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Abstract: Experiments on the direct-connect dual-mode Kerosene-fueled scramjet engine
with two cavities were conducted in the supersonic combustion facility to compare the com-
bustor performance under clean air and air vitiated with H, O conditions. The primary objec
tive was to understand the complicated issues with regard to the effects of air-stream vitiation
on scramjet test performance. A set of comparative combustion tests were conducted with
the same test gas parameters of nominal Mach number 2, total temperature of about 828 K
and total pressure of about 800 kPa. The simulations of reacting flowfield in the combustor
under the same experimental conditions were conducted using flow solver AHL3D. The cal-
culation results were close to experimental data. The final objective was to provide insight

into the detail of combustion flow which was not resolved by the available instruments.
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1
Table 1 Inflow conditions
7.75% H,0 11.35% H,O 7.75% H,O 11.35% H,0O
Ma 2.022 2.016 2.014
T../K 828 828 820 300 300 300
Do /kPa 810 800 800 6806 6791 7111
Xkerosene 0 0 0 1.0 1.0 1.0
LH,0 0 0.0775 0.1135 0 0 0
N, 0.79 0.713 0.6685 0 0 0
Zo, 0.21 0.2095 0.218 0 0 0
0.73 0.73 0.73
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Fig. 3 Comparison of wall pressure distributions between calculation results and experimental results
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2

Table 2 Overall performance of combustor in three cases

/N /N /N
366. 6 23.3 343.3 0.498 0.760
7.75% H,0 361. 4 23.0 338.4 0.497 0. 690
11.35% H,O 363. 2 23.6 339. 6 0. 494 0.716

technologies in the U. S. for test and evaluation of high
3 speed/hypersonic systems[ R]. ISABE Paper 2009-1213,
2009.
[ 3] Krauss R H,Gauba G, Whitehurst R B, et al. Experimental
’ CED ° and numerical investigation of steam-vitiated supersonic
AHL3D J7.75% H,O hydrogen combustion[R]. ATAA-1996-0856,1996.
11. 35 % Hz O [4] McDaniel J C,Krauss R H,Brad W W,et al. Test gas viti-
ation effects in a dual-mode combustor[ R]. ATAA-2003-
6960,2003.
[ 5] Goyne CP,Mecdaniel ] C,Krauss R H,et al. Test gas vitia-
Iy ®=0.73 , . . .
tion effects in a dual-mode scramjet combustor[ J]. Journal
’ of Propulsion and Power,2007,23(3) :559-565.
H, O [ 6] Mitani T,Hiraiwa T,Sato S,et al. Scramjet engine testing
H,0 in Mach 6 vitiated airl R]. AIAA-1996-4555,1996.
[ 7] Mitani T,Hiraiwa T,Sato S,et al. Comparison of scramjet
engine performance in Mach 6 vitiated and storage heated
] air[ J]. Journal of Propulsion and Power,1997,13(5) :635-
2) H,O 642.
, ; [8] . [DJ.
’ : ,2009.
YANG Yang. Investigations on contamination effects of

test gas on scramjet engine performance [ D]. Chengdu:

3) ,
H,O CO,

Southwest Jiaotong University,2009. (in Chinese)

[ 9] LE Jialing, LIU Weixiong, SONG Wenyan, et al. Experi-
mental and numerical investigation of air vitiation effects

4) on scramjet test performance[ R]. AIAA-2009-7344,2009.

[10] . .HO

(JJ. ,2011,32(1) ;5-10.
XING Jianwen, YANG Yang. Three-dimensional simula-
tion of H, O vitiation effects on combustor performance for

7 Scramjet[ ] ]. Journal of Propulsion Technology, 2011, 32

) H.O (1) :5-10. (in Chinese)

[11] . .
[Jl. ,2010,31(4) :401-405.
LUO Feiteng, SONG Wenyan, LIU Hao. Experimental in-
vestigation for vitiated air effects on hydrogen-fueled su-
personic combustor performance[ J]. Journal of Propulsion
Technology.2010,31(4) :401-405. (in Chinese)
[12] , ,

[1] Pellet G L, Bruno C, Chinitz W. Review of air vitiation [J1. ,2008,23(12):2268-2273.
effects on scramjet ignition and flameholding combustion SONG Wenyan, XIAO Yinli, LE Jialing. Application of re-
processes[ R]. AIAA-2002-3880.2000. sistance heater in supersonic combustion facility[J]. Jour-

[ 2] Fetterhoff T,Bancroft S, Burfitt W, et al. Development of nal of Aerospace Power,2008,23(12):2268-2273. (in Chi-



2413

11 :H,O
nese) : ,2006.
[13] s s YANG Shunhua. Numerical study of hydrocarbon fueled
[J7. ,2011,32(1) :70-75. scramjet| D]. Mianyang Sichuan: China Aerodynamics Re-

LIU Hao, SONG Wenyan, LUO Feiteng. Experiments on
vitiated air effects of ethylene-fueled supersonic combus-
tion[ J]. Journal of Propulsion Technology.,2011,32(1):
70-75. (in Chinese)

[14] . [D].

[15]

search and Development Center,2006. (in Chinese)
Srinivasan S, Erickson W D. Influence of test-gas vitiation
on mixing and combustion at Mach 7 flight conditions[ R].

ATAA-1994-2816,1994.



