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Abstract

Fully developed turbulent flow in a square duct is numerically predicted with two nonlinear
low-Reynolds-number k-¢& models.  Typical predicted quantities such as axial and secondary
velocities, turbulent kinetic energy and Reynolds stresses are compared in detail with each other.
found that the nonlinear low-Reynolds-number k—g model adopted in a commercial code is unable to
predict accurately duct flows involving turbulence-driven secondary motion with the prediction ievel of

secondary flows one order less than that of the experiment.
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Fig. 3 Local wall shear stress distri-
butions for fully-developed flow
in a square duct
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(a) Myong-Kasagi model (b) STAR-CD model

Fig. 6 Contours of turbulent shear stress
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Fig. 7 Contours of turbulent kinetic energy
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Fig. 8 Contours of turbulent normal stress
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Fig. 9 Contours of turbuleni normal stress
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Fig. 11 Contours of turbulent shear stress
- o/ U% (x 109
A dlEste] gholA s
ol /]2lsted w4w~ﬁ%%
¥ Bo XFE HEF
a4 e gl

4. 2 8
%} }.} /}-?ﬂ (g/\l Q. 7} /;] Lo t_'i = L}],‘Q] 91&] .(:{] whc}
H o HaEe dae &,

1&gk ol
e Myong-Kasagi® 9] ﬂ?ﬂ‘”] e
 owHE p—e WHENET A ’}?%“ &
f*wd u]Mﬁl Jp e

o AY b QL
b | C;)’ Lot

&
AU FIR ~°
vl A} o) *3} L

FRAE PAATS 3 :'
Aikiy <Al 8ho]

s Mg shRR ] 1N S1e dlejeiie]
23 skl



.....

y MbEEo R 1 -3ve] 4
Zgto] QN ¢dd] UdE H58& A4
2 Aeg F e AN el #¥sde
o, /e}ﬂi:-i.%?zﬂ’ .&03% aldgeREde A
o8 olabfE& dHshrie sy, FFHA o

1

1 1
ol 44 M,mw-Kasag B 9 HyAnel wle] ¢
ab ol 2 dlgate] olabgEell vglste
Aol wudnee &ug £5, dolxzsy
o oAdxow oo FERe] HEE ddi

J
L = B R o
o &g ¢ glgol HaEsh #elHdr

i

%3 Myong-Kasagi X 9¢ #34e 948 714
e AEdsE 48 AE4E 9 OFEEE
Aed gart et

F 7

# e fBevleRst Addte 4 *?JH
WAL (TR A W ZlE oAb, s
M1-0128-00-0002) ¥ 2002 % YA F *J/W‘ﬁ
(A E M2020402003-02A0102-00312)0 2] 5}
o ol Fol A &g Waly, old A=Y}

ﬂ*)vi-‘

a3

(1) Brundrett, E. and Baines, W. D, 1964, "The
Preduction and Diffusion of Vorticity in Duct
Flow," J. Fluid Mech., Vol, 19, pp. 375~394.

(2) Launder, B. E. and Ying, W. M., 1973,
"Prediction of Flow and Heat Transfer in Ducts
of Square Cross Section,” Proc. Inst. Mech.
Engrs., Vol. 187, pp. 455~461.

(3) Melling, A. and Whitelaw, J. H., 1976,
"Turbulent Flow in a Rectangular Duct,” J Fluid
Mech., Vol. 78, pp. 289~315,

(4) Demuren, A. O. and Rodi, W. 1984,
"Calculation of Turbulent Driven Secondary
Motion in Non-Circular Ducts," J Fluid Mech.,
Vol. 140, pp. 1895~222.

(3) Gessner, F. B., 1982, "Corner Flow (Secondary
Flow of the Second Kind)," in Kline wt al
(eds.), Proc. 1980-1981 AFORS-HTTM Stanford

s oAabbe MEd B Bud DR o 827

Conf on Complex Turbulent Flows, Stanford
University.

(6) Myong, H. K. and Kobayashi, T., 1991, "Prediction
of Three-Dimensional Developing Turbulent Flow in a
Square Duct with an Anisotropic Low-Reynolds-
Number k—e Moadel,” ASME J. Fluids Engineering,
Vol. 113, pp. 608 ~615.

(7y Craft, T. J, Launder, B. E. and Suga, K.,
1996, "Development and Application of a Cubic
Eddy-Viscosity Model of Turbulence,” Int J
Heat and Fluid Flow, Vol. 17, pp. 108-115.

(8} STAR-CD, 1999, Methodology Manual, Version
3.10, Computational Dynamics Ltd., pp. 2.1~
2.14.

(9 Myong, H. K. and Kasagi, N., 1990,
"Prediction  of Anisotropy of the Near-Wall
Turbulence with an  Anisotropic Low-Reynolds
-Number k-¢ Turbulence Model,” Trans. ASME
J. Fluids Engineering, Vol. 112, pp. 521~ 3524,

(10) Lien, F. S, Chen, W. L. and Leschziner, M.
A., 1996, "Low-Reynolds-lNumber Eddy-Viscosity
Modelling based on Non-Linear Stress-Strain/
Vorticity Relations,” Proc. of 3rd Symp. on
Engineering Turbulence Modelling and
Measurements, Crete, Greece.

(11) Shih, T. H., Zhu, J. and Lumley, 1. L., 1993,
"A Realizable Reynolds. Stress Algebraic Equation
Model,” NASA TM-105993.

(12) Myong, H. K., 2002, "Development of 3-D
Convective Heat Transfer Analysis Program using
Structured Grid System,” (in  Korean) Proc.
KAMES 2002 Joint Symp. (KSME Part), pp.
2614~2619,

(13) Fujita, H., Yokosawa, H., Hirota, M. and
Nishigaki, S, 1987, “Fully Developed Turbulent
Flow in a Square Duct with a Rough Wall”
Trans. Jpn. Soc. Mech. Eng., (in Japanese), Vol
53, No. 492, B, pp. 2370~2376.

(14) Perkins, H. J, 1970, "The Fomation of
Streamwise Vorticity in Turbulent Flow,” J. Fluid
Mech., Vol. 44, pp. 721 ~740.



