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Abstract

This paper is investigated construction of the Scramjet test facility and test method of Scramjet engine combustor model.
Scramjet engine combustor model test was performed at Lab C-16BK CIAM (Central Institute of Aviation Motors) at
Tyraevo in Moscow. The velocity of flow in the combustion chamber equal to Mach number 2.49 with single hole fuel
spray nozzle injector and test duration equal to 7 seconds. Therefore in this paper is showed high altitude test method of
Scramjet combustor model and the proper structure of combustor with single hole fuel spray nozzle.
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q —dynamic pressure; p - density of air;
w —velocity of air for test object.
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fig. 1 Parameters of modeling condition in
flight trajectory 75 xkPa > q = 25 kPa
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» liquid oxygen
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test complex has the following resources:
high pressure air P<32 MPa, V=29.5 m’
£aseous oxygen P<20 MPa, =45 m’ ;
G=18000 kg;
P<15 MPa, V=1.5 m’;
P<15 MPa, =3.2 m’;
P<20 MPa, V=14.8 m®;
G=13000 kg;
G=600 kg.

gaseous hydrogen

gaseous nitrogen
liquid nitrogen
kerosene



To fire heater

Fig. 2 Configuration of the working part in the test facility and test model

Component supply systems:
high pressure air

fire heater gaseous oxygen
fire heater gaseous methane
experimental object gaseous

hydrogen

Cooling systems:
- low pressure rewater system

- high pressure rewater system
- water displacement system
- Cryogenic nitrogen (cooling

Dpipe/inezl 00 mm, PSZOMPa,

D,

D

D

V=1.6 m’, P<10MPa;

Dpipetine =32 mm, P<15MPa;
iwetine =50 mm, P<15MPa;
ipeline :32 mm, PSI 5MPa

P=400kPa, G= 10 liter/s;
P=1MPa, G= 8 liter/s;

Dpipeline =32 mm, G<3 kg/s
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table 1
Ne | Gair, | Genas | Gozs | 0pn | Gy, | Ghzs | Gee | Me

kg/s | kg/s | kg/s kg/s | g/s

1 2,55( 0,082| 0,447} 3,18 3,08| 1,59 5,64 2,49
2 2,55(0,082| 0,450 3,19 3,09 1,51 5,96] 2,49
3 2,53( 0,083| 0,455| 3,14 3,07| 1,52| 5,88 2,49
4 2,531 0,083] 0,456( 3,15 3,07} 1,45| 6,17 2,49
5 2,55(0,083| 0,456| 3,16 3,09 2,32 3,88 2,49
6 2,551 0,083} 0,457| 3,16| 3,09 2,21} 4,08f 2,49
7 2,541 0,083| 0,456| 3,15] 3,07| 3,13| 2,86 2,49
8 2,54( 0,083| 0,456{ 3,15 3,08| 2,99 3,00] 2,49
9 2,54} 0,083) 0,456] 3,16] 3,08 2,64 3,40 2,49
10 2,54( 0,083 0,456 3,16 3,08 0 2,49

i

2 AEUAM dATol= WAL~ oHF
ALEH oD fire heater @A7|ol= HEDIAS
Al ATFMHE a7 ZE2 ddZlez
AlE A7 302 HTstgE ooy, XS fire
heater& &&st FOE HAH2T T, M
px X MR 20 HE AEQCt 0|F AT
torcholf 28 29 % 3%7t torch7t =S &
5EZE AZE EAlRch Ald@e cignp e
cyclogramol| 2|5l AEsL 2 =3 = Uct,

- A AlAHE 2F Y =y AEF A3

- Thermo-pressure chamber 87| (22 7tX|)

[
- BIIBIES At B7| B2 AAH 5

[ ) |
Mach Number, AI®R2LE)7X| fire

3%

- ANE=EA (
heater 2tS

- torch 912 &2

- AT HE 33

- HAZZF, fire heater ZSHX|
- &7 23 A2 turn off

- MA AlA” 2S HX|

4. A&zt 1%

ANEZD HdEE 25 dzzo w2l Nel,
Ne7, Nol02| Zd=otE2 MEHETIE sict 38 38
Zdrsko| otHEZT ZMOBAM, Nel02 ZSAMH
ol
=

A=It SE=HA ZE moll A7 Mol LT

g0 ZdAEe FAt BTletHAM 2ol
SotX|oy Nele|l HAROIT 42 HRE A e
m ZASol °ojsi ol AA S7tskAl g1
ddete & 7 UR0| AHK2 SEUM FAS2
dekts 2 ¢ 7 ALk JZIT Ne7o EF
e HRE ZAME M 2z FTUtoll ofst

273



Right wall
B D

== —» - - :Z . i - .
_ —>
. ‘
5 T ® T T ® ®» »
H Ne Left wall
2
up
®

o X
[an]
~r
v v
3
T2s
g 2
£
215
z 1
a~]
& 0.5
0 :
0 80 160 240 320 400 480 560 640 720
Length along the axial direction [mm]
Fig 3. The schematic of supersonic combustion and total pressure distribution
of the right-left wall in the supersonic combustion
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Fig 4. Total pressure distribution of Right — left wall and
up-down wall
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