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Numerical Simulation on the Effect of Reduction in Ambient
Pressure on the Secondary Combustion of Base Bleed

YU Wen-jie, YU Yong-gang
(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: In order to investigate the mechanism of the decrease in drag reduction rate of base bleed in
the subatmospheric pressure, a mathematical and physical model about the base flow with chemical non-
equilibrium of base bleed is established. H,-CO combustion model which consists of 10 components and
25 reactions is used for secondary combustion. Two-dimensional axisymmetric equations are programmati-
cally computed using a set of uniform numerical process methods. The base flow field of base bleed is
simulated. Simulation results are validated with experiment data. On this basis, the base flow field and
combustion characteristics are numerically predicted. The results show that the added energy released
from secondary combustion is 6. 4 times of the added energy of hot base bleed. Secondary combustion is a
key for energy increase and drag reduction. With the decrease of the ambient pressure, the combustion
efficiency of H, decreases gradually in the annular recirculation zone of the tail of the model , meanwhile
the intermediate product of H increases gradually. These make the secondary combustion become more
and more insufficiency, resulting in decreasing significantly the drag reduction rate of base bleed.

Key words: ordnance science and technology; base bleed; secondary combustion; numerical simula-

YFs B EA: 2014-06-04

EEWA: WK HARFIEGTH (51176076)

BB AU (1986—) , B W54, E-mail ; spacecow@ sina. com
AAKNN(1963—) , 53, 88 144 T 00, E-mail : yyg801 @ njust. edu. cn



444 2 X % K

%36 &

tion; base flow field; chemical non-equilibrium flow

0 35

PSR P B CAT R, 2B BRI RH T
JEHEL TR ™ A T A o I AR, HE AL 2
Jea 5 SRR i kA Rk E R Be R
[F[2 R ey O S 1 N U XM W S S =B S /i DA
F1 R, B R RN BT IRHEN T
FHIHER, T R 7 04 R TR 52 i G HE 2 1 Y A 2Y
FUBRL R | 28 752 M) JECHEE A MR I R %
I e 2T S HEVBH 235k

SCHR[2 = 3 7% G v HE TR B A AR B AY 11
ER AT LM T, I XS I HE R S R AT T Al
AL, Bowman %51 JRE 3 BAGHE S B4 [ A 1A A5 10 iy
WEHBHE 7 AT SE g F 9T, e B0 HE AU B B R Gk
5070 K, B HRR B A A 25% A4, T W
S50 43 B A AT RR S A T, Xt RS R
AT I, REAS S e e X HP 1) — R MRS
N FRIA R BT I HE ol B 32 2 L v HE ST gt —>
W, BAERHEE B R A E] 70% ~80% . W] UL HH
18 YR MR 56 S TR I 498 s ok BEL A DG Ak, T D) ik 2
SEHSFSY T IREE R 1 X CHEE RE I sE i, Kk IR %
ISR )R B JCHE IO TR B 2 AT

BUEAAT I, Sahu 2517 fede iz AR HES B
B IEHE B A AT BUE T 5T, K 5 HER S
B AR LR SN /N Gibeling 25" &1 X i
HERRpe ] B —Fp 12 B Ab2E ) H,-CO JA%%
B /NS S50 1 =0. 002 2 AR HE R 37 %
P TBUEMFGE, Choir 2 IR R T M
(HTPB) Flim AR (AP) YRR BeRe M, g S S
— AR BRI AL | X A2 G R G R A1 42 Y 1 i
F1TRUEIFT il v 5 2000 X6 RS HE S = 4 i
TRRHIEAT T AUEAL, BB 2 R I GHES
(7 R BUE ST T HECRE Xt S HE S s A 5
M, Shin 254351 5% FH IR AL A S il i
Jr A HE R B 7 4T T BUE L, 5% B [l
T DX R/INRTR AR . 56T BR5E He 3 % B2 — kA%
S BB 5 A DL SCHiR A

