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NUMERICAL SIMULATION AND EXPERIMENTAL
INVESTIGATION ON THE AIRBREATHING
COMBUSTOR OF A SOLID PROPELLANT RAMROCKET

Dong Yan Yu Weizhong Lu Xicheng

(The 31st Research Inst. , Beijing, 100074)

Abstract: The purpose of this paper is to solve the specific problem of the com-
bustion of boron in solid propellant ramrocket combustor. In this study, the reacting
flow field in the combustor is described with two-dimension partial differential e-
quations, k-e two-equation model. SIMPLE method is adopted in the calculation. A
sketch of a combustor with secondary air inlets is gaven and some experimental in-
vestigations have been done. The results show that higher combustion efficiency is
achieved in the combustor with secondary air inlets than in normal combustor with-
out them.
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Table. 1 Governing equation parameters

Equation ® r, Se
Mass continum eq. 1 0 0
X-momentum eq. u 7 - %‘E + %(,u %) + %(# %) - % %[F(% + %)]
Y-momentum eq. v “ —‘2“%‘{'%(#%‘)+%(P%)_%%[P(%+%)]
Turl;:ét;gt;eelai.netic k /ay Gy —Cppe
Turbuhrz;l‘cig ggs.sipatian e u/a, (C16Gy — Cope?) [k
Chemicl comivent | 1 [ s :

Total enthalpy
conservation eq.

-l

oy 0

ot G = o 2[(%)2+(§—;)2]+ (%+%)}
6,=1.0, ¢,=1.3, 6,=1.0, ¢,=1.0, C,=0.09, C,=1.43, C,=1.92
=t po m HRRRERE o ATmBRERE.

REVINE f= g : -I”-QMIZ l/s,f, =1/(1+s),m, =max of (0,(f— f)«(1+1/9],

m,, = max of (0,(f, — f) « (1 + 5))
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Fig.1 Velocity vector plots for airbreathing combustors
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Fig. 2 Temperature field plots for airbreathing combustors
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Fig. 3 Combustion efficiency and specific impulse
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Table 2 Ramrocket character data

Gas Generator L Restricted Ramrocket
Air inlet Combustor
generator nozzle throat nozzle throat . nozzle throat
. . diameter . diameter .
diameter diameter diameter diameter
94mm 10mm 38mm 28mm 80mm 69. 9mm
Table 3 Airbreathing combuster structure data
Dist bet
Type of Angel of stance ween Distance Length of
air inlet and the .
combustor air inlet between inlet combustor
head of combustor
One air inlet 45° 18 / 490
Two air inlet 60°/25° 35 115 640

REARNK 4, b, REBEE « I0HLZENAE 5.

ARBLERPE L, KA



16 % '
F1M ﬁkiﬁ#ﬂi?ﬁﬁ]ﬂ:ﬂt%ﬁiﬁﬁ%&ﬁﬁﬁﬂﬁﬂﬁ 31

RiR P R e — A R PP 3R ) 41. 65 %, Ho

1_ air inlet FHRE 38.15%.,
gas generator Q&\ ramrocket combustor
. s Tu(N + s/kg)
' < 0. 81 / 8000
_/’/7/ 0.7 7000 /
| ¢ one air inlet

—
— 0.6 6000 .
two air inlet ramrocker model —— 4 two air inlet
“f 0. 54 5000 ————tm

— R .
2.0 2.5 3.0 2.0 2.5 3.0

one air inlet ramrocket model a @

Fig. 5§ Combustion efficiency and

Fig. 4 Schematic of airbreathing ramrocket specific impulse variation whth &

Table 4 The results of combustion tests

P-X-2 P-X-3 P-X-4
One air inlet Two air inlets
a 2. 80 2.60 2.39 2.76 2.69 3.47 2. 65 2.52 2. 39
v (MPa) 0. 241 0. 2;7 0. 254 0. 276 0.276 0. 241 0. 283 0. 284 0. 284
Tos (K) 1227.7 | 1276.2 | 1334.2 | 1606.6 | 1601.7 | 1264.7 1681 1681 1670. 1
Ry (N) 544. 6 580 625. 1 785. 6 785. 6 567 827.7 830. 3 829.3
Iu (N -s/kg)| 5162.4 | 5096.8 | 5061.2 | 7334.8 7148 6663 7416.6 | 7060.3 | 6709.7
Iu (N - s/kg) 5106. 8 7055. 4
T 0. 532 0. 543 0. 562 0. 796 0.78 0. 65 0.83 0. 802 0.777
Tes 0. 545 0.772
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