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Influence of tip clearance heights on the flow field and

performances of a supersonic expander
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(Marine Engineering College,
Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: The three-dimensional Reynolds-averaged Navier-Stokes equations and the
standard k-e turbulent model were adopted to simulate numerically the flow field and per-
formance of a supersonic expander with different tip clearance heights. The results show that
tip clearance height significantly impact on the local flow characteristics in the three-dimen-
sional flow passage and the overall performances of the supersonic expander. With the in-
creasing of the tip clearance height, the highest relative Mach number of airflow decreases,
and the scope of high speed reduces. The leakage vortex strengthens, scale largens, trans-
verse and radial movement significantly, and the leakage loss increased, but the loss of shock
waves and interaction of shock and boundary layer reduced. Expansion ratio of supersonic
expander firstly increased and then decreased, and the isentropic adiabatic efficiency reduced
gradually. The main source of loss in the three-dimensional flow passage of supersonic ex-
pander with clearance is the friction loss of low energy fluid near the suction surface and bot-

tom wall and the leakage loss. The scope of clearance height should be selected between

0.9%h, and 1. 5% h.

Key words: supersonic expander; tip clearance height; leakage vortex;

expansion ratio; isentropic adiabatic efficiency

Y #% B8 :2014-06-03

EETE b e B A A BTl 55 % % % 4 (3132014319 5 15 252440 1 1 2 b5 L BRI 3£ 42 (20132125120006)

A2 BT A 2 BT (1985, 75 L WAL 12k, 33 Ao 46 HL RT3 4 2 B 5.

BIRAEE A% (1963 —) , 5 IR VL 0A IR #5082 2 S0 1+, SN R AL B A 22 BT 5
E-mail: zhongjj@dlmu. edu. cn



5 43

TR TR [ B g R X A R % D 4 B 1P RE ) R ) 855

W R = RO Z — 2 E
e e BT B e B AR T, TAEMR BG4, H
RE 1552 R S A BIL 0% AL e BE A M g
TR A8 O] A AS BT 2 55 TR 50 00 J2 % LR 0l /N
el 45 i DX 2% B Ry T 48 RS O 1 ORI, T
F E] Bt 3 30 0 n 458 2% 0 B Sy B 2L BF 5T R B
R [R] B 5| R A 461 2 L 28 o 31090 0 ity X483 2 1 —
AL B

Xof i e (] B U 2 2R AT B R AT B T T A T U
it BN AL BRI 7 — 20 2R I Bl B8k 3l 4 it Ok 4% i 1]
Bt it 21 . 38 B 98/ U sl 40 2R L 4R TR R AOR I H
(), 55T I, [ P A0 2 3 A P I 6 ] B 8l i 4T T
T2 WRFSE. Bindon™ 1A A 7 8] B Y H 77 18I B 32
(4 43 5 9 7 A K o ARG R T AR, 3 5 431K g Ik A R
F U 1Y 1B 1R 40 2% 2 R] B I O P R Y SR AL
Denton, Hamidur 2570 () 8 58 TA kg - T5 6] B2 P4
S A5 2 5 18] BT PN S B4 U 3h 45 A R U0 AH OC L T[]
B R A RN A S EE N R Z
— s Nikhil 55" % 3 ] B 5 B 33 0 T90 53 B9 X 3 A
B 300 1% 52 W)« I T 0 g 32 0, 3 285 DXl ) W T
D5 T 47 i o 1T I T A vy B /) 53 8 2 1) 6 ) T
% 20 ; Tallman 267 BUE 5T T 18] BR & 1 X b
it 108 e P THUIE TG A 9 5 W), i B s/ )s ] B e E fE
I AV itk T A A D /0 Tt O i RO L BRI B 2K
Yamamoto™ ] F o L A4 4T Xof A 5 5 46 - i
A s DX R AT T A, e IR e T [R] B g B 1Y
8025 S B0 4525 3600 s Booth %A 1 %04
Xof ) it v R s i A 1% ~ 2 %0 B T U I A o 1 ()
BB B R B 3, S EBOR B HCR TR 1% ~
3% 5 PN A 2 A A0 D B R e i 4R [R] R
JEE 2 {3k O U e 4G KL TR B K ) Wi O i L O3 n
T UG T 14 AS A P 5 A0S L S A A i ) R v
JEYEIN 355 - S5 RO DL 2 A MR /) | ] B
T3 08 77 A A6 BT o R Y R, 0 R o Bl =2 1
AR T TR S S T It v R G K 3 o ] R A 9
e ) | I TR DI 7 A= = 2 L1 TN o [ =8
3 RUST 78 IR, T i 2 PN 52 il 31 RT3 K, & B0 3 0
RAF K TR AR5 2 WA [ it v 88 184
1 Y0 AT I vy T Bt O 9 2t 7 A O R Y L 5] 2 34
2. 1% RSk T R 4 e D) () st i) v B A AR
Wit T B e B2 A B i e s 4 2k Y S 3 .

MRk AU a5 A R I ik me
AT U TR B LA R B v R R A
T GE R T T O ik i Y PR — i R ik i
R0, 5 H FIR M G, 8 Rk 2 AN T

A0 SO AR I K 28 2 v 60 O sl 46 2k L T L 25 A
] BB R AR (D AR TR PR OR Ry S
FR R P S K A T A R 1) e R A A 2 TSR
o DT B 17 00 A% G2 10 e o 2248 U1 1) it 34
R R ) T O Y LR AR K L R A L i BE S B 1)
ol b 1i) HE S 7R /N BT AR B 00 /N B K HUR Re
BL i3 58 2 A0 oA U e /N B R BL P A
& NIIF B L A, w D RE I 55 P N ik
for SC R — PR R A M i T A L AE M
(1 8 2 R e A R AT 8 i A I i o 4
R CE 5 S, WmWAR 205 S, T 5K i i
T 19 72 1 5% B 2 B 3, SCRIRL 16, 24 T8 X
7 I K 1 45 R LT A N B Sl R PR HEAT T )
ABIETE . SEBR AT AR v A P T 2 4 R i T
5 b i BE 22 6] BA A ) B 18] B A A7 7 Feah 23 52
L5 R RE T 5G4 7 3 i M #5005 1)
Bl Ui 3 4 T 530 R I . Ry I s AR SRS AN [ 8] BT i
JEE A 7R I K A BEAT T BUE I 5T, DL AR A
O 1 A IV I e 22 A ) ML L O A 0 3 5 R P
i T s T B AR £ T Bt Y D

1 HEEBSHERE

1.1 HEER

SCHRL16 45 T A I ik % (B D Y it
J7 . M K AR 3 AT, 1 IR IE
PR TR B L AR — > = 4 G T 3 AT R
(B, = 4E 8 LT 280 W) 46 T ik fa o 24°,
EE SRR 0,17, RS AR 0 = B LS 0.5,
WK E A 6, gk O ARy 4, B8 A 423 £
Hh 26° (% S H0E LU SCERL16 D). 48 38t 026 h
0.5% hos 1.0% hos 1.5% hys 2. 0% hes 2. 5% hy
3.0%hos3.5% hos4. 0% hos4.5% ho LA} 5.0%
ho Cho SR W 38 v B2 D AR XOT (6] Bt /8 B2 (R i S AT 17
BUE AT IE. T X5 158 45 R 47 40 B, 1 O )

He i

[ SThiE)

Wik

bW ik ]

B R R R A

Fig. 1 Structure of supersonic expander
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Fig. 4 Computational domain and boundary conditions
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