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Performance Design of a Dual Mode Ramjet Engine

Se-Young Choe* - Hyo-Won Yeom* - Sun-Kyoung Kim* - Hong-Gye Sung**
Jong-Ryul Byun®** - Hyun-Gull Yoon***

ABSTRACT

Performance of a dual mode ramjet engine based on the sensitivity analysis of design parameters
(the gap between cowl and inlet spike and combustor length) was analyzed from the view points of
aerodynamics and thermodynamics. A dual mode engine performing from supersonic to hypersonic
(Mach no. 2 to 6) was designed in a proposed flight envelop. The design method and result were
comparable to the results of the previous study, Hyperion RLV, and the CFD calculation.

v
I

17 AT A59FAR Fhed FYT
BN EHAQS, St Aoz
& 4353, YAEREY 223
| 250 AFgue] ME LUY WHE BHste] A7 AUAS FPSR
B A7 ARNE 5284 Aol WY ATF(Hyperion RLV) 27st vimate) 35 e S35

Key Words: Dual Mode Ramjet(°]FEE #WAE), Scramjet(=Z YA E), Performance Design(’d-s
A7), Sensitivity Analysis(VAE £4)

1.A B AAHAE, 23RAE)e 719 B71E FY

3o AgAE AgEHEE, WPH Y 1%, &

FulgaA et FEIAAC AP AR 1 L HP Ao wE} doz FYHE I
A7 22X FEE B e 37]FY4 ENESE &5, £ BX E)o| u¢ A
— : W3t o] Yo st Aoz L4 F
. ;i: e S magdo] AP Gaha shtel ula
o St 18R 5% Ao HiRgRe met Y5 HF g A
d& A2}, E-mail: gsung@kau.ac.kr 9 HEE Musle FEAA 2AHFL A=y

O
J
/k‘i
_J-—__'._

-~ 289 -



d, BT HPYFGgS FFAE 7 U B
gk ol v A ARoAM FRAEE] ¥
FEE Aoldt. ol#F YR vx, TF2,
Alol, A& FolXe shutel vigAd o2 FHE
o AL T &8 F e FAANZH, &
3 olg&HAM F2EFETA Hidge] ¥ F
A A2 thg AT FFdte, BES) AT
/NS 33t o) o] g F3 AlAHoeR
TPHRAE 0l &F olFERE HAE (DMR
Dual mode ramijet)?} E4H3} glo] F 7/He <
2990 Sle olFdAL YAE (DCR : Dual
combustion ramjet)”} Ut} HHZ w59
HyFly (2002~), Hyper-X (1995~) =Z#&29]
JAPHAR (1997~2002), Promethee (1999~2002)%
o ATH1]. 2IAYAE dL7]le ML A
dde], 712 dF & Jd E dFHHE 7]
=20 olFEE HYAE (FAE-2TYANE F
) e g A7 A7 7HAIS Ha ok

2 dTdMe 7HE Wg dFE FF] 9
g olFRE HAAE JdX9 AF HAVHEE
AT BedHFAAe] VNHEE E435

©°

AAs A,

Z)

.

2. 45 &

21 A AL

E A7 18T 93 FATS =F9

gol A #E T W & 4 e, 7E
%3 F& HA A< Fig. 13 Zoh. A7
A 7L APAFAA AAEFATH2]

i offt ofk

Variable inlet Combustor

 Variable Nozzle

1 2 3 PR

Fig. 1 Schematic diagram

34 I

31 AA FF

AAZ1HE AFsH7] sl Hyperion (Fig. 2)
H)si ) 9] AA A} wwIHTH3]. 5742 o]A
E] o]FEE HAEANFNE I3 S (SSTO
; Single Stage To Orbit) A 7R A
(RBCC ; Rocket-Based Combined Cycle) AA-&
wALA] (RLV ; Reusable Launch Vehicle)Z4,
1% 9~25kmolA = HWAE FEE IR
25~50km A A2IYAE r==Z v|P3ic}
B A7 F8AS R HFEE 43 4+ 4
7 [3]9F vwinstH AEHO=E UAFS & F
At} vl 6~7 oA A Ao H
AE BE Ao & 479 WAE e 29
Ho} A2FAAE = ALA#RYG ¢ LAt
Aoz Yeiytt) A3 A7 =Fo &g JE
7} AFHA UA ot sfF FGolM 2=
AE 2=7t o I o= AR "o (Fig
3,4).

T :
Hetatils TRS & B34 HBLCO

\ snpines
- e 10X310x20 1t Payload
\

LY [
kS ¥ ROK :
y
th:r

\\\m
S /
- ™ BHARP TPS

Fig. 2 Hyperion : SSTO RBCC RLV

I R
| —=— Paper (Ramjet) [
—»— Paper {Scramjet)
7 —o— Result (Ramjet) [
. |_—o—Result (Scramiet)

Ct

: i ; : ! H i
........

