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Wide stability margin aerodynamic optimization design of

supersonic profile

HAN Lu, ZHOU Zhenggui, CHEN Jinfan

(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: By comparing with the experimental data of PAV-1.5 designed by German
space agency, the calculation method of flow field in supersonic cascade with high accuracy
was determined. The results showed that the consistency between the calculation and the ex-
perimental results can be improved by adjusting the thickness of the flow tube according to
the position of shock wave. In order to improve the stability margin and ensure the perform-
ance at design point of supersonic cascade, the back pressure estimation method and optimi-
zation design method based on target margin were established. The multi-objective optimiza-
tion of the two supersonic blades was carried out. The optimization results show that the op-
timal cascade can reduce the incident angle of the shock wave at design point, and cut down
the shock wave and shock wave boundary layer interference loss. The aerodynamic throat
moving forward and the terminal normal shock wave moving backward can improve the
shock-holding capability. Under the premise of keeping the total and static pressure ratio un-
changed, the stability margins of the two optimal blade profile reached the design goal, and

the loss at design point also decreased.

Key words: compressor cascade; supersonic profile; stability margin;

multi-objective optimization; shock-holding capability

s B H9:2019-11-22
BELWH :{HEAHEAKED(2017-]1-0001-0013)
BB B 85 (1993 —) B 14k, R8I HL RS 1205 .

SI e Eh R, 5L 5t BRED L. T8 LR A B AR AR R L) )L A 3 ) 2B 4. 2020, 35(6) 0 1247-1256. HAN Lu, ZHOU
Zhenggui, CHEN Jinfan. Wide stability margin aerodynamic optimization design of supersonic profile[ ] ]. Journal of Aero-

space Power,2020,35(6) :1247-1256.



1248 A |

DA %35 %

Sy L A A 2l FLAE BT LG AS T 1 g A 20K
[ WA A = A N [ | DY a = o /- Y =
PR A RS R G A . R
BT F R T 0 00 R S R R R BT HE
FARE B . AR R A B S I AR R T AR
FEET RBORE B R AL F R B A &
HE TR X 33 R 7R L O R / B R R AL, — ELi
Fr i BT BB P U Bl 0 3 B — TE 2 A
Wt PRI R R IR A 2 L IR DR R T )2 T A O
1R SR T AU A T R 3 K A ) R

T BT R R R R AT T
Kk it S LR BF 5% . Levine " 42 H 8 75 n M AT
M — A R ER K T R S M B R
W — iy 2 P A A 5 A L R R BT i T
BRECR 1.5 B8 75 TR 4 178 PAV-1.5 DL 59
W o B I BEAT T T L G s Kusters
R CFD Jy 3k 98 PAV-1.5 3, 4
S5 7 R UL B E LA B i A AR Ak X - B 12 T
P3RS A 5 B A R T TR
2 Bk ) s PR R LA 15 DI o R % R R e
T T 7 1 BB A8 AT O I A5 R L R A O I
2K s Cui S0 X 191 45 68 75 it 78 5G4 L AT 2 B
ATk /N2 A2 B0 B AT T O I 4 A 4R
HE TR M — S A R R R AT R A R O, )
B IR B 248 8 S AR R S R A

SRR R k& N S N R LY AN 1K
S HbrAR G Bt St B N R R B S
SEHL R BV RE TR b DRI I R e A
(53, U Sonoda % SR it 4% Ik X PAV-
L5 3EAT T b i it Ak Ja i B Hr % & A2 T W)
AR B KRR 1) 5 B 8l R R
I 0. 027 ; Sun S g 57 78 R I B IR D 46 2K A
R, LG Ol B il vt I 4k T 88 A kA 1.030-6,
i R R R BREAR T 0. 025 XE Jp S X i
A S P 22 P IR A TEAT T ORE S O 6 R
R4 RLEAT T A Sh i fb BT A 2 T A
PERE s JEIE SR 4 I FRUE AL I IF & T
FE R BT I AT B R,
TR AR BB 22 38 O 3 R AR B R 0 4
Mo AR X B SR AR AL BT H bR AR AL
Wit S HERE . M A H IR E TAEME . T
SSUTT B R S A AN W8 R A R B A
FETT 5 0T BN T35 45 b /s K2R 14 38 i, [
L XE L S BN A A B st DL A AL i
R R e TAEMEE NI Hbr. JEHBH

FEASMUTE A e it o A 4 2 ol 50 398 v 30
HE L i L R R AR LA [ L BB
o T P AR A E A R U] I i R A Y
RSN FREME DS e .

