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Combustion Processes in Model SCRAM Jet Combustor
Using Detonation Driven Shock Tunnel
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Experiments were conducted in order to investigate mixing and combustion processes in a model
SCRAM (Supersonic Combustion RAM) jet combustor equipped with a backward-facing step. A
detonation-driven shock tunnel was used to generate high-enthalpy flow of Mach number three.
Firstly, an influence of installing a sidewall on the combustor model was investigated. Secondly,
flow-fields around the step were visualized using high-speed video camera with an aid of schlieren
technique. A hydrogen fuel was injected perpendicular to the supersonic flow behind the backward-
facing step and a height of the step and an injection distance were varied in order to investigate the
effects of these parameters on a characteristic of the combustion. As a result, the injected hydrogen
was ignited behind the step and increasing the height of step became effective to the ignition and
flame holding behaviors. Furthermore, a non-dimensional injection distance with respect to height
of the step was considered to be an important parameter to influence an ignition and combustion
processes in the model SCRAM jet combustor.
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Fig. 1 Schematic diagram of experimental set-up using detonation—driven shock tunnel.
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Table 1 Experimental conditions.

Parameter Condition
Driver Gas 2H, + Og
Driver Gas Pressure, py; 200 ~ 310 kPa
Test Gas Air

Test Gas Pressure, p; 15.2 ~ 31.3 kPa
Ifljection Gas Ha, He
Injection Gas Pressure, p; 75 ~ 300 kPa

Freestream Mach Number, M 3.0
Height of Step, h
Injection Distance, D

0~ 8 mm
5 ~ 40 mm

.. 45 20 20202020

" Laval Nozzle

Fig. 2 Schematic diagram of SCRAM Jet combus-
tor model, (a) Combustor model, h: height
of step, D: injection distance, (b) Photo-
graph showing installation of Laval nozzle
and combustor model.
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Fig. 3 Pressure distributions on the wall compar-
ing a difference of combustor model.
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Fig. 4 Pressure distributions on the wall of
combustor model comparing a difference of
injection.
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Fig. 5 Pressure histories on the wall of combustor

model, Injection: (a) hydrogen, (b) helium.
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Fig. 6 Sequential schlieren photographs showing
the combustion processes behind backward-
facing step, height of step: (a) h = 2 mm,
(b) h =8 mm.
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Fig. 7 Direct photographs showing ignition pro-
cesses behind the step (h = 8 mm)
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Fig. 8 Schlieren
backward-facing step by changing height of
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the step and elapsed time: (a) h = 2 mm,
t = 444 ps, (b) h = 4 mm, t = 381 pus,
(¢) h =6 mm, t = 275 us, (d) h = 8 mm,
t = 165 us.
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Fig. 9 Direct photographs showing the combustion
behind the step, non-dimensional injection
distance: (a) D/h = oo, (b) D/h = 6,
() D/h =3, (d) D/h =2, (¢) D/h = 1.5.
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Fig. 10 Classification of flow-—fields by a behavior
of re-circulation region generated behind
step: (a) separated type, (b) concave type,
(c) trapézoidal type.
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Fig. 11  Classification of the combustion flow-fields
varied with height of step h and injection
distance D.
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Fig. 12 Direct photographs showing the combustion
behind the step, non-dimensional injection
distance: (a) D/h = oo, (b) D/h = 6,
(c) D/h =3, (d) D/h = 2, (e) D/h =1.5.

Z vy X—% BRI TS § 5720, BHEL & &1
Z(ET ZMPEREDOTGAS LT ERED X N -5
LMBSNEOAS, BIEOE BRI 21013 8T
H5. B120d, X7y Fikih 5 REBEHILETO
E%%D=12mmf~EEL,X%w7®ES%
h=0~8mmZT2mm RNHTENERIIEETH
6.Elmw%qu%?&5to<Dm530®%
T, A7y 7 ST ERICE L TV,
THiE, KILSRY & 5 I feh s EIam s
BTHY, BENRT Y TRAICIIEETET, Tk
tmzhékbt%ishé.mu@xwh=zm
BLUK 12(e)(D/h = 1.5) DBBICIE, X775
BTHPAERICEL TV 3. Thid, HAEHNERE
ROV TH 510, MRS Ty PR
THRBRBUNC &> THMT 2 -0 EFITH 2
kbt%i%h%.&ﬁ,?bi—VEVﬁﬁEW%
/meﬁmswéﬁﬁéuﬁﬁgﬁw%%éhfw
BOTEDD, ATy FEETHIEL ORI
ExTHwEeEz NS,

5. ¥ & &

HEHIBSCBIY 2V —h T2 C 2D
TEDT b 3— 2 VERBEERS L, SCRAM

—219—



1604 FhA—va VERBRERRARAEBAWI R 74 2y MABERE T IVAORREERRE

Jet #REESRRIL 72 £75 )L I 313 B B0 BRIEA
IOV TRRINC AN, BENIEREENT S
EUTOEDTHD, '

(1) $RIBEEFIUICIBER T 5 C & THERNET
WVRTRHERDETC LicKD, EFVATE
HOBNRER R TE D C L PHRT X, £
tz, fIEEEF B LIck Y, HREDOAHIS
PR NS HERT % 3 BICBNBERINE L 725
CELHERRT & ' v

(2) BAXZRTY TOBERETEY, X7y Tk
I BOTIREN T 5 BAINT 3 L X bh,
EJCENBRINEL 125 T LA HRTE . ATy
TOREIDVBNEE BNCENTHZ T ENHAS
hicEhiz.

