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Study on the effect turbulence models for the flow through a subsonic compressor cascade
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The eddy viscosity turbulence models were applied to predict the flows through a cascade, and
the prediction performances of turbulence models were assessed by comparing with the

results
and kw

experimental

turbulence model shear

for a controlled diffusion(CD) compressor
stress transport(SST) turbulence model

blade. The original k@

were used as

two-equation turbulence model which were enhanced for a low Reynolds number flow and the

Baldwin-Lomax turbulence model was used as algebraic turbulence maodel.

Navier-Stokes equations in a two-dimensional,

Farve averaged

curvilinear coordinate system were solved by an
implicit, cell-centered finite-volume computer code.

The turbulence quantities are obtained by

lagging when the mean flow equations have been updated. The numerical analysis was made to
the flows of CD compressor blade in a cascade at three different incidence angles (40, 43.4. 46
degrees). We found the reversion in the prediction performance of original k-@ turbulence
model and k-w SST turbulence model when the incidence angle increased. And the algebraic
Baldwin-Lomax turbulence model showed inferiority to two-equation turbulence models.

1. A

5719 UREREL s BEF dFfAEe
W, 58 W29 Yol kolAiz HEolv
gl 4] Aol FolA B ojore
wARG. olad S¥& B3 &M sl
M TF%-’] Asgtd FelE wdsA £4d #
A= iR Hasith HENA M |
=l ”‘O] 31—‘ YHEEHE dad dFRda
244 GdHREdAEAN dFd dFEHIEE
Baldwin—Lomax WHREd 29N dEndas
k-e R dT k-oviinde] iEHolrh o
T k- FEAS k-t R] Hd HeH
Tl fEol delME ol AR MY Axi
Holttm ¥ auH 3y 9t Menter[1]i= Wilcox[2]
9] k~oWHEHES MMEle e Pl Bo
W 7+8 k- w SST(Shear Stress Transfer) W%
-2 AAEtA Y 22] 2 Baldwin-Lomax WiFE
A3le- F2 HEET 284 R EANE B
;5-‘0 2 7Ht3¥kl u:éo]x;]_

& AT AME Wilcox® k-w WHiRE, Menter
9] k~w SST vt d, 18] 1 Baldwin-Lomax

a2 9

—

D EFFHgsta AT ST h
(790-784 B35 Z&A S EAE A3l
Tel: 054-279-2833)

2) YTt 7)A Tt}

Hgete] olF M A FHHEds e A
e =gz 349u. o3 s Elazarld]$F
Shreevel5]7} 2AIZA 92 "@dAzANA 4¥
g Alo] FAFECD) ¢E7] dHo e A &)
Mg sl o AT o5y 4Y A n
asksd o

2. Ay AA 4 AAxA

2IXI uﬂ Ht ﬁ A
244 &4

[s]
= »H—r_?_ti‘a AHESHE A S0 Y=
o] AujutAAle] AIFio 2
%24 Navier-Stokes #7421 22& Fefrt H

o},

a(pu,)
o
3 T ax 27, =0 (1
dou; 6(pu,u,-) o 32',,
ot 3%, ax, T ox, 2)
%‘F—[u(eﬂb)]— [u.-r}j*q,-] 3
A7 = A, xE AA NE, g BE &



BERUFAZE

=uE, ot UE, pE UE, 1,5 %_'—X}%%’%Eil
Ast dolsz SEUANS & g BA 2 UF
g5uEl) &, et AT AANIA
2 vehac

T A AFgE FHEA-LS Boussinesq?)

o de Ay JdAE Rd2AM, o
E%OV Baldwin-Lomax Y& 242[3], 2
W Ed[2)

2o

‘a]"‘ Wllcox«l k-w

2.2.1 Baldwin-Lomax 47249

oo

Baldwin-Lomax YHE2 92 dojzz A
2 Aozt A ik 2F HTEE
dolt}. o] EAL Cebeci-Smith YHEL[7]E
Wasld WE 9Fy dFRIE dAE X
g 71For 2% YHELS &

o

Inner layer:
Vi inmer= U mis | 2 @
La=xy[l—e " ®], y*=yulv (5)
Outer layer:
Vi, outer=0.0168 * 1.6 * FouteF e (3) 6
F gt 0L 1 F s C oot e i Frna ] (1)

