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Abstract: Experimental and numerical methods were utilized to investigate the back
pressure effect on isolator flow characteristics by combustion or by flow choking. Combus-
tion experiment with different hydrogen fuel equivalent ratios and wedge-blocked were con-
ducted under the same airflow condition and the same isolator exit pressure ratio. Combus-
tion and corresponding flow choking situations with different isolator exit pressures were in-
vestigated numerially to compare the flowfield details in the isolator under two situations.
Experimental results indicate that when the shock train is about to enter the isolator, the
same pressure distribution is achieved with these two choking methods; but when the isola-

tor exit pressure ratio reaches 2.3, which means the shock train has entered the isolator,
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there is a significant difference between these two situations.

Numerial result for these two

situations suggest that separation zone for the combustion situation originally appears in the

lower wall, but in the flow choking situation it appears in the upper wall, indicating that the

shock train under combustion situation deflects upward and differs from that under the flow

choking situation. When isolator exit pressure ratio reaches 3. 0, the difference between two

situations decreases, indicating that the difference may disappear eventually with the increas-

ing back pressure. These results show that, only when the back pressure field by combus-

tion and by flow choking experiment simulation is confirmed similar, flow choking experi-

ment result can be used to assess the inlet unstart risk by back pressure.
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Table 1 Combustion experiment situations and results
Test No. To/K po/kPa ¢ Test results
Sustainable

1104 819 807 0.120 i
combustion
Sustainable

1106 806 815 0.262 )
combustion
Sustainable

1109 803 804 0.303

combustion
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Fig. 3 Flow choking wedge-clocked at
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Table 2 Flow choking experiment

Wedge-blocked  Blocking

Test No. Tow/K po/kPa o )
position area ratio
1112 819 807 Position 0 0
1115 803 804 Position 2 0. 368
1120 806 806 Position 6 0. 453
1122 799 809 Position 7 0. 470
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Table 3 Airflow situation, H, jet situation and flow

choking situation in calculation

Combustion Blockage
Parameters
of combustor Fuel H; jet Blocking
. equivalent pressure/  area ratio
inlet
ratio of H, (¢) MPa r
0.120 1.72 0
0.262 3.72 0
To=800K 0. 305 4.24 0
Po =800 kPa
0 0. 368
Ma=2
0 0.453
0 0.470
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pressure distribution
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Fig. 6 Comparison of combustor wall pressure

distribution between calculation result

and experiment result

S5 R AL BT A R B JF FLRBE 2 LY e 22
B 3 B — T Y R AT B R RE TET = 4R 0 FE
U S R TSRO B R T e 2, 5 —
5 T AR AT BB 2t T 6 S R sh R 1R 22
R UK L5 T 22 RS S B I iR 25 B B A ok 1.

% HH] A SE L 0. 470 T BR85S 5 R
LR 28 SR 15 22, DR, 3 FEL e 0 T S B4
SRR EZEANZ NG LN 0. 453 Z5 5L Y &
0. 262 X L.

K7 45 2E Ll 0,453 5 BAIY B 1L
0. 262 1) E k&L 2 B, DA B rh a] D W0 b R %3¢ %)
PN R 55 07 20T W B BN i i 22 5 JL

Mach number 0 02 04 0608101214 161820

0.25 0.30

0.10 0.15 0.20
xim
(a) r=0.453

-
0.10 0.15 0.20
x/m
(b) r=0.262

BT R Sk R o A

Fig. 7 Mach number distribution contour in

- "
0.25 0.30

calculation condition



511

E TR TG T 7 2 R S S LR B B Sh 4 R R R 2601

PRSI 7Rl WS R BR b 19 25 A 1 A 2 U wk
SER AR L AR B R e 4 T Y S B AT
NGRS

TP O A AE BE R L R I WA O T, — 2
RBP4 R 0 e e B b BE T PR T OO B Y b
HBE T — AU Bl W A L 3 A S I 4 R %) BE R 43 A
AR AR B BRI X —
PO SRR L R 2 R S A R PR
FR . RN T RE T, BRI A 9 Ik A G A RE TR
BT 00 ol TR e 4 R WA X A sl (H
H TR be 4t S rh B 4 1 b O T RE TR R T A
[ AT 7/ R A A A% Ll

S T Bkl 0.262 FIdEZE LA
0. 453 PR S TH A 45 R 0y be 25 B il 0 py i b
RIS @ T M= A =N R WA g 1 B N
JE pe 43 ) B b ke Gt S i R B R AT T B A9 4k, 9L
Astr oy M B bR s B B2 H T i A, &

R 0. 305 FHIEZE L Ky 0. 470 1 FiOIR A8 X EE )
Bt TR AR P B . e B O DX Y e S AR R
BEAR R abt o 5 B i 1 A 8 e bR A 1 [l g X B
FE T RE T 1 PR A DR A 0 [l 0 DX MR B AE L R L i
W] LU A 280003 A TR R BE RS A IR RS vh
5RO R R B R o A 3 B X B ok A2 #)
PR HGHE O B R R R ) L M B R R 4 Y R TR 32 R
S SRR BT S 2l R 1

B RE BRI HBTE THBRERET
RBHIE S AR e et 1l 110 v s s ok 988 38 kAT S 1 4
G TT 7 N 7 2 [ B e B = KW R B 11 1 w957
JEBER BB R Y e B, 28 —Fh g 2 0 R
BRI S 2 B Ty 2 S T E — I %
JE B AR BLAE SRR 1 B BN B i g A S A S
B 30 2 78 TE 777 HE I R 46 800 AT S R A A
KRB AT E MBI, XSG N R TE
RO i e R 2l WL ) R A A 4 v A 1 5 )

10¢ 1.0 p o~ LOr
$=0.262 T R s T
08f — =045 .7 0.8} 08}
_ 06f e - 06F s _ 06F
T iy T ¢=0.262 < $=0.262
= 4 = r=0453 . L
04} R 04 0.4} 1 r=0.453
02} N 02} 02}
sal PP | P i“l I | \ e : | i I | al j‘ L -| Il |
0 01 02 03 04 0 05 1.0 15 20 096 098 1.00 120 1.04
plp, Ma T/,
(a) HfE (b) Tk (c) ik

P8 B ey B 1 b A B S 8 A

Fig.8 Flow parameters distribution on isolator exit surface

3.3 ELWREBESH

BTS20 45 0 L 24 o A B8 B w8 i e 2k
KA R FE. R T 158 WA M 4l 8 AR ABE 25 ) WUASE 25 8 90K
S RN B N = N T DA 5 N N B
AR GRS LM ER, BET YRR
0.120,0.168,0. 262,0. 400, lLA T4 Y4 1L F
P14 S5 e AR 5 () R ) S st R 97 2R 245 B8 e otk
(2% 5 T RCRAS FIR Wi 2 0F 35 4 s,

9 LG T A M L A JE L R BE TR
F153 A, MR 0. 168 FY4 & Lo 0. 219 A RR
B LR RETE R ) 40 A A A AR — S X Ui
N LT R I S R 1 D B R X R R S
AT R N = T T/ T
S SERET, UL R, 1 O R A B S B
B AT REA 26 X 5 5 30F A B B BUS R BER S A

x4 HERSTERTES

Table 4 Computational situation and airflow condition

Combustion Blockage
Parameters
Fuel )
of ) H; jet Blocking
equivalent
combustor ) pressure/  area ratio
. ratio of H,
inlet MPa (»
()
0.120 1.72 0. 299
To=800K 0.168 2.58 0. 402
pm - 800 kPa
Ma—2. 0 0.262 3.72 0.453
0. 400 5.73 0. 487
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