Applied Mathematics and Mechanics

, 2

4

)

1 1000.0887(2001) 04_0411_09

NND
CH4

i
c

i i i P
Ces Cyy € C

G

cp

d

D

E

F
Sofyfe F
H . H,

Le Lewis
m

ns

Nu  Nusselt
Pr Prandtl

X, Y,z

Ho

s

0354.3;0359; V211.3

(Le= 1);

s

s

s

1999 02 26;

(1965

1R REA,

R 230026)
(FR AHEH
NS Euler
Runge Kutta
H, CH4
,Ha
A
Pry Prandtl ;
Pr, Prandtl ;
q 2
qx, qy, ¢ 4 X,y,2
Or ;
Re ;
T ;
U,E,F, G x,y,z
U,E, F,, G, x,y,z
u, v, w |4
t,x,y,z
2000_11_20
(19882005) ; 863
s s 22

CHa

&A%,

’

411

L S

PLIF

TVD
H,

, (Hy
CHs

(8632 99 9)



412

v v X5 Y52 X,¥,2 X, Y52 s

i,j, k

(Ma= 5~ 8) ,
[1.2]

) [3.4]
(D ;5 (2) , : (3)
(ms ) ,
Pl
(2) H> (pilot flame)
[ 6]
’ H2 CH4 s
[7.8]
, TVD NND
5 Runge Kutta H»
Hy CHq ,

+ — 4+ — 4 = — 4+ — 4 ’+HU’. (1)

_+ _— = H. 2
t X ¥ z b (2)
1 2 ; T
ng ( > > ) m; ua 1), waE) )
1 2 s 2 T
E,= ( 'u, “u, "u, w4 p, w, w,u(E+ p)),
F.= (v, ., ™, wu, v+ p, ww,v(E+ p))t,
1 2 T
Ge= ( w, w, ., "w, wu, ww, w + p,w(E+p)),

1 2 ns T
Eg,v = ( Dcy, Dcy, , Dexyoan, s azs Wax T U oyt W xzt+ q:\) )
1 2 ns T
Fg,v = ( DC}‘; DCy, s DC)’ s ¥, Y, Yz, Wyt U oyyt+ W ozt qy) 5
1 2 ns T
Gg,v = ( DCz, Dc:, ’ Dc:, =, 2y, oz Ut Uyt Wz + qz) s



H> CH4 413

H,=- Hi=—- (0,0, ,0.fo.fofer tfs+ tofy+ wfet+ qu)',

g 1 ns c q1
, c c} ¢ ¢ Xy z D E
U E| F, G U E, F, G,
fodi fe Foxyo: Fo g
R Y A o
== G Pr * Pri « * i bé,r x’
| " — R -
= G Pr1+ Pr. J/+ . DGy T ¥ D = Pr1+ Pr (Le = 1),
_1 . _T ns 4 ci
4= = CP\Prl+ PrB z * =1 bGr z’
d? C, d
F= 1 Sm g(Ve— V) I Ve— Vil Co, q1= #T(Tg— T1) Nu,
d m , Cp Re Pr= Pry+ Pry Pry
Prandtl 072 09
, [9] Cp Nu

Co= 048+ 28Re *®, Nu= 2 0+ 06P "Re"?,
Re = él g J(”g_ ”1)2+ (vg— Ul)2+ (wg— wl)zd
(. ) (1) (2)

U, E F G,
—s, =5 & T

= = 4 + ’+Hg,'

E, F
b, BB G_

, (3) (4
H, H|

, TVD (3)
1 3 L L
ek = Upijr= 5[ (Exiwrje= Eairje) + (Rivvaj ok ivaji=
Rk ivajk)] - 2_[(F'£z,i,j+l¢k_ Egij-16)+ (REpok Ljeinn-
Rij-vok ij-va k)] - 5 [(Coijomi— Egijr1)+ (Rij kv ijwe1v2—

n n n n
Rijw12 ije12)]+ —(Egviuvzjr— Eovi-vaj i)+

—_— n n n n
(Fevijevai— Fovijuoi)+ (Govijirv2— Govij k-1/2)

[10],
(4) , NND P

Ubijor= Whijo— —(H W va - 2 0) - —(H v vai— B van) -

Pn

(3)
(4)



414

(3 3
(H{V% pwva— H 1)

+ 1 n * * *
Tl = E{Ul, ikt ULij - —(H{": V2 k= H{'/ V2, k) —
_(H(l,zl),; /2, k — Hl(zfﬂj— V2, k) — _(Hmﬂ, B 1/2— Hﬁ)j', k- 1/2)}
dUs/dt = H; dUvdt = H\, Runge_Kutta
22
3
31
[ 12] ) [ 13]
, ( )
4 2 i 1
1 1 81 kPa 137 kPa, Qr 053 090
[12]  PLIF %y (
1%),
1 2
Ma 10 2 06 Ma 10 25
T/K 240 170 T/K 208 1000
p/kPa 81 137 36 p/kPa 37 122
2(a) . Qr= 0530090, (y = 0.5W),
, . Or= 0.53
5% 1% , [13] 1% ,
Or= 0 9, /13 ,
1% ~ 5% s 20% s
2(b) Or=0.53 0.9, ,
, [13] ,
[13] 3(a) ,
1% ~ 20% , 1% , [13]
, 20% ~ 50% 3(b)