AN AEDLA BT R T 153 A vt
Mt B PR R AR A DRI I 0 SRS B B A 1
SERAE R, PAV-L 5 A B R E & it K
B FTE N B i L0 45 R A T B T
4 VA P {EL X B R P T 4R AR T
WA 25 PR I 2 EL s e, DR O AT O 2
HiRm et Bl g i,

ARSCH LA PAV-1. 5 350 H s S S Ak, R [
BT WA I T 5 SR I I R AR A
it YA AR AR A O TG 4 RS W R
WY T T Sk Re R TAEM N
H AR % WA 25 L Sk B2 o 1.5 875 R e AT AL
BT s BN AL 20 )k TR 4 iE A PAV-1.5 5
BEIE IR CM-1. 5,

1 BEM#MRBITEGE

PAV-1.5 £ IS HE 1; FER S
B 25,

1 PAV-1.5MEERSHE

Table 1 PAV-1.5 geometric parameters'®]

ZH K

3% /mm 170

o KA % 0. 035
i 2% /N B AR X 2 42 0.0025

B2 0. 65
G/ O 148. 1

®2 HEHERC

Table 2 Results of experimental !

ZH Bl

i e 1.07

HE AR X i % 1.51
HE AR A/ () 150. 0
i E 2.14

H EAR XS B R 0. 82

A A/ (O 148. 7
RUEUR R 0.14

AR SCR [ e TG — 2 3 it 307 15 il



5 6 0]

BRSO I R R S AR A 1249

e I T 5 A SR LA p T R IR 2 R T O O
W 2 328 T 2 BB U L X T E S A R s, [l B
[T 1R~ h = 1 ) I e 7 = Ny ol N
T R W R A b L DR O R R R
il 1) 728 Ak DA T N 5O L A A A, A 396 0 oF- T
A C38 0 LR 1. 0O 45 R4 X T

W% K Autogrid 5 %l 43, O4H Y f 4% , BE
AT 57 — )2 A% 755 24 0. 0015 mm, fRHIE Y <5, 7
TR VR BE 7 1 A 13 A A 1 T [l A T e
P Ak 235 ¥4 A [ S P A B2 Ol 2.2 X 10° ~ 2.3 X
10° B RPIAR R 1.7 X 10" ~ 1. 8 X 10", o 4% 4%
) HTE A W 1 R .

K1 AR s
Fig.1 Mesh of cascade

R LR 1. 07, R B 119 1 5 5
T, 0 E I T SRR R 1. 07T, WA 2. kv = b
AFEPE A AE S50 T % 1(FPD - g ik 1 =
MOl A, TR 2(FP2) . i Mlb k0 &
66. 7 Y0 il 1 5% 4 b (B — 38 B0 A G B 0 R g
TR0 57 B 3 T8 AN UL 4 5 T 6. 7 96 Bl 1) 9% 1 A 2
BN e Ve BiER o AR U k]

. 1.500

+1.500

(a) “FHEIHHS-AZE R

(b) TT 1 S-AZE s

B T8 )2 T 5 SO0 I B IR )2 3 R 2 O L K
7% 3(FP3) . i B 75 66. 7 % 1] 7% K 4b 43 K B
JG W H B A AL AR B A T Or SR 1 MIr R
2 i, IR B S R AN TR

7N\
A
- —FPI
5 S| —Fm
= —=| —FP3
y
0 0.5 1.0 15

Relative axial chord

Kl 2 JiiE R R
Fig.2 Schematic of flow path

ST ek [ A T e B O 3 1 SRR R R By
T R 2 435 () B s AR 4 X A b R T AT RO
H 2R AF D MR 0 1 4 5 AR B A
25 T8 W T O 45 0 el S () B HICB O B g KL 22
Ay s ZE AR A% k- SST (shear stress transfer) f&
FIF S-A(Spalart-Allmaras) fE 5 |

W& 3 B & Tl 55 BT 1 U 3 T 25 4 R AR
AR S A2 1.5 Yk i 28 2o i il i 2% 08 1%
IR B DS I IS 8 ok T 4 B U & 1
BOh LA R TE O A R T AR TR A
e W 75 i Ak 2 i A A G AR A
— B TE B .

