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Abstract  
The development of scramjet propulsion systems 
requires experimental and numerical studies to 
interlace and help understand the complex flow 
physics and its interactions with the thermome-
chanics of the engine, and ultimately to help 
guide the design. Here, Large Eddy Simulation 
(LES) is used to analyze supersonic flow, mix-
ing, self-ignition and combustion in a labora-
tory supersonic combustor and in the HyShot II 
scramjet combustor. The focus of this study is to 
further validate the LES combustion model and 
to study two different flame stabilization mecha-
nisms. The laboratory scramjet combustor uses 
a strut injector whereas the HyShot scramjet en-
gine makes use of a jet-in-cross flow injector. 
Comparison with experimental data shows that 
the LES model, together with an eight step re-
duced H2-air mechanism, is able to capture dif-
ferent types of self-ignition and supersonic com-
bustion, and the predictions are used together 
with the experimental data to further elucidate 
the complex reacting flow in these two scramjet 
combustors. New knowledge about self-ignition 
and flame stabilization mechanisms is obtained 
that qualitatively agrees well with existing expe-
rimental data. 

1. Introduction and Background 

The development of reliable hypersonic flight 
vehicles requires the solution of many challeng-
ing technical problems associated with the com-
paratively small net thrust at supersonic flight 
velocities. A key air-breathing propulsion chal-
lenge is the design of a robust engine capable of 
operating over the large flight Mach number 
range of high-speed flight and space access ve-
hicles. The development of such propulsion sys-

tems requires both experimental and numerical 
studies to interlace in order to help understand 
the complex flow physics and its interactions 
with the thermo-mechanics of the engine, and 
ultimately to help guide the design. Convention-
al Reynolds Averaged Navier Stokes (RANS) 
models, with simplified combustion models, [1], 
usually provide no more than guidelines to the 
design of experimental rigs and the overall goal 
of using a numerical predictive capability to 
simulate actual flight conditions still remains 
unreached. More recently, Large Eddy Simula-
tion (LES) models, [2-3], have been proposed as 
a promising alternative, having potential to pro-
vide both qualitative and quantitative data that 
can help understand the flow physics and pro-
vide reliable predictions as required in the de-
tailed design process. However, for LES to be 
useful for the study of such flows, further ad-
vancement in subgrid flow, combustion closures 
and numerical methods as well as parallel simu-
lation strategy are needed.  

In this investigation we use a combustion 
LES model together with a reduced hydrogen 
air reaction mechanism to investigate supersonic 
combustion in a laboratory supersonic combus-
tor, [4], and in the HyShot II scramjet engine, 
[5]. The simulation of the laboratory supersonic 
combustor aims at characterizing fuel-injection, 
mixing, self-ignition, flame stabilization and 
turbulent combustion in supersonic flows – usu-
ally of a different nature than in subsonic com-
bustion as the air speed is significantly higher 
than the turbulent flame speed. The understand-
ing of these phenomena is very important for 
understanding supersonic combustion and thus 
of developing future scramjet engines. An addi-
tional objective is to provide additional valida-
tion of the combustion LES model. The simula-
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tion of the HyShot II scramjet engine is in-
tended to facilitate a detailed description of the 
fuel-injection, mixing, self-ignition, flame stabi-
lization and turbulent combustion under flight-
like conditions. Flight test data, [6], and experi-
mental data from the High Enthalpy Shock 
Tunnel Göttingen (HEG) of the German Aero-
space Centre (DLR), [7], in particular, will aid 
in validating the computational model and guide 
the analysis. 

2. Mathematical and Numerical Modeling 
The mathematical model used consists of the 
balance equations of mass, species mass frac-
tions, momentum and energy, describing con-
vection, diffusion and reactions, [8]. The reac-
tive gaseous mixture is assumed to be a linear 
viscous fluid with Fourier heat conduction and 
Fickian diffusion, [9]. The viscosity is comput-
ed from Sutherland’s law and the thermal con-
ductivity and species diffusivities are computed 
using the viscosity and constant Prandtl and 
species Schmidt numbers, respectively. The 
mixture thermal and caloric equations of state 
are obtained under the assumption that each 
specie is a thermally perfect gas, with tabulated 
formation enthalpies and specific heats, respec-
tively, [9]. The reaction rates are computed from 
Guldberg-Waage’s law of mass action by sum-
mation over all participating reactions, with rate 
constants obtained from a modified Arrhenius 
law, [10]. The ranges of scales present in turbu-
lent reacting flows typically covers eight orders 
of magnitude, [11], with the smaller scales be-
ing less energetic but important for the chemical 
kinetics. In this study, the Large Eddy Simula-
tion (LES) model, [3], is used to simulate both 
combustors, [4] and [5-7], using the mixed sub-
grid scale flow model, [12], and the Partially 
Stirred Reaction (PaSR) turbulence chemistry 
interaction model, [13]. The LES equations are 
solved using a fully explicit finite volume dis-
cretization, using the C++ library OpenFOAM, 
[14], together with a two-stage Runge-Kutta 
time-integration scheme. Hydrogen (H2) is used 
as fuel in both supersonic combustors studied, 
and the combustion chemistry used is the 7-spe-
cies and 8-step reduced reaction mechanism of 
Davidenko et al, [15]. 

