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Anisotropic turbulence model applied to rotating channel

ZHANG Chuanjie, XU Guogiang, XU Jinglei, SUN Jining
(National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics,
School of Energy and Power Engineering, Beijing University of
Aeronautics and Astronautics, Beijing 100191, China)

Abstract: An anisotropic k-w model adapted to simulate the rotating channel was pro-
posed based on the simplified model of algebraic Reynolds stress equation combined with the
turbulent fluctuation data obtained from the direct numerical simulation (DNS) calculation
of the full development rotating channel. A rotating straight channel with the inlet Reynolds
number of 6000 and the rotation number ranging from 0 to 0. 26 was studied. Results show
that the anisotropic k-w model is modified by the means of the rotation correction coefficient
multiplied by the traditional turbulence viscosity coefficient. The modified model can de-
scribe the heat transfer situation of the leading and trailing surfaces in the rotating channel
accurately, which is an effective method for anisotropic turbulence model correction. The ac-
curate description of the Reynolds stress ratio is the key to the rotation correction coeffi-
cient. The heat transfer effect of the rotating channel is related to the rotation number and
the dimensionless distance along the flow direction. The heat transfer effect of leading sur-
face decreases with the increasing rotation number and dimensionless distance. However, the
situation of the trailing surface is opposite, that is to say, with the increase of rotation num-

ber and dimensionless distance, the heat transfer effect of trailing surface is enhanced.

Key words: anisotropic; turbulence model; channel; rotate; heat transfer

W5 B #A :2016-01-22
FEE T I IRAE 7R (1984 —) Lo W/l BN F0 IR A0 0 1 e i TR T 5
BIEMEE 4MHE Q82— B Yl [+, FENERR RS . E-mail: xujl@buaa. edu. cn

Sl RN RER, R F. & T e W & ) 5 v A R LT i as 8 1 2% 4Rk 2017, 32(9) : 2080-2087. ZHANG

Chuanjie, XU Guoqiang, XU Jinglei,et al. Anisotropic turbulence model applied to rotating channel[ J]. Journal of Aero-

space Power,2017,32(9):2080-2087.



oMW

KA 7SS < 3E T T B 0 A 1) S i O A 2 2081

Ji 23 R S AL I8 58 I 7E v I RS TR B
715 R IRy 2300 18 38 AR A I sl R 00 AR BUOR R
Wil E e R IR S TR R AT S B I Y A L S
5 s PR SR T B AU 7 I S e e RS T Y
PV T 1 S A R R A L L. B8
P18 i I A R AT 28 R B e A Al b 2R Ik sl
AR )W ) RIS AL AR B YRS
IOL 3 B4 i Ao R A AR 2 TR A% i A T X
BETR Sk P A 24 0 T o B4 O RE A v A 5
o PRI » AR X Ji e AR 25T 1Y U 3l 4t Bk A7 B
hy VREBA A AR AL R T e A i U 3 4 P
UL 2 Te) S M i O S BB T 7 1%, R R T e
W DR it AT 2 ) i S L A S B

Prakash #1 Zerkle™ 3% F#r i k- F55 B %] g
W AT 0 TE 1) I Bl 4 PR PR R AT ST L OF 5 SR
ERDIHATXE . TP AS R R BRI
AFAEAH 5 25 T80 BOE 30T ¥ A A 1) A2 1o B 32 3 5 I 2%
TET o 3 FAIAE A P A8 1) R i sy o e A S R A
RIEAT LB a5 S S T Y 46 PR B
ARRAR 17 IS 2% T A9 45 PO B i il . Tekriwal
TE ke BEBI 5] AT B0 ) FEF IR B 52 L JF
1E e JTRETIN AT il i i 3l RE 7 AR R A 30T, AR A
TR ke BERL, AR 12 H1Z A BN e §% A5 i
TE AU Bl AN AR IR AT AT 5T 45 R R BT RUE TS Y
e PR T L S 245 AR £ . Dutta 55 R
T FE TE Y ke BEBLXS i ¥ R 18 18 1Y Ui 2 Al
B AT BUE R . IR R e 7 A R IR
TR B0 TH 1 WU AR ke BAL X A IR )
16 1 K5 T Howard 28550 (B 5% . X T 55 00 0%
T+ AT IR Bossinesa B, 1 %t 5 B
DX 35l VS ABORE 17 P T 2 Ak UL o AT O O% 0 BE X B 11 A
PL5 B B 22 £ o Ahmad %7 R A ke
PR k- P A RSM (Reynolds stress model)
Xof TR P 4 3 T U gl 4 B IE AT AL L T A S
SR AR ke BBIH k- BLAIXS U BY 3 1E
SF — 38 3 A e AR T SR A o L T U R
AR 3 G Y 4 PR (A Ak 3 O 1K, 17 RSML 22 1
Wi BRI 22 . E IO, A5 SR B TR
i X RS S AU AT Il 3 8 I Bl e P AT WF
G+ 4l R B T e 5 W) G R U Y 0 A
B 7 R AV R I A e DX A A P 9 B