Pl 4 W] R T S-A KR BLAS [m) At 4 J5E R
3 A1 RS s 3 T A o 8 A 5 W AR ) 5 X ER
SR SN N A S A IRy S QL
FP3-S-A) Gk B4 Rim i, XTI 3 RH
k-w SST BIRITFEE 85 R WA S A RS i
g KW G o Ak i T T 3 R
WL 1 RECR Sl (A W w220 .

Hi P 5 AN TR] T35 07 vk B 4 21 19 8 3 46 2K o3
A AH 25 AN K g R T e 3 X461 2%, F Ui X i 2k
TE 7 T8 CA A0 2 308 ) 5 A A1 4, 1 ) T (A 2
D WA T S

\

(©) ITE2 S-AZE TR



1250 Woao@ % % 35 %
RLol0 11510
L1510 o

b

(d) J7583 S-AZE iR

() JTZE3 k-0 SSTEE AR AL

B3 Sl B L

Fig. 3 Comparison of Mach number contours

—
W
T L —

—
(=]
T T T

Isentropic Mach number

= Experiment —>—FP2, S-A

—o— Plane ——FP3, S-A

——FP1,S-A —=—FP3, k-0 SST

MR IS SR NS ST S RSN S A NS S |

0 0.2 0.4 0.6 0.8 1.0
Relative chord, x/c

P A4 I 3 A b K00 A X L

Fig. 4 Comparison of isentropic Mach number

o
wn
T

distribution on blade surface

0.6 Experi
= Experiment
0.5 | —o— Plane
——FP1, S-A
2 | ——FP2, S-A
% 03} —=—FP3,S-A
S —>—FP3, k-0 SST 4

-0.5 -0.3 -0.1 0.1 0.3 0.5
Tangential location

5 R 5 2k 23 AR X b

Fig. 5 Comparison of wake loss distribution

2 EREMEMRNLIZITTIE

B AL AR B K 6 Fis . %S
ASFB AT+ 43 0 R BUE B AR IR A TSR RS R
TR LL S B b R B e H o B e U Ak R 3
LR A B 4 R F-I0RE 15 i R R
AT 75 (NUMECA) H 8 #5400, 7 37 11 3 %
AR AT SR BT 58 25 55 v S 0 R F R
I W TR B I i ) S R T s ) T AN TR e R
SR TT AN R A IS T A5 RO AR B T A

| SERIA |

}

| BRI (e

| A SRR ]

}

\ 5 RS |
I

| L |
!

| Hbs o |

PR IAE
B HpR?

ath AR S 0
K6 H kA i &l
Fig. 6 Automatic optimization design procedure
A4 .
HbrRE FisumTF .

F:C1(1_wd)+cz

1 o ‘ Trl:.d _ ﬂl:.dobj ‘ J +

*
TCk. dobj

1 . ‘ Ts,d — TTs.dobj

C; +Cd—w) D

TTs. dobj

Hp F 2R HAR R EUE  wa s mlas mea s wa 70 9 3
AN RS R R A S L R L AR Wi
SVER R B 1 aony » eaon 2 8 BT 8 H AR B
o H, Cry Gy oy Cy 43 30 3678 45 TAN B &R
B A BUE: C, =50,C, =100, C, =100, C, =
50 ANSRIEIT A B bR D 5 2SR B #Em K%
H AR R BRI

DL HbrR i &R B LT o Bin: O
TR ETIRBN 48 Bk s @Bt R T I8 8 4
JE TR B PR IR 3 25 0 A O L DR E Al



