12 4 Vol.12 No.4
1997 10 Journal of Aerospace Power Oct. 1997
FEMFRAKF
Atz Tk & 7] 606 % B
K- € s SIMPLE
V231.2
1
[1] ) [2]
[31 [4] [5]
— [ 6]
[ 7] \4
[8]
) Kim K- €
i ol SIMPLE
2
2.1
(x,71), (V1,V2),
gn
g(w@ . riaa(rpzvzg) - § r,% . rlga rr,% + S (1)
0 1 0 0 dl 1 0 dl
a(Q?Vlrb+ r—a—x(rQ?Vzn):aﬁa—x+75 5]+ Sn (2)
P N Mo
1996 9 ;1997 1 % 230026



346

12
(kg/m’ - s), (5, Mo (kgl/s), T
1 (1 ) ) B= 1
B=0 do ,
g Se
P - mz(p+ MOXB/T 5 L= Pov.lo ( ) s
n (Mo<B/D/(Tdi/6) . T, , do= 60 um,
, , do
, (4 N 1
vt, ve  Kim K- € , [9]
2 (2 (T 1)
n Sn
Q> ) o\, Lo WA, MoVoi B ZL
P, Ox &| P ra P v =1
__F v Bl | L L
L= - p:’ (4:(‘/1— U])— pgo;)a‘] + e @{1— 02]}
Vi
m, v /
L=="p Pv - 0_,(‘7;%
La= 2 ﬁ T a_p ¥ Lﬁ ST @ + lﬁ Vi QZ
T x| g L& ral oo o raolom
R ,)) ol L, Lo W, 290V, MoV
‘plaﬁ{ax[p, r] ra[r ) a]}‘ ot T +§:Nﬁ
__F TR TR R
v, Ni= - p] (Va U?)— ) 0; 5"&] + & qp[l_ 07]}
m, v IR
Na2= — ) [(H/z— OZO'qpa]
O| vy O 0| vy, 3 10| v, ¥
N &c[(wqp Zax] * @c[maqpvl ] *25 ar[maqp 2%ﬂ
(Vo, Vo) , , (Vo, Vo)

’

(U1, U2y, :
g(pgqgmo + % g(rpgquzq - 53[0211% + rl é}[rqzrg% + Sc (3)



347

U,

opP 0 a 10 ou. 29r.U .
‘BT{&[%W aj ' 75[% ]}_ LD S
U ,

Gin. O wlo 5 a=09
. {a%[%%ﬂ + %g[r u(;_i;g%@]}+ mTW[ %(Vﬂ V3)+ CP,TZ| - R PH .+ Q&
&
og= 1.0 ., T,=ula . G=0.9
f=mp—mo,/S,S Cu T H.
> Qr

[11],

o= 1+ (2/3) Pkt [ vFo(1+ 900D ]
P=1-

(4
[
me= (12ud d°Pr)[1+ 0.269Re”™ Pr’®1(In(1+ B)/(1+ B)"%) (5)
B: Cpg(Tg— T[)/LI,“E’ Pr
[12] Hl
Fo= (18uc/d)[1+ 0.15Re"™ + 0. 02Re/(1+ 42500/ Re"')]/(1+ B)*®  (6)
Re: pgd Vj_ Ujlll'lé’v

d= (6%



348 12

173

), [ 14]
2.4
s Un= 303. 5 m/s, Via= 0.0, Tin= 1020 K;
Pi= 2.79%<10° Pa, :mo,in= 0. 1586, :CsHis
3. 8%
3
(A B C) 1(a)

- 0.32 ,
0.16 -
0.0 .
0.0 0. 27 0.53 0. 80 1. 06 1. 33 0.0 0. 27 0.53 080 1. 06 1.33
r I
(a’ (h?
1 (a) (b)
2222 K 04 VI

F --04a2526 040163‘ -

0.
0.
- .
0.
2 (a) (b) (c)
x> 1.3 m 60 pm 2(c)
@ 2



4 349

10
11

12
13

14

1.0
x 3 0.99 0.8
D) ’ 0.97 } 10.6
-
y © 4 0.4
0.95 |-
’ 40.2
0.93 L L i 0
0 0.5 1 1.5 2.0
Fa
3 n [
2
2
2 2

