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Performance Analysis of Aluminized Solid Fuel Ramjet
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Abstract: In order to investigate the combustion characteristics and working performance of aluminized sol-
id fuel ramjet (SFRJ) , a two—dimensional two—phase turbulent combustion model is established based on the
mixture of aluminum nanoparticles and hydroxyl terminated polybutadiene (HTPB) using Reynolds transition
model, particle surface reaction model and vortex concept dissipation model. The flow field in the ramjet with alu-
minum solid fuel, and the regression rate of burning surface, thrust and specific impulse with different aluminum
content and particle size were analyzed numerically. The results show that the intake conditions of SFRJ play a
leading role in the combustion and movement of the particulate phase. Compared with pure HTPB propellant, the
addition of Swt% aluminum particles can increase the pressure and temperature of the afterburner, increase the
area of the high temperature zone in the chamber. It also can increase the average regression rate of burning sur-
face by 18.53%, the thrust by 21.37%, and the density specific impulse by 2.38%. Appropriately increasing the
content of Al particles or decreasing the particle size can improve the regression rate of burning surface, thrust
and density specific impulse of propellant.
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Fig. 1 Physical model
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Fig.2 Mesh of simulation cases
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Table 1 Main parameters of HTPB

Parameter Value
pl(kg/m®) 927
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Fig.3 Three stages of reaction between nano aluminum particles and air
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Table 2 Grid convergence analysis

N 1.4x10° 1.8x10° 2.2x10° 2.6x10°
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Fig. 4 y" profile of solid fuel surface
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Table 3 Average regression rate of HTPB propellant with Swt% aluminum particles

G, /kg-m s 375 150
w /% Fo/(mmes™") Fog/(mmes™") Froe/ (mmes™") Fog/(mmes™)
5 0.832 0.806 0.242 0.233
10 0.955 0.922 0.283 0.271
15 1.512 1.483 0.364 0.345
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Fig.5 Temperature nephogram and streamline of SFRJ
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Fig. 6 Mass distribution of Al particles
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Fig.7 Residence time of particle in ramjet

8 25 th T Uk A 15 BE R RD % AR O IR
w0 il 3 i R R 55 B R TR AR R 5 20 BB Y EO A,
7 AH 1 SF- 49 457 B8 B IE) 24 24 18ms, 55 SCHik [ 33 ] 11y i 7Y
15 B BF ()45 d AR AT (R LR AL o B TR AR
= AAMR E 5 S B W XA VR R SR 0 B K1
s 18] AT 3K 89ms .

60

45

30

Frequency/class width

Fig. 8 Frequency histogram of particle residence time
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Fig. 9 Turbulent kinetic energy of ramjet combustor and

second combustor
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Fig. 10 Regression rate along the grain surface of

aluminized propellant under different mass fractions
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Table 4 Average regression rate of aluminized propellant

under different mass fraction

Y ATE 3 55 L s (e, e 3R TN, PR A ) 43 S A 4l HT -
PB fft #F 5 25 K 21.37%, 32.89%; Jii &t wp 1, 29 /)
1.19%,2.91%; B b 1, 49K 2.38%,4.30%. T
RS HLIA RS 7 1) vh A7 7R A8 AR BR BURE , 3 2 [ 2 F0RE
IEASBRAR IR SR AE AR 2 i 2y, A T b 75 2808 <k 4
BRI B AT, 5 B R OB AY BT i LL e IR T Al
HTPB #A KL, (H 2 th F 4 J& UKL 9 % B 38 & F HTPB
RRE BRI I I A5 R 2 ol [ A RO 1Y %5 BE LE o A BT

P

Table 6 Thrust and specific impulse of aluminized

propellant under different mass fraction

/% FIN I,/(N-s-kg™") 1, /(N-s=m™)
0 263.1609 9495 8.83x10°
5 319.4146 9382 9.04x10°
10 349.7062 9219 9.21x10°

@ /% F/(mmes)
0 0.4725
5 0.5601
10 0.6019

RS T E R O 5% B 7 Bk
43 51 H 200, 500, 1000nm I #E 3 1 69 F 2 8% 5,
Tl E R MRS E A IR T 4 5.56%,
2.02% , 3% J& KRy, S H0RE A% /N (G B0 0RE LA B R Y
Bt 2 TE B, RN T M R, A R R R R R
U SN UE N O € GRS ER Y AT TR L7 BT 9

Table 5 Average regression rate of aluminized propellant

under different particle size

d,,/nm A (mm-s™")
200 0.5796
500 0.5601
1000 0.5490

3.4 AL
F O T B ITURSE YR 42 0 500nm B, B8 R
K00 9 R 5% F10% 1 4 E 7] 5 4l HTPB e i 57

T TR R R 5% B F 1
B4 9 200, 500, 1000nm B #E 3 %) 09 #E 1 5 L
i H R A AE D O B R E R T 2
5.81%,2.19% , B it L 1,825 T 0.22%,0.16% .

Table 7 Thrust and specific impulse of aluminized

propellant under different particle size

d,,/nm FIN Isp/(N-s-kg'])
200 330.5709 9387
500 319.4146 9382
1000 312.4194 9367

AR SO R TURL 9 BE Be 350 m s SR 2 R AR UKL
Fr SR B R R A . RS TR
1 500nm B, 75 55 5T £ 43 B0 ) R 5% F10% 1 4
F o B BURL R B RCR . TTLLR W, R BT & 4
/N 8% . FEAR A AT TR I AR v R o
BRI R R AR B RR o R, BT AR
By B9 AS 58 A R BE Al L AE K S AL oY Rl RS 2, 1
WK SALEE w2k

Table 8 Combustion efficiency of aluminized propellant

under different mass fraction
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