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Abstract

Full scale kerosene fuelled scramjet combustor of a hypersonic air-breathing vehicle is
numerically explored for two different fuel injection systems. A commercial software CFX
TASCflow has been used for the reacting flow computation within the combustor. Three
dimensional Navier-Stokes equations are solved along with k-f. turbulence model to analyse
the flow field. Eddy Dissipation Model (EDM) with fast rate chemical kinetics is used for
combustion modeling. Lagrangian Particle Tracking Method (LPTM) has been used to
simulate the trajectory o/the kerosene droplets. Kerosene is injectedfrom the struts. Reacting
flow simulations have be~n carried out for the fuel equivalence ratio of1. O. The overallflow
characteristics in the co~bustor are presented through the distribution of various thermo
chemical parameters at different cross sections. Kerosene which is injected in liquid phase
completely vaporizes within the combustor. Considerable improvement in the performance in
terms ofthrust and combUstion efficiency js observed with the modifiedfuel injection system.

Introduction

Development of a hypersonic air-breathing cruise ve
hicle is strongly dependent on the. sucCess of the super
sonic combustion ramjet (Scramjet) engine. Injection of
fuel in supersonic flow, their mixing and combustion are
very complex and not fully understood. In a recent com
prehensive review on scramjet technologies, Curran [I]
has identified two emerging scramjet applications,
namely, (1) hydrogen fueled engines to access space and
(2) hydrocarbon fueled engines for air-launched missiles.
Various kinds of fuel injection systems [2-4], namely,
struts, cavity and pylon have been studied in scramjet
combustor for better fuel penetration, mixing and reac
tions. The problem of slow lateral fuel transport in the
supersonic air stream is circumveni~d by injecting fuel in
core region by means of struts or pylon. Fuel injection
from the struts has been experimented upon in subscale
scramjet engine including airframe integrated scramjet
module at Engine Test Facilities at National Aerospace
Laboratories (NAL), Japan for Mach 4, 6 and 8 conditions
[5-8]. A good number of experimental and numerical
studies [9-13] were reported in the literature to focus'on
various aspects of flow phenomena including drag losses,
mixing, combustion, intake combustor interaction etc., in
strut based scramjet combustors W;ith hydrogen fuel. The
reported experimental and numerical studies on kerosene
fueled supersonic combustion mostly address the issues of

cavity based flame holder and injection system [14-19] in
laboratory scaled combustor. The penetration of fuel in
supersonic flow is critical in any practical scramjet com
bustor. The studies on strut-based scramjet combustor
with kerosene fuel are highly limited. Vinogradov et al.
[20] conducts experimental investigation to determine the
ignition, piloting, and flame holding characteristics in a
strut based scramjet combustor operating on kerosene. In
order to improve the fuel distribution and mixing, kero
sene was injected from the strut located in the middle of
the combustor. Stable combustion of kerosene was
achieved even after turning off pilot hydrogen. Bouchez,
Dufour and Montazeal [21] carried out experimental in
vestigation of hydrocarbon fueled scramjet combustor.
Two identical metallic water-cooled and liquid kerosene
cooled struts were used for the fuel injection in the com
bustor. To ensure ignition, pilot flames with gaseous hy
drogen' was used at the base of the struts. Kerosene
equivalence ratio was varied from 0 to 1.0. Various flow
parameters (wall pressure, wall heat flux, total tempera
ture at combustor exit, thrust etc.) were measured. Optical
methods including passive spectro~opywere also used to
characterize the flow.

With the advent ofpowerful computer, robust numeri
cal algorithm, CFD is complementing 'difficult to per
form' experiment and thus playing a major role in
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