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Effects of combustor length on solid fuel scramjet
combustor performance
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Abstract: Based on foreign researchers’ experimental data about solid fuel scramjet’s,
the numerical simulations concerning about the characteristics of the flow field in the solid
fuel scramjet and the combustor performance were described by changing the length of the
cylindrical section and the length of the diverging section respectively. A second-order-up-
wind difference scheme and the pressure-based solver were used for simulating the dynamic
flow associated with an axis symmetric physical model. The combustion model in the numer-
ical simulations was finite-rate/eddy-dissipation and the turbulence model was the shear
stress transport (SST) k-w model. The boundary of polymethyl methacrylate (PMMA) sol-
id fuel was defined by the user-defined function. Results indicate that as the length of the cy-
lindrical section increases, the combustion efficiency at combustor outlet decreases from
72.74% to 66.81% , while the total pressure loss decreases, the thrust in the combustor in-
creases from 85. 83 N to 108. 55 N. The variation of the length of diverging section makes
rarely difference on the flowfield characteristics of the combustor, as the length of the di-

verging section increases, both the combustion efficiency at combustor outlet and the thrust
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in the combustor slightly decrease. In the design range of combustor length, if the length of

the combustor needs to be increased, it’s better to increase the length of the cylindrical sec-

tion rather than the length of the diverging section.
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total pressure loss; thrust in the combustor
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Fig. 1 Structure of solid fuel scramjet combustor
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Table 1 Size of solid fuel scramjet combustor

ZH Bl 24 Hfe
d.,/mm 12. 45 L. /mm 35
dy/mm 30 L/mm 170
d . /mm 14.5 a/ (") 3
Ly, /mm 50

F T AR in FaRMEEEE A O (air inlet) , Th F R KGR E
Bt/ & Bt (flame holding section) , cyl & 7~ %6 H B
(cylindrical section) ,a FRRT KA.
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numerical simulation results
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Table 2 Structural parameters of physical model

in combustor

5 2R de/mm Lo /mm Lg,/mm L/mm
1 ORI1. 3Lcy20 16.5 20 85 155
2 ORI1. 3Lcy30 16.5 30 85 165
3 ORI1. 3Lcy35 16.5 35 85 170
4 ORI1. 3Lcy40  16.5 40 85 175
5 ORI1. 3Lcy50  16.5 50 85 185
6 ORI1. 3Lcy65 16.5 65 85 200
7 ORI1. 3Lv100 16.5 35 100 185
8 ORI1. 3Lvl15 16.5 35 115 200
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Table 3 Static pressure at combustor outlet

i = 2K det/mm Ly /mm L/mm  p./MPa
1 ORI.3Ley20 16.5 20 155 0.102
2 ORIL. 3Lcy30 16.5 30 165 0.103
3 ORI.3Lcy35 16.5 35 170 0.104
4 ORI.3Ley40  16.5 40 175 0.104
5 ORI.3Lcy50 16.5 50 185 0.105
6  ORI.3Lcy65 16.5 65 200 0.105
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Table 4 Combustion efficiency at combustor outlet

s A de/mm Ly /mm  L/mm  p./%

1 ORI1. 3Lcy20  16.5 20 155 72.74
2 ORI.3Lcy30 16.5 30 165 71.70
3 ORI.3Lcy35 16.5 35 170 71.03
4 ORI.3Lcy40  16.5 40 175 70. 40
5  ORI.3Lcy50  16.5 50 185 69. 06
6 ORI1.3Lcy65 16.5 65 200 66. 81
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Table 5 Thrust in the combustor

ErRe £ do/mm Lo /mm L/mm F./N
1 ORI1. 3Lcy20 16.5 20 155 85. 83
2 ORI1. 3Lcy30 16.5 30 165 92.71
3 ORI1. 3Lcy35 16.5 35 170 95.53
4 ORI1. 3Lcy40 16.5 40 175 98.17
5 ORI1. 3Lcy50 16.5 50 185 103. 04
6 ORI1. 3Lcy65 16.5 65 200 108. 55
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Fig. 8 Mach number distribution curves along the
central axis in combustor

(case 3, case 7 and case 8)
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Fig. 9 Variation curve of the fuel regression rate along

the wall in combustor (case 3, case 7 and case 8)
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Fig. 10 Total pressure loss distribution curves

along the flow direction in combustor

(case 3, case 7 and case 8)
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Table 6 Combustor performances

(cases 3, case 7 and case 8)

R RS L/mm p./MPa qc/% F./N

3 ORI1. 3Lv85 170 0.104  71.03 95.53
7 ORI.3Lv100 185 0.088  69.80 93.95

8§ ORI.3Lv115 200 0.076 68.7  90.54
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Table 7 Comparison among the cases with the same

whole length

G5 A L/mm p./MPa p,./% F./N

5 ORI. 3Lcy50 185 0.105 38.66 103.04
7 ORI. 3Lv100 185 0.088  40.96 93.95
6 ORI. 3Lcy65 200 0.105 37.30 108.55

8§ ORI.3Lv115 200 0.076  41.94 90.54
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