2 '3 4 5 6 7 8 a 10
Mach number

Fig. 3 Thrust coefficient vs. Mach number

— 290 —



6000

LN SRR AR S A SR T T | B T— 7 1

T | —s—Paper (Ramijet)
5000 | i | —e— Paper (Scramjet) | -
: - | —o—Result (Ramjet) | |

—o— Result (Scramjet)
o
U R N ISP DS S
. ; "~ S
| oG
.......... o A
S : . oL T -‘O""o--.
— —

Mach number

Fig. 4 Isp vs. Mach number

(1) r23t BT 2420l i3t Hat

23AJAE RES HA wEE 6 AT
25km, 23] 1.09 W, FY7 Zo|E 1A
713, +ed FYT7 AL WA
dy Fduss AWRATHEg 5). 1EL =
INEFE FYT B AR 28 ALY
2 Eq. 1914 7} EHEE ZF7}stx, B9
ol AHoz BAsI, YAANAN FAWE
F7retA ¢domE, A FH Ao £
g ¢ 5 ok

N

F = ﬂnozzl'eiﬁell/e + ﬂnozzfe (})e - Pf)Ae - ’ﬁd/; o berebody (1)

of cHsh A

ZARANE Rz HA vEks 6, I®
25km, FFH| 0.6Y w, dALHe] o] Wy}
FEd vXs FFE FolRSIT(Fig. 6). FH
=zt 3o Hogdl dig vl&=2 Jeh AT
ad dolgE FIVMESFE A4 5E&9 FU
2 Eq. 1M ERE FHE F7HetARE, v
F AYYHEL FUIE JEFHLe 74y,
Aolv](D/Drer)7t 143Y¢ wW HAFEHES Yebd
o ol Hd FHE WY A & e d44

o QA dol7t EAFL o @

r2 o

i)

)
L
0y
B
E : — —eo— Cowl Moment |
§ 044ttt nil| —a— Forebody Drag |
X : ; i —v— Thrust

0.0 _ e ]

0075 0080 0085 0090 0095 0.100 0.105
D/Dref
Fig. 5 Thrust vs. inlet gap
I 0.95

= 1.43

0.99 4 -
B I e & e
2 0.98
£
% 097_ ............................
Zo9%l - 73 W4

0.95

NetThrust

MomentThrust PressureThrust

Fig. 6 Thrust vs. combustor length

33 AdA 2

3% 9% AXE BASA, gue AA 8
I
—tm

HHE &F Al 7HEEES FIRREGM A
24 =59 AHFY Wsrt 2R ¢g2H, o
7t =Z9 9o g dAAXAF xZFo WA
7} 27 W Eo|th(Fig. 7). 2IYAE FFF A
AAE Booe g diddA dge 71
E Hole AL HEs T3 7] Hsiod W
B §58 AE5H2 FS5AH 7] w&Eo|th(Fig.
FAAN S B3l AAE FYTT yERE
AP oM LA G Y (critical condition)

AN 23 A5 BA}ATHFig. 9.

o Z

— 291 —



Table 1. Specification of a dual mode ramjet

Missile Diameter (Dp,) 280 mm
Inlet gap 0.10 Dm ~ 0.15 Dn,
Station 1 1.06 Dy,
Length Station 3 4.76 Dn
Station 6 6.87 Dm
‘ Station 3 0.81 Dn
Diameter
Station 5 0.74 D ~ 090 Dy,
12 Ra:mje't — - 3,000
a Mach No., ~ Pressure, ¢« Temperature ||
104- Solid Line : M=2.1, 1 km, ®=1.0 L 2 500
Dash Line : M=3.0, 15 km, ©=0.6
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Fig. 7 Thermodynamic properties at proper stations
(ramjet mode)
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Fig. 8 Thermodynamic properties at proper stations
(scramjet mode)
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Fig. 9 Inlet flow for ramjet and scramjet mode

— 292

4.2 £

v 3 ulslg 200X 6712 8317 $1% A
718L WAE EE AFHAANE ZF= 3 714 oA
deg =AY 47 gor W-2ade £
st FAZIRCIFEE HAAE)] HUdS &
T UM o|FRE HAEAZIY HAVIYMS
E%‘_}:ﬂ— 7P HE JAFE 587 AT dF
¥4e dASHAY. Hyperion ZA7|¥E EFA}

A7 ANEEAA VAT AARAHE
stdon, U7 @A A2 Fold o
gt e UREE B4, 24A4E FY e
Regt 23PREe Z AAAANN JALE
(critical operation)¥-2 FX3|4-& T3l &<}
At

A2

rok

, 87, "YAE/ZFAYAEY Ve

3 e L 2AYAER EFA”

T3 A,  A0d 23, 2006,
pp-115~128

2. A9, dad, ALE, A4, dFE,
4, "2550A =
3 OFHANERAE-2IHAE)AD] A
T AA 714 20073 A4 fr=F7) g
e oI

3. Olds, J., Bradford, J., Charania A,
Ledsinger, L., McCormick, D. and
Sorensen, K., "Hyperion: An SSTO Vision
Vehicle Concept Utilizing Rocket-Based
Combined  Cycle Propulsion," AIAA
99-4944, 9th International Space Planes and
Hypersonic Systems an  Technologies
Conference, Norfolk, VA, November 1-5,
1999 |

ool
N

r ol oXx

8

!
N
o
Br
N
N
o
Og‘:'
o
£ o



