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Research on scramjet integration design and numerical-simulation

L I Jiarrping, SON G Werryan , ZHEN G-Yaming , LOU Fe-teng
(School of Power-and Energy ,
Northwestern Polytechnical University , Xi*an 710072, China)

Abgtract : Scramjet components were preliminarily desgned in this paper according to
concept of integration desgn.. The flow-fiel dsand performance of the two-dimension configu-
ration were smulated usng CFD methods, and the numerica results were found to agree
well with experimental‘\data.\ Theflow-field and-performance variation-trends of each compo-
nent andthe whole engine were analyzed and summarized , and the difference of engine per-
formance under, work'\and'off-work_state was compared. The research results can provide a
reference for researches on integration design and performance of scramjet.
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Fig.1 Sketchof 2-D inlet configuration (Unit :mm)
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) . Table 1 Condition of freetream and hydrogen injection
/ /
/ Pa
K K km
1.0
- 4 5735.7 910000 216.8 883 19.8 0.5
08k 5 3670.9 2200000 219.7 1241 23.1 0.5
faculation 6 2549.2 4900000 221.5 1658 25 0.5
- 7 1872.9 10600000 224 2147 27.5 0.5
&
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Fig.4 Combustor bottomrwall pressure distribution Ma= 4
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Fig.7 Static pressure contours of 22D scramjet

integration configuration

6
Fig.6 Computational grids of the scramjet

integration model
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Table 2 Parameters of forebody/ inlet perfor mance

/

Ma [ Pa

4 0.31 0.37 89678 1.37
5 0.36 0.81 175944 1.39
6 0.27 0.99 98296 1.81
7 0.15 1.00 94764 1.91

Ma=5

Ma=6

Fig.8 Streamlinesof inlet and nozzle with

different freestream Mach number
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Fig.9 Computational surface distribution for

scramjet integration ‘configuration
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Table 3 Drag calculated by control volume method

Ma /I'N I'N
4 4690 48.7
5 624 817
6 0 1130
7 0 901
4

Ma=5,6,7
,Ma=4 ,
.Ma=4,5,6,7

2.13%.,4.74% ,Ma=4

6.39%,0.97 %,
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Table 4 Comparison of thrust calculated by surface )
integral and control volume method Ma=4 , )
N N 2400 K, , 30 % ,
Ma
( ) ) | %
4 3217.7 - 3423.3 6.39 . Ma=56.7 Ma=
4 , 2600,2800,2800
5 6746.7 6681.7 0.97
K, 75 %,
6 4296.3 4204.8 2.13
81 % ,82 %.
7 3277.5 3122.2 4.74 TIK
200 600 1000 1400 1800 2200 2600 3000
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Fig.11 Bottomwall static pressure of engine

Ma=1
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Fig.12 Satic temperature contour with

difference Mach number
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Fig.13 Chemica eficiency with difference Mach number
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, 15 (1) 16.6 % ,56.7 %,
) , 47.6 % ,19. 6 %,
Cr l¢ ; G 13.3%,55.4 % ,71.7 % ,64.4 %.
, Ma=5,6 ; ,
(05} , Cw , /
; Ma=5 ,Ma=6,7 Cr ,
37.1%,53.3 %, G iMa=45,6,7 ,
0.5%,43.5 %; 39.1%,48.9%, 3.7%,5.1%,6. 9%,
18.2%,18.0 % ,35. 8 %; 19.0 %.
Ma=4 , & 50.4%,70.1 %, ,
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