W17 % 6 -

2009 4E 12 A

CHINESE JOURNAL OF ENERGETIC MATERIALS

7w Vol. 17, No.6

December, 2009

XEHE :1006-9941 (2009 )06-0726-05

~'

2 1R 4 B8 S0 3 A2 vh B P B S 18 IE R 5

9, TE

(MREBIARFMIFIR, TH ¥xX 210094)

A B 0T % DAY A A S e i e T g R Al Y R A R 2 T T DR R R O R O R o PR
S v P BE A BB — 2 T0 R OR AR PR TR e S 6 5 AR v A £ 3 K X, O (0 T B X XT3 (SEF-3) (R AR
(TG) k& R4S 5% (TD-15) M & FR 4 30% (TD-30) ¥ = K5 A I 2 %5 1] g b A S B 45 R AT 1 S RIE . &5
TR AL GF A BB S B A IR 25 8 10% DL, X X5 -3 & S 2548 1E 45 3 1 B 3 TR ) 48 $10(0. 9864)

Pz R ST 2 AR E (1) .
KB M B
HES%S:TI55; TQO21.3

1 5]

A DAY HB e S 8 W 00 4 T g 9 O, AR 3R 8
AL, 2 A SHE BIF 5 P 3 S 2 2 P R Y
BT o S s R e R R T £ A SO
L5 RN I IR 1 R UAE, [R) I SRR 19 BE I e g
ARSI BRI 10% 7 5 SR A 1 R 7 S R 45 R
A BE VA 1 38 A S5 24 B KR BE I BE S HEAT N SR AL

73 [ o 7 R S T A R DR R
B B IR AB IE I, A O S 6 I SRR 5 R 2 A e
F5 10 JTURE R LB I A SR % L B DAy TR AR AR A
T 5 HAEEIT R HfE . B by T S50 KON [ e 24
A FL 25 B DAL 2 3 BIOHR e 45 TR O AR e IR
B N A% 146 1E 19 fie e B B IR TR R 2
T WIRAAT G AL P B A S o SCHRL 6 X A B2k
T IE I T T 5 B TR A P R R ks SEPs Bk
SO 24 A s DAL MR A i TR TSR R I ) ( ZZ2 AR ) i )
P AR AL BE T % A i A 1A 1A 6 A PR B AT ke 5
6 A P9 AL 585 B L 0k S BE SR G 5K o SCRR [ 7 ] 5
S AR 2 18 2 TG BR O AR AR 25 A% PR T X 32 5 3 1 4R
RAEAT TGS o (EL 8 DAY i S 8 o o v T T A T
G E TRV IR IA 2 ARSI AR RS E A i
RARE A A R A T T AR P R I B R
B X s AT R e e S 6 e P ) AR A BRI R A
BN P8R ) DR BRI BT A S B e BT 0 PR A TR X

il

I ¥ H #5 :2009-03-09 ; {&[E] H #§ :2009-05-27
BEEmMAB :EHE“973"HW H
TEEB N (1981 ), T WL WF5T A, E2 S5 Re ARl K8 25 1

5%, e-mail; zhaojun331@ gmail. com

=HER G WA B UK
NXERIREG A

DOI: 10.3969/j. issn. 1006-9941.2009. 06. 020

EUREATIBIE
5 PR 3 i e S B e A v A A% O 2 TEBR R AR AR S

AR AR | S0 I 19 1 A S5 R R IR A S A i []
DAL 35 PR ke e AR AR 19 200 B i 2 R 3 VR PR AT O 0 AR
SCHR T T 0 4 A R A e S 6 o R P RE AL R Y
— 22 JCBR O AL, 5 (o P 25 R 45 5 52 407 X 52
Kol e AR AT T B IE .

2 ERENAZEHNEABRAFIRERRE

ERENEZENRRBETE

St 2 AE S PR e TR R e I B AL A& 1 P
AN AT T N ZR A S p, RS P R A BE T
VR 14 A R AT 0 A2 TR X A% P R 7 30 — Bk
HSC TS R A AT 0, SR [ 10 ] o 4 6 S A A b R
BT 3 AR 3 SCRRER B A 5 18 I ) X A% 4R Y
M o R P A T

any = Zpieio-(T:: _Tj> r=r (1)

A ,q,, ESHERRHEE,W - m 75 p, HEESTS
R ZTE 3 MPas &, h & 335 o g B K 53 %
T, ARSI K T, % P48 2 2% 1N R DL B K
O PR R AR sy S AR R AR N R 2
Foo T PR 2 R 9 IE 7 R % ST 24 0 4R B8 T T 4%
T, LA R R ST AR 0 43 R 045 R ) RE E, 0 5
(1) %5 S A% PR 35 B 1] DL R H

q,, = kp.ea (T, - T') (2)
Ak R B TR AR LR bR R v A
PGS K B S 46 ARG 6 3 T L 3 3 A o i £ A
i

2.1

r=r,



5 6 3]

B A PR A S R A R VR B IE DR 727

9. =ph (T, =T) r=r (3)

Kb, A ERAERLW -m ™ K- MPa ™,

‘:f»ﬂ_ha

. A
P T s hy ) Ty _Jl
e—_— "n_
semi-infinite wall

Te

d

e Tm N T

* 4

R R S T

I r

0
PE1 o P R S dh N BE T A PO T A

Fig. 1  Schematic map of heat transfer on closed bomb wall
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Fig.2 Experimental set-up of closed bomb
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Table 1 Experimental and corrected results of closed bomb test

gun W) p/MPa error
propellant W, Wie Wi Pact Piho Ploss /%
TG 21614 22564 1015 244.76 255.46 11.49 6.78
SF-3 24716 25751 1024 285.81 297.78 11.84 -1.09
TD-15 19934 20713 796 249.04 258.78 9.94 2.05
TD-30 21585 22435 814 259.87 270.11 9.80 -4.30

Note: W, and p,,, represent the energy and pressure without heat loss.
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Fig.3 Corrected curves of heat loss with constant-propotion method
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Fig.4 Corrected curves of heat flux with constant-propotion method
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Fig.5 Corrected curves of heat loss

with model of equilibrium heat transfer
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Fig. 6 Corrected curves of heat loss with model of

heat transfer considering pressure factor
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Table 2 Burning rate pressure exponents of

SF-3 propellant with different corrected methods

gun Uy correlation

propellant /mm +s~' « MPa ' coefficient remark
0.4557 0.9784  0.9995 uncorrected
) directly proportional correc-
SF-3 0.4559 0.9771 0.9995 . . .
tion mentioned in [2 -5]
semi-empirical heat transfer
0.4720 1.0407 0.9992 . .
model mentioned in [7]
one-dimensional semi-infi-
0.4076 0.9864 0.9994 nite model indicated in this

article

Note: n is burning rate pressure index; u, is burning rate coefficient.
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Heat Loss Correction in Closed Bomb Tests

ZHAO Jun, LIAO Xin, WANG Ze-shan
( Department of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract : Based on the fast change of pressure in closed bomb tests, a heat flux equation focused on pressure factor was deducted.
A one-dimensional semi-infinite model of calculating inwall heat transfer in closed bomb tests was established and the expression of
heat transfer was obtained. The model was validated by double base aromatic-3 (SF-3), TEGDN (TG) propellant and triple-base
propellant. The results show that the error between corrected whole heat loss and theoretical whole heat loss is less than 10% , and
the burning rate pressure index of SF-3 propellant obtained is close to the expected value.

Key words: materials science; triple-base propellant; closed bomb; heat transfer; heat loss
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