SN T B 1l A BUE TR C 2R R 2L Bt
T RAMAR T L AH 23X B BF 5 AR 4 i B
R R 22 0 4% 1o [ P 0 i O A5 2 TR A5 R AN J2
R . R EIRAS TR B A2 A/ IR AL )

ARG 0 9 82 0 3 PR 4 i I Ak Sl £ A L B
A5 1] S PR A Rl 0 4% 1) [ i O S T
AN BE X e RS T B AL Bl 0 A B AT A ) A
MR o VAR R T E e G T A A5 T S i IR TR
BT B AR BE AR A ke B
FTTERAB IEPAT T — Fh 25 1 5 A v 30 4 Y 2% 4
TAETIXE 6 4> Wi ) P i — A AT AL 1 IE
I 15 S BOHE T EAT X L (IR ep AT i
FRAE IE B 2R Y 5080 2 e 1L 36 3 A 52 36 s i
FLAB IE AL 8 4 16 1E 2R 8 Bt A Wl 1 )
MU SC LR A fR it — P g B M TR . A
SCAEAR B 5 82 (9 45 1) S5 P i RS 2 119 Bty L %F
T FF] T R A 1445 1) S5 P i A 2Rt — 28 e
IR TEE 25 R SRR 5 R AT T XS L TR I R A
e IR 25T I A ) I 3 A R A DL kg i —
A 00 FH 5 A e 4% 1) S i WAL R B E T LA

1 HERE

1.1 f=HGEMYES*

AN SR FH W ) R S i R S R ) Navier-
Stokes(N-S) Jy #E 4. Jig # R8T = 48 3 M v It
B I Y T A

BT
d
o 9
’e =0 1
9;+91,-(‘0u') (D
B
d(pu;) J ., Ip
2 _’_(,)1] ((OMI‘MJ‘) - a_’_
J du; Ju; \ v
dx; [#<3x,» Jr(?II) puu ’}
2(0('[)%1'\(2}:7;] _pd)ikjd)j/m\QkQ/rm (2)
fiE 7 2
d(ph) 9 _ a [ ¢ dh 7
h) = SRS — e u' T
oo =ag g, e )
(3)

ARTONS JE IR Bh 4 R P HITRANS i 47
Tk 8 F Bk f# 1 J7 #2 418 ALE Carbitrary
Lagrangian-Eulerian) fi i® T i 5 M = 4 N-S i
TS Bz Bl J7 B . I E) RS TR A 2 9] i 22
25 2 ) Y B HICR A 2 A BRAR AR . A% R )
SR AT 557 THI A 9 4% B TT o ISR JHACHE IAR K R
Xof A S TSR T 2 B AUk =K
1.2 HE&RE

ASCH YRR 1 R, Horp 2 gl



2082 L=

IS 25 TR % 1T AR 308 7 18] v 7 1) A JE 5 Al 7
P /S 1= <10 1 N 3 E 4 = <
G SRR R g A A ] L e O U 3 Y
W N IETT Y . @B K I EAR D 14 mm, 8
AR B 9Dl 18 ) F 2 e i 42 22. 78D,

Rt~ K“E%:

il

[E]

e ——————————
’