5% 6 19 BT TN I R U B A 1251

HE T BB S 5 QB AR s 40 2% 5 T Wi s %
752 AR BE A WS O AR s 52k o L
i i S s 5 AR 308 A5 5 # BE H AR B € (g 25 Ul W]
W22 7120 s wu IR TR X R Y A R 3 B R
e R B AR Wi SR R TS A W H
bR eR B B O, B FE A A
2.1 mRREBRERE

T ST I A o Y I Al S A R AT A R T
B DG A AR B AR B AR IR
B i » AR HARTEE # I (SML £ 5190
MO S ify 5 Wi s S G

T = (L + M) Xy (2)

A e %)

¢, TY (7113,,.‘%1 —1)
st

i T BB R F S D i R R
AR TR] S I HL s b it 2 1 R A e o DAL b 7 Wi i S s A
S AT AL S PG A i B A5 AR 5 T R AR ]
I |y AR YR S SR B 0GR L AT AMAET IR TG
A B s s s LU JIT X 07 A9 i i o R 53 g AR
FAE A L Y W U8R

Lu, = (3)

hF#H OS2,
p;»st - Pf X 7Tkx.st (4)
gy = L T W1 5
Uy

R o A B4R 4 % R LR 5 5
FESE AR 1.2 40 BIF0R0H I O 5 0 2 8
B ua 48 B3RV 404k 5 6 S T p 4 )
LR SIEN MBS, L« RR BB,
D 78 LB W 5 T 160
290y 8., I R I TR 4 S 7 L

8% = Coust = Cound — Wayd = Wau,st (6)
=M. 515
Way,st — Waud — 8% D
Way, s
Co, o 2u. st (8)

- )
Ty, = e g1y (10)
¢,
Ty = Ts, — &=t 11D
2¢,
;. e—1. .,
WSt — M ._1
7 @+ . m) (12)
Do = P (13)

Horp e, FIR W TEIRE o FORSFIHE 80 B 32 AH
XA . BT ASRAT B b i 5 AR B H 1

BT B R = AT

Fig. 7 Velocity triangles at design point and stall point

2.2 BEMEAIMRMLIEIT

AR SR A B4k i 6 PN 7 AL PAV-
1.5 F1 CM-1. 5 A7 ekt e it 94> it AL gk O
BBl 1.5, PAV-1. 5 J& i 45 i 51 ; CM-1. 5
EHIE AL, il B AR AR PR R BT A PR RE A
AR RN e TAEM B #2100, np Al
ALK A A B0 K& 0o s AL B AR Ak T
B AR 330 AL 7E 10 BT
SEHLEE B R 38 Ak R R IRAT AR AL 7 12t B
AT 2528 1h,
2.2.1 PAV-1.5 i-#E A%t

PAV-1. 5 iR A6 A& 2l 2 8000 45 Hh gl £k 8
ANHE A R AH X A1) 7 B 4y 0 0.0.1,0.25,
0.5.0.7.0.8.0.9.1. 0,5 8 A~ Fis il i, il 7] {37
AR 0.05.0.1,0.25,.0.45.0.6.,0.7,0. 8,
0. 9, AR fb 1B 15 B 2 — 0. 5~0. 5 % Ji iy - 70 g
KL FE S WA 4 22 36 A FH 5% K AR S 18 S8
A AL G BB N —0.5°~0.57, —0.5~0.5
fEJE G R,

K8 Fon itk B s 140,58 5 AR L1 AR
10 AR AN A 43 A5 1 0 CBRL o AS 5 6 854 44¢, |
Wity J50 S T R B AN A o TR b R A AR R R %
THRUEER w0 BAARFR R BTt 2 s HU A 25 I
TSR

D _ ‘ Ts,d — Ts.dobj ‘ + ‘ n-kxd _x 7rkx-,dobj ‘ (14)

wi 5 D BIEE 0, KRR TERE B . A
8 ] LA L Bl A DA AR I, A s AR 5]
W2 KRB EAR LR H AR . i
— S5 4% 2k (forward line) , {7 TR 4 2 I 4>
A SRR Ry S A A A T 25 G 2 TR S PR AL AL
SR TR B v R AN AR S B A LA



