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Model Scramjet Engine Design for Ground Test

Sang Hun Kang* - Yang Ji Lee* : Soo Seok Yang**

ABSTRACT

Scramjet engine is one of the most promising propulsion systems for future transport. For the
ground test with T4 shock tunnel, model scramjet engine is designed. Design flight Mach number is
76 and flight altitude is 30km. Engine intake is designed by Levenberg-Marquardt optimization
method and Korkegi relation. Furthermore, cowl cut out region is installed by the rule of Kantrowitz
limit. Inside the combustor, cavity type flame holder is installed. Cavity is designed by Rayleigh line
relation and PSR model. Numerical analysis is performed for the design confirm.
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Table 1. Combustor entrance conditions

(Me=7.6, H=30km)
AOCA 0° +4° -4°
M. |22 24 1.9
P. [125.6 kPa 92.2 kPa 176.6 kPa
T. [1459.7 K 13099 K 16942 K
Ty [2864.6 K 2865.0 K 2862.0 K

Fig. 6 Revised cow cut out region
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Table 3. Calculation of fuel amount
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Residence THre | 1y 4rogen at the exit
1 sec 1.52e4
lel sec 1.92e4
le2 sec 4.87e4
le3 sec 1.74e3
Le4 sec 513e-3
leb sec 154e-2
5e-6 sec No reaction
o] EFFAMixer) g HX3d EFAHTF o)
% 927 o] ¥EL 7RI FFL A47)
Fol &7 AEAA d859 3718 &

W o9&
ot dE YA e 9EE Foh
+F AVE AV AME d8-F7)
E#71(Mixed gas)7} AAFE AxW-E2 do)
| A HLAFANE WA E3ejop )
WSS AT H2AFAZL PSR(Perfectly
Stirred Reactor) E&2-& ARt A4td 4 <l
TH11]. ¢ E4E-3-7)(Perfectly Stirred Reactor)
< A5 AV dAFLEA EFHE
$7] = d47]E T3 Fig 8dt 94AHE
Fukg-71e MEEE EAFAL o] 2dL o)
9, 999 AFALt 7 BE Fo YAHE
AR & Jon o]zRY
3 o o] dojrtr] & HAAFA
P A2 7 Ao B dFdME F49
E7A%4S 3] Chemkin-Il Z2 1§ o] 43}

in)

¢

tlo

N

T

¥o oo tilo

O
z:g 25 mm
12.5mm

Fig. 9 Specification of combustor cavity and fuel
injection nozzles

3 2t

M. = 2.2; P. = 125.6 kPa (10)

T. = 1459.7 K; U = 1680m/s

Equation 109] 7€ PSR 2dd] HEL&3x
dejo] AFAIZ e SFEFNE7] shFol
e Fa] ERES ALY Table 39 A3
e F Atk
Table 32 AHEY, HAT 10usec & AFA
o] glojol Aankge] dojd £ YFE ¢
Aok HAAFAL 7,0 AHHE Eq. 112
B 3359 o] DE AXE 4 AoH11]
D=1U/K, (11)

o] W K= AFALZTEAN B AT7AEC]
AMETE Aegd AxSE Aok & AFeA
+ Mitani$} Izumikawa(2000)7} A g 713 R
T4 %Y 768 AT ol2RE A
Ag 359 o]l DE 22mm o B AFoA

il

o



H11& A55 2007. 10.

AgAEHE =22 23 -AE ATl A 7

0.008+00 1.508-01 3.008-01 4 500-01 5.

Contours of Mass fraction of h2 wug 18, 2607
FLUENT 62 (30, dp. couples imp, o, et

(@) ¢ = 0.2

0.008+00

1.506.01

300201

4.50e-01 6.00-0

Contours of Mass fraction of h2 8, 2007
FLUENT 62 (34, dp, coupled mp, 8, sctiow

by ¢ =
Fig. 10 Hy mass fraction distribution in the simple
box type combustor

o]-zlolul(L/D)7} 3.04 w << w77}t 7bg
< Wt oly stgddelm s HA JERG
S AT & Uk oWt ¢E AFAE
271 dFuksls 2~39 ®W), L/Dgke] 391
o] ¥ gt aRr} JeL F9Y
oH14]. WA E Ao L/DE#S 3088
Addste]  AASGT. dREANxEL AF
2mm®] S4x=%(Sonic nozzle) 471& AHE35H5
o Yu F(1998)8] AH<¢tol uwe) FE oz
2D A AFelA 45° wgo g 0335— H-ALat
ATHI3l. HFAQ A7 F59 Y2 Fig 9
o vheRd wkel 2