= f

/
X

=

&3
oA
R
O

/
K
Q

Bl R RCDR B A

Fig. 1 Sketch of the computational model

1.3 mimiEs

T GE i B AL R ) TR b R T
EORBIAE R - AH T 3 S R R 9 A 25 31 e e Ak
bR AT Tk sl i R A 1) T v V) R i AL
A5 F5 5 v I g ) s RS A A AN
T A TG % 1) S A O T ) R TR Bl A AL
DRI I 2 P e R 2 1) % 1 S5 P i 9 A 2R
HAH B TR E A X

ARICAEALGE - BERL Y LA L+ R 25 i ) 4
it UL 6k BE HEAT A IE A J T — B IE A9 4% [ S
i AR . AR LA T AR e AN — A BR i T
Je— RAREY 2 Bk, /P

T (2 Y 2, o
Hrp
Meal Meiz Ml
Boi = |[feo pue o )
Must fusz o s
X T A SCHI WG 5 0 L B IR 0 B9 AR 5 1

a Jr ey EFTT RN = T 1) 3 5 B T 5 0 R

TV R 1 43 B % h w0 Filew w0 o R AR 4
PEX i 0 BE 0 B pecns P gy BEAT E BRI OE L 1B
TE 1 3222 05 2O 78 B A4S i 3 66 52 1Y) BE A 1 3fe DU
IERE [y . RSO IE REWHE T 3 T
W) AR A 2 BIDRE BN T gy T R
HFR X 3 S A T RO Ay A AL A S AT K O R
kb, an = (6) pr R

g o Wk w32 4
0=P,—Gy—c & (', — Lk, )—
- ij ij C1 b ( it 3 I/)
2 2
C (Pij**Pk&])*?s&j (6)
ﬁauj / ﬁu
Jrh Py =— Gy 5 ) Sk
IXy
EEIF\I‘; G —*29/)(5,‘” u ku/, +5//;£- u ku ,‘) ﬂ‘j%‘E&
TR T — o f(u/,‘ u'; — %k&j) — ¢, (P, —
2 Pu0,) WIES LA AN — S0, HERE

— A H B =1.5.c,=0.6,

A SCRE N 7 A I Py FRF G A AR B G Y
(L3 T 70 K e i E s A B IE R
B H fos BT -

‘, 50 s
fu= oy (B 1) o
s Jw ‘uu
dx
. o 2
fas = B 1— Q2 1 =
Mt,33 ?E
11 /dw
E(ax >+ N
uw
N 20
1 1 (8
1 (%) 3°
15\ dx C opdas (u | dw
':P/Al *nﬁxssjﬂx%fe)jﬁ%)& VAR R

g?#l.l.‘%%ﬂ s R 75 TETIE B 20 0L B ) i O 6
M FI AT LUFE B IE R frs F
Foo B 5 5 09 S5 2 X w'w /o AT B G 4
. e (RFW BT 0T K A o 1R R
L RETH 5 ) (4 i Bk Bl . H AT DNS B LR i
DL S B ) i 48 B L T RE T A BR L 7E S 2 N
WA ' =uu A w9 F KR
A (9) . Horewo’ /ulu iR R R A S e 5 i
1) DNS B4t HEFT#LA I 970 Vk 2l EE A A 25 £k i
A 2 B R Mg 24 s st (10, 78w/
W WA 2 LSRR Reg 15 A 28 4 T A S

FEGER) v AF 0 B2 5 1 D2 Req 815 i 311 E
15 S, o S RE A 1A IR T 2 I % 1) S5 P A1 i D

/7
w w

= max(1,y) 9
w'u’
Yy = a, +aiRey +a,Rei + a;Re’ +
a,Rel + a; Re} (10)

Hrha,=367.4, a;=—52.56, a,=3.794, a;=



oMW KA 7SS < 3E T T B 0 A 1) S i O A 2 2083

—0. 138, a, = 0. 002, a; = — 2e — 5, Re, =
P#@,d Hy 5 R T 4015 B
¥ 5 Rey 95 R N 2 B
240 i
180 L
“'_“ 120 9
60 F
Ok : : P ———-
0 40 80 120 160 200