3. Validation and Supersonic Combustion 
Characteristics 
Prior to performing an analysis of the flow, fuel 
injection, mixing, self-ignition and combustion 
of H2 in the HyShot II scramjet engine, self-ig-
nition of H2 in vitiated hot confined supersonic 
air flow, corresponding to the experiments of 
Sunami et al, [4], has been investigated. The 
motivation for this work has been to further va-
lidate the finite rate chemistry LES model and 
to enhance our understanding of the key physi-
cal processes, [3]. Figure 1a shows a photograph 
of the laboratory combustion facility, consisting 
of the NAL supersonic combustor, [16], con-
nected to the LAERTE vitiation air heater, [17]. 
The combustor is composed of a 0.36 m long 
constant area duct with a cross section of 0.05× 
0.10 m2 followed by a 0.60 m long diverging 
area duct, having upper and lower expansion 
angles of 1.72°, respectively. To have optical 
access, quartz windows cover the sides of the 
combustor, whereas pressure transducers are ar-
ranged along the centerline of the upper com-
bustor wall. The ONH10 two-stage injection 
strut used here includes a first row of 4×φ2.0 
mm 45º slanted Ma 2.5 injectors on the top and 
bottom walls of the strut, 27 mm from its base 
and a second row of 3×φ4.3 mm horizontal Ma 
2.5 injectors on the strut base, 0.433 m down-
stream of the combustor entrance. The injectors 
have a spacing of 25 mm, with the second row 
of injectors located between the rows of the first 
stage injectors. Gaseous H2 at 124 K is feed into 
the O2/N2/H2O mixture at 2149 m/s with a mass 
fraction distribution of 0.23:0.70:0.07, at a den-
sity of 0.1335 kg/m3, a temperature of 830 K, a 
velocity of 1449 m/s, and a pressure of 34.2 
kPa. The H2 mass flow distribution between the 
first and the second stage injectors is 40% and 
60%, respectively. The computational model 
spans the entire combustor using a coarse grid 
of 9 Mcells and a fine grid of 72 Mcells. Dirich-
let boundary conditions are used for all vari-
ables at the inlets, whereas at the outlet, all vari-
ables are extrapolated. At the walls, a no-slip 
wall model, [18], is applied together with zero 
Neumann conditions for all other variables. 

From the experimental study, [4], it is clear 
that close to the injection strut (40 mm down-
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stream of the strut trailing edge) OH emission 
due to combustion is clearly seen at four span-
wise locations corresponding to the first stage 
H2 injectors between the parallel H2 jets of the 
second stage injection from the strut base. This 
demonstrates successful ignition by the first sta-
ge injection. Ignition of the second stage H jets 
can also be observed in a spotty pattern around 
the second stage H2 jets. Further downstream (at 
100 mm downstream of the strut trailing edge) 
the OH emission due to combustion is found to 
have a spotty character and now appears in the 
form of random pockets connected by weaker 
values of OH. The intensity appears highly un-
steady and it is clear that turbulence of a wide 
range of scales strongly influences the combus-
tion process. By comparing with the measured 
wall pressure distribution it is evident that the 
pressure peaks at about 80 mm downstream of 
the strut trailing edge due to extensive volumet-

ric expansion. Spontaneous flame images, figure 
1b, shows a flame gradually growing in thick-
ness in the strut wake until it widens about 90 
mm downstream of the strut trailing edge. This 
blunt flame front oscillates back and forth, hav-
ing an amplitude of 40 mm, and hence separate 
into an upper and lower branch about 140 mm 
downstream of the strut trailing edge.  