11

[of

1N

34 A3 A A

A5k 2ol AW AxoNS A e Bl
N3 A At s SaEtEh. AAtEa e
483 = FLUENT(Coupled - Implicit Model,

0008400 1.506-01 3.008-01 4.500-01 6.

Contours of Mass fraction of h2 Aug 18, 2007
FLUENT 6.2 130, dp, coupled imp, spe. Sstkw)

(@ ¢ =02

0.008+00 3.000-01

1.60¢-01

4.50e-0

Eontours of Mass fraction of h2 Aug 18, 2067
FLUENT 6.2 (3d, dp, coupled imp, spe, sstkw)

b) & =04
Fig. 11 H, mass fraction distribution in the cavity
type combustor

k-0 SST WHEd)E AM&-3l3 77 Node(3GHz
CPU)E  wHEsste] ARt ARAE
Craddock(1999)¢] Grid resolution study®ll <A
sed 50X100X10 mm® A& 7)ol whsl o 55%F
A AAE WA ATHE]. EF Fae dinwks
Ae A8 974 3ehE, 18¢A WEEES A
£33 AT A4V JFY BAAERAL WL 0
el FYd+ HANAMZEAAE AL M
2.2, P= 1256 kPa, T.= 1459.7K= Tt
Figure 10& F%&°] gle 2HdE dL7]40A
9 o] A#E-&(Mass fraction)E XS LEFH
E}. adejA Jete utkek o] FAART)
Zol N EAED FUFUIeF A 12
°ﬂ oz} HetEe A LARHT e BE
g & Qlok Bl o7 0291 BF-Rr) 04
7t AE AFEo] 9 w4 vsida Sl

gog Q3 2EF Ao|E Q)

i

to K

grzm:m
—
re

flo —{o
r2

Ho
lo u

78‘
=iy
5

=



8 YYE - O|YR - LY

o
b
oH

227T5s8A

[

0:006400 5:10a-03 1020-02 1634-02 2:045-02 2556-02

Contours of Maes fraction of o Aug 18, 2007
FLUENT 8.2 (3d, dp, coupled imp, spe, sstiok)
@ ¢ =

0000400

5.10¢-03

1.020-02 1532-02 204002

255002

Contours of Mass fraction of oh ug 18, 2007
FLUENT 6.2 (3d.dp. coupled i, 855, etkns

(b) & = 04

Fig. 12 OH mass fraction distribution in the
simple box type combustor

g+ Atk
Figure 119+ & JTE& B3l HdAR® TF
3 AbT]ANY Ao AFRESEXTE Ve
. 2ol A ‘/}E}‘/P: Hho} o] dgXxEA

S b
l-n
_ﬁL
o A %
3L
X
mlr
2

n = i

rr
Y

o
fu
A
o,
i)

Hil A @t olE F9 A
8 Figs. 12~1371A= A%3E € &
ox¢ OH AFEEEEE YT Fig. 129]
= zquhﬂoﬂ/\y]_,] 7:]_?_ ]

Hepda 18 gad 4+ 3

o] °J-sﬂo§ ?;:]HE]O] } J-
ZAargko] golAx et 29
Bt} ¢=04% A$7F d8HEE 9 =4
Bhuba gl

zim

2.040-02

0.000+00 5.102-03.

