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Study on Performance Design and Sensitivity

of a Liquid Ramjet Engine
Hong-Gye Sung*

ABSTRACT

The performance-design algorithm of a liquid ramjet engine was studied, which showed
the comparable results with CFD calculation except the shock-boundary layer interaction
region. In addition to the description of the design algorithm, several important design
parameters, such as equivalence ratio, combustion efficiency, air capturing factor, and flight
Mach number, are evaluated as predicting one of performance factors, Isp, of a typical
ramjet engine, so that the flight envelope might not be determined with narrow perspective
performance-operation-area in off-design regime.
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System Requirements
Flight envelope, Throst level,

Uperasion Hime

Initial Data
Fuel type, Equivalence ratio,
Nozzle throat area
v

Inlet and Diffuser Configuration
Amount of fuel and air, Area of cow) Lip, Inler core
figuration, Deflection angle of compression Ramp,
Driffuser configuration, Viscous luss, Flow properties
{pressure and total pressuee and e}
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Combustor Configuration
Combustion efficiency ,  Combustion gas properties
{flame tempersture, specific heat ratio, gas constants,
pressare and R0}

*

Nozzle Configuration
Throst ami exil areas

Losation of termina] shock,
Naogale choke, Tsp, Throst

Y.

Performance Calculation

Fig. 2 The procedure to design a
ramjet engine

99 FAE A7 dAe o8 H
datel] dA HFTHoRE HAH AvE AT HA

HHE 5=



AH #AE A7

A AA% A%

NaEd #g AT 29

FAA S wFHe A
%’b’}i«l =% 98 #Y
Mzﬂ o= }}Q.QL A8
28 5o} gleng AMgstTal e WAE <
e Ao e vFHE -
gtk #2049 AFe(m,)e aTHE F9
B Hed wE2dlsp)ye 7|F0R ey 2
o] 23t

: equivalence ratio)@} A
=2 o2XREH dojA: FAR
&(W_ )2 3H 2719 Ag&(m,)e] 249
o}

’II'.La: mf/(¢>( W}-a) 2
A JE FAM FAE Qe dAE da
g J8td 98 #JgL 150 I H=E g
oJo} gt 53] FaHA FAEZ HolHE
FAAA ol wWi§ FR 1]
23 ST HA
EQF A5 7 (cowl lip)ol WAl 22)A

249 F7) S YT @ HYEEE ¢
2 gere o gol Ak
= Cym,/ pu ©)

b
>
lo
B
B
- Lot
do, X o o >

a7 ﬁ} H 63 = % gl wat dger). Fg
3& 29tA k% Haxof e AgE FEge
Ebdth vl wpabe 29] Bee A oY H5&
°] 91-96% “dx=olv} AR HFxLzto] AL F
4 Rl Ax FHA Pz HeFw
F& ¢ & Aok W vakg 3¢ A9 4y
HELo| 56-76% BEE vislg2RT FA3 ¥
Nde ¢ F vk = A T&aﬂ d=
ZM A Fol vhets 2t HES € + Stk

18 % Hzel B, wa wpslg 20] stAof
@74 o AW Yo Zh2 10%, FuA 7

< 201529 B¢ 7P e AYY 38 S 957%

£ g & glovy W nteks 7t 3o] =W
65%2 ®AHS wotgez AL WY viq
2 vlales B weishe]

2 A7 ANM FYTFS AAs ol gk o] F
o=z 7hd ¢ AZIL WS

agAeolATt, el =zt AL A W
e Alzgleg R

x&—h £

0,87
0,964
Tj'ﬁ\l\ ;
0,954 = N
V’#V\; T

—8— M=2, 10deg.
—o-~ M=2, 12deg.
| A M2, 13deg.

R e M—2 15deg.

o o
8 3
NI
N

pressure recovery factor
o
4
:
W k]
N

N N,

+ ) \\\\\

o

©

=
:

o
©
=3

% 18 20 2 24 26
second deflection angle of inlet core (deg.)

-
>

{(a) Flight Mach number 2.0

076
yf' .. * T
5 072 e, % N
3 oA Tl
. 0,684 Ay e
4 Xy %
é 0,64~ /s/!'/ e \- -
24

O 0604 4 —a— M=3, 10deg. |
5 ° z —a— M=3, 12deg.
§ ¥ e M3, 13deg.
£ 0,564 - —»— M=3, 15deg.

15 20 25 30 35 40

second deflection angle of inlet core {(deg.)

(b) Flight Mach number 3.0

Fig. 3 Total pressure recovery of
two-step ramp intake
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