Figure 1c shows a perspective view of the 
predicted flow in the combustor. The numerical 
schlieren show oblique shocks at the leading 
edge of the strut, reflecting first in the combus-
tor wall, then in the strut, and again in the com-
bustor wall before impinging on the flame. To-
gether with the weakly bend expansion fans 
originating at the trailing edges of the injection 
strut, this causes a distinctive shock-wave pat-
tern to develop further downstream in the di-
verging area combustor.  

(a) (b) 

(c) 
 

Figure 1. Photograph (a) of the NAL supersonic combustor, (b) experimental spontaneous flame images and 
(c) a perspective view of the flow in terms of iso-surfaces of the second invariant of the velocity gradient ten-
sor colored by the temperature together with a numerical schlieren image (top) and centerplane contours of 
the axial velocity (bottom). 

  
At the walls, the boundary layer thickens 

and the fluctuations increase as a consequence 
of the shock-boundary layer interactions. The 
boundary layers of the strut separate at the strut 
base to develop unstable shear-layers that break-
up and develop Kelvin Helmholtz (KH) vortices 
that are advected further downstream whilst in-
teracting with the high-speed flow, the shock-
wave pattern and the high temperature (or 

flame) region. From figure 1c it is evident that 
the high temperature region downstream of the 
injection strut is topologically complex due to 
the large amount of in-tense coherent vortex 
structures, responsible for species and thermal 
mixing as well as energy re-distribution, form-
ing the flow downstream of the injection strut. 
This vortical high-temperature region is further 
modified by the impinging shock and rarefac-

flame  
stabilization 

upper branch 

lower branch 
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tion waves, resulting in agglomeration of vortex 
structures in outer high temperature region due 
to shock-vortex interactions. This agglomeration 
of vortex structures further enhances species 
and thermal mixing which in turn is believed to 
facilitate additional chemical reactions. The cen-
terplane velocity distribution in figure 1c re-
veals a short recirculation region just down-
stream of the injection strut, interrupted only by 
the Ma 2.5 H2 jets. The fact that the flame is 
stabilized in this very high-speed flow indicates 
that it is not an ordinary flame but rather a se-
quence of self-ignition events. 

Comparisons of predicted and measured 
centerline wall pressure and OH emissions from 
combustion 40 and 100 mm downstream of the 
strut trailing edge are shown in figure 2. The 
first wall pressure rise (at x≈0.30 m) is due to 
the incident shock wave originating from the 
strut leading edge into the combustor wall boun-

dary layer, whereas the second peak is due to 
the fuel injection. Just downstream of the strut 
trailing edge (at x≈0.43 m) we find a dramatic 
increase in pressure for the reacting case com-
pared to the case without H2 injection. This 
pressure increase is characteristic of successful 
combustion and is due to the volumetric expan-
sion caused by heat release from the chemical 
reactions. Good agreement between predictions 
and experimental data is observed for both the 
non-reacting and reacting case. The comparison 
of predicted instantaneous and time average- ed 
OH emissions at x=0.473 m and x=0.543 m, 
shown in figures 2b to 2e also show good agree-
ment between predictions and experimental 
data, indicating that the PaSR-LES model is ca-
pable of predicting the experimentally observed 
highly fragmented OH distribution that is typi-
cal of self-ignition as observed experimentally 
by George et al, [19]. 

(b) 

(c) 

(a) 
Figure 2. Comparison of predicted and measured wall  
pressure (a) and comparison of instantaneous (left) and  
time averaged (right) OH emissions at 40 mm down- 
stream of the strut trailing edge from (b) experiments  
and (c) PaSR-LES and 100 mm downstream of the strut  
trailing edge from (d) experiments and (e) PaSR-LES. 

(d) 

(e) 
 
Figure 3 presents instantaneous (a) tempe-

rature, (b) heat-release, (c) mixture fraction and 
(d) OH distributions at the combustor center-
plane (through the H2 jets) and 5.0 mm below 
the injection strut, respectively. These distribu-
tions, together with the instantaneous velocity 
distribution in figure 1c, are consistent with the 
experimentally observed flame behavior in fig-
ure 1b, in which the initially narrow flame rap-

idly widen at about 0.09 m downstream of the 
strut trailing edge to subsequently separate into 
an upper and lower branch at about 0.14 m 
downstream of the strut trailing edge. The flame 
anchors in the narrow high-speed flow region 
just downstream of the injection strut, with che-
mical reactions taking place in fragmented poc-
kets between the primary H2 jets. These pockets 
contain H2 from the first row of injectors, and 
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self-ignite as a consequence of the high tempe-
rature in combination with high levels of H that 
stimulate self-ignition through the chain-branch-
ing step H+O2⇔OH+O, the products of which 
react with H2 to produce H, which continues to 
react, producing even more radicals, until the 
resulting pool of radicals reaches a critical level, 
whereby a very rapid exothermic reaction oc-
curs. In this flame stabilization region heat-re-
lease occurs in fragmented pockets, uncorrelat-
ed with the stoichiometric mixture fraction, 
where the temperature is high enough, and the 

