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Abstract :

It is Krown that previous models are unsatisfactory in predicting adverse pressure gradient turbulent
flows. In the present: paper, a:revised low - Reynolds number k- & model is proposed. In this model,

. 8 newly developed term is added to the. dissipation rate equation in order to reflect appropriate effects
: for an adverse pmssure gradient. The added term is derived by considering the distribution of mean
, velocity and turbulent properties in the turbulent flow with adverse pressuro gradient. The new k—¢
" model' was applied to calculations of flat' plate flow with adverse pressure gradient, conical diffuser:
" flow and backward facing' step flow. It was found that the three numerical results showed b&itcr

agreement :than ‘other ‘models compared with DNS results and experimental ones. :
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plate flow with adverse pressure gradient.

Table 2 Specification of Conical diffuser.
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Table 3 Specification of two types of backward-

facing step.

Step Height H 1.27cm
Inlet Height s H 8 H
Outlet Height 6 H 9 H

3 H 1.2 1.5

Rey 5100 37800
D=D,;,+x cos(10° x/0.065) (33)

AN x= dHFAYTFAAY Aelw, De
7+ x AN FAoltk 2 o] Afo]
FEHNA b, wt YN R} FoRE B
& Bgon, ¥n Ay e FANNE A8
Ae A% OqFR g4 e A=t Wad
o

43 TYAE REY A

AT FEFN MM ode 9P
®o| AAHY b B AFGME Le T4
DNSZ S} Drivers} Seegmiller’Vol <% AWH
I ot 2Ye ¥y FFY KUK
& ko) AARFAR M d* FARR
Foltk. F 7HA 9] LA S S HEZNN ¢
Ags AY, ATFAARTFA & HolwEs
Re}]E Table 314’ QE}‘

Fig. 5t Led] ¥ HAGREAANAN ¥dulits
F CA HRY NoR x=0L 427 FHY
He Aged ARYeln C=0£2 He A
€ AldelAd dEg fE¥o] ARAEE Rt
AYATNPE DNSZ AN FE YA /¥
Z0 e AgdFo|tt. £F9 EYE #Ax
A &Y JEY k-c2¥Y HAAAE
DNSA st AWAAET wE o)A A2
Fa YA g, B 2% AT (present)st SARHS] A
& DNSATH S APas} FARE HX oA A
Rasn], & m8o] DNSO| Bt} 23S Uk

Fig. ()t Led] ¥ YA DM FREVEEE
® HE® Hex ARIFANR A AHIH
W B 2% 7P (present)} SAERY o] AF-2+2)H
I 71 ojHe] FHoMe HERTF F YENY



ATl JeE nAY MWl wEe k-5 TP L4& HHY A 1467

Flg % Distribution of wall friction factor in
Les backward-facing step.

a gles, B3 GHAE-EE& v Fig. 6(b)
oA SAZYE AL EXE JeEhRAT £ 2y
& DNS® 743 -fANS REF Heolw itk 2
Ay, AASE ARKed FAAY 2>y 1
e BZE 239 W DNSHI] w3t
We R Boln glem, goz o %I o
@ Reo] WAY o Y ‘

Fig. 7€ Drivérs} Seegmiller “)ﬂ FYgAEHRF
HANH C & W TG Holth. "Fig. 58 fAMSHA
e 2y} SAY 8 AQPATY FAE AR
3}‘7‘]3]‘& 041'%}31 Red, & E‘%@j}(present)
o A7t ARBAH W, FolM AYdTHG »
o F& oBHEAE T B, Led) AYFA
RALEHQ] Fig. 59A C/= A 0.0044 H
A -0.0047 X 322 Drivers] Y74 Fig.
7914 0.00290 4 -0.0027k& 7AW, x/H~8F
TRE G FUHFo] FAoAa vt o] #
Aol dlol =G Reyd) WS mE HAMe
2 deA glon] SARYE oYl WR T 49
23x AT B ZYL Aas {FEFA
olg{ @ =79 W@ A vEliZ o, %3
Drivers] A¥AHRQ Fig. 79 1/ H~8F-2A
C,8 F7hE) MRE F & AUtk

5.8 B
qaETe AYE TG S A FAYE

Zynea, o Y& TUY B Y 9y o
FaE et e HEREAS ABYOFAH 2

(a) Mean velocity

Wt

Poast
]
[
M

@ M9 cuin !

R 0 [4 0 [ 0
' ’ W /uaxw®

. : .(b‘) Tl.ﬁ_'bulf:ﬂt shear stress

Flg. 6 Comparfon of predicted result and- DNS
data in Le's backward-facing step.

T4 8 & 1 2 %.® W o»
wiH

Fig. 7 Distribution of wall friction factor in
Driver's backward-facing step.

g FgA¢Y #¥F% HAS A} o

e ZAed AUt

(1) A7k /84 MM 71EY k—e B
gL Lol A= HunRAcg A o
Ate A¥E BIAT & 2Y¥L AV fF
o) 4¥HN 3 DNSEFS FUY RERF R
doo, dRhEFoiAe} dRAGEH HA
g 2% vdid JYAs, DNsH R} Kb



1408 &

A%g B3}

(2) FEARREF AN ¥ ZYL Rer
51007 378008 F7HA EHAT F¥ ALl A
SARYE W& HolwEZFoN & AR B
goy, B By TrbA HolwEgdA AR
449 fAgatoler C,9 ¥EZ F &
pei= 3

AEP

(1) Rodi, W. and Scheuerer, G., 1985, "Scrutinizing
the k—g& Turbulence Model Under Adverse
Pressure Gradient Conditions,” J. Fluid Eng., Vol.
108, pp. 174~-179.

