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Performance Analysis of Solid Fuel Ramjet with
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ZHANG Ning', SHI Jin—guang', WANG Zhong—yuan', MA Ye-xuan’

(1. School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Beijing Power Machinery Institute, Beijing 100074, China)

Abstract: In order to improve the combustion characteristics and working performance of the solid fuel ram-
jet, a solid fuel ramjet with a central bluff body is proposed. Based on the Renault transition and Eddy—Dissipa-
tion equations, the turbulent combustion model is established, and the internal flow field of the ramjet, as well as
the regression rate, thrust and total pressure loss, were numerically analyzed. The results show that the internal
flow process of the ramjet with a central bluff body is more complex. There are four vortices at the rear of the bluff
body, which enhances the mixing of air and gas in the engine. The high—speed airflow in the blunt body pores and
the small-scale vortices on both sides ensure the stability of the blunt body wake. Compared with the typical ram-
jet, adding a central bluff body in the combustion chamber could increase the area of high temperature zone in
the SFRJ chamber and improve the temperature in the afterburner, which can increase the average burning sur-
face regression rate of propellant by 26.1%, the thrust of engine by 22.1% and the combustion efficiency by 8.9%.
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Fig.1 Physical model of SFRJ
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(b) Mesh of SFRJ with a central bluff body

Fig. 2 Mesh of simulation cases
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Table 1 Main parameters of HTPB

Parameter Value
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Table 2 Grid convergence analysis

N 1.4x10° 1.8x10° 2.2x10° 2.6x10°
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Fo/(mm-s™") 0.466 0.483 0.495 0.506
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Fig. 4 Change of bluff body wake with time
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Table 3 Comparison between the calculated results and the

experimental results

Condition Result
Case Y - ] < -1
G, I(kg-m-s) T /K 7 /(mmes™) 7 /(mm-s™)
1 0.293 624 0.574 0.598
2 0.308 615 0.582 0.607
T/K 500 900 1300 1700 2100 2500
(a) Typical SFRJ

(b) SFRJ with the central bluff body

Fig. 5 Temperature nephogram
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Fig. 11 Internal flow field of SFRJ with a central bluff body
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Table 4 Thrust and total pressure loss of two ramjets

Ramjet FI/N W%
Typical SFRJ 221.78 9.94
SFRJ with bluff body 270.84 14.02
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Table 5 Combustion efficiency of two ramjets

Ramjet n,/% n,/%
Typical SFRJ 10.75 62.12
SFRJ with bluff body 33.72 71.03
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