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Preliminary Performance Analysis of a Dual Combustion
Ramjet Engine

Jong-Ryul Byun’;r - Joongki Ahn** - Hyun-Gull Yoon*** - Jin-Shik Lim***

ABSTRACT

In order to understand the operation characteristics and major design parameters of a dual
combustion ramjet engine, a fundamental analysis model based on gasdynamics and thermodynamic
theories was established. The preliminary performance analysis was accomplished and the results
clearly describe the intimate relationship between air inlets, gas generator, and supersonic combustor.
The methodology presented provides a means for quantitatively determining the geometries of the gas
generator and supersonic combustor and assessing the effects on performance of each of the engine

components. Also the design results for a basic configuration were provided.
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Nomenclature

A4 2011 5. 3, FHLEY 2011. 9. 9, AASHY 2011. 9. 16
* 39, FUHEATA 17]EATFER 55
= 439, Tgastd s A A + area
e A, AT A 1V)EATER 5 Cs : wall friction coefficient
444, E-mail: joy2bjr@gmail.com C
[o] EFe A2FAF8E 011d% 2803|011, 4. 2829, Hr) r
ZH(F) N&ATL) BEETE AN $F - HAS A ] ER : equivalence ratio

: thrust coefficient
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F : thrust 2gg : diffuser exit in gas generator inlet
g : acceleration due to gravity 2sc : diffuser exit in supersonic inlet

h : enthalpy

L, : specific impulse

m : mass flow rate .M B

M, Mach : Mach number

P : static pressure A xuH(ReSH 2 SRS v
P : total pressure FHAoln ALAH] FAV|EE HUIHI Ae
q : dynamic pressure WAE/2AYAE FXV|Ee 215 AL g
R : gas constant AL G277, AU FExS5 v PgA] a1 L
Q, : heat transfer rate QFHAA R S LS Y] BEe A+
T : temperature 7} o] FolA AL Utk HEdF @A HIPAZA =S
u : flow velocity EoM S2EFE J97HA BHAT BlP GG
0% : specific heat ratio A ZE 7 FAAxHoE WAES 23
€ : exponent in pressure area relationship AAES AAS ¥ EFAlo|ZFS FH &3
€ : value of e satisfying Eq. 18 Ol THAE thet ATV e HAAZES <
N : intake kinetic efficiency 3 3= )

n, : nozzle efficiency T4 7Y H d5E ol&T FAE/2A
Ty : intake total pressure recovery HAE A Z4z g HE wstge gl
o : density A HAY Aes AV Wi, ©d FXA
T : shear stress 'O 2 2EHAA FE2SE7A Y HYIY
Subscripts oA HAH Hss @V HAMAMe HAAE/Z
0¥ : conditions at sonic point FYAE 3G & vy HYES T Ist=
0 : freestream o]ZR =9 3FlolEHIE AAHo] QFHEMH,
a . air a1 F 1A JAdd olFdd #HAE(Dual
b : base area in gas generator exit Combustion Ramjet, DCR)$} o|FEE HAE
c : plane of inlet cowl lip (Dual Mode Ramjet, DMR) 7i@o] &= i
ce : supersonic combustor exit At olF AL HBAEE FH dg ZHCA
ci : supersonic combustor inlet =3l 7tA2dAA 7] 98-S e ol & WA
cr : critical condition in intake 2719 2SE ALU) olFoA e 2adAL
des, DES : design 712 24zt Bl dAAaAE bR dRelH, o
ex : supersonic combustor nozzle exit ZRE HYANEE e ALV =, I F
f  fuel A FEAE FAA & FH 255 ALt
* : nozzle throat in gas generator o]Fojx WANES ~mWYANE w==g Ztzt Z
gg : gas generator TH= dxeltl, 2].

ref : reference body 2 dTdAE olFdid FAE Al gt
s . after shock ZAsMdE Fa AA HFE Fotsta, 3719
sc : supersonic combustor gt W goslzr o2& y|¥lo g 3 y|EZFHQ
t, tot : total Aeslld BdS FYIAT T3 2 AT A
W wall RYE ol Pye Agde] oFds A
2 . intake throat E AR o] dFaads YAt
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Fig. 2 Supersonic inlet kinetic energy efficiency as
inlet exit-to—free stream Mach number ratio

Fig. 1 Schematic of Dual Combustion Ramjet
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