1252 i %= 8 ¥ i 35 %
0121« 1st generation DA I I 45 2% LG PR 10 [l o o B 4R
oiof © tamoaton w4 FORYO R RSB A 4. MR DL

gLt ettt SR 02 2 5 OB 1 B A A
008 R JE H 5 LA B A AR TR M TR L R AR
006 | 1:1.;-3»: - B 4.82% E F T 16.88%, K T HARME
i . “tfr ::n 10% . T 0 b 2 B2 o, Wi o530 3 1T B R
00E %.,.:“?, 2t R I 10 %6 R 5 M I 19 I - T B I FE 6 3
oo f g;o:;g.?‘fj S AS B DR 56 DR R 8 0 2 KT AR (.
! . 0 PEAMEAL I B AE BT RO TR d 0. 101 [
of L. Foward line CF] T 0.096.
012 013 014 o015 016 017 018
@ 012F o Initial, ® ——-o——Initial, 7, 125
8 PAV-L.5 fAkid A4 A p " Optimal, 0 =====Optimal, z,p
Fig.8 Distribution of individuals in optimization 0.11F i
process of PAV-1.5 913
0.10
U A BT 7806 L O 94 L fR B R L 3 3. S 122w
oAb e R BG I H BE 3 K de KR B/ e K 0.09 | ]
e HE N TG S B A T A B I : 1>
0.08 |- 12.0
180 - i ]
wk = g‘:t‘i"r‘]‘m 0.07 L 1.9
140 F p,/kPa
120 B 10 PAV-L. 5 {ifL i -4
g 100F Fig. 10 Characteristic curves of initial cascade and
S sof optimal cascade of PAV-1. 5
jz £4 PAV-L5 RALBIE AL S
N Table 4 Performance parameters of initial cascade
20 — and optimal cascade of PAV-1.5
0F
N (l) l ‘ slo - ‘1(;0l - .15.0 ZH Ji 4 - 95 RiAu.
Amm biigmpy 2Dy A Y 5 1.51 1.52
B9 PAV-LS gL 2l A SR O 60. 0 59.5
Fig. 9 Initial profile and optimal profile of PAV-1. 5
BE 1. 90 1.92
£3 PAV-L.5 RUUBIEMESH - ) 19 ) 1o
Table 3 Geometric parameters of initial profile and
optimal profile of PAV-1.5 eI/ % 4.82 16. 88
R R 0.101 0.096
ey J5i U - et I s ois o2
gz;gm 117.05'40 119_27'44 W R4 2% 0. 052 0. 066
ot KA X R B 0. 036 0.026 e ik 0. 006 0. 004
RORIR RIS 069 009 Vel 11 J2 I R e A 7 B 6 45 28 43 A 7 R
S AX e 0.029 0-047 L THT R TR B AT 22 458 2 RS 3 P 38
BAGEMMAEE 063 0. 63 e BRI SR R T . R A 2 Oy 3
LAYV T AR £ 0.78 0. 74 FCAG T A 958 2 5 o A 4 Ak R S 2 2. PRt T




5 6 0]

HhOBRSE VT R A RS A Bt 1253

1332 5 TSI BT R ARG . xR K] Rl
PSR i FARV/IN s 0 A I 2 3 o 40 2K TR I 2 R
TR IS W 5 AELBRS 17 J= 45 A TR

1.0 (Al PSR g PN
0.8
0.6
3
0.4
02

0.10 0.15 0.20 0.25 0.30
Tangential length/mm

B 11 R U ) 4k A
Fig. 11 Loss tangential distribution along the trailing

edge of cascade

B 12 FlE 13 2 s U AR Ja Bt 5 -5 i
MR B 12 AR S BT B AR
L DR AR B SO T P T R T
G B Ty 1Ak i R TR L IR A
5 e DA I P T i R 5 o 2 A L O TR IS
e Pt B B it SRR . i Al o E P B
BT — A T A SR T R T A A
ZIN o NS W T T T TR RS S AR | Y 5 R
555+ WU IS AT B P U Bl AT AR AR T AR Ok
45 R AE DA T A 308 G R S AT 00 T I

