated by an asymptotic model, Heat transfer engineering,
Vol. 13, No.2 , pp. 43-69, 1992.

[8] J. Yan, Q. Bi, Z. Liu, G. Zhu, L. Cai, Subcooled flow boiling heat
transfer of water in a circular tube under high heat fluxes and high
mass fluxes, Fusion Engineering and Design, Vol.100, No. 1, pp.
406-418, 2015.

[9] AK. Sadaghiani, A. Kosar, Numerical and experimental
investigation on the effects of diameter and length on high mass
flux subcooled flow boiling in horizontal microtube, International
Journal of Heat and Mass Transfer, Vol. 92, No. 1, pp. 824-37,
2016.

[10]G. Tryggvason, A. Esmaeeli, N. Al-Rawahi, Direct numerical
simulations of flows with phase change, Computers & structures,
Vol. 83, No. 6, pp.445-453, 2005.

[11]E. Chen, Y. Li, X. Cheng, L. Wang, Modeling of low-pressure
subcooled boiling flow of water via the homogeneous MUSIG
approach, Nuclear Engineering and Design , Vol. 239, No. 10 , pp.
1733-1743, 2009.

554