JQ[1—e ™ /%) (8)

g—mil)s]'l ©

F(y)=

FK,e,,=[1+5.5(

ugpN G+ P+ WD) g —V (B P+ D) i (10)
d714 ye HoezRHe FAALY, Q& 94,
urs BoSEY HAg Hage AolA

gt Adigtel HE AAT yraolh WA B
AZ 459 3% ymets BAEF ZAME7 A0k

222 k-0 dFEQ

G5 SEAURG Hags

:‘.:.
duty Pz et o§3 2o

Dok _ _ Ou

Dt~ T ox; ~ B ookt

[(#+Gk/‘t) oz ]

(11)

_DP__J_ 8 dw
Dt Y ox; ax — oo’ + 5 ox; [(‘u+d“'ﬂ’) ax,-]
_ok dw

w ox; 0x; (12)

+ 2,0( 1— Fl)dwz

A7NA ke
EREE u=

GFEENYA, o v 2AE pe
GEHAEE Yedo agx
Ao, ol

BIA 7= Boussinesq® 7ol <3
o] EAIET

Lo dFEFANA

IN
olo
I

SO
dlo
A
L

8u, au,-

8uk
/11( 396[

axk

- % 6,’,’) _% pk6,-,~ (13)

s

,AQAA (1-F)e) FHR FL k-ed
W w-c/kel BAS o8 k-0 UF
4z W9sE FANN A7 -l
Col Be k-o WREdY HHA AR5

w
ZEe 4BE AFEE FAAIE 7sE

tg

)

oL SRR

£

Original k-0 YHE249
Frd A5E g 2k

0,=0.5, 0,=0.5, B7=0.09, 8=0.0750,

x=041, y=8/ B"— o, x*IN B’ (14)
GRYEE gl 4g olgste Fah
=k (15)

Wilcox 9] original 2@l mxpgAatatol ¢l
ooz 12 12 §oh

k- ® shear stress transfer(SST) model
o] R dF9 23 JGFRUIAN AAZF
AZAME k-0 GHFELS AHEEID, I ¥g

oML k-e HRELL AL P F R
W) AAE drolFe gH2A $A4 el
ggel 42 Fd 4850, ¥ SHAAE 1

g AT AAE 2AY SESAE 09
Z

& Zeo

~

o



M1 EHY 53
L

¢:F)¢1+(1"F1)¢2

A7A = FEE F5ES uise

12 oy°l 0858 wiHe RE AN AdA
e e Wilcox? original k~o RS A4
T e s god, $ k-edFEAEY
At ogn 2.
op=1.0, 0,=0.8, 8°=0.09, 5,=0.0828,
=041, %=48/ 8"~ o4 x*N B an

ol¢} A k-w SST WHEEE e A ujol
et wigEs zalyl fdl FAZ QFAA
Bradshawe] 7t14d oz dHd=E AIFo2 A
Aolxz A9sy L4 aE FAGAc ol
oA 19 & 2m, AAZ BAMgd 7
B AFE oo AR e it ol £33
GRALE g8 2ol MgForN rhEEAl
st At
ak
7 T max (a0 1SAFS)

(18)

471X & Bradshawd A424 2 g 031

olv] &% Qi 2499 AS du/dy— dv/dxol

‘4 e AASNHEE LY F e FFAA
T duldy® & 4 AT

B od ol tpga ol & HEHAY.

Q= dufdy (F,20.9) (19)
Q=duldy— dvldx (F3€0.9)
23 AAxAN 2xRA
B oAFd A AgE o §EFS FgldMd &

A R o] 4, H, F7E 2= FF A
AZALE AT gt PN dYE, ohe
F, 4T FEZo] FojAm, BIFFERFE U
29 Riemann 4% 4tstel A& 2

e
ST E

Ao, dFAMY kSt o @S Menter[8]E o
FArt

ko= 15 Tunlal?, wu=0{10-52)  (20)
AN Tuotr AFHE SGHAE, L& 542
o], Ut ZAHHE SXojt) HolMi: 54

UEHE % 8]

2o kol disiAe HEHzRE AHESRAR, &

5 =
2 LH"?"’“H gidtn £xe dgxdgs FAU
t} H A4S ol BdA B9 BAzdE 2
3 ogAl gn HAaHeE g e @& #
=},

@ — %% as the wall distance y — (. (21)

o] e WolA A WA ARWINT HEHT,
ol A& Menter(117F AA & o3t 22 24
g Hgstdrh

Gy

w=10—77 at y=0. (22)
E7ME 7AYo FolAz oA HdH
FRFE WRlA Jatstgon, kot wol Wi

perodic
parodie = L,
|nbt»~ et
nsriodic
peradic

Fig. 1 Flow configuration and H-type grid
for CD compressor
Ae dF AAz2E AHEE g
ABHES 9% 21238 9F=

as
29l 31%3}%15} oj¢} #& ZIulZ:AA

LNl e

= R s *2?7\15}. 3 w‘%jé*’g w3
Z8ted wgtell Aste] dasit. ol Durbin{
o] GFAL Aol #F AHE FH7A
Mo 23 Michelassis[1018 =2} o}
Zol A g3yt

wz_l? = max[w.l/(_ﬁl" —85337)]

