Effects of Injection Configuration on Mixing in Supersonic Combustor
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Abstract

The effects of injector spacing s and injector
diameter d on mixing are numerically investigated in
supersonic combustor with perpendicular injection
behind a backward-facing step. Simulations are
reporied for airstream Mach number of 2.4.
Parameters are changed on following 4 cases to
investigate the effects of injector configuration on
mixing efficiency 7,. In the case of varying d or s,
dynamic pressure ratio Rg(=(ou’)/(pw?), ) is also
varied to keep bulk equivalence ratio
®(x Rq-d? /s) constant. (1) Injector spacing s is
varied at constant $=0.5, 1, 2 for injector diameter
d=6mm. In the case of ®=1, 7, has its maximum
value at s=24mm. The reason is that increase of 1,
by widening spacing at Rg=constant competes with
decrease of 7, by increasing Rq at s=constant. When
spacing is narrow, the flow field of vicinity of injector
becomes two-dimensional because adjacent jets
interferes each other. By widening spacing, air is
easily entrained by three-dimensional effect. This
mechanism also appears in the case of ©=0.5, 2 for
d=6mm, and 7, reaches ifs maximum value at
s=24mm for ®=0.5 and at s=42mm for ®=2. (2) In
the case of injector diameter d varied at ®=1 for
5=30mm, 77, has its maximum value at #&=3mm. The
reason is that decrease of 7, by increasing injector
diameter competes with increase of 1, by decreasing
Rq at d=constant.(3) In the case of s varied at ©=0.5,
1, 2 for &=3mm, the injector spacing at which mixing
efficiency has its maximum value is s=18mm for
®©=0.5, s=24mm for &=1, s=24mm for d=2,
Therefore it is found that &=3mm and s=24mm can be
optimum configuration over a range of ®=0.5~2.(4)

The effect of 4 on the optimum spacing is investigated.

s is varied for &=6mm at step height /=4, 6, Smm.
The simulation results do not show significant change
- on the step height.
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Numerical conditions
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Fig. 2 Computational Grid : 80 grid points are
shown in vertical direction

IR 1 OXEESMET, =300K, BRASKLE
FLLELOTHD. iz A HEDOTH _E
FricBiT 2@ S FRIBESFHIZOVWTITD.
EHARLENILEENESICRITTESEY
FRABOHELHGELZR 3, R2BIURIICTE
4. B 3 TIROTTFTL I, BIEL Rg, "EH
AR d 28, HALERXREMRIIL L
ETEELTD. b 5§ r—ADEKNKE
Td=1.0TE2THLW. 28, "EHILMBs (T
30mm TEETHS. @TREEELEZEEL TE
FILEOEELHAD. F 2 THEHFLE 6mm
ICHLTs o 2ELESED. OIF 05, 1,2 &
L, B0ICELTO*—FiZhkomRETs &
Rq 2 BLEHED. s=60mm (TP =2.0{ZDVTD
HEHE L. £ 3 TIIEHILE 3mm (Zxf L Ts
Lo EREEES. OIXFE2LEHRO0S, 10,20
LELEES. EHRILE é6mm (25 LTRSS
ROEBREBL-OOHELITRY, BEH
0.3~0.7, "S5 FLIEIME 12~42mm O&FH T 20 &
—RAE ST,

ATF v TEmEh2EZADBRICREERKE

h=468mm, L=4h LE{LEIHE/.
Table 1 Base Condition
Mach number M, 2.4
Main flow | Total pressure P, [MPa] 0.85
condition | Total temperature 7, [K] 2000
B. L. thickness 6 [mm] 3.8
Injectant gas H;
Jet flow Mach number M | 1.0
condition | Total temperature T, [K] 300
Dynamic pressure ratio Rg 0.5

Table 2 Numerical Conditions (¢d=6)

Rq
s [mm] f—2—53 $=1.0 D=20
2 0.1 0.2 0.4
18 0.15 03 0.6
2% 0.2 0.4 0.8
30 0.25 0.5 1.0
2 0.35 0.7 14
60 20
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Table 3 Numerical Conditions(¢d=3)
Rq
s mm] 0 ®=10 | ®=20
12 0.44 0.89 1.8
18 0.67 1.3 2.7
24 0.89 1.8 3.6
30 1.1 2.2 44
42 1.6 3.1 6.2

Dynamic pressure ratio : Rg
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Fig. 3 Numerical Conditions : d and Rq are

varied. Bulk equivalence ratio® is 1.0 for O.
Spacing between injectors s is 30mm.

Diameter : éd
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Fig.4 (a) Behavior of main flow streamline and
injectant streamline
{b) Contour of injectant mass fraction

Results and Discussion
Structure of flow field at base condition
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Comparison with experimental results
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Fig. 8 H, concentration distribution
(@) s=12mm (b) s=30mm (c) s=42mm
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Fig.9 Mixing efficiency at x=108mm for ¢a=6,
®=0.5,1,2

Effects of injector diameter
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Fig. 12 Main flow streamline (a) §d=3 (b) ¢=8$
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Effects of step height
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Conclusion
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Nomenclature
d = injector diameter, mm
h = step height, mm
L = distance between step and injector, mm
M = Mach number

m,, = injectant flow rate, kg/s
P, = total pressure
Rq = dynamic pressure ratio of jet to mainstream

= spacing between injectors, mm
= total temperature
= injectant mass fraction

= Bulk equivalence ratio

s
T

Y,

) = boundary layer thickness, mm
/2]

¢ = local equivalence ratio

7

= mixing efficiency
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= mixing efficiency(¢ > 1)
= mixing efficiency(¢ <1)
= injectant density, kg/m’
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