Re,
Bl 2 k3N L bl Req 25 1k &
Fig.2 Turbulence pulsation ratio varies with Re,
ARICR k-w BRIl Wilcox k-w BERL, £
o BFEHI 7R3 5T

9 D iy D ) Ik
5P 5 Gk = [(#+— ) ]+

dx; oy ) dx;
2 vl o) AL
(iqm>+aifpmw>—aii(#+Z»jZ}+
/11:‘0% (13)

DL B 2280 R a=5/9,8"=0.09,8=
0.075,6,=2,0,=2,

Xi?lﬁlwﬁfﬁmﬁ,k:mw:loﬁj”z,,\EP
v NS 1 JZRAE oL B BETH R . K E R aE
SR

X 45 1) S 1 i O A 7Y

du; du;

— 2
ot = B (axj (71‘,) gokdy (1D

Horb & SR T w2
moopme S

| I T e
fla/xl M fss/ll
PRI R IK A
—szj@M%g (15)
7 aT
o, 9T
w'T = 5 an

1.4 HEXSHEX
) RO F/IEBNE X R

_p-wo-D

Re (18)

M
Forb o gtk LV UL » e SR B I 36 S R AR
B w, N R T
2) FEFEL R, M XA
Q-D

R, = 19

Wy
Hrh Q R, B HE%E n RREN
_ 2w em

0= 60 (20)
3) BE [Hj Ja) B AL I AR B A
_ Gw

h= 21)

T q. R BE T PR B B L T, SR 8 1 BE T R R

T, Ml EANSAEEE . 24 SCHk[12 1095 3

Wk T, WEL IR 30 B 30 2R, Ha s A ok
DA

777(‘/,
o D) qu A F I T BT 5 22 ) 3 Bt B
N L IR T 508 R A B PR B T N
SR
4) BETH J5 #8598 /R B0 Nu B A5 R
heD

T, =T, + (22

Nu X (23)
Hop A SR EE. L B S SRR
SRS
SESFHRABITE AR N
T, \"
A:M-@ﬁ) (24)

A A, N 101325 Pa 00 F a5 M SR KL 1
fH4 0.02569, 4% n B 0. 82, T My sE LI A, 3L
R T, 5 EREE T, MEBCEHME.

T+ T,

T 2

(25)

1.5 BREFHMITEMNE
L.5.1 ihF5&Mt

AR HE R T, 0 303 K a1 PO BE i
SRR A R BE ¢ i 1800 W/ m? , i
H it shRe oy #E 1 ¥ 2 BB Y 500, BE T N T B
BRSBTSk 101352 Pa, WA E
Wi Re, S 6 000, ¥ 58 43 %I 2 300, 600, 900,
1200 r/min, 3 FEHECH 6 000, HX N ) e #
R, 439k 0.065,0.13,0.195,0. 26,



2084 =S R S B %32 %
1.5.2 M 288800(J5 & 4) Bf . T 5 45 S e KAH X% 22 R

N BE AR A S5 K5 M ) JSC(EL AR » s B0 T 5 R A
PEAT WS TC R AR IR T o AN S35 SR A [ 1y 1
X L FUE % A 15 D0 2R AT R TH B R R
9 6000, EFERC R, =0 F10.26, A SCEILHER T
4 BRI I, R 1 TR s R o FTOY
BN o T ) 5 AT RE T A 2 1 )2 MR ROEEAT &
7 1 AR A8 P WA Z 18] 9 2 LE oy 36 2 T
NIETTIE - v J7 10 M 2804 « T 1 19 2 808
AR o JE I 1) O S R A% R AR 2
nsmy Fllne SR 3 A5 1) HY) A 2

1 PMBTRBAR

Table 1 Grid independent solution schemes
FE T/ CES
%5 mm ’ mm ‘ 7 N JS% 14

1 0.2 1.245 0.63 20 20 200 80000

2 0.08 1.214 0.63 25 25 200 125000
3 0.03 1.204 0.63 32 32 200 204800
4 0.005 1.192 0.63 38 38 200 288800

AR 1 38 T8 8 R R S A 3 TR .

