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Assessment of Two-equation Turbulence Modeling for Hydrofoil
Flows at High Reynolds Number

Li Yaojun Wang Fujun
(China Agricultural University)

Abstract

An evaluation of the capability of turbulence models for their application to hydrofoil steady
flow at high Reynolds numbers was presented. Three widely applied two-equation RANS
turbulence models were assessed by means of comparison with experimental data at Reynolds
numbers of 7. 0X10°. They were the standard 42 —e model, the RNG £ —e model and the realizable
k —e model. The SIMPLEC algorithm was applied for the solution of the governing equations. It
has been found that the realizable & — ¢ turbulence model used with enhanced wall {unctions and
near-wall modeling techniques consistently provided superior performance in predicting the flow

characteristics around the hydrofoil.

Key words Turbulence model, CFD, Hydrofoil flow, High Reynolds number
5= P RE BBt i e OK PR 5 2. = B IR UK 3R
=]

5t it B AR AL AU AT AT 5 K 3

%38 & B 12 1

B K Bl 7 B s A P R e Al XK
PUAR BT A2 5 75 9SG e . O S Al A 5K
K T MR B T 1 38 B B R BTt 22 i A S 3R A
RHEMRIA NACA I RAF 3RS, X 2638 7

AEHLTERE R 47 45*1{:‘@%%5@%%[” SRR ERA
B0 BUA A 2 A AT 8 OE L G Heas AR PR RE L T
%ﬁﬂ(%,uw;@mﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂmﬁﬁ:Lﬂ

W s F 45T . 2006 - 08 - 28

i R A T B R R R I A B M A B4 L X B
KEEIH R EAEEZ L,

X T 3 AU S8 1 BE AR AN L BT R B A
(DNS) FI R WL (LES) 3t B A i &, B AG
12 0 T AT A B T B 34 7 3 7 AR (RANS) (39 i i B
Ak, REMW BRI R M S TR E 6
A BSCTEL RS ADL B A FT R o (HL 28 30 3R B — A A 1 3 T

x EFRARFBFIEESEHIHE T HHS : 90510007, 50479008) F1# & #8288 75 A A LRt R #x Bhwi B (Wi H 44 %5 : NCET - 04 —

0133)
BT hELIKRFEKRFS R TR #4440, 100083

JestT

EWE PERVKREKHE EATERYERERK B LA



46 PN A1 R S S 4

20074

B AN AT BESE T A 3 1) R B L X
FH ARG Sl B0, 2 200 FH B8 0K S 1 3 T AR TR
HY T WL R A A A A0 43 B U 5 D) 45 AR T Bl
7 TP B i LA A SOAS 3 52 2% . B R AE R AL SR
TR F b R 257, Koubogiannis %
TR AE IE A% G0 X5 it it O B Y (1 S At B — 4R
A HE A AL A AT T BB H AR T AR B T
SIS FR 2 AT BT B R R T . T 5
W 55 NS HLHR T 4 BBy R AR A Sk i AR A 9 B 4
TEASSHL Y 22 5 48 B A2 RIUM T AR i b — e BERLAR
B VA LI B T % R S T TR S A B A
ASCHEFE B B PEAL LR XU F2 di 455 76 7
T UK 3 B8 X — SN ) A el M . SR IR
F CFD $1 3% 3 >k HI A AR UE & — e BEAL RGN £ — ¢
BRI Realizable & — e BERY 3 FiBUJ5 e i it AR B LA
Kb o BE THT R R AR 5 7 BE T R RN LA R 3 i R BE ]
Ab B3 S RE X Ab B U5 vk, R B A CFD 3 fF
Fluent , Xf B e /K 347 8 # BOEBL . Kt 5
157K S AN ARS8 It BE A3 A 5 S A5 R AT IR

1 #EHAFEMRREE

1.1 E§HIARE
THEKELR AT B s, HE W R E
W N =S D Rtk

au,_
aIt_o (1
Voww) __op. . o apud
dx;, 81‘,+# dx; Ix; dx; 2
Kb o WREE o FHIED
p BRI puld— WA

I 35 R Sy
1.2 imimiEE

M4 Boussinesq 4K 1 B » AT 8 7 H 35 b
B EMEN R, TE k- e BT AR i i L
ol R 5L 2 T i 3 RE & Rl i s FE B e (1)
S 7R 5 R (D FT R (20 My B A 7 R
4

u;

