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Conceptual study of the Vitiated Air Heater
for Scramjet test

Jungmin Lee* - KyungTaik Kang* - Jinsik Lim*

ABSTRACT

This is conceptual study of vitiated air heater(VAH), the necessary ground test facility, for
characteristics studies of scramjet combustion and development of scramjet engines. The VAH is one
of various types which provided hot air to an intake or a combustion chamber of scramjet and it
must use suitable fuel to get hot combustion gas and more similar mixture gas(vitiated air) to real air.
In the study, foreign VAHs being capable of providing very high temperature were researched, and
injectors for VAH using LNG(CH4) or hydrogen were designed conceptually to develop scramjet

vehicle.
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2. A3AAE VAH
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Fig. 1 APTU VAH (USA)
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Fig. 2 JAXA RJTF (Japan)
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Table 1 Test condition
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km |kg/s

K

kg/s

K

kg/s| K

kg/s

10 | 121

937

151

1339

181 |1830

212

2410
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910
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CH, +2.750, — 2H,0+ C0, +0.750,

H,+0.750, — H,0+0.250,
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Table 2 Calculated Results for CH4 mass—flow rate

Gr | CH4 [ 02 Air | T. [ Tr
kg/s K
10.8 | 0.655 | 3.6025 | 6.5425 | 2440 | 2437
93 | 057 | 3135 | 5595 | 2454 | 2448
108 | 042 | 231 | 807 | 1849 | 1842
8 [ 032 | 176 | 592 | 1884 | 1859
105 | 026 | 143 | 881 | 1366 | 1342
66 | 016 | 088 | 556 | 1347 | 1360
115 | 016 | 088 | 1046 | 941 | 931

Table 3 Calculated Results for H2 mass-flow rate

Gr | CH4 [ 02 [ Air | T. [ Tr
kg/s K
108 [ 03 [ 36 | 69 [ 2444 [ 2437
93 | 026 | 312 | 592 | 2452 | 2448
108 | 018 | 216 | 846 | 1823 [ 1842
8 014 | 168 | 618 | 1879 | 1859
105 | 011 | 132 [ 9.07 [ 1354 [ 1342
66 | 007 | 084 [ 569 [ 1365 | 1360
115 | 007 | 084 [ 1059 | 961 | 931
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Table 4 Specification of VAH chamber

Throat Chamber | Chamber
VAH
diameter | diameter | length
for CH4 | 93.7mm 265mm 800mm
for H2 95.5mm 280mm 850mm

Table 5 Specification of VAH Injector

Fuel 02
outer
VAH Injector. Injector. dia.
Ent. \ Exit | Ent. \ Exit
diameter(mm) mm
for CH4 | 28 | 48 | 88 | 10.6 18
for H2 | 32 | 92 | 124 | 138 21

Fig. 3 Injector Assy.(for CH4 and H2)
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