species are sufficiently well mixed to facilitate 
self-ignition and very rapid burning. Down-
stream of the combined self-ignition and flame 
stabilization region the flame change character 
and heat is instead primarily released in an up-
per and lower branch (cf figure 3b). In this tur-
bulent combustion region, the heat release cor-
relates reasonably well with the stoichiometric 
mixture fraction in the upper and lower branch-
es, suggesting that combustion in this regime is 
similar to a turbulent diffusion flame. 

 

(a) (b) 

(c) (d) 
 

Figure 3. Instantaneous distributions of (a) temperature, (b) heat release, (c) mixture fraction and (d) OH at 
the centerplane (bottom) and 5 mm below the lower side of the injection strut (top). 
 

4. The HyShot II Combustor 
A more realistic model of a working scramjet 
engine is the well-known HyShot II combustor, 
[5], for which laboratory data, [7], and flight test 
data exists, [6], for similar conditions. Here we 
focus on investigating the 1:1 scale model of the 
HyShot II vehicle, [7], numerically studied by 
Karl et al, [20], using RANS. The main reason 
for this choice is that this ground-based experi-
ment provides a more exhaustive data set than 
the HyShot II scramjet flight test, devised to 
achieve supersonic combustion in flight above 
Mach 7.5 using a ballistic reentry vehicle. 

The computational model of the HyShot II 
scramjet combustor is shown in figure 4. At the 
inflow (x=0.360 m) Dirichlet conditions are 
used for all variables with profiles resulting 
from the test-section simulation. Isothermal no-
slip wall boundary conditions are used to repre-
sent the top and bottom walls of the combustor 

whereas symmetry conditions are used in the 
spanwise direction, thus neglecting the influ-
ence of the side-walls. The wall temperature is 
fixed to 300 K to account for the short test time 
in the HEG facility. The exhaust nozzle was 
only partially included up to a plane 0.110 m 
downstream of the end of the combustion cham-
ber (at x=0.760 m) at which all variables are ex-
trapolated. Fuel injection was modeled by par-
tially including the injectors using a total hydro-
gen pressure of 297 kPa and a total temperature 
of 300 K at the injector inflow. For the HEG ex-
periment simulations the global equivalence ra-
tio was φ=0.43 but for the flight-tests it was 
slightly lower. The RANS computations, [20], 
take advantage of all symmetries of the combus-
tor and hence only one quarter of the computa-
tional domain shown in figure 4 was modeled, 
whereas in the present LES the full domain in 
figure 4 is modeled. For LES structured grids 
with 12 and 25 Mcells are used. Grid refinement 
studies have been performed, indicating that the  

flame 
stabilization 
regime 

branch 
expansion 

diffusion 
combustion 
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Figure 4. Computational model of the HyShot II combustor used in the LES analysis. 
 

grids used are sufficiently fine to capture the 
most important flow features. 

The composite figure 5 presents selected 
aspects of the reacting flow in the HyShot II 
combustor from the LES. This figure shows (a) 
the wall pressure together with an iso-surface of 
the H2 mass fraction, (b) an axial velocity cut 
through one of the fuel injectors, (c) an iso-
surface of the second invariant of the velocity 
gradient, λ2, colored by the temperature, and (d) 
iso-surfaces of the H2 mass fraction (gray) and 
the heat release conditioned on λ2. The wall 
pressure in figure 5a reveals that initially the 
pressure increases slowly with increasing dis-
tance from the transverse H2 jets to rapidly in-
crease between 30 and 60D downstream of the 
transverse H2jets to peak at about 100D. Higher 
wall pressures are also observed beneath the 
bow shock, forming a hood over the transverse 
fuel jet and beneath the fuel jets. The more rapid 

pressure increase further downstream is caused 
by volumetric expansion due to exothermicity 
and chemical reactions. The large diffusivity of 
H2 allows it to rapidly mix with the freestream 
air, forming a reactive mixture around the high 
momentum H2 filled jet core seen in figure 5c. 