DR RIS =L I Ay N WA Sl N et 2 B/ 1 R 2 2 (191
AR I 5 R] 2 i R 38 X 3 i A s /NS BTN A
HOR A TR HER B IEE A IR A R e I BE i

i

MRER 8 T 48 7N PREE T 7 %ok A s D BEL 82 Wi )
HLER A SCEEMISCHAR S ] A % 52 38000 HE i 2t X
JEE AR B R AL S A A TR AT S AR AR, AT 5T
TURBRGERT INRE A TTRR LR BRI T X R AR Y
S, R — AT AT s NI e D BT R B 67
MBS R

1 #=HI7TE

(BRI 0 L 2 X Bk, Bk B 2K — 4k i
YRR BEALINT
U oF oG IF, 9G

oy of oL Thv TPy _ 1

8t+6x+8y dx Oy W0+, (D

U=[p,pu,pv,e,pk,pw,p;], (2)
F=[pu,pu’ +p,puw,(e+p)u,pku,pou,pul,

(3)
G =[pv,puv,pv’* +p,(e+p)v,pkv,pwv,pv], (4)

ok
F, = [O,Tm,TM,wrm +or, +q,,(u +o.u,)

a,
Jw aYl
(,U,1+0'w,l.Ll)7,pD£7], (5)
ox 0x
C:[OT T ut, +or_ +q (@ +0',u)%
v s by s fyyo xy ¥y ¥ 1 >t aya
ow aYl
</"l’l+o-w/"l’t)aiapDi7 ’ (6)
y dy
W:[O,Oa(),OaSk’Sw’OJa (7)

v
Q: _7[p’puapv’e+p’pk’pw’pi]’ (8)

$=[0,0,0,0,0,0,0,], (9)
Xp. U RSFIEAZ R F .G X RIGEE F, .G, N
PRI i W QS 3l Ay i U PRIl AR PRI
A2 ORI 5o Ly 3 5] R A 1) FIAR [6] 5 w0 535
Shy il ) S RE AR [0) R EE 5 p S HE s p MR T 5k i
BNRE ;0 M S REFEHR ;7 SWRPERL T 50, Y, D, b,
OyRR i HOr R R RE R R YR G
py o, I3 R BT G B KGR AR K i RS

" . ; PN aT
ARG g g TSI, B AR g, = A T+

! oY, oT d Y
Db, —,q, =" Dh, e HHf
p; hi M+p; by ve WL
i ! 1
BB B N e = 3 pih + o (" +07) —pso,

i=1

o i LAY B SN SR AR AR i AR A D SST



453 1)

PRI T REAR XTI HE — R e 52 i ) B (4L 445

B #2480, o, R IR S, | S, W45 E 2 Il ST
LN T

P T AR HP B0 Tl X BRI Q S X IR A il
XEFRIEIT, AR A5 100 i 2R B X g 0 ¢y o
PRG0S A T, 2 1R
PRI B R,

2 BETTE

2.1 YIEiRE

WE s BERUh FAERESH (AR ) ,x .y
S FoR R AR ], R ARl R AR RS
B KPR AR, WM 5° ,Ma, p, T, 5%
S| R AL ES R R R BRI, T oy 300 A
HESIRE HE O 2Ete, 1 MHER S BN T =
my/ (ApLv, ). Hdm, A p, v, 25 BUE RS
e RER AR R B ORI, B BAA S5
fHAEF 1 Pgh i,

Ma,.p,.T

=

3R

1 AR R R

Fig. 1 Schematic diagram of base bleed model
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Tab.2 Drag reduction rate of base bleed without secondary
combustion( 7T} =1 550 K,7=0.0107)

p../Pa Reps/ %
31500 17.5
68 700 18.7
101 325 20.3
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Tab.3 Drag reduction rate of base bleed with secondary
combustion( T, =1550 K,/=0.0107)

p../Pa Repy/ %
31500 47.9
68 700 64.8
101 325 74.5
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