H> CH4 415

>

(a) (b)
1 ( )
% ‘*q:, — Yoy,
O 1 o HES
* kR Qr=0.53 c R
(a) vz (y = 05W)

* EE Qr=0.90
(b) xy (Z= H- D))
2 ( , L)
, [13] M acCormack , TVD ,
, [ 13] ,
[ 13] R )
, H>
" N S~ S
I35 o
HASHES — HHEEL
tOXRME Qr=0.53 © ERE Qr =0.53
(a) xz (y= 05W) (b) xy (Z = Zmw- Di)
3 ( ; )
32 Ho CH,



416

H» 12 , CHy4 2 H»
1 H; CH4 2 , H»
, CH4 , CH4 4(a) (b) : 1(  Ho)
) 2 CHs w2z H (y =
05W) ,H, CH4 ,CHs =xxy
Hy (1 4(9 (d) ;Hy  CHy
) (z= Zrw) H>  CHs 5 H, CHy
4 5, , H2
, Xz , XYy CHs =x2z
H» , H» , 5
1 1 12 2 4 2
H,, CHs Hz «xy , , H>

(0 Ha (d) CHy



H> CH4 417

5 H2 CHy ( ) )

33 Ho

m/s), H , 5(a) (¢ 4 5 , 6



418

, Xy H, CH4 R
; 2 ).
CH4 ,H» 2
) /
) N2 O2
(1) TVD
, NND
(2 H, : Hy CH4
,H, CHy , , CHy H,
# , CHy4
#
(3) , 1 1 2# H»
1 2,CH4 2t Ho 1, CH4
#
) H»

[1]
[2]
[3]
[4]
[3]
[6]
[7]

[8]

[ ]

Kay I W, Peschke W J, Guile R N. Hydrocarbon fueled ramjet combustor investigation[ A] . AIAA
Paper, 902337, 1990.

Waltrup P J. Liquid fueled supersonic combustion ramjets. A research prospective of the past, pre-
sent and future| A] . AIAA Paper. 860158, 1986.

Andrews E H, Trexler C A, Emami S. Tests of a fixed_geometry inlet_combustor configuration hy
drocarbon_fueled, dual mode scramjet| A]. AIAA Paper, 94 2817, 1994.

Billig F S. Supersonic combustion ramjet technology missile[ J]. J Propulsion and Power, 1995, 11
(1D 1139) 1146.

Narayanan A K, Damadaran K A. Experimental studies on piloted supersonic combustion using the
petal nozzle[ J] . J Propulsion and Power, 1997,13(1): 142) 148.

Vinnogradov V A, Kobigsky S A, Petrov M D. Experimental investigation of kerosene fuel combus-
tion in supersonic flow[ J] . J Propulsion and Power, 1995,11( 1) : 130) 134.

Schetz ] A, Kush E A, Joshi P B. Wave phenomena in liquid jet breakup in a supersonic cross flow
[J]. AIAAJ, 1980,18(7): 774) 778.

Less DM, Schetz ] A. Transient behavior of liquid jets injected normal to a high velocity gas stream



H> CH4 419

AIAA J, 1986, 24(12): 1979) 1986.

[9] Igra O, Ben_Dor G. Dusty shock waves[]J]. Applied Mechanics Rev, 1988, 41(11): 397) 437.

[10]

[12]

[13]

Yee H C, Klopeer G H, Montagne J L. High resolution shock capturing schemes for inviscid and vis-
cous hypersonic flows[ J]. ] Comp Phys, 1990, 88: 31) 66.

[11] , . [J]- ,1992, 24(4): 389) 399.
MecDaniel J C, Graves J, Jr. A laser_induced fluorescence visualization study of transverse, sonic fu-
el injection in a non_reacting supersonic combustor[ A]. AIAA Paper, 860507, 1986.
Uenishi K, Rogers R C. Three_dimensional computational of mixing of transverse injector in a ducted

supersonic airstream| A] . AIAA Paper, 86 1423, 1986.

Numerical Studies on the Mixing of CH4and Kerosene

Injected Into a Supersonic Flow

W ith H2Pilot Injection

XU Sheng_ li, YUE Peng tao, HAN Zhao_yuan
(Department of Modern Mechanics, University of Science and

Technology of China, Hefei 230026, PR China)

Abstract: Two_ fluid model and divisional computation techniques were used. The multi_species gas
fully N_S equations were solved by upwind TVD scheme. Liquid phase equations were solved by NND
scheme. The phases_interaction ODE equations w ere solved by 2nd Runge Kutta approach. The favor
able agreement is obtained betw een computational results and PLIF experimental results of iodized air
injected into a supersonic flow. Then, the numerical studies were carried out on the mixing of CHy
and kerosene injected into a supersonic flow with H2 pilot injection. T he results indicate that the pene
tration of kerosene approaches maximum when it is injected from the second injector. But the
kerosene is less diffused compared w ith the gas fuels. The droplet free region appears in the flow_
field. The mixing mechanism of CH4w ith H2 pilot injection is different from that of kerosene. In the
staged duct, H2can be entrained into both recirculation zones produced by the step and injectors. But
CHy can only be carried into the recirculation between the injectors. Therefore, initiations of Hy and
CH4 can occur in those regions. The staged duct is better in enhancing mixing and initiation w ith H2

pilot flame.
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