Fujii S, Eguchi K A. Comprison of Cold and Reacting Flows Around a Bluff Body Flame Stabilizer. ASME J. Fluid Engi—
neering, 1981, 103: 323~ 342
Ravichandran M, Ganesan V. Aerodynamic Flow Investigation’in an Isothermal Model of ‘an Afterburner. Ex periments in
Fluids, 1994, 17: 59- 67
Vatistas G H,Lin S, Kwok C K. Bluff Body<Flameholder W akes—_a Simple Numerical ‘Solution. ATAA, 1982: 82— 1177
Taylor A M K P, Whitelaw ] H. Velocity Charateristics in the Turbulent”Near Wakes of Confined Axisymmetric Bluff
Bodies- J. Fluid Mechamies: 1984, 139: 391--416
Chuang S H, Jiang ] S. Diffusion\Flame Analysis of an-Afterburner as a Function of Air— Fuel Ratio. Int. J. Num. M eth—
ods Fluids, 1990, 11:303- 316
Lee D,LinJ S. Computation of Near, Nonreacting Flows of a T wo Ring Flame Stabilizer U sing a Zonal Grid Method. Num
Heat Transfer, 1991; Part A20: 65+ 79
Elgobashi S, Pratt D T.Spalding D B, et al- Unsteady Combustion of Fuel Spray in Jet Engine Afterburners. Proc.  Int-
Symp. Air Breathing Engines, Munich, Germ any : 1977: 446 471
Zhang X, Chui H. Numerical Modeling of Afterburner Combustion. Int. J. Turbo and Jet Engines, 1987, 14: 251- 262
R . . , 1994, 15(4): 387
s R . . : , 1987
Siminin O, Viollet P L. Numerical Modelling of Devolatization in Pulverized Coal Injection Inside a Hot Coflowing Air
Flow. Lecture Notes in Engineering( T urbulent Reacting Flows), 1989, (40): 824- 846
R R . . : , 1992
Abou Ellail M M M, Ebou Arab T W. Prediction of Two Phase Flow and Heat Transfer in Vertical Pipes. Proc. 5th
Symposium on Turbulent Shear Flows Ithaca N Y, 1985:8. 1- 8.7
s s . . : , 1986



434 Journal of Aerospace Power Vol 12

A TWO- PHASE AFTERBURNER COMBUSTION MODEL

Zhu Zuojin and Chen Yiliang
(13th Dept. University Science and Technology of China, Hefei 230026)

Zhang Xiaochun
(Shenyang Aeroengine Research Institute, Shenyang)

ABSTRACT According to the fundamental concept of two— fluids, the govern—
ing equations for description of gas— droplets turbulent combustion in an afterburner of jet
engine have been formulated, in which the important injection effect of the droplets in after—
burner has been taken into detailed consideration. The Farve average method has been em-
ployed to represent the effects of turbulent combustion in the afterburner. The multiple time
scale turbulent k— € model proposed by Kim is applied to calculating the eddy viscosity of the
turbulenct field. The heat flux radiation model has been taken to consider the effect of radia—
tion at high temperature, the simple one step chemical reaction model is used to approximate
the combustion of kerosene. The chemical reaction rate is assumed to be controlled by eddy
break up process, and the reaction rate is modified by premixed reaction model in Arrhenius
form. The application of SIMPLE algorithm indicates that the present twofluid model can
calculate the two— phase turbulent combustion in the jet engine afterburner/and obtain rea—

sonable results.

Key Words Aircraft engines Gas— liquid flow Afterburners \Combustion

NUMERICAL SIMULATION OF COMBUSTOR FLOWS

Xu Hang and Huang Yang
(4th Dept. Beij ing University of Aeronautics-and Astronautics, Beijing 100083)

ABSTRACT A 'method‘has been developed for calculation of three— dimensional
flows in aeroengine comhustor including diffuser and flametube, inner and outer annuluses.
The 3D body- fitting grid has been generated to deal with the complex geometry of the com—
bustor. T he non- staged-grid scheme and k— € turbulence model has been adopted. T he mass
flowing thought primary holes, dilution holes and film cooling holes has been cal culated. T he

calculated results are consistent reasonably with the experimental measurements.

Key Words Numerical simulation Combustion chambers T urbulence

AEROENGINE TEST AUTOMATION

OF ADAPTIVE CONTROL WITH RESTRAINTS
Fan Ding
(7th Dept. Northwestern Polytechnical University, Xi‘an 710072)
Li Runzhi
(Southern Powerplant Machinery Corporations, Zhuzhou )

ABSTRACT An automatic control system of aeroengine test has been designed,
based on the method of model reference adaptive control with restraints. According to its
simulation results, this method has good adaptability when the controlled member contains
non- linear elements or the controller member varies in a large range. T he simulation results

also show that , the controlled system still has satisfactory performance index by regulating



