2SR R HE T AR S R G 55 R R R ) B L 1111

NEHS: 1006-9941(2015)11-1111-08
2 1 g8 i3 ot ik HE T4 3 72 2 Jix HE 58 S A2 52 I Y B B AR 0L

BRE, AU, RXR, 2k, AR, H &

(1. FAETAFNARIARAF R, LK Fx 210094; 2. TAXAT L EHARAF, [T F HHE 110045)

OE: O T WRFEIE HE AT PR O AR HE A AR B T AR A R A AR B S R, SR FH B AS RS g 2 BT A BE A R 7 1
SR R AT HE AU AT S B SE T R V T A L Y B R B T AR S R AR R HE VR 4 45 B 18] A AR Al e B T
2SR R R R T AR R AN AR R R . 2SR AR BB LN SR T i SR I HE U 7 1 A SR W A, LT ST A TR A
TOE B PR VR R Mo 0.8 FRR ) 1.2 W BRG] R 36.8 sy A F) 18.4 s, GF A 38.12 km FRER] 36. 21 km SRR
33.32% TREE] 26.64% 5 A [R5 Al 24 15 48 2 A4 U 30 1 T390 7 i BEL I B 9% 41k /5 5 25y I I [y 0 222 2f 484 O el /N BB A R

VR K 32 JEG I 24 A R B 3 e 3 05 ik 3 R X R A9 B ) R AR B R R L R O B O R R

KW PR T AR s Pl AR
HESES: T55; V211.3 NEIRERG: A

DOI: 10.11943/j.1issn.1006-9941.2015.11.015

1 5]

il

JEG P8+l A 3 s L 4 R A D B R A U R
P B — A HE A 1] JRE AR DX HE AR 3l 5 e iR
AR B RS ER AN R X U Bl R A 38 B R I AR
JIUNBE R E M, ET 20 4
80 ATt 1R HEG B H R B ST, W LB 24>
RS BRT, E R HE AR IR BRI HE 3R ) 78 A
Fop OB ER h O 20 R0 2 RS HE 25 A 4R e R o
22 JRCHEZG R 2 F g R 22 R SRAG R ) R G R R
HEAEBEEK, B, A 9B AR HEH AR5
AR5 TR HE AT O n)

FE] P A 0F I #0 HE ACom BEL R AT 1 R DG S5 56 5 5 (L A
FE o T IR A0 b 45 70 T B O R R HE Ve Al A
23 S IR SE 8y 5 Mathar ™ T 2 TR HE 25 A0 XU
S IR TR R B % Nietubica " SR 2
UL AR TR T 2 IR R o A PR R 4 R DT i o AR TR S UL T
M864 i i) — 4 i X FR % %5 Kaurinkoski' ™! 5% ] k-&

s HHE: 2015-03-18; &G HHEF: 2015-05-12

ESWB: ERAARFEERI(11402119) ; 83+ W HFS H
(404040302)

EE® v RE (1979-) 55, W4, ybi, FENFIH AR IK %5
PR RTFSY . e-mail: luonuaa@ 163. com

BEMEE: Mo (1981) , 55, M, IR 58 5, 2 20 DA 5 30 2 B AR 4

A, e-mail: njyaowj@ 163. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

i PRUASE L R 9L A o A IR A R O S I R R A AL T
155 mm #ii = 4E i ; Choit " kA k-w T B8
JZE AR AT BR R TC S W A B T 155 mm 5 Y
TR . w1
SRR IRAE T B HE W 3 15 4, of R A AR
JR& #0158 DBl BEL 4 52 00, L % B 45 4 X sk BEL 78 BE 14 52 11
1o S AT 5T AR e LARE HE Dok BHL WL BE -5 50 1 S F ST RS 5,
A 7 TR HE IR AE RS TRAT B B A R R T AR
AR JRFRHE I S 45 Wl B ACRATI SR Ak T R AR
TR AR J) 2% (CFD) J5 T i 1< 2 3820 AT AL E A
{14 T e B, e AT BRI A g 2 A LI B 9 S
FEIT T LR 2 1 A s AT R A
ABFIAERT I g 5 19 CFD R T i e 356 4
AU B A A S AR R ST T CFD R A siE
B R PR HE U AR A DA B S R BT SRR A BF 5T IR
HE AR B A B B B BORHRS & TAE S8 TARRES R
HEE 7 SE R 18] A9 A2 Ak o 75 G R Al b AF 5 S HE 245 4 14
X UG 2 A S RN AR AR A 52 0, Ay i HE
AL RS %