.1.510

.1.510

.1.520

(b) Lt 5
[ 12 PAV-1. 5 AL HI S BT A i £z &

Fig. 12 Mach number contours at design point of

initial cascade and optimal cascade

of PAV-1.5

.1.500

. 1.500

.1.510 | ". !
.1.510 \\
(o) et
B 13 PAV-L 5 fR Ml F B 2

Fig. 13 Mach number contours at stall point of

initial cascade and optimal cascade

of PAV-1.5

(T 2 1« (EL B4 I 0 7 9 8 1 7
U1 2 0 45 W K R T
FR 5 T 52 54 B 2492645 840

7 Y 92K 1 7 3
e FURRE T 7 I U T DAL A X
1 o B g SR B T 13 R R
IR 30 B LA W £ 2
0 b 8 R Py T 0 B
JUFTWEEASTR 2 5 6 At ot 8 30 £ T 2
51 BT S A 0 S0 R T I K

P L4 % T 0 5 22 T 5
i T B o1 LA 1 550 2 A0 9
SRR 5 8 4 )5 0 0 501
T 45 P E 0 5 0 046 1 75 D e 1
IR HS A R
2.2.2 CM-1.5 M- &AL 31T

CM-L. 5 8 L — 0 S 3016 4 3 8 7
Ry VAT 07 R0 4
5 LA SR T T B AR L S 2 o
500 3 W T U B A R 535 2
.

VR 3 0 5 A A 01
BT SR 7 2 O A A 5



1254 it o= 3 1 % R %35 %
2.0 60 - o
- ——o—— Initial _ glm.al ' )
———— Optimal [ ptima v/
S0F
25t i
g 40
= [
S £
g I E30F
o 1.0 > B
g I i
;;). 20:-
05F ] 10F
L1 L 1 1 1 L 1 0"| | P PP A | |
0 0.2

0.4

0.6

Relative chord, x/c

Kl 14 PAV-1.5 {RAGHT 5 R 2 145 5 S 6 £ o A

Fig. 14 Isentropic Mach number distribution on blade

0.8 1.0

surface of initial cascade and optimal cascade

of PAV-1.5

RS CM-LSRUBMBEHESHRENER

Table 5 Geometric parameters of initial profile and

optimal profile and modify ranges of CM-1. 5

24 JE A B/ V0 AR Akt B
Z A /mm 65. 20 +10 64.06
Mt/ mm 42.74 0 42.74
HIZ M/ 6 0 6
asf/ O —13.00 +10 —12.09
LS/ () 60. 00 +5 61.9
B FRAFAE LR A X2 8 0. 640 +10 0.597
WRJEEEFXALE 0,650 +20 0. 546
e KA X JBE BE 0.025 +10 0.024
Bk /NE 242 /mm 0. 100 0 0. 100
JEZ/NB AR /mm 0. 600 +10 0.527
BRI EMXNALE 0,600 +20 0.678
o RAH X B BE 0. 050 +10 0. 045

DAL R Ja RO FE DL 15, AR S B 5.
NN B SIRY  C A ER it S SR DN N
JE A B RS s e KB/ LR

DE AL I 5 R P 2 3 L DL I 16 1 fiE 2 Hox
FEULF 6. Ml DU . 00 Al Ak BE 17 ok
B WA B R TG L s LG S R R R I A R
R fa e 1.81 %048 /% 11.72%,
B EH bR R E B A B ROE R Bk B
0.207 FEARE] T 0. 164 (U Ik B 1 J2 1 38 451
KA W E TR .

[ 15

=10 0 10 20 30

X/mm

CM-1. 5 fL A i i i 2

Fig. 15 Initial profile and optimal profile of CM-1. 5

0.24 F —o— Initial, _. 22
03k Optimal, o /*/AA 1

| ——-0——- Initial, T A/f
022F - Optimal, 7, < 121
021fog 4 a ]
020 ! 7 ’

S 019k 5 1

I 1
0.18 F !

