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Performance Analysis Method
for Dual Combustion Ramjet Engines
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ABSTRACT

Development and validation of performance analysis model for dual combustion ramjet engines has
been performed. A typical performance model for hypersonic intake flow and supersonic mixing and
combustion was demonstrated; Taylor-Maccoll equation for coaxial intakes and a quasi-one dimensional
reacting flow analysis with CEA chemical equilibrium for supersonic combustion. The results,

thermodynamic data of intake and supersonic combustor were validated with CFD numerical results.
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Table 1 Flight condition of a model engine

Altitude 20, 30 km
Flight Mach Number 3.0, 6.0
Angle of attack 0.0 deg
Equivalence ratio 3.0
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Table 2 Comparison condition of conical intake

Case No. Cone angles Cone angles
( 3 Ramps ) ( 2 Ramps )
1 4 /6/ 16 8 / 18
2 6 /8 /12 11 / 15
3 Oswatisch Oswatisch
4 8/9/9 13 / 13
5 10 /10 / 6 15/ 11
0.85
0.80 /L\J'
s
& 070
% 0.65 I
g 0.60
§ 0.55
0'500 1 2 3 4 5 6
Case Number
(a) Design Mach number : 6.0
5 , —t
g 095
é 0.90 —=— 3 Ramps
E —e— 2 Ramps
085 1 2 3 4 5 6
Case Number
(b) Design Mach number : 3.0
Fig. 4 Pressure recovery of intakes with 2 ramps

and 3 ramps at 20 Km altitude
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Fig. 5 Temperature and CHs; mass fraction at the
equivalence ratio of 3.0.[3]

obF& Aav)e M AedIge] EA
atrl ol EEHE davked 2355 FUT
71ske] Edol FASM olFolFor AF &
S WA FE 9L v 2y o= st
o olgd dAxTAA EEHe davtert =
+& B2FHE RAG B ofgE AT
255 FATERH fdHe davtaet F4
&719 WA Aol HgsA LA
A5E #2Z F AdhFig. 5). ol F 134
Ao A Al mFsior & dde] Edom
Qlete] AR gL vt



(Mass-Weighted Average)s} ® vlslg, o4&, &
T BXE e At(Fig. 6).
FE mlstrs FANY Ao A F
A5 AFS FAT F vk =2 L4
s

Ao A ¢k 200 Ko x}o]= &9l

¢

£ 13

ve BT RFDY) FEIA nlHA we

2ol A A hsAeln, BAE FAN 4% 4

49 A2 WAUZ Aol A% Ao B

gt 45 a3 B3 m9L g,

F 1459 332 ek AW £1 4
659 stetFue welsgeh wepd o

| | !
~| —a—CFD Result
—A— Performance Analﬁis I
3 oA
5 ot
2
€ MA/
2 2 {1’“
s
g
=

(a) Mach number

6x10 T T

5x10° | CFD Result
| —2— Performance Analysis }--

Static Pressure ( Pa )

20

(b) Static pressure

— 330

1400 T T
1200 [ —a— CFDResult )
< | _—2—Performance Analysis

N
1000 ”~

A

A

800

Static Temperature ( K

0.0 0.5 1.0 15 20

(0) Static Temperature
Fig. 6 Comparison between CFD data and
performance analysis results
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