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NUMERICAL STUDY OF NANOFLUIDS FORCED CONVECTION IN CIRCULAR TUBES

Hoon Ki Choi’ and Geun Jong Yoo
School of Mechanical Engineering, Changwon National University

In this paper, hydraulic & thermal developing and fully developed laminar forced convection flow of a
water-Al,O; nanofluid in a circular horizontal tube with uniform heat flux at the wall, are investigated numerically.
A single phase model employed with temperature independent properties. The thermal entrance length is presented in
this paper. The variations of the convective heat transfer coefficient and shear stress are shown in the entrance
region and fully developed region along different nanoparticles concentration and Reynolds numbers. Convective
heat transfer coefficient for nanofluids is larger than that of the base fluid. It is shown that heat transfer is
enhanced and shear stress is increased as the particle volume concentration increases. The heat transfer improves,
as Reynolds number increases.

Key Words : U--A(Nanofluids), %] ¢ 2-8-5(Thermal Fully Developed Flow), ™)+ %@79%(Convective Heat
Transfer Coefficient), Z1%-2](Shear Stress), A}4|4] & %= (Particle Volume Concentration)
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Fig. 2 Validation of present numerical method : (a) effect of grid
density, (b) comparison of experimental result
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Fig. 3 Variation of Prandtl number as the volume fraction

2HE QP AR5 W Ho] HuTAE G
Fo] G| ATt BAH0R ATl Bkl o
9] ZololA] AHQ WS Pl Ak LEAAF
A7) Adshs sl QR REAAFe
o} AR 2 G b du gddes ¢
EAAF] AN URAADASE SolEA ek
SRR AT okle] 4oz e

ds

(1,—-1,)

m

h=

o7I1A, T To]Lo] HHEL
= 9vgitt.

Fig. 4= Re=10002! 73-% Ao s=7F v& 4
FARGATe 715 vepd Tdolth JMJ?HOM”
257 74]«—01 w9 Sfol thFAALATTE W ws 7H
Ay, R sEuA AR Fold § AR w7t
ob&e] vhe§lAke] vt Tk HH A9 BEAto] ]
i ddAT7E S718HE = 5 Sl

WY Ai(q) A ©)F FHeR ARVLRE

A (10 A 9 v 22 Ao] A7 ARt

T W frAle] B

q,=h(T,— T,,) = constant ©
o [ T(a)=T(ra))
o\ T =7, | o

%@@%ﬁl%)h %ﬂ&%@i P
S ©

Fig. 4 Heat transfer coefficient distribution along the heated pipe
as the nanoparticle volume fraction at Re=1000
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Fig. 6 Plots of the shear stress distribution along the pipe wall for
different particle concentration at Re=1000

57k 27450 Fig 39 A3l 2 vk} 0] Prand
b aidslol dzjel hadwnazolrt ujrow #

QR

N
°
=
lo
5 4

AT
Qlgk 4= Qlrt.

Fig. 65= Re=1000]! 7oA thekst vhesite] A4
(@)°l thate] Hrore] Hek-ge s vo|xzo] Zo|wake
o7l S veRd Tdo|th YAk FEt &
7Febd AHEEE SN aefAllel AAASE St

il

N oRUH

spll Bk mebd heddael sk ke AR S
RS 2 5 ek ol QTN FURE f50) 55
o e} G SEAANFE Reynolds Folt e W

Ho] YefAel A$E Prandtl 571 120 84 328 £
gl o]y} el webzo|n) E4l golx]A ok
FEEHOZ diigo] o]FofxH wHHoxe] Aok

r

AFAE Aol date] ek Teja @ wd
I gl dste] fi- 8l ddE 54S AR

FEgdor Wy Fg 69} go] Aol dow
L Fig 4004 ¥ wpel o] sjo]L o] diidHgAlE
7b EUFer JAE gk JHA k. Fg @ 24S
& 0dE 739 Reynolds 59} ielAke] A4 S| Wl
e giFdde 2715 vekd 23lolth Reynolds 7+
7kt AAAIT) ghobd WRAADATTE SIS B
Stk obge] vhegizke] At ke Ao A
Tt SRR FUF Reynolds ol Tiste]  thiddgA
F7F SR & Stk SR ARE EHE] et
Z1Ef Aol oE Rl o SR AR A ) E
Tt o] Aot

X

450
—— ¢ =000
—A— ¢ =002
- ¢ =004
200 || ¢ @ =00
<
N
£
S 350
c
300 |
250 ; : : : :
100 500 1000 1500 2000
Re
(a)
1.30
—A— ¢ =0.02
—m— =004
125 9 | - ¢ =0.08
1.20 1
P —
< 115
1.10 " " h
1.05 — A A—a
1.00
Re
(b)

Fig. 7 Convective heat transfer coefficient for different particle
concentration and Reynolds number : (a) heat transfer
coefficient, (b) relrative heat transfer coefficient
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Fig. 8 Shear stress on the pipe wall for different particle

concentration and Reynolds number:(a) shear stress, (b)
relrative shear stress
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