L 1
0.17F : 119
0.16 F
0.15F

1.8

p,/kPa

B 16 CM-L. 5 AL - fh 4

Fig. 16 Characteristic curves of initial cascade and

optimal cascade of CM-1. 5

®6 CM-1L5RURBHMERSH

Table 6 Performance parameters of initial cascade and

optimal cascade of CM-1. 5

Z R JE 1 - 7Y Al 2

HE AR B 4 1.47 1.47
BE AR XS AR 66.9 66. 7
ME 2.16 2.10

#h 1. 99 2.00
FaEME/ % 1.81 11.72
SERR 0.207 0. 164
WO R 0.071 0. 057

FA ThT J2 45 2R 0. 104 0. 083
=3I EES 0.032 0.024




5 6 0]

HhOBRSE VT R A RS A Bt 1255

P17 FEB T A S 2 e AR A
2L LA NI AU NS $line 18 ¢ @ 35 R
71 PR I 7 T R 18T 0 s B S I L 2 o K
PN 4 258 7 I TP 2N R IR B - T
k.

DUACIE T R 1 A 2 0 % B U= 23 AR
TR TR S TR 7 e A R T — A
— IEPE B LA 1 B A L 5 — TE AT
BRECH 1,51 BRARE 1. 4, BRAR T k. B4
J 1 S A T 3 R AR i SR T S RE
H T 18 oI5 A I i A i BB 2 A A e A1

(a) J5thft 7Y (b) A2

B 17 CM-1. 5 LT R i a5 E i = &
Fig. 17 Mach number contours at design point of

initial cascade and optimal cascade

of CM-1.5

1.8

1.6

12

1.0

0.8

Isentropic Mach number

0.6

——o——Initial

———— Optimal
NP PRI R TS TR |

0 0.2 0.4 0.6 0.8 1.0
Relative chord, x/c

Kl 18 CM-1. 5 LA iR 2 11 45 05 S bk o A

Fig. 18 Isentropic Mach number distribution on blade

0.4

surface of initial cascade and optimal cascade

of CM-1.5
3 & %

AR S 5 5l R U 4 i B PAV-1L5 i
25 2L e Xt ol RE R R R A S R T ik
PABC T R PR BE RS E AR 5 O H AR 2R 47 8 A it

R AT A3 DL T 4508

1) 3 87 J5E J3E 9 WA 16 0 A X3 37 1 B 45 R
M) FFY S o ARl 8 o7 A B O A TR AR AL L ik
B A T 58 45 R 5 i I (B R R B 0 1) — Bk

2) R B AR b i R VR S A R b e
RUAR A g7 T AR H AR AR e B AL 3 1 R Ik
Tk

3) N H AT i AR BT SR AN
AR BT USRI E TAEMS B O H bR X
AHE R PAV-1.5 il CM-1.5 ¥t 47 £ S ik
Bt S T H R

S UMk :

[1] MERCHANT A,KERREBROCK ] L,ADAMCZYK J J.
et al. Experimental investigation of a high pressure ratio
aspirated fan stage[ ]J]. Journal of Turbomachinery, 2005,
127(1) :43-51.

[2] WBR.RERIE . NS, iU zs v HUR B M. Je st 1€ B T
Ak B L 2005.

[3] B84, W bl i FE SOPL S 38 38 Y 0 41 83 58 (D,

AL B LS R K2 . 2014,
QIU Ming. Investigation of shock organization in axial-
compressor passages of high pressure ratio[ DJ. Nanjing:
Nanjing University of Aeronautics and Astronautics,2014. (in
Chinese)

[ 4] LEVINE P. Two-dimensional inflow conditions for a su-
personic compressor with curved blades[ J]. Journal of Ap-
plied Mechanics,1957,24(2) :165-169.

[ 5] SCHREIBER H A. Experimental investigations on shock
losses of transonic and supersonic compressor cascades
[R]. Advisory Group for Aerospace Research and Devel-
opment, AGARD-CP-401/AD-A183996,1987.

[6] SCHREIBER H A, STARKEN H. An investigation of a
strong shock-wave turbulent boundary-layer interaction in
a supersonic compressor cascade[ J . Journal of Turboma-
chinery,1992,114(3) :494-503.