The velocity in figure 5b shows the high 
speed (Ma≈7.2) flow entering the combustor, 
the transverse H2 jet, the bow shock and the 
complex flow structures developing down-
stream of the injection points. The jet-to-
freestream momentum flux ratio is J≈1.1 and the 
mean H2 jet penetration profile is close to that 
proposed by Gruber et al, [21], and the H2 jets 
are observed to penetrate to ~30% of the com-
bustor height before self-ignition. The axial ve-
locity in the combustor is slightly reduced com-
pared with that at the inflow due to the com-
bined blocking and redirection effects caused by 
the transverse jets. The flame is anchored by the  

 
 

Figure 5. Composite figure of the reacting flow in the HyShot II combustor: (a) wall pressure and an iso-
surface of the H2 mass fraction, (b) axial velocity cut through a fuel injector, (c) iso-surface of the second in-
variant of the velocity gradient, λ2,, colored by the temperature and (d) iso-surfaces of the H2 mass fraction 
(gray) and the heat release conditioned on λ2.  
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intermittent wakes, formed behind the jets, and 
the recirculation of hot combustion products. In 
the second half of the combustor the flow accel-
erates due to the volumetric expansion.The 
time-averaged transverse H2 jets typically con-
sist of a counter-rotating vortex pair and a 
horseshoe-vortex, whereas instantaneously they 
consist of smaller and topologically more com-
plex vortex structures, cf. figure 5c. These typi-
cally consist of small bent S-shaped vortices (or 
side arms) with their lower parts aligned with 
the flow and their upper parts curling over the 
jet forming the neck (circumferential rollers) of 
the counter-rotating vortex pair. This feature is 
observed experimentally by Ben-Yakar et al, 
[22], and they propose that the side arms are 
stretched by increased shear stresses in the re-
gions of steep velocity gradient. These vortical 
structures seem to arise from Kelvin-Helmholz 
(KH) instabilities in the jet shear layers just be-
neath the bow-shock. Since the transverse jets 
contain all the H2, mixing dominates during the 
first 20 to 40D, whereby air is entrained into the 
vortex structures and H2 diffuses into the air, re-
sulting in a combustible mixture around the jets. 
Further downstream, between 30 and 60D the 
H2 and air are sufficiently mixed to burn if the 
temperature is sufficiently high. In this region, 
self-ignition occurs intermittently with the assis-
tance of hot recirculated products and appears to 
be triggered by hot-spots in regions of colliding 
shocks which hence explains the unsteady na-
ture of the self-ignition region. The volumetric 
expansion causes the S-shaped side arms and 
spanwise rollers to combine into Ω-shaped vor-
tices, dominating the self-ignition region. Due 
to volumetric expansion, vortex stretching, ba-
roclinic torque and self-diffusion, the vortex 
structures eventually develop into longitudinal 
vortices, dominating the downstream part of the 
combustor. These vortices grow in size with in-
creasing distance from the injection point due to 
the volumetric expansion, and when they reach 
the end of the combustor, the gradual expansion 
increases the velocity, presented in figure 5b, 
causing a forward directed thrust on the thrust 
surface. 

In figure 5d the iso-surfaces of the H2 mass 
fraction (gray) and the heat release, defined as 

the source term in the transport equation for the 
sensible enthalpy, [9], conditioned on λ2 support 
the previous description of the self-ignition pro-
cess. Heat release occurs locally beneath the 
bow-shock as H2 and air are mixed when the 
transverse H2 jets impinge on the airflow 
through the combustor however the heat release 
ceases further downstream, between 10 and 25 
D, due to in-sufficient mixing. Further down-
stream, where H2 and air are well mixed, self-
ignition, aided by recirculated combustion pro-
ducts, due mainly to interacting shocks, occurs, 
causing the S-shaped vortices and the spanwise 
rollers to rapidly develop Ω-shaped vortices. 
The chain-branching step H+O2⇔OH+O is very 
important for self-ignition as its products react 
with H2 to produce H, that continues to react, 
producing more radicals, until the resulting pool 
of radicals reaches a critical level, whereby a 
rapid exothermic reaction occurs. 

In figure 6 predicted and measured axial 
profiles of (a) the time-averaged wall pressure, 

! 

"p # , and (b) wall heat flux, 

! 