sis===———=c==c=z=xi|

|
|
I Ll | 1

(a) Ir %1 (b) Ji'#2

© N3 (@ Iy
B3 07 S oy AL R A R

Fig. 3 Sketch of x-y cross section grid of schemes

Bl A 25 T FE 1k (B 4 Ca)) e 55 RS H
([ 4 () FNE 4 Ce)) A A P A% RS F 5545 2 /Y e
i A 5% ZE SRR BT A 1) B 23 A = R U 1) B R
Nu g R UG TE AR 5545 21 1 F 1 85 27K 8K
Nuo S0t B 58 70 & R it U 14 1 189 %% 2
IRE, Nu, =0. 023Re*3 Pr>t . MNIE R LIFE L,
4 0 A% FN 80 000 (5 28 1) #3145 £ hy

3520, 24 I A% £l it A 204 800 (J7 %8 3) 34 i %
288800 W}, Wi Fh 7 R IR 45 RO S B A A
Ko B Z55 2 BBH SR B RS i a), )y % 3
F18) DO A% A SRy AR ST T SR I 5 44 R A

4

\ —a— Scheme 1
3F —=—Scheme 2 1
—&— Scheme 3
—e— Scheme 4

[

Nu/Nu,
(3]

—— Scheme 1
3 M| —=— Scheme 2 ]
—&— Scheme 3
—e— Scheme 4

0 1 2 3 4 5 6 7 8 49
zID
(b) R=0.26, TR

—a— Scheme 1
—=— Scheme 2 |
—4— Scheme 3
—e— Scheme 4

(¢) R=0.26, 5%

B4 WIS JC AR 45 (Rei, =6 000)
Fig. 4 Results of grid independent solution (Re;, =6000)

2 HERERRBENH

B 5 ik as B I (9 % i) S A i 30 6 280 (] A
P IERE A A T 50 e FA 45 21 5 52 30t ok &)
SEOT R 2% 1) S i VAR R (8= 1) (AT iR TH AL D)
AT RA R IR H . B IE AR A IR AR R A 3 28
SEAE T ABIERL R Xt 2 AN T 0 ) AT e 5 18
1E S T TR Y 68— v 1 R AT BE R 4B IE s BR
I Z A TE A Y v e B 18 TE AR Bl A A S



oMW

KA 7SS < 3E T T B 0 A 1) S i O A 2 2085

w'w’ /o 1B R A J2 e 6 3 38 9 DNS %1
B o T TERE TR R P e i e 1l 3 1) S 0 K . B
TEAE T 5 (AR TR0 A X 48 FAE B0 1 i 3 ) 22 5
SR T G b TR T X I 2 T 5 A A R
FAAEWS A B D0 o 18 TEAR Y 10 T 33 45 2R RE 96 1
Ml SR Fili iR S8 Y 4 2R S R S O X e T A B AU L
S 0 S 56 1) Kl T TG 5 TR 5 BARECR A
W5 S R s A 22 5 (RS g e MFE . L
FE5 Ut W AB TE AR L v X 7 A T U B ) R AT 48 TE Y
s B A B T L Frow'eo” /au HLG R I JiE
Bt L T ) AR B A B TS A ) S P i A

? T T T T T T T
6 + —v— Present data il cipPapa
5L —o— Zhu Trailing surface
E 4L = Experimental data''”! .
2k
1L
3
8 T T T T T T T v
&l =V Present data Trailing surface
- —o— Zhu"!
é 4 ®  Experimental data!'”!
=
0 1 2 3 4 Qb 7 8 9
z/D
(b) R=0.13
8 T T T T T T T T
—v— Present data Trailing surface
6F o Zhy" o
fz 4 = Experimental data!'”! &L
=
2}
e
S ale

(¢) R=0.195

8 —v— Present data Trailing surface
gl == Zhu!"!
= m  Experimental datal'? ¢
= 4F 4
= v
2t MR v A Sy WVVETVY|
3 o Leading surface 4
=
=

5 AR S 45 T H (Rei, =6 000)
Fig. 5  Contrast between calculation results and

experimental results(Re;, =6000)

