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Heat Transfer Behavior of Viscoelastic Fluid including buoyancy effect with

Modified Temperature Dependent Viscosity Model in a Rectangular Duct

£, FAH Y
C. H. Sohn, J. H. Jang

The present study proposes modified temperature-dependent non-Newtonian viscosity model and investigates
flow characters and heat transfer enhancement of the viscoelastic non-Newtonian fluid in a 2:1 rectangular
duct. The proposed modified temperature dependent viscosity model has non-zero value near the high
temperature and high shear rate region while on the existing viscosity models have zero value. Two versions
of thermal boundary conditions involving difference combination of heated walls and adiabatic walls are
analvzed in this study. The combined effect of temperature dependent viscosity, buoyancy, and secondary flow
caused by second normal stress difference are all considered. The Reiner-Rivlin model is adopted as a
viscoelastic fluid model to simulate the secondary flow caused by second normal stress difference. Calculated
Nusselt numbers by the modified temperature-dependent viscosity model gives under prediction than the
existing temperature-dependent viscosity model in the regions of thermally developed with same secondary
normal stress difference coefficients with experimental results in the regions of thermally developed. The heat
transfer enhancement of the viscoelastic fluid in a 2:1 rectangular duct is highly dependent on the secondary
flow caused by the magnitude of second normal stress difference.
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U(0,y.z), developed velocity profile
(developed secondary flow)
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bottom wall heated
other walls adiabatic

Fig. 1 Physical configurations for hydraulic and
thermal boundary conditions of case 1
(heated bottom wall)
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Fig. 3 Development of secondary flow pattern along the dimensionless axial direction
of case 1 (heated bottom wall)
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Fig. 4 Development of secondary flow pattern along the dimensionless axial direction
of case 2 (heated top and bottom wall)

":-L?" ?1.0“ ‘cr:‘7] _943" |¢(n)sleu_¢(n-l)step|<1076
& AHEE T A At Axdze 211 HE
Aol 7 fAlle v FAe] P& vm
@& AR Ae] FYES VEAY + e 41
x4 AAE HE G4 Ag3R

ng
W5}

Fig. 3% 4% F%%c 2898 B 4%
9] WMEE Y4E9 22% gddAM9 oANHF #
A (streamline) 2. & YEIA T} Fig. 32 st o)
dH&ol AAAE Aol s RF A
o] 4R¥ZoZ o dior g4H wod
x=002¢1 A HoA suiel Mz FAR}

Fig. 45 A543 o) 25 sldsEs 7§l
o, 2xd & A=E AR T Ry
ZHAA FAld] oA{FE £5E ZIANA FF
dg BT 2y M LAY B
o ojg ojAfF o] MY HE FHRo olxw
F Ao ¢ Zddd

Fig. 5 &4 #AY o)zt +3 & 2
A EH HFHo] odF olFHFol BF &Ad
£ Case 19] 3y de] 7ldss A9 g3y
%59 WslE Jehfiddd Fig. 5a)iz y=052 9
Eol F3 odd ditd, (bl FE HFAA
y=0.1 @ojA guid ysle zZd] ats x93
g F/4F UY £TEXE HoFn g xF
WPz f5o JAPsAA HES FH G
He £2E Zasn 29 ZHAM &&=
713 AAFHe2E FHF] AW 428 o
gulle AFe] AA7 sy Rog gon



196 H22HEY LERRE L
[ ¢ walos |
o
0.5 - T=0.197 “““\‘\““‘\\\\\“\‘
TR
T=0.255 “\\\“‘:\\\‘:\\‘:‘\\‘:\ 0
04 R
B AN
. AR NI eetRasashes:
03 | R
- . T4 (T4 AT .8
z - @  x=00t T o “‘8333‘3:‘5:‘::333:': 33“‘ o
CLAAHROES o
02 . -@ x =002 o® “\‘\‘\ 30
. bottomn N«
o
0.1
‘opu’\9
0.0 05 10 15 20 (a) constant property fluid (CPF)
Dimensionless Velocity, u
(a) y=0.5 (mid-plane)
0.5 -
04
mem— s X200
0.3 e x®m0.01
4 @ x=002
02
01 (b) Separan
0.0 05 10 15 20 Fig. 7 Dimensionless temperature at

Dimensionless Velocity, u

(b) y=0.1 (plane near the side wall)

Fig. 5 Dimensionless axial velocity profiles

along vertical direction

(heated bottom wall)

0.5
04
—_— x=00
03 ® x = 0.02 (Shin’s model)
z x = 0.02 {Modified model)
0.2
0.1
0.0