(3) HARIESIERRE D & 27 v T HE h OESTTE D/h
I & D%IIE R T v T HROTHNIBNELT 5. &
BBERET VIC B B NG, D/h > 5 DR
THERASD B, 3 < D/h <5 D&M THEE
BRESMAY, D/h < 3 D&MAT BERERATE
EOETED.

(4) AWERETIUC BOTRIERFET B 0Iid
A5y T EHOEREER L R ETL L R
TNHEREHN AL TH L ME DR EMEE
ENZEEEEHETE (D/h < 3) DRAFRET
TCEHEETHS.

El i
AEBRRITIICHID, ¥ EIE BX BTV

TTARKERE E E BOWAR SR, £,

NIBOTREEITSICHIZD, () /EFv 7 I

Ei%ﬁﬁ%ﬁﬁm&héﬁk.ccwﬁﬁbﬁﬁ

X 73

(1) Lenartz, M., et al., Development of a Detonation
Driver for a Shock Tunnel, Proc. 20th Int. Symp. on
Shock Waves, I (1995), pp.153-158.

(2) Habermann, M. and Olivier, H., Experimental
Studies in a Detonation Driven Shock Tube at
Elevated Pressures, Proc. of Symp. on Shock Waves,
Japan '97, (1998), pp.551-554.

(3) Lu, F.K,, et al,, Recent Advances in Detonation
' Techniques for High—enthalpy Facilities, AIAA J.,
38-9 (2000), pp.1676-1684.

(4) Itoh, K., et al, Hypersonic Aerothermodynamic
and Scramjet Research using High Enthalpy Shock
Tunnel, Shock Waves, 12 (2002), pp.93-98.

(5) Yamanaka A., et al., Study on Performance of
Detonation-Driven Shock Tube, JSME Int. J.,
Series B, 45-2, (2002), pp.425-431.

(6) Kim, T.-H., et al., Experimental Study on
Performance of Shock Tube Driven by Detonation
Wave, Transactions of the Japan Society of
Mechanical Engineers, Series B, 70-691, (2004),
pp.707-714.

Huber, P.W., et al., Criteria for Self-Ignition of
Supersonic Hydrogen—Air Mixtures, NASA TP,
1457 (1979).

(8) McClinton, C.R., Autoignition of Hydrogen injected
transverse to Supersonic Airstream, AIAA Paper,
79-1239 (1979).

(9) Tomioka, S., et al., Evaluation of Ignition Models
which are applied to a Supersonic Combustor
with Backward-Steps and Perpendicular Wall
Injectors, Proc. 5th Annual Meeting and Symp. on
Ram/Scramjets (1995), pp.159-264.

(10) Tomioka, S., et al., Investigation of Flow Field
at Pre-Ignition Phase in a Supersonic Combustor
with Backward-Steps and Perpendicular Wall
Injectors, Proc. 6th Annual Meeting and Symp. on
Ram/Scramjets (1996), pp.149-154.

(11) Gaston, M.J., et al, Comparison of two
Hypermixing Fuel Injectors in a Supersonic
Cumbustor, AIAA, 98-0964 (36th Aerospace Sci.
Meeting & Exhibit), (1998).

(12) Brandstetter, A., et al., Flame Stabilization
in Supersonic Combustion, AIAA 2002-5224
(AIAA/AAAF 11th Int. Space Planes and Hyper-
sonic Systems and Technol. Conference), (2002).

(7

~

(13) O'Byrne, S., et al., Measurement and Imaging of
Supersonic Combustion in a Model Scramjet Engine,
Proc. 21st Int. Symp. on Shock Waves, (1997).

(14) O'Byrne, S., et al., Establishment of the Near-Wake
Flow of a Cone and Wedge in a Transient Hypersonic
Freestream, Proc. 22nd Int. Symp. on Shock Waves,
(1999). : ‘

(15) Arai, T., et al., Experiments of Pre-Mixed Shock-
Induced Combustion Scramjet with Forebody-Wall
Tuel Injection, AIAA 2002-5243 (AIAA/AAAF
11th Int. Space Planes and Hypersonic Systems and
Technol. Conference), (2002).

(16) Gardner, A.D., et al., Upstream Porthole Injection
in a 2-D Scramjet Model, Shock Waves, 11 (2002),
pp.369-375.

(17) Kim, T.-H., Obara, T. and Ohyagi, S., Fuel
Mixing and Combustion into a Supersonic Air Flow,
Proc. KSAS-JSASS Joint Symp. on Aerospace Eng.,
(2004), pp.261-268.

(18) Kim, T.-H., et al.,, Experimental Study on
Flow Field behind Backward-Facing Step using
Detonation—Driven Shock Tunnel, J. Japan Soc. for
Aeronautical and Space Sci., 52-608 (2004), pp.385-
392.

(19) Obara, T., et al, Experimental Study on a
Flow Field behind Backward-Facing Step using
Detonation-Driven Shock Tunnel, Proc. 20th Int.
Colloquium on the Dynamics of Explosion and
Reactive Systems, Montreal, (2005), CD-ROM.

—220—




