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Flow field simulation and fuel regression rate analysis of
HTPB solid fuel ramjet

LI Xin-tian, LU Xin, LI Yan-cheng,
LIU Jun-yi, GAO Jing-jing
(China Academy of Launch Vehicle Technology,
China Aerospace Science and Technology Corporation, Beijing 100076, China)

Abstract: A fuel regression rate simulation model of solid fuel ramjet was constructed
based on the conservation laws. With two-dimensional axisymmetric model and two-equation
chemical reaction model, numerical simulations of HTPB (hydroxyl terminated polybuta-
diene) solid fuel ramjet flow field were performed and the influences of inlet air conditions on
flow field distributions and fuel regression rate characteristics were analyzed. Results show
that combustion flame layer is developed between the central oxygen region and solid fuel
wall. The thickness of the combustion layer decreases and shifts toward the fuel wall with
the increase of inlet air mass flow rate and total temperature. With the increasing axial loca-
tion, the fuel regression rate increases sharply first and then increases slowly. At last, the
fuel regression rate decreases quickly near the aft-mixing chamber. This trend matchs well
with the experimental results of the reference. The average fuel regression rate increases
with the increase of inlet air total temperature and air mass flux. An average fuel regression

rate formula is fitted with the simulation results.
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Table 2 Computational cases

Case ./ T./K Case ./ T./K
(kg/s) (kg/s)

Case 1 0. 10 300 Case 9 0. 20 600

Case 2 0.10 450 Case 10 0.25 300
Case 3 0.10 600 || Case 11 0. 25 450
Case4  0.15 300 | Case 12 0.25 600
Case 5 0.15 450 Case 13 0. 30 300
Case 6 0.15 600 Case 14 0. 30 450
Case 7 0. 20 300 Case 15 0. 30 600

Case 8 0. 20 450
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Fuel regression rate distribution along axis

of PE fuel ramjet
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Table 3 Average fuel regression rate under different inlet

air conditions

Case m/ T./K ! !
(kg/s) (kg/s) (mm/s)
Case 1 0. 10 300 0. 00560 0.142
Case 2 0.10 450 0.007 29 0. 185
Case 3 0.10 600 0.00892 0.226
Case 4 0.15 300 0.00755 0.191
Case 5 0.15 450 0.00992 0. 252
Case 6 0.15 600 0.01221 0. 310
Case 7 0. 20 300 0.00942 0.239
Case 8 0. 20 450 0.01250 0.317
Case 9 0. 20 600 0.01494 0.379
Case 10 0. 25 300 0.01136 0. 288
Case 11 0. 25 450 0.01461 0. 370
Case 12 0. 25 600 0.01736 0. 440
Case 13 0. 30 300 0.01291 0.327
Case 14 0. 30 450 0.01661 0.421
Case 15 0. 30 600 0.01927 0. 489
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