00 05 1.0 15 20
Dimensionless Velocity, u
Fig. 6 The comparison of two numerical

results in 2:1 rectangular duct with
bottom-wall heated

2e 2 %+ A, -
ol 7YY duFol AU sRud o
FH9) X 37 9Ee) 37 REug 2wy

x=0.02
duct (heated bottom wall)

in a cross-section of

% exo 37tz YE7t 2
5 Fekgon A% v

Mol olsf 4riHoz Yo a7 d¢ HE
57t gaHYEoE AT

.62 FRT U SEET s 2 A
n® o) o8 AN HE mug
A Aokl vlmslgicl Shinol ols| A]Al
S AHEE o dAdH MY 5

€ 3 Az 2ddd H& £27325 o
o £ Qi) o] Shino] Y8 AMAE A
229 ¥W 22X e Agg
E7 ool stakE we geg 7iA

g HHRIM £5F78 HUFoez
FdelMe £55 #dag e

e
i

o MY
8 e
-
2 qly
>
w
=

fo ool gy o
p Mo 1

Sofo it oot L = lo

32 &x%e W3

21 HALzZtE dE e §5oAM FeA bixd
FAQ) Separan =& W] vHR giAo T BAA I}
84 dA & #H(constant property fluid, CPF)&
Wzt o] NAsis H Lo dlstd sy



gIHARA S M2EHY 197

[ CEE
, sl o,
0 E O Experimental data of Hartnett Flg (@)= CPFO“ CH%}OL Flg 7(b)E Separan
Modiied mode! FEAe it FHF WFo2 x=002% AF
F — =  Chang's model 9 &% X E Jehig, FL§E g 340l FHeEix

— . Shin's model -),/

T e 228 B o ¥ ¢79 diil

2o’k e Separan 4895 ul#h CPFel =3t Eom, o
r o - = Ui ARe 2% & Separan 8997

E Foroed convecton lmi 7y CPFe} B42Y 58 & ¢ o =P

2 Separan &Y FHLolE HE @Ry Tx9
Ll il vl % 20y 22 AP YES) W Bwel A
0’ et et e et Az FYE L% BEE uolm g ot

Gz Separan #& %49 Z$ ojaFEo] R IA Y

. tEe FAE HE A dWE <|$AHY] o
Fig. 8 The comparison of three numerical oo yme 4 gon ojzuy ARFe o

results with  @=0.ley in 21 A9 gue Fad gode ¢ 4

rectangular duct with bottom-wall Fig. 8% Fig. 9% ola #£3¢dEx AF
heated 2,=0.0031 (2,=0.1a) & AHB3E 3% &
0 ?e A7l AANY $HE2DH Shin®3 Changel
E Experimental data of Hartnett AL A Rde] A4 AXE Fd9E "L
E_ B 2‘::::::::;' 4(Rayleigh number)®] Hartnett®s] 4#@xs} u
[ . Stinsmodel watg. ol TRAA A Fz 2de] t& A

£ Edd Ha} @2 FALE EoFa e

= E -
- ol Shin®?# Changell 93] ANE 256 ¢
r cPF ’ - =
t - Forced convection limit éa?" %’,E E%’d% ‘*Ej} 7}'§°“ E-]-a}- ZJE
i 7 ®@sl e goz Woldrke EAMT Shin
0 o | u of d& AANY FE 2do AL =Ty A4 p
10 A1 ‘| AT 2| INRED) 31 1Lt . % Shinn)ol A}%% %Eg‘; -Eg-_/;:_g_ -;)5317] q‘_g_o‘l

Aog AZtdn. old Wy A2E FE gL
57 A FER S BET 9.2 #2F H
Fig. 9 The comparison of three numerical <3%%E FAHINY o2 = Zdo w3 33y
results  with  @=0.lg; in 21 TIZAY &= F77F FA7) W elch
rectangular  duct with top & Fig. 102 |3 +3&#2 A5 2,=0.0045
bottom-wall  heated (a;=0.152)) & AE&8L Z¢ & Ade A
£ Chang™ol 93] ANE & 22 A3 A
Ab Ao}l Wl matrh

Gz

;: Experimental data of Hartnett
S —— 0=0.1509 % Jung®s AYATAA o
i A452YNY £AL vZE B4 AT HY
ER'S : Eroleeix®—g % Az AAD golth Fig. 102 a,;=0.0045
E e e AeRe AT 2,=0.0031 S AHET AN
E———-——-————— Forced convection limit ,‘E.E}' Hartnett(:”gl g.@i'g} _‘ic}‘ zé. oéi] g.% _\1
R A2 ole g o ¢ o|FfEol QWY T4