A71M e GFAZL S=V S; S0t

n[o Jo 3
L o 5

5}

(23)

3. A8
BHEFEHAAe A g gasies
Beam-Warming{11]9] aiels Al ¢
Euler WA AMHERE ALEIA
g olAtdle RE SEWS} 732}-4

O!.N o X
o
2 20



54 M 1 EHEW

SERIGHSS

i

[HessE 9 =8

o

[
]
i~
lo
U
!
o
24
)

e AREd A4AE 2
}%0}95\':‘3], Fao = Roegl FDSE,
23el FAALWE HEAAT. k-

449 ol W WFB sl

;%

E !I
ol
28
_8.
—
_,_',

2Zrxe omd A
E o B 10 oX e N
NloP.L'.%:iNoSB

~ H
rir
)

ofi o,

ol

OL

2

i

E

o

>

oo

of
ox
i
2
>
>
olo
ok
>
o
i

ok
32
8 5

4
N
2

X
n
Kl
ojN
o
s
2

T
e
L
Sl
ol .
o
>,
M
R
2
)
p:)
>
o
i
o
ok
™
% rif

T, i og tjo o

>

P

RN

i

i

R

o

Mg

2
rie R ooz J

f
u?.i
!

Ir
-3
il
Y
R
)
5V
N
e

4. A4

2 AFAME of2E& FAANH(CD) 7%
%7]9] 9 %%"ﬂ o 3 A Elazar(4]%}
Shreeve[5]7} 48§ A% E A& og&
Laser Doppler Velocimeter(LDV)E& o] £3}lo 4
AZZA(B=40" )X RE GHA THARAB

=43.4° , 46° )ol wisle] <) RHYE, IS
E, URFESE 24890 o)5o] ALE 2
3| Table 19 #)A] 3} c}.

AxAe
FAHAE s A8 AAAE FiglodA

Table 1. Flow conditions for CD cascade

Blade chord length 1273 cm
Reynolds numbe 700,000

Inlet Mach number 0.25

Inlet Total Pressure 1.03 atm

Exit static pressure 1.00 stm
Inlet flow angles 40° 434" 46°
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Fig. 2 Measured and Calculated pressure

coefficient distribution on the blade surface
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Fig. 3 Measured and calculated mean velocity Fig. 4 Measured and calculated turbulent intensity

profiles on the trailing edge and in the wake

o7t Zoiste] dieding el 715 7P‘“€l Els
% BAF7FE ol wEEA %] HE S AR
o} o] S Ut 40%, 43459 A$ 1,; =
Axcre) FedoA Baldwin- Lomax e d
o} 7+% *9“?} e dzee AL BH ¥ F
ULk QALY 465 Q) AH Baldwm—Lomax vt
FEYe A9 Be] §9iAAM A ¢
o8 ghs &8t oy Aol B s e o
7| EE AARG ZA FEr] QRO Hel
o}

Fig. 3o 4 £ FZ(TEH FFA19(x/c=0.082,

on the trailing edge and in the wake

, 0212y A AIZLAl Y R[5zl oE Hosk
= EBEZE RYY HAzAA 4T 873 0=
9 AL k-w SST, original k-w,
Baldwin-Lomax Y4HXd oz AYAe} =
AL B8, k~w SST dHFELE S HAA
Fo A AP HE3 AH3AT. o] HAL o
FHNA A8 Q=du/dyte 7tEel % 2
ATE RS E"%’EE} ?}:rl & zte]l AR} m
g 2o Fd Hze) FYUANA k- SST
vTE’_‘.—*alJ—‘r ongmal k~w ‘4 gl o= S
Ade) drHUk YT HEZL 694 k-w



56 M1 2EY

1
[UEss % S8 J

SST WFEde 79 FA FURANM Fi&
2 U® 2 dsstdch aed, gERAA
£ o108 k-w SST RSl 5450 7

1000
™
sopf/ ---=-=-<
P, o
1/ T~
200 s loTT
1 i e ST T
g N O S == =
!
00k — b
_-_ - 4
=y |- betz=48 deg
) b3 s 05 8 0

xc

Fig. 5 Calculated du/dy distribution along
the suction surface at £=40" by original

k- @ model
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