Contours of Mass fraction of.oh . Aug18,2007
FLUENT 62 (34, dp, Goupled i, 5pe, sstkw)

@ ¢ =02

1.026-02 1536-02

2.556-02

0.0084.00 5.100-03 102002 1.530-02 2.040:02

Contours of Mass fraction of oh . Aug 18, 2007
FLUENT 6.2 (33, 9p; Soupled iip, Spe, setiw)

(b) ¢ =
Fig. 13 OH mass fraction distribution in the
cavity type combustor

7550-02

JE AL AT 5 o). £ Fig 11914 %‘
g AT 5 YUD F2ASAN FE
qgg ¥ 2gINE FAT & Ak TF N
Ho] 9Egdr ARH FLNSe FEFA
o) Z@ wWgoz e olFey WA A4
& e fAHFD Yok

Figures 14, 159¢ AWy 4 F53 A4
g9 vldlgy EEE eI Fig. 149

¢ ARy AaT)edA vt EXE Y
‘55\—7] W EEe dHoM FF ol ?E%é.‘—%
AL PQoem F2E VIEAZE 57X
(M=1.0)°] 81} %él’*‘ (Thermal choking) @4
A3 A S 4 At} Fig. 15°0 ek
® F5E ﬂiﬂoﬂ/\ﬁ upEty EXE ATE



112 H5& 2007. 10.

AYAHE 22 23N E Axlol HA 9

1.00s-02 4 580-01 907201

1.360+00 1800400

2256401

Gontours of Mach Number Nov 08, 2007
FLUENT 6 2 (34, dp, Goupled imp, spe 5

@ ¢ = 02

1.90e-02 4.580:01 9.070-01

1.360+00

1.8084+00 2250400

Gontours of Mach Number Nov 08, 2007

FLUENT 6.2 (34, dp, coupled imp, 3pe, satiw)
(b) & = 04

Fig. 14 Mach number distribution in the simple
box type combustor

EAleted s
Ago Rge FI Yt a% g & 3o,

o
85 FEE AL 3l
¢ 5 A =1
o] Afdx= #EE NHEAZE SEHETXT
M=1.0)°] §lo] @Z 2] (Thermal choking)&’}e]
SAEA FRSE ¢ F UTh
Figure 16°l= A" q Ax7)o dis) A
EEXE Yehlth 2eA vebd vhe o] o
8 % FJdEUIe) A o F4%=
IR ZEstA vetva glA @3 ek ole
71EY g2 d7oA 2D A ReFE
adsl= A3 2 Fdolnh olH 3 zelrt

BYIHE ol fE 2D ARAYL A8 7

1.006-02 4586-01 807e-01 1.36¢+00 1808400 221

+
Cantours of Mach Number Nav 08, 2007
FLUENT 6.2 (&, dp, coupled imp, spe, Satkow)

@ ¢ =

1.006:02

4580-01

Contours of Madh Nurmber Nov 08, 2007
FLUENT 6.2 (34, dp, coupled imp, spe, sstiw)

(b) ¢ = 04
Fig. 15 Mach number distribution in the cavity
type combustor

9.078-01 1.360+00 1.80e+00

3~4719] 24 <A E(Sonic injector)ol] i A

g ®ZAE Evbes] £ Gl FHE WA
of #fMst7] dEojth AAZE AAHEC] 4
4% AE zn golA A Y] A8 5

gol ¥7) 58 3A A22A Yo} FHI
F¥ez UEd fid 9o oldw @
D AdD AR eAE ARHE & Y
Byl & 4 glom 3D siAe] BEHYL
w3 Ade sHach

Figure 179l ¥%3 da7|d oish H4=
TEE UrEPz‘M dAzz e Z7BERY A
g0 g FARY FHLE A A4
Ao FdaA JdeEbvd Aok 2y shFo A
o dHEETEE ALY IV A ot
gE2A Jerda e, ol Fig 1394 e
W ko) o] FEo] g dAaNeE et
o dx 9@ 250 HIE 2PV HELE



10 R G I

o
A
o0H

12571283 X|

r

{H
9108404 1816405 2718406 302405 4.50e-

Contours of Static Pressure (pascal) Aug 18, 2007
FLUENT 8.2 (3d, dp, Coupled imp, pe, 86tkw)

@ ¢ =02

1186408 2716+05,

9 100!

1816405

3600408

4500+05

Contours.of Static Pressure {pascal) Aug 18, 2007
FLUENT 62 (34, dp, couplod imp, spe, sstkw)

(b) o = 04
Fig. 16 Static pressure distribution in the simple
box type combustor
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