2 HESYERE

2.1 CFDit&EH%

M TR CFD 5 5z i 5 A AR 5 oK i 3% > %
A7t B TR R OK N AT SR ] = 4 R
PRI, A BIF 98 25 08 RAT S A, R 4 b X AR AR B 1

bt A A 20154 #2334 £114 (1111-1118)



1112

BEWERL, WhoCHE, TROCRE, KK, B, B

FRERHR IR 5B Sy o R RS E L Xy
I 2 (RANS) Ak 2 E F- i it Navier-Stokes J5 2
Ao
ﬂ+ﬂ:+&:a—’:v+@+H+S (1)
at 9x ay ax  ay
Kp, U S spfaAs &, F G i WA J7 1) 19 6F i 38
Fv . Gv g Wi~ J5 ] BORG PE 8 &, H R b 0 BRI, S
P2 SN IR I, A4S R O L SCHR 16 ] .

AW 58 R R DL 3 B8 U B R B ROCR B Y
k- SSTWI J7 T i i A5 8 . 2% & ) B8 75 iR i i o B
A5 SR i I R P A B R i D R SR A AR 3R i -
27 R =22 (8] A EAE

JIG P8R sER A P ) TG 25 A = 1 o 41 G R i
BT R (HTPB) Fl A AL 5] v %0 R B (AP) 4o
HY TSR L SRR I 1] JEC S DX iy AR R
1 COH, .CO, H,O HCI N, i, & # Ak CO
AH, TER R P 5 A s Ak 2 kA Ak e R, Herh
HCIN, Jy # P S, LR T CO—H,—O, 2%
RS, AR 8 4143 (CO H, .0, .CO, H,0,
H.OH . 0)12 A~ 3kJ0 2 i i) CO—H,—O, &Gk
AR

Sy T ARG A PRI I e S A 3 A Y, A 1)
ORI = B MUSCL 44 77 3 i RS BE i 4 B R 1Y
AUSMPW -+ XU 2, RGP 200K T rvco g 28 i, 1 1)
B HICR B0 e 9, 9 5R Ry 0 6k 18] 25 0 sk e 84
T 5 2 5 i 2 Navier-Stokes 7 I — 3, 52
Fh AR . e R fi e Ak 2% I W 1) Navier-Stokes J7
B, SR T A (] 331 4 24 114 7 12 ok Ak BN ) A, 15
T3 VR TR A AR IR UE UL SCRR (4,14 -15 ], X BUR
SR S U
2.2 RAHERR

Jo T Y o R B s AL AR AT A Y A
F, LA BSR4 TR
FURBTCr b o PRHCRT DLAE st i 32 3 A Sy B Sz 3l ik
B, R b s s R

dv Vv ;

a=—’2)—m5rede—gsm0

de _ gcosh

dt— v (2)
—X—vcose

dt™

dy .

dt_VS|n0

P MR AR kg - m7 5 v O ERL R AT

Chinese Journal of Energetic Materials, Vol.23, No.11, 2015 (1111-1118)

FE,m - sy 0 R RIE A, 05 S, N B MR B A v A
m’s m Ry F i kg g HE S E ,m - s C,
LR ) R A, T A, B th CRFD U7 3t 3G
o FIRHE RSN 7 B AL R DU B e b P B R L HE
R A1 2E 4 0,001 s,

i T CFD JHR a5 K, AN AR 3 %,
JoT e HE 7 R AR BERH ) R A AWESE R TR G 1Y
J5 ik AR #E CFD R i 538 R 4T A SR A, B JSR A 53
FREHESE n 05, R CFD & e HE L 2450, W
T AR E R A HE SRR ) 2P K 0.001 s, n=
500, BiEHFEiz 3 0.5 s J5 5>kl CFD i+ 5 A
EAL R HE A R S B R B TR HERAE T
A~0.5 s BB N ©AT U IR R ) AR AR AL
AN, AT R AE IR () B P BE ) R ECH # R
2.3 YIEEE

