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Abstract: For the study of flow and heat transfer characteristics in the combustor of the high-Mach-num-
ber scramjet, a one—dimensional flow and heat transfer analysis model, which integrates with the fuel/air mixing
and combustion models, wall heat transfer model and high—temperature gas dissociation effect, is used to quanti-
tatively analyze the dissociation influence on the flow and performance parameters of scramjet combustor under
flight Mach 10 conditions. The analysis results show that the high temperature dissociation has a significant effect
on the flow and heat transfer in scramjet combustor. Without dissociation effect calculated, as the hydrogen fuel

equivalent ratio is 0.7, the thrust of the combustor is overestimated by about 15.3%, the total wall heat is overval-
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ued by about 13.5%. Furthermore, the influence of configuration parameters such as the injection position, the
number of injection holes and the angle of the expansion section of the combustor on the flow field and heat trans-
fer are obtained by the theoretical analysis model considering dissociation effect for the Mal0 circular cross—sec-
tion combustor. The variation laws of the thrust, wall friction and total wall heat of the combustor are also evaluat-
ed. The research shows that the expansion angle of the expansion section of the combustor has a significant effect
on the combustor performance, while the changes of the injection position and the number of injection holes have
little effect. With the expansion angle expanded from 1° to 2°, the thrust of the combustor increases by 124.0%),
while the friction is decreased by 3.0% and the total wall heat is reduced by 7.0%. What’s more, appropriately in-

creasing the expansion angle of combustor is beneficial to improving the thrust of the combustor, and decreasing
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the wall heat flux and wall friction.

Key words: Scramjet; Theoretical model; Configuration parameters; Combustor performance; Wall

heat transfer
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Fig.1 Schematic view of Ma10 scramjet engine model (mm)

3 SHUSMEERSH

3.1 BREEAFN

O S ATV AN 25 I i 1 200 114 A St B9 A A
Xt Mal0 ¥A%E % i 9 2 B P RE S By T 58 22, &
X T SC A 43 84 o B T 0 5 AORE S T A 1 AR 25 IR
AN iR B AN B 25 R 2 BT T R B Y
TG 2 BOMAERE S B, BABE 2 1 RE R AR e =2 Hf
I3 VBE T BE 45 77 FVRE I A% AR = AT T AT A B
AR(T)~(9) o b o LY 5k M B W BEb (i,

2205010-3



A4 H 10

Lh A 10 B T 2 S WU o8 25 0 20 15 1 VIR AR R 1 20 A

2023 4

0.008 1
0.007 |
0.006

0.005

p/p,

0.004 |

0.003
0.002

m  Experiment
0.001 | —0— Model

0.000 : - : s s ;
00 02 04 06 08 10 12

x/m

(a)

q,/(MW/m?)
)

®  Experiment

—4— Model
0 L L L 1 1 i
0.0 0.2 0.4 0.6 0.8 1.0 1.2
x/m
(b)

Fig.2 Comparison of theoretical model results and

experimental data
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Fig. 3 Flow and heat transfer properties of the combustor

with and without dissociation effect
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Table 1 Performances of Mal0 engine combustor with and

without dissociation effect

L Wall heat
Item Thrust/N Friction/N transfer/MW
With dissociation 129.5 404.7 1.11
Without dissociation 149.3 414.7 1.26

0.173m,0.213m, 0.253m K}, A B8 %= # 5 | 5 % B
[T 2R R e s e I 112 P S T N L/ I Y VA ) R O 2
R gl JRRERE I DX A 1] T U B8 2, TR IR b =5 e
JE T3 BT B AR e 1K 5 6 B30 T s, T i R A
W A /)

100
90
80
£
2 70t
g
Z 60t
2
=}
50 ¢ —0— x=0.173m
—0— x=0.213m
40 —4— x=0.253m
30 . : . - : !
0.0 0.2 0.4 0.6 0.8 1.0 12
x/m
(a)
457 —o— x=0.173m
—— x=0.213m
—A— x=0.253m
4.0
S 35
3.0
2:5 . : : - . !
0.0 02 0.4 0.6 0.8 1.0 12
x/m
(b)
3571
30t
E
§ 25¢t
= —o— x=0.173m
20k —— x=0.213m
’ —— x=0.253m
1.5 * * * : * !
0.0 0.2 0.4 0.6 0.8 1.0 12
x/m
(¢)

Fig.4 Flow and heat transfer properties of the combustor

at different injection positions
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Fig.5 Effects of injection position on combustor

performances
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Fig. 6 Flow and heat transfer properties of the combustor

with different numbers of injection holes
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Fig. 7 Effects of the number of injection holes on

combustor performances
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Fig. 8 Flow and heat transfer properties of the combustor

with different expansion angles
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Fig. 9 Effects of expansion angle on combustor

performances
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