"h # , are compared. 
The wall pressure and heat flux are compared at 
lines on the bottom wall of the combustor be-
tween injectors and 6.0 mm off centerline be-
tween injectors, respectively. For the time-aver-
aged wall pressure the experimental data show a 
sudden increase between x=0.50 and 0.53 fol-
lowed by a slower increase up to the end of the 
combustor, at x=0.65, after which the pressure 
drops rapidly to the exit pressure. The RANS 
predictions show an almost linear increase from 
the combustor inlet to the combustor exit, miss-
ing the sharp pressure increase indicating com-
bustion, and under- or overpredicting the wall 
pressure by up to 25%. The LES predictions are 
in better qualitative agreement with the experi-
mental data, in particular showing a pressure 
rise although in two phases and starting some-
what too early. This indicates that LES is able 
of capturing mixing, self-ignition and combus-
tion, and their interactions. For the time-aver-
aged wall heat flux a sudden rise is observed at 
about x=0.52, corresponding well to the location 
at which the pressure rises due to combustion. 
The average level in the first part of the com-
bustor agrees well with the laminar heat flux  
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(a) (b) 
 

Figure 6. Comparison of predicted and measured (a) wall pressure between jet injectors and (b) heat flux 
along a line 6.0 mm off centerline between jet injectors. 

 
predicted using a Blasius profile and a wall tem-
perature of 300 K, but the transverse H2 jet in-
troduces some peculiarities after x=0.42. The 
RANS predictions typically overpredict the heat 
flux whereas the LES predictions typically un-
derpredict the heat flux, with between 15% and 
10%, respectively. Both the pressure and heat 
flux predictions are generally within the experi-
mental uncertainty. In addition, the overall com-
bustion efficiency at the outlet is found to be ap-
proximately 83%. 

In figure 7 we show heat-release, velocity 
and temperature distributions 1.0 mm above the 
lower wall in the HyShot II engine. The stoi-
chiometric value of the mixture fraction is su-
perimposed on the heat release to illustrate 
where heat release may take place according to 
turbulent diffusion flame theory. Heat release is 
observed to take place just beneath the bow 
shocks due to shock ignition, and further down-
stream where H2 is sufficiently mixed with air 
to form a combustible mixture and the thermal 

conditions are favorable for self-ignition. Here, 
self-ignition is supported by recirculating hot 
combustion products, shock-shock interactions, 
longer residence time due to the lower flow 
speed and some H radicals trapped in the low 
speed flow region. The peak values of the heat 
release occur in the vicinity of the stoichiomet-
ric value of the mixture fraction but is distrib-
uted across the entire width of the combustor. 
Downstream of the heat release region we find 
that the axial velocity increases slowly through-
out the combustor to accelerate more rapidly 
through the nozzle. The temperature increases 
slowly along the combustor to drop along the 
nozzle due to the expansion. These physical 
flow features are supported by the agreement 
between predicted and measured wall pressure 
and heat flux shown in figures 6a and 6b, re-
spectively. From the results we also find that 
about 80% of the fuel is consumed within the 
combustor whereas an additional 10% is con-
sumed in the exhaust nozzle. 

 

 
 

Figure 7. Heat-release (top), velocity (middle) and temperature (bottom) distributions 1.0 mm above the 
lower wall in the HyShot II engine. 

zst 
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5. Summary and Concluding Remarks 
In this study we use finite rate chemistry LES, 
using the mixed subgrid scale flow model and 
the PaSR turbulence chemistry interaction mod-
el to study supersonic combustion in a labora-
tory supersonic combustor and in the HyShot II 
scramjet engine. The laboratory combustor uses 
an injection strut to supply H2 and to stabilize 
the flame, whereas H2 is supplied by means of a 
jet-in-cross-flow configuration for the HyShot II 
scramjet engine. For both combustor configura-
tions experimental data is available for compari-
son and thus validation of the computational 
model. In both cases the LES computations cap-
ture the sudden pressure increase caused by the 
volumetric expansion significant of supersonic 
combustion well. For the laboratory combustor 
additional comparisons between measured and 
predicted OH concentration fields show good 
agreement, and reveal that the combustion occur 
primarily in fragmented pockets representative 
of self-ignition. More precisely, the ‘flame’ is 
stabilized downstream of the injection strut in a 
supersonic flow due mainly to self-ignition that 
gradually transitions into turbulent combustion 
further downstream. In the case of the HyShot II 
scramjet combustor additional comparison is 
made between predicted and measured wall heat 
fluxes with good overall agreement. In addition 
to showing good predictive capabilities, without 
any model parameters to adjust, for two dis-
tinctly different scramjet combustors the LES 
model gives us a unique possibility of visualiz-
ing and thus improving our under-standing of 
the interlaced processes of supersonic injection, 
mixing, self-ignition and combustion necessary 
for providing sufficient understanding for fur-
ther development of scramjet engines. 
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