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NUMERICAL STUDY ON NATURAL CONVECTION HEAT TRANSFER
IN A NANOFLUID FILLED CONCENTRIC ANNULUS

HK. Choi,” J.H. Park and G.J. Yoo
Dept. of Mechanical Engineering, Changwon National Univ.

In the present study, the homogeneous model is used to simulate the natural conmvection heat transfer of the
CuO-water nanofluid in a concentric annular enclosure. Simulations have been carried while the Rayleigh number
ranges from 10° to 10°, solid volume fiaction ranges from 0.01 to 0.04 and the radius ratio varies between 0.1 and
0.7. Results are presented in the form of streamlines, isotherm patterns and averaged Nusselt numbers for different
values of solid volume fraction, radius ratio of the annulus and Rayleigh numbers. The results show that by
decreasing the radius ratio and/or increasing the Rayleigh number, the averaged Nusselt number increases. Also the
heat transfer rate increases as increased solid volume fractions.

Key Words : U=+7-#(Nanofluid), 2}%1t++(Natural Convection), &3J¢]-5#HConcentric Annulus), t}+% A& A14(Convective Heat
Transfer Coefficient), $JA|%)-&%(Particle Volume Concentration), ¥HdH](Radius Ratio), Rayleigh Number(Ra)
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Table 1 Thermo physical properties of water and nanoparticles

) Cp k u, B

[kg/m’] | [W/kg.K] | [W/mK] | [Ns/m’| [1/K]

H0 | 997 4179 0.613 9.57x10* 21x10*
CuO | 6500 540 18 - 0.85x10*
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Fig. 2 Comparison of present study with numerical results

o

FAA e 7 ol

jincs

F92 2 5 9ok

nllo

|
—

3.4 9 1

Il

Aol d UY CuO-Water Yefralel AdulR dde
of tiste] 7P & 4L 71X+ A= Rayleigh 7, Y=l
A A EE 2 w7 E Aot} B AFA = ZINkA
Rayleigh *(Ra; = 10°, 10°, 10°, 10°%), ¥F4R)(0 = 0.1, 03, 0.5,
0.7) 223 CuO-H =iz A S5 (P, = 0.01, 0.02, 0.03,
0.04) gt WIAFIHA sdlg Fdste] g B54& 7
a3ict.

31 SASSY U 2ERE

hefAlel M Few 9ad BYe SRt 7
ARk SRR dRddd 2k kit el 9
ok SR bl S B AR A ()

o ol WA Sldid 4ol AN 2o0el
Tt ol Qlstel B Wakshe 4ol b

ek, SAolF RN E Welg sjuixelz A7k B2t 7
Zo)7] wiol] 1 71=o] Fold4E HAJ ] 98kS T wo)

WA ek o] #AlellA FAlolETellx] 2] Hu]E Akt
T G 545 ket o S8 =ERe] Atk
A 545 2ok AdsAl #Es] Sk Sl
54 BEE Fig 30 BTl wHH], o = 0.1, Rayleigh
%, Ra = 10°2 %k% IS At w5 s gt
a17) 918le] ¢ = 0.09) Fig. 3@ & = 0.04¢! Fig. 3(b)°ll 5
247 SR BEE YERe] vlusiglth Fds

Rayleigh =%} ®FEH] 1 gete] Adewrt S7HETE 2
AAS FAZL S-S B 4 Stk ol Adswrt Tksk

-

(c)Ra=10°% @ =0.04

Fig. 3 Distribution of streamlines and isothermal lines for ¢ = 0.1

W AEe BAE 250 FYs] Adgo] k)]
wol,

Raigh 91 ATE A1 A4 WA, 0 - 01,
A B, ¢ = 0045 T Ra -



NUMERICAL STUDY ON NATURAL CONVECTION HEAT TRANSFER:-

Vol.21, No.3, 2016. 9/ 5

1000 — —f— —- Ra=10*
= o =. Ra=10°
..... > Ra=10°

800 4 .____.___._——0"‘

[l
>
< -———a———a———a——a
600
Ae——- A ————— h— - —h
400
Wi SR e s -
200 : : ‘ ‘ ‘
0.00 0.01 0.02 0.03 0.04 0.05

Fig. 4 Plots of the averaged heat transfer coefficient(c =0.1)
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Fig. 5 Variation of thermal conductivity as the volume fraction
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Fig. 6 Plots of the averaged Nusselt number based on Eq. (13)
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