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Analytical Study on Performance Parameters of High
Speed Propulsion (Ramjet/Scramjet)

Jongryul Byun* - Honggye Sung* + Hyungull Yoon*

ABSTRACT

This paper presents a theoretical analysis of a ramjet and scramjet engine according to flight
Mach numbers. The main objective of this study is to give physical understanding on the
performance parameters and to provide a more unified treatment of the fundamentals of ramjet
and scramjet propulsion, mainly based on analytical methods. The effects of flight Mach number,
inlet characteristics, and combustion on the performance of ramjet and scramjet are analysed. The
cycle analysis are conducted on both combustors with constant pressure and with constant
cross-section area, on which comparisons are made. Also the optimal Mach number at the entry

of the combustor is studied.
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Fig. 1 Schematic diagram of a ramjet engine
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Fig. 2 A T-s diagram showing aerodynamic
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Table 1. Physical meaning of flow for a constant 4,[4]
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a. Adiabatic {q=0)
M, = M, uniform flow
M,<1 k] 2 ) A .
2 M, >1 physically impossible
M, = M, uniform flow
Y-l ,m
1+ ——=—M;
My>1 | 2 *| normal shock
P — =
2 YT 1
vMy 9
b. Diabatic flow (with heat addition, g>0)
My, <M; <1 weak deflagration
M o<1 (subsonic combustion)
2 M, >1 strong deflagration
(physically impossible)
1< M, <M, weak detonation
(supersonic combustion}
M,>1 §
2 M <1 strong detonation
(shock-induced combustion)
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Table 2. A ambient condition, fuel characteristics,
efficiencies for the cycle analysis

a irl=d

s 11km<H<20km

rlecet 4d T,=216.65K, ¢,=1005J/kgK

b. g &M

Fuel Kerosene
Heating Value H,=43.356MJ/kg
c. E8AF
Combustion efficiency n,=0.90
Inlet kinetic efficiency 14~0.9(ramjety/ 0.98(scramjet)
Nozzle efficiency 1,=0.96

1,= =4 (Eq. 7)
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