() BHZ, 1994, “o]A}Hl WHFAIE LY
WA EEA GRAVA 284, e
A e EH@), A18A A4Z, pp. 967~976.

(3) Abe, K., Kondoh, T. and Nagano, Y., 1994, "A
New Turbulence Model for Predicting Fluid Flow
and Heat Transfer in Separating and Reattaching
Flow-1. Flow Field Calculation," Int. J. Heat and
Mass Transfer, Vol. 37, pp. 139~151.

@) B8F, 1994, “TAGREZE A4 FYAG
&, e AGY=EHB), A8 A1l
&, pp. 3039~-3045.

(5) uteld, WA, 1995, “GREE R ARH
#59 HYE A% WAy Aoz
k—e GREH AW AEriA%GY =E3Y
B), Ai9W A8®, pp. 2051 ~2063.

6) QU NYE, 1996, “FHATHE HE
Adolwzsy YHEHY o&Hgdyd #¢ o
T e A =23@), A208 AsE, pp.
1661 ~1670. ' '

(7) Sekar, A. and So, R. M. C., 1996, "A Critical
Evaluation of Near-wall Two-equation Models
"Against Direct Numerical Simulation Data," Int. J.
Heat and Fluid Flow, Vol. 18, pp. 197~208.

8) % 7, 79, 1999, “oFgt AgHule] &
® He H4E AT Adbolw2sF ke E
B A, s ARE = R4 ), A23E AsE,
pp. 610~—620.

(9) Samuel, A. E. and -Joubert, P. N, 1974, "A

-2 9

Boundary Layer Developing in an Increasingly
Adverse Pressure Gradient,” J Fluid Mech., Vol.
66, pp. 481~505.

(10) Azad, R. S. and Kassab, S. Z, 1989,
"Turbulent Flow in a Conical Diffuser : Overview
and implications," Phys. Fluids. A, Vol. 1, pp. 56
4~573.

(11) Driver, D. M. and Seegmiller, H. L., 1985,
"Features of a Reattaching Turbulent Shear Layer
in Divergent Channel Flow," AI44 J, Vol. 23,
pp. 163~171.

(12) Le, H, Moin, P. and Kim, J,, 1997, “Direct
Numerical Simulation of Turbulent Flow over a
Backward-facing Step," J. Fluid Mech., Vol. 330,
pp- 349~374,

(13) Launder, B. E. and Sharma, B. L, 1974,
"Application of the Energy Dissipation Model of
Turbulence to the Calculation of Flow near a
Spinning Disc," Letters in Heat and Mass
Transfer, Vol.1, No. 2, pp. 131~138,

(14) Yang Z. and Shih, T. H,, 1993, "New Time
Scale Based k—& Model for Near-wall
Turbulence," AI44 J, Vol. 31, pp. 247-255.
(15) Nagano, Y. and Shimada, M., 1993, "Modeling
the Dissipation-rate Equation for Wall Shear
Flows(Comparison with Direct Simulation Data),"
A A& B & M (BR), 594 5595, pp. 78~85.
(16) & 4, K%, 274, 1998, “2A& ¥R
8 ANE B8 AolEzs k-e2¥Y A
i, A E =8 (®), M22R As53E, pp.
685~697. ‘

(17) Townsend, A. A., 1976, The Structure Of
Turbulent Shear Flow-2nd | edition, Cambridge
university press. ‘
(18) Kader, B. 'A. and Yaglom, A, M, 1978,
"Similarity _treatment of moving-equilibrium tur-
bulent boundary layer in adverse pressure
gradients," J. Fluid Mech., Vol. 89, pp. 305~
342,

(19) Rodi, W., 1971, "On the Equation Governing
the Rate of Turbulent Energy Dissipation," Rep.
TM/TN/A/14, Imperial College of Science and
Technology, Dept. of Mechanical Engineering,
London. ’



AUgE ol dgd LAY Adolwa k- LY 20 THY T4 1409

(20) Sk#re, P. E. and Krogstad, P., 1994, "A
Turbulent  equilibrium boundary layer near
separation,” J. Fluid Mech., Vol. 272, pp. 319~
348.

(21) Chapmann, D. R. and Kubn, G. D., 1986,
"The Limiting Behaviour of Turbulence near &
Wall," J Fluid Mech., Vol. 170, pp. 265292,
(22) Nagano, Y. and Tagawa, M., 1990, "An

Improved k— & Model for Boundary Layer Flows,"
J. Fluids Eng., Vol. 112, pp. 33~39,

(23) Azad, R.S., 1996,"Turbulent flow in a conical
diffoser : A Review," Exp. Thermal and Fluid
science, Vol. 11, pp. 318~337.

(24) Jovic, S. and Driver, D., 1995, "Reynolds

number effect on the skin friction in separated
flows behind a backward-facing step," Exp. Flulds,
Vol. 18, pp. 464~467.