[ 7] KUSTERS B, SCHREIBER H A. Compressor cascade
flow with strong shock-wave/boundary-layer interaction
[J]. ATAA Journal,1998,36(11) :2072-2078.

87 1 X0, ik %, it ASHLEE & b R o B LAl i3 7

BT L], U2 3 J1 25 4. 2000, 15(3) : 237-240.
XIAO Min, LIU Bo,ZHONG Yongxing. A study on geo-
metric methods for designing supersonic aerofoil of axial
flow compressor[ J]. Journal of Aerospace Power, 2000,
15(3) :237-240. (in Chinese)

L9071 X0, B AR, Bl il SOPLEE & b B B BER B 5
LI, i 28 3h 11241 . 2002,17(1) - 83-86.

XIAO Min, LIU Bo,CHENG Ronghui. An investigation on
a new technique for designing supersonic blade airfoil of
axial flow compressor[ J]. Journal of Aerospace Power,

2002,17(1) :83-86. (in Chinese)



1256

Vi)

EE

%35 %

(10]

(11]

[12]

[13]

[14]

CUI C,ZHOU Z G,ZHANG ] H, et al. Influence of key
geometric parameters on the aerodynamic performance of a
supersonic compressor cascade[ J]. Journal of Aerospace
Engineering.2018,232(12) :2338-2348.

4% J8 T 5, X0 e e, AR R AHL I B e Oy s LT .
fiias 4. 2014,35(4) 1 975-985.

QIU Ming,ZHOU Zhenggui, LIU Longlong, et al. Super-
sonic compressor blade profile design method. Acta Aero-
nautica et Astronautica Sinica, 2014, 35(4):975-985. (in
Chinese)

SONODA T.OLHOFER M, ARIMA T.et al. A new con-
cept of a two-dimensional supersonic relative inlet Mach
number compressor cascade [ C] // Proceedings of ASME
Turbo Expo:Power for Land,Sea and Air. Orlando, USA
American Society of Mechanical Engineers Digital Collec-
tion,2009:555-565.

SUN X L, YANG S H,ZHAO Q J. Shock loss model and
blade profile optimization design of a supersonic cascade
[J]. Journal of Aecrospace Engineering, 2015, 229 (7).
1325-1329.

X e s R AE Bt B8 44 . M 4 A BE 5 K ARG Ak
B[], HEFEHE A . 2013,34(8) 1 1050-1055.

LIU Longlong, ZHOU Zhenggui, QIU Ming. Studies of
shock structure in supersonic cascade and profile optimiza-

tion design[]]. Journal of Propulsion Technology, 2013,

[15]

[16]

[17]

[18]

[19]

34(8):1050-1055. (in Chinese)
JRVIE Bt TE G SCL B KU i B B RS LT . i =S 8
#4,2009,24(1) :127-131.
ZHOU Zhenggui, WANG Guangwen. Design research of
supersonic fan blade profile[ J]. Journal of Aerospace Pow-
er,2009,24(1):127-131. (in Chinese)
WANG Z,CHANG J.ZHANG ], et al. Investigations on
flowfield behavior and resistance backpressure characteris-
tics of supersonic cascade with boundary layer suction[ J].
Acta Astronautica,2018,152(1) :588-601.
LIU B,SHI H, YU X. A new method for rapid shock loss
evaluation and reduction for the optimization design of a
supersonic compressor cascade[ J . Journal of Aerospace
Engineering,2018,232(13) :2458-2476.
JAIE B BR 44 AR B AF. AL/ KU — 4B [ g A Ak i
L s 2 4) ,2011,32(11) : 1987-1997.
ZHOU Zhenggui, QIU Ming,XU Xia,et al. Automatic op-
timization design of compressor/fan 2D blade profiles[ ] ].
Acta Aeronautica et Astronautica Sinica, 2011, 32 (11):
1987-1997. (in Chinese)
FNESt. EAML 5 A gt fk i it LI, s 8 o = 4k,
2002,17(3):305-308.
ZHOU Zhenggui. Automatic design optimization of com-
pressor blades [ ] ]. Journal of Aerospace Power, 2002,
17(3) :305-308. (in Chinese)

(m 4t K

%)