BT o 20 938 a3e drin an,
Gz 4.8 =

Fig. 10 The comparison of two numerical

results with @2 = 015¢: in 21 TE 7IEY 2R A& FE ELSo 2
37k AEs 09 @l WaH: A
FEY F e NEL &% &Y ¥ Y

Aeg Fd 21 ARG HEUGA 2

rectangular duct with bottom wall

24
=
+
heated ol



198 H2Z2HY

BEALFASES

(& & s=oi= }

dFe g4 zsld Fdd #AM<Q Separan F
S o QA FY AU EFS dTEAS

E AFA ALEE A2 A REge 259
& HEo U E 7,2 4F ZAAE o1&
39 AAHI, 22 ZA FME A Ax7
1.9 HL2 HIHEE AU

FAE 2% 9gEHQ HE BYE ARG T4
FAFE v BE 2l v e e 9
289 olt 71E9 HE Edo] gL &x9
HH 2o e AEE9 XA F=r G
A7tE B #E VHA, AxE SEEXY dFE
do77] dioldt. 283, o3 £HLHA AF
(a8l Wslel we} T4 54 9 H37F &
& 4 gl

Znes

(1) J. P. Hartnett and M. Kostic, 1985, "Heat
Transfer to a Viscoelastic Fluid in Laminar Flow
through a Rectangular Channel”, Int. J. Heat Mass
Transfer, Vol. 28, pp.1147~1155

(2) J. P. Hartnett, 1991, “Viscoelastic Fluids
Experimental Challenges”, Experimental Heat
Transfer, Fluid Mechanics, Thermodynamics, Elsevier
Science Publishing Company, pp.621 ~626.

(3) S. X. Gao and J. P. Hartnett, 1996, "Heat Transfer
Bahavior of Reiner-Rivlin Fluids in Rectangular
Ducts”, Int. J. Heat Mass Transfer, Vol. 39, No. 6,
pp.1317~1324.

(4) AMEZ, €38, A8, 1998 “FHAAZ4Y HEA
Reiner-Riviin ## 9} o|laf% ¢ dHddo @ +3
A7, e AS=EA(B), A 224, A9E, pp.120
8~1216

(5) Sehyun Shin, Young I. Cho, William K. Gringrich
and Wei Shyy, 1993, "Numerical Study of Laminar
Heat Transfer with Temperature Dependent Fluid
Viscosity in a 2:1 Rectangular Duct”, Int J. Heat
Mass Transfer, Vol. 36, No. 18, pp.4365~4373.

(6) Sehyun Shin, Young 1. Cho, 1994, "Laminar Heat
Transfer in a Rectangular Duct  with a
Non-Newtonian Fluid with Temperature Dependent
Viscosity”, Int. J. Heat Mass Transfer, Vol. 37, Suppl.

1, pp.19~30.
(7) P. Y. Chang, F. C. Chou, C. W. Tung, 1998 "Heat
Transfer Mechanism for Newtonian and

Non-Newtonian Fluids in 2:1 Rectangular Ducts”, Int.
J. Heat Mass Transfer, Vol. 41, pp.3841 ~3856.

(8) S. Shin, H. H. Ahn, Y. L Cho and C. H. Sohn, 19
99, "Heat Transfer Behavior of a Temperature-Depend
ent Non-Newtonian Fluids with Reiner-Rivlin Model i
n 2:1 Rectangular Ducts”, Int. J. Heat Mass Transfer,
Vol. 42

9) SHAel, &34, AAE, “Fad FH9 Fo %
GAY FAHY", P ALY 199745 24 &
4 =&3, pp. 203~208. KSME 97F215

(10) &34, A, AP, ‘¥ 4L g A
A e gAged @ FAHYT, @I AAaA
813 19989k 34 te W3 =23, pp. 114~120.

(11) S. V. Patankar, 1980, Numetical Heat Transfer
and Fluid Flow, McGraw-Hill Book Company.

(12) T. Hayase, J. A. C. Humphrey and R. Greif,
1992, "A Consistently' Formulated QUICK Scheme for
Fast and Stable Convergence Using Finite-Volume
Iterative Calculation Procedures”, J. Computational
Physics, Vol. 98, pp.108~118. '

(13) A, AAE, &34, 1997, ‘A4 HEqA
Ao & dAEEE 2= v T4 94
g gl @R X3 AT, BIAY =B,
A 214, A6Z, pp.773~778