LA 130mm JiEHFHE S B o BFGE X 4, LT
RIRE L1 R o SR e AR AL, G5
O TH A S, T 2 TR O S B AR X AR AR
TE QAT REFR o JRCHE 24 1 R b T B RN IS 256 B MR be =
H B ABEAW L, B HIEARE 22, AREF 1k h —
et PR PRt R b 2 T B e IR oE —
NIRRT, 7E AT S B A A R
SRR 15 B A 24 R e o U 4 BV e i A I AR B KA
B b

WML IEA S L A ST AT S BT 31. 8 kg,
FEHEmE FE AR R 42 mm, 5iAE R 130 mm, IRHEZG A
EARZHC RHE 2GR = 2 25 4 (25 M R AR T an
Bl 2R, P 5 /M AL IR HEZ Bt i o 0.9 kg,
HEAME 2, =100 mm, N AR 21, =44 mm 25 FE KB
L=97mm J5%55 2¢c, =2 mm, 25k %58 9 1520 kg - m™,
5 BRBE IR B S 1812 K, R 58 B4 Il DA L ART B4 58 2
Ho BRE S AL MAWT

S=6L [ r(%—a) +N/r2 +1,=2rr,cos( a—)

f rdt+r,
r=1J,

t

c= fo rdt+c, (3)

. C
a=arcsin —
r

. C
B=arcsin —
r2

A, r KRt 2R HELS A N SR T AR, mm; ¢ £OR

Bl R ki www. energetic-materials. org. cn



2SR R HE T AR S R G 55 R R R ) B L

1113

i 20 B 48 90 RO — K mmy 1 KR I 20 i HE 2 A
T SRR I ZI 2GR MR PR T AL, mm”

H,mm - s

1
Fig. 1

UG PR A B R R A

The computation grid of base bleed projectile

2 AR R T

Fig.2 The cross section of base bleed propellant
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Table 1 The operating parameter of base bleed projectile using different combustion rate of propellant
&
parameters 0.8 0.9 1.0 1.1 1.2
NBB BBP NBB BBP NBB BBP NBB BBP NBB BBP

t./s 2 36.8 - 30.2 - 25.2 - 21.4 - 18.4
ty/s 101.9 114.0 101.9 113.8 101.9 113.5 101.9 112.9 101.9 112.4
s/km 28.59 38.12 28.59 37.76 28.59 37.44 28.59 36.96 28.59 36.21
A 33.32% 32.07% 30.95% 29.27% 26.64%

Note: NBB represents projectile without base bleed; BBP represents projectile with base bleed; t_represents the combustion time of base bleed propellant; t, repre-

sents the whole flight time of projectile; s represents the firing range; A represents the extended range rate.
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Numerical Investigation on the Effect of Combustion Rate of Propellant on the Operation Process and Firing
Range of the Base Bleed Projectile

LUO Xiao-cheng', YAO Wen-jin' , XU Wen-ke’, ZHUO Chang-fei' , WU Xiao-song', FENG Feng'
(1. School of Mechanical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Liaoshen Industries Group Co. ,Ltd, Shengy-
ang 110045, China)

Abstract: In order to research the effect of combustion rate of the propellant on the operation process and the firing range of base
bleed projectile, the flight ballistic of base bleed projectile was solved by using the computational aerodynamics coupled with par-
ticle trajectory. The changes of operation parameter, operation status, flow filed of base bleed projectile with time in the drag re-
duction stage were studied. The effect of combustion rate of propellant on the operation process and firing range of base bleed pro-
jectile were analyzed in detail. The simulation results are in good agreement with the target range test results of the standard base
bleed projectile, indicating that the calculation model established is correct and reasonable. When the combustion rate adjustment
coefficient changes from 0.8 to 1.2, the combustion time decreases from 36.4 s to 18.4 s, firing range decreases from 38.12 km
to 36.21 km and the extended-range rate decreases from 33.32% to 26.64% . With the increasing of time, the base bleed param-
eters of the base bleed projectile with different combustion rate increase first and then decrease during the drag reduction period.
The bleed mass flow rate of base bleed projectile with high combustion rate is larger than that of the base bleed projectile with low
combustion rate, but there is no obvious increase of reduction drag effect.
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