Gk

dx

I(ppu) 9 U

dx; dx;

/4+&)

Oy

[ERE e

Horp p=pC k" /e
AP SR K i SO
C.— et A R A
¢p—— M Him AL k5 e
lit 8 Prandtl ¢ G, Jifi 2l 4= B0
DO 7 N i 9 R R L B B = s et s 9 M VA €
ASTA) R R A 7 3

Oy

Launder % A48 H (R UE £ — e B BE
A [R) PE A o, JF 25 TR Y A SR A AR,
S i Y A A5 1] S R Y e OO A ) S R Y 5K
Yakhot Fil Orszagt 42t i RNG & — e SR, % F5
k —e BRI o, 1945 ) [R) P AR A i T el 7 T S RY
JE v 2 T8 TV B4 Bl 0 TE B e It B R R L TE e
CERIO)SR s L o AN VA S N B VAR S DS S @
LT 5 J5E YA R 25 RE T A Bl HL A A T
SCHRL10 142 Hi 19 Realizable & — e £ BL, WA 4 &
Tt A RE TR A RAEC R H B S AR SR T
TIRFR L DT S A T R B AR R A O T AR & — e
5 AU ] B 5 B B IE N T .

2 BEXRBHE

2.1 HEIEEFME

THA SRS & 1 PR, B 7K 32 40 R I
D5 1) Hij J5 45 & 5 A5 5% 4 o v 7K 38 Hs g T A 7 T
] Sh £ AT 5 A5 5% . T T C BUSE L R A%, X
7K FL i 2% F R Gk AT SRy AR 0 5 0N A% BT
AR 1.17X10°(y " <<5),

(b)
P15 Sl o A
Fig.1 Calculation domain and grid
@ 5 (b [

2.2 HEFERBREH

K T A B A FR B a1 0 2 X i R T
B 360 XA 3 B B R B B 22 a0 A% 0. R A
SIMPLEC 53 12 52 B3 B2 i i J) 2Z [8] 198 6 3K il

AKEL 1 T B I 8 3 4 R A A L BT 45
B KB BE RN 1) 5 R g o D R
5 RSN B s K FE W 7 T AR ) T G
TR R T A



%12 4 BORZE 2% XUJ5 i A BUTE i 7R BOK 3 S B U 47

2.3 EERXAIE

Xof 3 RE X3 R 78 4 K R it U U B0« R FH BE TH]
ORI EAT AR B AR SCAIF ST T o o R TR R B Al 35
B THT PRI DL B % 5 7R R A7 b 351 3 A BE THT R K507 % K
358 BB A AL 1 38 IR o s o R T e IO DA i I
WP e B D) R R BT R O R LY v >
11. 225 B AR U B Ak T 0 B0 )2 5 R FH BE T R 4R
O R 30T BE DX B o A Al 4 A BE T RO P LT A
T 3 468 B 78 AR ) 3 BE X PN AL Bl Y 2 L O 5 LA R
BT AR T BE T PR T i 2 AR 0 A BURIFE . 4 g 7Y
R TET AL L U] SR P V90 2 A 7 245 5 e i 8 B T o B3R A T
UTRE KR A

3 KEGZRIE

AR ST 5% K B R 3 F NACA4415 fY ol i 38
TR 2 TET 78 43 00 AN B A A 3R A R X K
¥R 70 mm, R KJERE R 10. 15 mm, B R
W w ;=10 m/s, FHIEE Re=u,.,C/v=7.0X10°,
sl 5,

S5 36 7 P A BR KR R AT 52 5 Be i 700 mm;
o0 190 mm; 55 9 70 mm, 7K K RS E T R ECH
0. 719 » 255 B vt X i S 58 B2 R 1. 1%, 2D - LDV
R A E A 2 B 5250 By BT AR i A
o R B A AL B o D A T B T D T

L v BT PN R K B AR A U R A 1) 1Y
PR o A1 AR T 1) B SR v, TG Bl ok U
i, fH’JfﬂJﬁtuﬁuﬂ%k 21 I B K B Sk A R K

o DL, 2238 3 B MM R 5 8y 1 MHz, J@ 3 L

z A T S 00 B N R T DAk e Ak kA

B2 S A JR i

Fig. 2 Schematic diagram of experimental setup
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Fig. 4 Turbulence model performance: normalized

streamwise mean velocity profile at 100%C and 120%C
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