T IETT R A Rt T EE WS %,

P 6 a3 4 e A (] I o 20 67 ALk G 1 55
IREIEE Nu/Nu, FEREFE R, A2 e s, WK
Rl AR H T Y 4 RRCR B2 T B R B i 4
Oy B i 5% TR 114 80 A i e e 500 4 o T 9 K i
25 THT 1A 450 A I e e 2 % 38 T O o BRI 2 A
T TE A R B RIOCR 5 T R T i A A —E Y
KF X THEREHE R, =0. 26 1 L0, S i 17 i FE G
BNOLEN =/ D=2 BB /D=8 I} )5 G 1 1)
BRI A 4 R O 57 0638 Jn )
10826 o I % iy 25 M7 F) 45t A8 585 ) 0CR Hhy 2200 1
INE] 5456 X 555 F ISR LTS .

2.5 - :
n /D=2 Solid: trainling surface
o /D=4 Open: leading surface
20 a z/D=6
* z/D=8 * A
" 15 * A .
2 2r 1
=
1.0 =
[=]
0.5 % § :
0 0.1 02 0.3

R
P 6 5% 98 IR B L BT i Fi S AL e B

Fig. 6 Variations of Nusselt number ratio with rotation number

30 H MU Bl 75 TGS e SRR A T T IE Y
PABDLIEAT 0BT o B 7 DA [ e e Bt 1 5545 3
f18 IR R AR ML 1 3k T A SR A B R o/ D=
—0.5 RS &I, 2/D=0. 5 {UKAT& i . A
T3 A A T AL A 16 3L 3l 5 1 s R/ BOHR T 9
PRAC U ) 2 o ol T MR i B AR T AE JE R
AT b B L T 3 A A 245 3 A AT R B AN



2086 it

R

3

DA LRV

S, T3 B R i sl . X T ARSI R sh 4544
AP B TR 2 B Hh T R 1) %
BXTIR AN 7(b) ~ & 7Ce) fr s, T 7R 1k T
B, WA B R L R 3 3h e A 38 AT R AE
TEZ R A i 7 () IR .

B 7 iR RE R HY L B A T A AR 4K L )
AR A T . BT ER SR A A G
77 H K T H8 [6) S T« B A T AR B R R IR
73 1 4 P 5 B0 S 1 1Y) 2 5 ) Ok R
B T8 1 3 S 2 8Ok B0, AE 35 K e % B
(R,=0. 26) , 7€ 1ij Z 16 Bt 30 % 1) 3 B o5 B T R
.97 B B E 3 A 7 (o) iR X S i T a0
T8 MR TE ) 1 AR Sy B LA

[ )
047 =N
(T m——
b
0.2[§ L m e '-J‘
i '
02!« A
Bl st 11
D4R =’ ."’;‘.
et ]
—04-02 0 02 04
xID
(a) R =0

02 04

04 -02 0
x/D

(b) R=0.065
T T e (Bl g o oS N
W | R S AR )6 e,
AR Lrgu) N2
b= oo % : g
0.2 "II;- | 1 \ |
g o |1 AN
- I|I | 1<
0.2 [l 'se - !
- I i A | i
| L > b, o o o TORNTNS
-0.4 E*I i g .:_'_g.;. D L -0.4 .:-"-L"In.. 2 .:,;___';;3_::;;‘,-__' "‘E
-04-02 0 02 04 -04-02 0 02 04
x/D x/D
(d) Rﬂ=0,|95 (e) R‘_=l'l.26

7 AN [ e s — YR A 9 5 AR IR o R ) 4 1 4R [
Fig. 7 Secondary flow vectors and streamwise velocity

contours at different rotation numbers

Kl 8 JE AR S BT =/ D=8 a4k . y/ D=
0 2 I 1% JG ok 40 38 17 3k JEE 70 A 1T P P o, D
YRR o g TS B B A B . A TET g
PAF 0 T IIRES (Ro=0) » 30 1w 33 B2 1 52 B
XERR A TR BEHIRZS T - i AF BT 4 3

