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Numerical Investigation for Effect of Tip Clearance on Aerodynamic
Performance in Compressor Modeling Process
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Abstract: To reveal the effect of tip clearance on compressor performance during the scaled
modeling process, the performance variation with different scaled model is numerically
investigated by taking the first 1.5 stages compressor as the object. It is found that the
performance of the scaled model is weakened if the tip clearance size is kept constant during the
scaling process, resulting in a decrease of about 1. 4% — 3. 38% for the peak variable efficiency
and a decrease of 0. 88% —3.17% for the pressure ratio of converted prototype. The influence of
tip clearance on the flow field similarity is mainly concentrated in the flow passage area at the
blade tip, resulting in a flow out of the similar conditions there. The flow field analysis indicates
that with the increasing model shrinkage, the relative leakage flow rate of the tip clearance
increases, the range of low-speed zone in the tip passage expands, and the radial influence range
and intensity of leakage vortex also increase. This is the main reason for the aggravation of flow
clogging and performance degradation after the scale modeling. The increasing model shrinkage
ratio also facilitates weakening shock wave for the tip leakage flow.
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Fig. 1 Schematic diagram of compressor flow path
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Table 1 Parameters of prototype and model compressor

FEA LR R L] W 4 i it/ AR/ JoT i B/ HOSKE/ #HOR/ W T [ B2 7o/
my, (remin ) mm (kg+s ") Pa K mm
L O AL 7 500 970. 60 126. 00 101 325 288.15 0.4,0.8,1.2,1.6
2.0 15 000 485. 30 31. 50 101 325 288. 15 0.4,0.8,1.2,1.6
2.5 18 750 388. 24 20. 16 101 325 288. 15 0.4,0.8,1.2,1.6
3.0 22 500 325.53 14. 00 101 325 288. 15 0.4,0.8,1.2,1.6

http: // zkxb. xjtu. edu. cn




20 (LT 1 R N SO SO 14 %555 %
N 92r
90
i Fl ANSYS CEX {2 5 47 B0 T8 2% 51k ; 77/4:*.:::__w
. . o e s 8§ —a—m=1.
R AR 8 3 T A PR A R I 0k = Ak R 3 N-S R 10
HEATWUR R A . 0 B Fee TORASETEL L il Scala- st m25
ble BE [ B AT . | w0
8"0 100 200 300 400 500

e ASCHLT 5T 2 P B AR AR B 0 SR P il g <
2 BR AR R Y D BCEO R . BOE R
SUS/SK bk e sy U S e o e B o = N S BN
e A Y A L I N BE T D s AT T AR i B AR AT
N T AR TR R B I A R AT AL S
2y IR 25 A 1) i1 SR P TR R 10 R A

™% A 5 R FH ANSYS TURBOGRID #% B,
i B2k A 0 A of Al 1 B 4 A R AR CR
H/J/C/L B 45 kg A A% I R 3 BE TR 3 >R T O
TR o) A P 8 2 ) o Pt TOU ) B2 R A0 o A o o Ak B G
A WA ot 8 A B IR M 1) /N IE S AR L fi R AU EE R
I L33 2 CEX SR i de i 25K . & 2 Jow 1 i
L 36 3 A

P2 Al G R
Fig. 2 Cascade channel grid

S R UE AR 400 45 52 00 o 0 1 OIS Tk PR 3k 4
EA LSS R, X B — A U BV AR AT T
WS T OCPE B I . 2 9 A% K0T 8 0 21— i R A
PERE 545 R A FE AR Ak L I i) Sy B 3 1Y ) A AL
o AR SO W SR AL 22 A AR I I A A5 R Ak
e AT TC XK MEIRAE L DL 0. 4 mm - T5 ] B A 451, &
3 IR 2 TR AUAL A 9 R L 223 T I B 4G
RE M ks LT o oe, iU BRI IR 223 5 i
o P A% F A7 5 TR AR B Ry 2.0.2.5 AN
3.0 fE R R HL . YE B 220 J7 L b B 10 9 4% R 47
HRHEGEM,

