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Experimental and numerical simulation on aerodynamic
performance of large radius change to
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Abstract: In order to investigate the aerodynamic performance of the intermediate casing
and verify the design method, the aerodynamic performance of the intermediate casing was exper-
imented. At the same time, corresponding numerical simulations were carried out by using NU-
MECA Fine software. To accurately measure the flow through the core of the intermediate cas-
ing, a flow measurement device was designed and the accuracy was checked. Results showed the
relative deviation of the measurement accuracy was less than 1.5%. Considering the wall static
pressure on both sides of the inlet straight section was smaller than in the center area at high inlet
Mach number, and some bypass ratios failed to be adjusted to the target inlet Mach numbers,
corresponding numerical simulations were carried out and the solutions were proposed. A single

hole total pressure probe was used to measure the sector of the core and bypass outlet. The total
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performance curves and total pressure recovery coefficient radial change curves of the core, the

total pressure recovery coefficient cloud images of the core and bypass were gained and compared

with the calculated results. Results showed the core total performance curves, the core and bypass

total pressure recovery coefficient cloud images of the calculated results were in good agreement with

the experimental results. In the design state, the total pressure recovery coefficients of the core and

bypass outlet measurement section were 0. 9921 and 0. 986, respectively, both were higher than

the design indices, indicating the intermediate casing had good aerodynamic performance.

Key words: intermediate casing; large radius change to length ratio; bypass ratio;

aerodynamic performance; total pressure recovery coefficient
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Fig.5 Measurement device of the core mass flow
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Fig.6 Change curves of the total and the core mass flow
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Fig.7 Radial change curves of inlet total pressure



1564 it = 3

&
g
b
#
o

XF I I . 7 AR TR AR A BUE
BRI E A — BoPE B, AR 1 A A B
BeXs) o 8 4% Sy KO Bt 1 RE TS IR o A 1)
A ZE, pro oo 73900 0 N S BETR T, o i I
WA AL B 8 AT A TR AR AR L
G BE R ) — BB S 18 o0 A FL B 2 5 B g
AT PN, P RE i T A S BE i T A (EL A/ | DG A B
T D R 1 AR A B i

—a—p,_, Ma=025
—e—p, ., Ma=025
A—p,_,Ma=035

0.14r —v— Py, Ma=0.35

¢ p,» Ma=045
—<a— Py, Ma=0.45
P Ma,=0.5
—e— P,,» Ma=0.5

0.13 F

p,/MPa
(=]
I~
T

0.11 Fw ¥ -y
. - . . . . .
0. 10 1 1 1 1 1 1 1 1 1 ]
=50 -30 -10 10 30 50

al(®)
I8 b IR T 5 S ) A2 Ak it 2k

Fig.8 Circumferential change curves of inlet wall static

pressure

Sy 120 A BT AE O SRR PR Y
R T e R Eb R () X3 /N B R 43 S0 7 BB R
FE L 2R 200,400 mm B (14 32 35 14 28 47 %5008 A5 4L
YEFH SST (B U)W Jg Hiv iz ) X5 B it It A 280 5 fig
T3 N-S (90 41 46 5 ) 75 B2 10 R 1 0 77
PR e 1E OV ROR B i R R R T T,
265 7 ~F- 24 T [ 44 B T SR P 46 24 00 1 B8 i
Ao A HLIE TSR AL AN B 9 BT R , XA i
ALk 427 7 4617 .

10, & 11 43 9 Ma,=0.5 i #E 4 ML
#1100 mm &b, A1 BE & R po,, 50 % il GE
55 Ma, Wy y 1 CR 1)) i 28 A i 2k . f 16110 14

X

AL

y
K9 A LI R

Fig.9 Computational model of the intermediate casing

105
104 + L
-:AM‘ ::
£ 103} smsssssgads eretep
= - e
< 102}
101 —=— =200 mm
—a— =400 mm
100 L 1 1 1 1 1 1 1 1 1
-375  -225 =75 75 25 375
y/mm

