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Table-1 : Fuel Injection - Old Scheme Table-2 : Fuel Injection - New Scheme
Strut No. of Kerosene Fuel Strut No. of Kerosene Fuel
No. Holes Injection Equivalence No. Holes Injection Equivalence
(g/sec) Ratio (g/sec) Ratio
Strut-1 10 76.4 0.119 Strut-1 8 61.1 0.095
Strut-2 20 ® 152.8 0.238 Strut-2 16 122.2 0.191
Strut-3 20 152.8 0.238 Strut-3 20 152.8 0.238
Strut-4 20 152.8 0.238 Strut-4 20 152.8 0.238
Strut-5 14 107.0 0.167 Strut-5 20 152.8 0.238
0.22
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Fig.4 Mass Fraction Distribution at Different Axial Locations
for old Scheme (a) Kerosene (b) Oxygen (x/h = -5.15, 0.0,
2.06, 6.18, 10.31, 14.43, 18.56, 24.74, 30.93 and 37.11)

depict the flow field more clearly. The detail examinations
of these thermo-chemical parameters reveal that the reac-
tion is mostly confined to the core region adjacent of the
struts. It was also observed that although oxidizer is avail-
able near the sidewalls, the reaction did not take place
because of the non-availability of the fuel in that region.

Based on these observations, the fuel injection scheme
was modified by injecting more fuel towards the side wall
and reducing the fuel injection in upstream location to
avoid thermal choking. The revised (new) fuel injection
scheme is presented in Table-2.

The Mach number distribution (in supersonic scale) on
symmetry plane for old and new schemes is compared in
Fig.5. The Mach number at the combustor entry is about
2.0. Flow is seen to be subsonic behind the first strut and
upto 5th strut for old scheme; while a continuous patch of
supersonic region has been found to exist behind the first
strut for new scheme. The Mach number distribution at
different axial locations (x/h =-5.15, 0, 2.06, 6.18, 10.31,
14.43, 18.56, 24.74, 30.93 and 37.11) for supersonic re-
gion 1‘5 shown in Fig.6. The subsonic region is seen behind
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Fig.5 Mach Number distribution (Supersonic) on symmetry
plane (a) Old Scheme (b) New Scheme
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Fig.6 Mach Number distribution (Supersonic) at different ax-
ial locations (a) Old Scheme (b) New Scheme (x/h = -5.15,
0.0, 2.06, 6.18, 10.31, 14.43, 18.56, 24.74, 30.93 and 37.11)

the second strut and the area of subsonic region increases
towards downstream till fifth strut due to heat release from
the combustor. The axial distribution of area-averaged
Mach number is compared for both the schemes in Fig.7,
which indicates the existence of significant subsonic flow
near the injection zone.of the combustor. The axial length
is non-dimensionalized with the height of the throat of
facility nozzle. For the new fuel injection system, it is
observed that there is no significant change in the subsonic
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portion of the flow field; but in the divergent portion Mach
number has reduced due to more heat release. More heat
release in the divergent portion is desirable for the per-
formance improvement of the combustor.

The temperature rise due to reaction mostly occurred
behind the struts. The temperature distribution for the new
and old scheme at various cross sections are compared in
Fig.8 and the axial distribution of area averaged static
temperature is compared in Fig.9. Maximum temperature
rise has been observed between the second and fifth struts
where more than 90% of kerosene is injected. Higher
temperature has been observed in new scheme because of
more reaction of kerosene fuel with vitiated air.

The cross sectional distribution of kerosene vapour
and oxygen mass fraction at different axial position for
new injection scheme is shown in Fig.10. The cross sec-
tional view at x/h = 10.31 and x/h = 24.74 is blown up so
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Fig.7 Comparison of axial distribution of area averaged
Mach Number
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Fig.8 Temperature distribution at different axial locations
(a) Old Scheme (b) New Scheme (x/h = -5.15, 0.0, 2.06, 6.18,
10.31, 14.43, 18.56, 24.74, 30.93 and 37.11)

that the difference in the flow field for the old scheme and
new scheme can be compared. From the figure, it is clear
that unburnt kerosene vapour is decreased considerably
compared to the earlier configuration (Fig.4a) with better
utilization of the oxygen. Figs.11a and 11b compare the
area averaged unburnt kerosene vapour and un-utilized
oxygen mass fraction respectively for the two injection
schemes. Unburnt kerosene vapours and excess oxygen at
the exit of the combustor are found to be much less for new
scheme, which indicates that more reaction has taken place
in the combustor for the new scheme fuel injection system.
Further optimization of the combustor has not been at-
tempted as the combustion efficiency for the new scheme
has become more than 80%.

The comparison of axial distribution of top wall sur-
face pressure (at y = 0.0) between two fuel injection
schemes is presented in Fig.12. Slightly higher pressures
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Fig.9 The comparison of area average static temperature
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Fig.10 Mass fraction distribution at different axial locations
for new scheme (a) Kerosene (b) Oxygen (x/h = -5.15, 0.0,
2.06, 6.18, 10.31, 14.43, 18.56, 24.74, 30.93 and 37.11)
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Fig.11 Comparison of axial distribution of area average
mass fraction of fuel and oxidizer of both schemes
(a) Kerosene (b) Oxygen

observed at the divergent portion of the combustor for the
new scheme compared to the old scheme is due to the fact
that more fuel has been injected in the new scheme in the
later part of the combustor which has reacted in the diver-
gent portion.

The combustion efficiency achieved in the new
scheme is 80.7% compared to 74.3% achieved for the old
scheme fuel distribution system. The thrust obtained from
the new scheme has increased to 470 kgf compared to 442
kgf f&)m the old scheme fuel injection system.
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