T R AR AL 0 v A L R SRR N T S
B 0 NASA Stage35 HEAS K E4T S FIEUE J7 2%
BOUE. AIEL 4 vl LLBT R A AT T i
RO R % 5 380 A2 8L 1) 4540 R0 R L 45 R 5 S 56 W)
A FLS g R S R 22 YR 5 300, R A Sl A
M5 A AT AT LU T i — 2 oE

http: // zkxb. xjtu. edu. cn

ZEES =70
B3 ML B RO B A% B 1 8 1k
Fig. 3 Variation of the compressor polytropic efficiency

with the number of grids

2.7
241 . o
X
e %
H 21 =
B - =
#
1.8f
15 L 1 1 1 1 i 1 50
092 093 094 095 096 097 098 099 1.00
325 B

XL
B4 R H T R 0 B 15 90 K 4 A e
Fig. 4 Comparison between numerical calculation and
experimental results of total pressure ratio and

isentropic efficiency

3 AR
3.1 LA o TV D B TR AL B B 0
R SRR g R [ e 2 XI5

#= v/ (0]
7/:3’/7/(]12*}11) :yp/Ah (8)
e= P/ 9
Horp 278 e 45 )
yp:plvln%l[sz/Pl)?—l] (10)
EZUEE
— &/ U &/ pe 2T,
n In ) In o In S (ln » In 2 Tl)
(1D

A Ah RS 225V D 1k FDIRZS TR B aE 12 R
Witk s D o — R R AR s w TR B Z R
TRIRAGTE R B p WYX TR S50 LA T Ak
W s Ths 1 3R SHgEH s T 2 Rt iho,
5 A 6 Fan AR 48 RO 4T I L 2728 8%
ARMUE R i R B th 2. g A — it T )
BT o 22708 B R T L I A48 R L A81) 15 A i e i R




5 8 1 I F A5 R AU o i T IR] RS % B 1 R S M B T zl

1.501

—a—m;=1.0

1.45

1.40

=10 135

841 —e—m=20

—a—my=2.5 1.30
82 e m=3.0
80 L 1 I ) 1:25 L L L )
0.33 0.34 0.35 0.36 0.37 033 0.34 o(.;s 036 037
(a)h=0.4 mm (a)h=0.4 mm
1.50r
—a—m;=1.0
—o—m;=2.0
1451 w25
—v+—m;=3.0
1.40F
w
1.35F
—a—m;=1.0
841 _
—o—m;=2.0 130k
—a—mp=2.5
821
—>—m;=3.0 125 ) . ) ,
0.33 0.34 0.35 0.36 0.37
¢

80 . . . )
0.33 0.34 0.35 0.36 0.37
¢

(b)h=0.8 mm
(b)h=0.8 mm
L.50r —a—m=1.0
9 —o—m;=2.0
1.45F —h—m=2.5
9 ——m;=3.0
1.40F
88 w
&
& —a—m;=1.0 1.351
86
—o—m;=2.0
sal —a—m=2.5 1.30}
——m;=3.0
82 ; . : ] 1.25 L - L g
0.33 0.34 0.35 0.36 0.37 0.33 0.34 0.35 0.36 0.37
¢ ®
(c)h=1.2 mm (c)h=1.2 mm
1.50f —
0 —a—m;=1.0
—o—m;=2.0
1.45

—a—my=2.5

90

——m;=3.0

88 1.40F
X
- w
s 86 —a—m;=1.0
—o—m;=2.0 1.35F
841 =—_— mL=2.5
1.30F

—¥—m;=3.0

I L L 1)

82
0.33 0.34 0.35 0.36 0.37
¢

1.25 L
0.33 0.34 0.35 0.36 0.37
¢

(dh=1.6 mm (dDh=1.6 mm
5 O [E 48 R T R ASHL 22 48 R0 B O 6 3R B0 A8 1k B 6 AR BT R AL L BE 7 2R 5 A8 e

Fig. 5 Variation of compressor variable efficiency with flow Fig. 6 Variation of compressor pressure ratio with flow
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