JE TS TR R B LE 1 2 180 B 30T 5 S/ 1) i 4
T AE i % 181 B O 22 B R 0 s 3, OF HL Bt % ol
AN BT 388 K 30 o AN o R P RO Y . M e A
B R,=0. 26 B}, J5 2 1 B 3T TG & 49 I ) o B
A UA (i DN LR R S B Y 1. 25 $& B 1. 67, 1M AE
RUZRTRI PN O O 22 BT 03 . il e 2 5 1) AN
I o S5 5 T B LT ) R E A AN TS OK L L LR
DR S 3K 150 BT T 3 5 TR 4 9 20 i 3 Ak B Sy i
B3 I Je % T P 960 A2 e 2 50 ) 33 Jon i S W 3 R
0 L SR I A T % T BT B e 2 A AN
8 R A BE AN T AR /N 300 B )2 AN W AR TR T O i
25 1R BRF ST 114 Ak A BT e A0 A DRI 18 T v A DBt/

2.0 ¥

zID=8

£ 07 R=0
= —a— R = Bp 9
04 —o— R =0.065 e gy
—a— R=0.13 e
0 —a— R =0.195 ! !
—x— R =0.26 e
A0 02 0 0z o4
zID

&l 8 AL £ y/ D=0 4b 1) JC i 4RI ) 3R 43 A
Fig. 8 Dimensionless streamwise velocity at

section center line y/D=0

Bl 9 ST B R, =0. 26 I L 1A 7 A AN [ G
OB AR TG A o A P A TG AN
2/ D=2 I, TG 44 BE I3 A 3 HE AR 1 B 72 A7 X AR
fR 1 OO BE A I 1 4 07 5 A 6 o R TR AR A O
AN X R B B O I 4 T R O e B2 A B R B
G 20 S ) 6 0T 3% A S R A JE O i AR
DR o THT T 25 T A3 ) G 209 38 A48 A 45 i % T 1 4
FABC . DRI » i 5 O 1) 94 R DG 44 B 114 A W A2
A+ I T A1 5 T (1 45 A5 1 AN ] Py A A s 3

2.0
15+
] 1() .;"':'.-'-v-olotans----;-ucllq-b.ulol--‘: """"
S 4 R=0.26 e \\\ 1
0.5 1 —o—z/D=2 *2:“ L
f —o—z/D=4 k%%
—a—z/D=6 ‘5‘(*
0% —%— z/D=§ AN

05 L L s s s
-0.4 -0.2 0 0.2 0.4
zID
B9 AN JC 7 40 0o B b JC i 40 1) o A A
Fig. 9 Dimensionless streamwise velocity at different

dimensionless locations



%9 AT A SE < 5 T e % 0 A A 1) S i AR T 2087
. rotation and buoyancy numbers in internal cooling U-chan-
3 g:é': TE nels with smooth walls[R]. ATAA-2004-1276,2004.

FE T ABCE N T T B ) R AR R I 25 4 T
B3 1A 1) DNS 9 i it bk 2h £ & g 1 — i
T 50 38 10 4% 1) e ko BT S G 5 S 56 AR
i B R LG A A A5 B DL T 4518

D) B BESAE IE REL f1s A [ e LU AR B8 1) i
UL JE R T ) 45 o) S P k- SE Y, BB 8 T T M 4
A T A RS I S 180 RIS S D 1Y) A AN DG 5 1 T
XS — PG R 25 1) P i R AL O

2) TEFABTE REL [ A fos J2 A5 G BEAY G B
S I W w0 /ST R A

3) A 4 BRRIOCR 5 T B BRI R G R 2N
PLE A I, IS T 4 45 P B e 7 B0 ) I R G &
A B ) I T U /0N 5 T FS % T £ ot R B e A
G [ T R TG 2 40 B 5 A9 85 o 14 K

4) W T EO IS BN T ) R R TR iR
OB (R, = 0. 26) » i 25 1T B 30T A9 3 4% 1 B A4
CARIE eI

S 3k :

[1] PRAKASH C,ZERKLE R. Prediction of turbulent flow

and heat transfer in a radially square duct[ J]. Journal of
Turbomachinery,1992,114(4) :835-846.

[2] WAGNER J H,JOHNSON B V,HAJEK T J. Heat trans-
fer in rotating passages with smooth walls and radial out-
ward flow[]]. Journal of Turbomachinery,1991,113(1):
42-51.