K110 AMEERG R y 1) 28 4k i 26
Fig.10 Static pressure change curves of the outer wall

along the y direction

0.60

0.55 . 2

0.50 F K aapsiiitiisiiiaspesn i
S

0.40 -

035 —u—[=200 mm

—A—[=400 mm
030 L 1 1 1 1 1 1 1
-320 -160 0 160 320
y/mm
BT 5006 i 18 g B2 S R R y A8 AR £¢
Fig.11 Mach number change curves of the 50% channel

height along the y direction

11 745, L=400 mm B} , SN BE # ik A & 50 %6 i 18
150 B B R O y 1) A 3 A ML L =200 mm
W AF . AT A g R A P B K
S AR Ty % R B I E 07 BB R
2% vh A AN W J0 DTG 5 309 000 1 R T R 4 L v
[B] DX 350N o S T R T U T AR A 2 AT
LU AU, DA TE 2 10 A 5 ) ) v e 5, o
FF B B 2 K, AN
2.3 REXRPT

OBk A A Ma,=0.45, B=0.239, 0.3 Hl
Ma,=0.5,8B=0.239,0.3, 0.4, iz 5 B} 184 38 56 1
HEEE Ty AR AN R 1 2] H bRk 1 E R

BEXT LA B OO, 6 SR S I AT T A AT .
P 12 Sk P TR P B R TR R U = (ol g ) 0 4
fii o B 13 R AN ] 456 N T A TR A
T, #E O 5 gk ks #) A BR B (o B Ma,=0.326) ,
PR PN R A ) R M, T = T AR A i £k . FR A
13 AT A5, 56008 I b 50 0% d KAE R 0.46, 76 N 1 I
TN, S AL T I AR



A A5 < i 22 4K BE HE P A AL I A B0 P A a6 B B A AL 1565

19) z
P12 P9 To P B B AT T = 1] ) i 23 A1
Fig.12 Distribution of static pressure measurement points

along the z direction on inner wall of the core

0.50
045 e [ e

4 '// ~of \\.

]

S \
0.40 | \

\\I a—8

0.35

50 100 150 200 250 300 350
z/mm

P13 DA IR PR S0 A AT = 1 22 A i 2%
Fig.13 Isentropic Mach number along the = direction

change curve of the core inner wall

Bt o A 1 1 A PR 3R T A T R AT TR
B, T TR AL AR A W S, 1T A % sl A TR
R 42 T L 45 285 4 i O 5 A 1 — A~ AR ] e % i
FTH E Be e AT 1 SE A . a5 BT 5 DN300 8§ iR
U0 PR 14 BT 3%, PR S T A L G R 15 i o,
FIUR S iy AT HE A8 30 S8 06, H 1 R R
. 16 A I U8 N e — o I Y S bk AL
Ma, 53 A = B o B 16 AT 45, 208 #8003 0 XY

[ 14 U5 B
Fig.14 Butterfly valve used in the experiment

I i

B 15 NI B T

Fig.15 Computational model of the core tube

P16 W] R T b R A 2
Fig.16 Mach number distribution cloud image of

the valve cross section

R T 1o ARSI, 75 2 21 75
R 2 B 1Y L A E AR B AR AR T 1R I
FEARTET o AT DA U, T I N A E Il B
BRI I S 46 T e B S TR L, R AR T 2 H
PRk TSR E . AR T T AR 1R TR A AL
Tt T AR A R T AR L 2k 63.8 %0, 1R
I 1A A AR LS R B IR R R KL Y
A BILIE T T R A A v B TR T T A S
B[R T

Sk T DR S SR A T R A, TR 0
ot B3 ) i) LA 348 R U 3 T AR R R TR I R
AN R 22 Ak SR 2 Ta) ORI 4 e i 1, (A A S
PR 1 4 F R A A O 7E R IR A s 3 A R
T, DT S8 A5 i S A I
2.4 WiRBMERERZ

B 17 Sy N R E T, P T 8 T
JEW A 28 o, BEE O SR8 Ma, 28 A0t 45, 181 18
AN TR 3E SRR, PR T A TR R R
B RBBERRE L B2 £k, B cal. it A
iU AR IR S A . W B 17 B 18 Al 4%, 1T
50 45 R 0 — BB 2RI L —E i, B
VR Y AR NI UNEEET ¥ G
B, S K 52 72 BB TR T L 1) 38 Rt 9/



1566 it = 3

%37 %

1.000
e
[ e S
0.995F i —
\3\-\‘ — =
< pp—
0.990 \Q\'
o —=—B=0239 ‘\ \‘
0985} —*5=03 «
A B=04 \
—v—B=0.5
0.980 B=0.6 <
—<— B=0.665 \
—»— B=0.239, cal. v
0975 1 1 1 1 1 1 1
020 025 030 035 040 045 050 0.55
Ma,
BE17 BRI ZR BR 0 11 S A Ak il £k
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