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Table 1 Formulations of paraffin-based fuel and HTPB fuel

%

sample HTPB Paraffin Al Mg AP C
HO 100 0 0 0 0 0
H1 78 0 6 6 0 10
H2 73 0 6 6 5 10
H3 83 0 6 6 5 0
SO 0 100 0 0 0 0
S1 58 15 6 6 5 10
S2 48 25 6 6 5 10
S3 38 35 6 6 5 10
S4 32 35 12 6 5 10
S5 28 45 6 6 5 10

R 2 OAFASR LA T OB RE R

Table 2  Energy characteristics of fuels at different O/F
O/F
1.6 1.9 2.4

sample

T; I T; L Ti I

/K /N-s-kg@ /K /N-s-kg? /K = /N-s-kg”
HO 3095 3145 3451 3316 3639 3414
H1 3471 3288 3656 3359 3710 3316
H2 3557 3314 3680 3353 3697 3279
H3 3514 3343 3657 3389 3689 3322
SO 3020 2997 3409 3188 3581 3293
S1 3552 3292 3673 3331 3687 3258
S2 3549 3278 3668 3317 3680 3244
S3 3545 3263 3663 3303 3672 3230
S4 3693 3294 3750 3280 3725 3191
S5 3541 3249 3657 3288 3665 3215

Note: O/F—the ratio of oxidizer and fuel, T—the temperature of chamber,

I,—the specific impulse.
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Fig.2 Gas-solid hybrid engine testing system

So MR TS HIL A7 T PR T I R R 9 Y R R
B U R AR WEANRBE A o o S U R R R R
R SR AR E JA , JE I R R I AR R R

56 22 S e R A R AR 0 SR 0 3 10 T R 5 R

SEH P TR AR BC T 9 1 g H2 il S3,
VPSR TAR 58 1 ~2 MPag, Oy I8/ s 98 A2
fexs 1B # d R 5w, e R R RO 25,
30 g - s EEPEMEAE MEAR O 8 mmy 7EJT iR
35,40 g - s B, BEFEBUEMELR K 10 mm, DURIERR be
2 TARF- 2 i A — 5 B A AT Y

A
ignitor nozzle

injector

b. paraffin-based fuel ignite experimental device

B3 REAHEBIRE LSNP

Fig.3 Experiment of solid-gas rectangular hybrid engine
4 HREHH

4.1 LWEIHHESHT

FEAS IR R 40 g - 57 B IEAE S 10 mm
TR P SR [ £ A B AR S3 HEAT = UGB A %R
TR, =R SE M A5 p-t i 4 FFR,

14

141
12f 12y
10t 101

o £ £

= S 08} = 08

3 = =
081 06t
04} 04l
0.2F 0w

20 25 30 35 40 45 50 10 15 20 25 30 35 40 5 10 15 20 25 30 35
time /s time /s time /s
a. first time b. second time c. third time

B4 R = E R RS p-t 2k

Fig.4 Three repeated experimental pressure-time( p-t) curves of paraffin-based fuel

Chinese Journal of Energetic Materials, Vol.22, No.4, 2014 (498-502)

www. energetic-materials. org. cn

et



A IR B AR BB AR L

501

Hi &1 4 w0, AR E J5 SE g iy p-t iR Bh
O R Bk R, =k A MR S I BT A R RS R R
1.08.1.09.1.16 mm -« s ,FHHEH1.11 mm - s,
FXIRZESMH 2.70% . 1.80% 4.50% , % &3 [FH
URG RSP T, R B R i 25 & R (AR
IR ARE R [ AR S SO SO AR ) B N Bk
S 48 SRR R R 25 A ] HE A YL HLN .

4.2 ABMESREREXNEBERZN

TEAR AT =% T, X8 P D e 77 #RokE H2 A
S3 43 HINE 3 YR UK S 5 , B v A 205 3 1 - (B
BRI SEPRIB B 3R S5 RN AR 3 .

Hi 2% 3 AT, 78 480 BT B U R4 0 25,30,35,
40 g - s I, ATERARE S3 (IR B S R4 2 HTPB R
B H2 B HEERK 1.68,1.74,1.58,1.63 £, A I,

R3 AATERFRI H2 T S3 BOBHE B MR 1952 1
Table 3

TEAR ) B0 R BT, 5 7 B OB 0 B RS T R 5 T
S HTPB ko o A [ i 7, Bifi % 80004 I 6 1Y
S, KRR B B 3 R S T A

TE % AL T AR, A 1 B 5] HE AR B 2,
5 B R KRR S IR AR R R R B A 98 e 8 TR A T
— SRR 7 AR R R A R A bR
B AT SR PE A A o T HTPB R R b i 5
EN St (AR ¥ SRR A NS L.
R B TR 5 1 R A R X R R R
R R T O A S —F B M. A RIHLE,
FE T 4 ) R IR R A 08 S8 e T K
T 3] A A 2 T 3 AR A, 5 B A i 26 T
T BE T v 0 2 TG AR Bk L AR 0 S R B, M T
B R,

Effect of oxidizer mass rate on the H2 and S3 fuel’s regression rate

1

m/g - s
25 30 35 40

I's3 T2 I's3 Tz I's3 I h2 I's3 I h2

/mm -« s /mm -« s /mm - s /mm - s /mm - s /mm - s /mm - s /mm - s
first time 0.75 0.44 0.94 0.57 1.02 0.65 1.08 0.65
second time 0.80 0.52 0.92 0.50 1.01 0.64 1.09 0.69
third time 0.82 0.45 0.96 0.55 0.97 0.60 1.16 0.70
average 0.79 0.47 0.94 0.54 1.00 0.63 1.1 0.68
average rrﬁ 1.68 1.74 1.58 1.63

H2

Note: m is the oxidizer mass flow rate, ris the regression rate.
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Energy Characteristics and Regression Rate Measurement of Paraffin-based Fuel

HU Song-qi, WU Guan-jie, LIU Huan, WANG Peng-fei

(Science and Technology on Combustion Internal Flow and Thermal-Structure Laboratory, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: The paraffin-based fuel is an ideal power for the solid-liquid hybrid-engine. The energy characteristics of paraffin-based
fuel and HTPB fuel were calculated by minimum free energy method under more oxidizer, more fuel, and the optimal oxygen-fuel
ratio working conditions. The regression rate of paraffin-based fuel and HTPB fuel were tested by rectangle solid-gas hybrid engine.
The energy characteristics results show that: the fuel’s oxygen contents are increased by adding AP, but the optimal oxygen-fuel
ratio and specific impulse are both reduced. The chamber temperature and density specific impulse are improved by adding Al,
and the specific impulse of paraffin-based fuel and HTPB fuel are basically similar. The regression rate results show that: with the
to 40 g - s
0.79 mm - s to1.11 mm - s, the regression rate of HTPB fuel is improved from 0.47 mm - s

-1

increasing oxidizer mass flow rate from 25 g - s , the regression rate of paraffin-based fuel is improved from

the

-1 -1

to 0.68 mm - s

regression rate of paraffin-based fuel is higher than that of the common HTPB fuel about 1.58-1.74 times.

Key words: aerospace propulsion theory and engineering; paraffin-based fuel; hybrid engine; oxygen-fuel ratio; energy character-
istics; regression rate
CLC number: T)55; V512

Document code: A DOI: 10.3969/j.issn. 1006-9941.2014.04.014

Chinese Journal of Energetic Materials, Vol.22, No.4, 2014 (498-502) A fe A www. energetic-materials. org. cn



