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Performance Load Balancing and Sensitivity Analysis of
Ramjet/Scramjet for Dual-Combustion/Dual-Mode Ramjet Engine

Part II. Performance Sensitivity
Sun-Kyoung Kim*, Chang-Soo Jeon**, Hong-Gye Sung**, Jong-Ryul Byen*** and Hyun-Gull Yoon***

ABSTRACT

In order to investigate the operating conditions and major design parameters of a
dual ramjet propulsion system, an theoretical analysis of ramjet and scramjet
propulsion systems was performed. The performance characteristics of each engine are
delivered by thermo-dynamical cycle analysis, considering loss effects in a real engine.
The performance sensitivity analysis is conducted by investigating various performance
parameters, such as an intake efficiency, combustor inlet Mach number, configuration
of the combustor, fuel flow rate, and exhaust nozzle efficiency. Based on these
analysis results, the processes of application to dual ramjet cycle engines are specified.
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Nomenclature

A : Area of cross-section Cx - Thrust coefficient

¢, : Specific heat at constant pressure F - Thrust
¥ 20109 102 302 A% — 20109 59 182 Ao f : Fuel-air mass flow rate ratio
» 989 S=PEo sty o5t 9 : Acceleration due to gravity
»* g3, dngeddtu T R AT H : Heating value

WAIA AL, E-mail : hgsung@kau.ac.kr I, : Specific impulse

B71% AFA 9FT 365 200-1 . a
e LT B EDY m : mass flow rate
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M : Mach number 1, : combination of efficiencies (1., 7,)
P  static pressure 6  : static temperature ratio( 7,/ 7y)
P, : total pressure .
) . ) p @ density
q : heat input rate per unit of air mass . .
¢ : equivalence ratio
flow rate
0 . total heat 1 specific thrust
T : static temperature }
T, : total temperature Subscripts
Vv : Flow velocity a :air
f  : fuel
Greek symbols . . .
is : isentropic process
Y : SpecifiC heat ratio('y =14, air) max : maximum
ng : Combustion efficiency oot : optimum
1, : Compression efficiency th : throat
Me : expansion efficiency 0 : free stream, atmospheric conditions
ng : intake kinetic efficiency 1 : intake entry
n, @ nozzle efficiency 2 : intake exit/Combustor entry
np : intake total pressure recovery 3 : flameholder/stabilizer
Ny, + thermal efficiency 4 : combustor exit/nozzle entry
ny, : thermal efficiency with isentropic 5 : nozzle throat
flow in the exhaust nozzle e : nozzle exit
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