[ 3] TEKRIWAL P. Heat transfer predictions with extended
turbulence model in radial cooling channels rotate in or-
thogonal mode[ J]. Journal of Heat Transfer, 1994, 116
(2):369-380.

[4] TEKRIWAL P. Heat transfer prediction in rotating
smooth channel: comparative study of model with wall
function and low-Re model[ A]. ASME Paper 94-GT-196,
1994.

[5] DUTTA S,ANDREWS M J,HAN ] C. Prediction of tur-
bulent heat transfer in rotating smooth square ducts[]J].
International Journal of Heat and Mass Transfer.1996,39
(12):2505-2514.

[6] HOWARD]J H.PATANKAR S V,BORDYNUIK R M.
Flow prediction in rotating ducts using coriolis-modified
turbulence models[ J]. Journal of Fluid Engineering, 1980,
102(4) :456-461.

[7] AHMAD S,KAPAT ] S. Effect of coriolis and centrifugal

forces on turbulence and turbulence and transport at high

L8]

L9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

FOR 5k BEF RS S BYA ) 8 38 IR S v ECE T
LT e sl )14 4R . 2015,30(7) : 1647-1653.

WANG Shunbin, ZHANG Li. Numerical study of flow
characteristics in rotating S-shaped passage with ribs[ J].
Journal of Aerospace Power,2015,30(7):1647-1653. (in
Chinese)
RBIZE. e i R ¥ J SR b & 1 S i R AE B A F 5T
(DI db - b st 2 i K K2 2010.
ZHU Jianqgin. Study on anisotropic turbulence model ap-
plied in the numerical simulation of rotating cooling blade
[D]. Beijing: Beijing University of Aeronautics and Astro-
nautics, 2006, (in Chinese)
ZHU Jiangin, TAO Zhi. Computational research on rota-
ting channel by amodified anisotropic turbulence model
[J]. Journal of Thermal Science,2011,20(5) :385-393.
XU Guogiang,ZHU Jiangin, TAO Zhi. Application of the
TLVA model for predicting film cooling under rotating
frames[ ] ]. International Journal of Heat and Mass Trans-
fer,2010,53(15):3013-3022.
X% P el eI W 8 e R Bl S B BLE AR D], b
A AU L3S TR K2 2006,
LIU Chuankai. Study on fluid flow and heat transfer in ro-
tating serpentine cooling channels[ D]. Beijing: Beijing U-
niversity of Aeronautics and Astronautics, 2006, (in Chi-
nese)
REIDAR K, HELGE 1. Direct simulations of low-Reyn-
olds-number turbulent flow in a rotating channel[ J]. Jour-
nal of Fluid Mechanics,1993,256(1) :163-197.
WU H,KASAGI N. Turbulent heat transfer in a channel
flow with arbitrary directional system rotation[ ] ]. Interna-
tional Journal of Heat and Mass Transfer,2004,47(21)
4579-4591.

XL B e X 6 U RLE S P e R 09 5 0 BF 5T
L] izs 8 )12 4Rk . 2006,21(3) :512-517.
LIU Chuankai, TAO Zhi. Effect of rotation on heat trans-
fer in a rotating U-Shaped passage[ ]J]. Journal of Aero-
space Power,2006,21(3):512-517. (in Chinese)

XL L B e 63 Bl il U TR 3 T8 10 JR) 340 e PR R
(I, Mz 2412, 2006,27(5) : 751-755.
LIU Chuankai, TAO Zhi. Local heat transfer in a rotating
smooth and ribbed U-shaped channels[J]. Acta Aeronautica
et Astronautica Sinica,2006,27(5) :751-755. (in Chinese)
XL PR =Rl e /R e % U L5 T8 18 10 J5p 3 4 4
(I, AL st i s ot K K2 2 42 . 2006, 32(3) . 284-287.
LIU Chuankai, TAO Zhi. Local heat transfer in a rotating
U-shaped square channel with three channel orientations
[J]. Journal of Beijing University of Aeronautics and As-
tronautics,2006,32(3) :284-287. (in Chinese)

(m#t. 2B





