10 3 Vol.10 No.3
1995 7 Journal of Aerospace Power July 1995

Runge-Kutta TVD

T 22 AF
Harten
TVD s RungeXKutta
TVD RungeXKutta Euler
0354
1 TVD
: TVD H
s CFL
) ) Runge—kutta TVD
Euler
QQ & F_,
+ ac+ 87_ (1
p PG PG>
11 Pu 1| PuGi+ Tp 1| PuG2 + Np
Q: ' E= — =
J| v J| G+ Tp J| G2+ Nyp
E. E1+ p G (EL+ p)G2
J=TN - ng Gi= Gu+ Gu Gr= Nu+ Mo
Ei= flet UV2(u*+ 0], p= Pe(Y- 1), ¥
A= CE/ Q= RAR s Ni= A&y, (i ): A .R R
A (1) :00/ @+ RAR™'@)/ 0C+ OF/ 1= 0 R'QO=W= (w',w’,w’,

m

w4)T, W/ a+ NOW /G R™ 'OF/ 3= 0 N+12Q= Qi+ 16— Qi iy Nj+ 1120Q= ZOL 2RE 12
(D

1994 7 ;1994 9 Ok 710049




222 10

1 0 0 O
To 0 cosO sinB (1
0 - sin@ cos® 0
0 0 0 1
D/a+ F/L+ FIN= 0 2)
P PG
PG PG G +
Q= TeQ = % 0Cs E= TeE = I%‘ 00T P
E. (E:+ p)Gi
G = (uG + v§)/| Vd,@z': (- uG + vQ)/lV?I,cosez §/| Vq sin@ = z;/lvd
Q.E : [2], :
1 1 1 0
' u— ccosB u u+ ccos® - sin 3)
v — c¢sinB v v+ csin®  cos®
H- Gic (+ v)/2 H+ Ge Gy
%[b1+ %ﬂ % - b - CLCOSG %[— bw — Clsine} %bz
. 1- b bou b - b
R = (4)
l[bl - C—ﬂ L[— bau + Lcose} L[bzv + Lsin% ibz
2 ¢ 2 c 2 c 2
L = G - sin® cosB 0 ]
(N = (Ci'=G,Gi+ ¢, G1)] v T,
O_é+ 172 = R_,'_+11/2A_,'+ 12Q (5)

TVD

1 1 m
Ejiv2r = E(Ej,k + Ejv1r) + 2_2\2[&’ + g]"'+ |- Q(J+ /2 + )’;+ 112) 0§+ 1/2]R,I'+ 2 (6)

(g/l'+l— g_;)/O_é+ 12 Oé+ 2 ZQ0
Of+1/2= 0

gfl' = min mod(gf'- 12, §}+ 112)

g'}— V2 = %[Q(Uh 2) — J- 1/22]0¢+ 12

J/}+ 1/2 =

min mod(x,y) = max[0,sgn(x) * min(lxl ,|y|)]
(_.j+ V2= ﬁ_:c?\ﬁf 1/2
{x o =
CLI= v Hr2e | < €
€ min mod TVD ,
. Q(x) , &= 0 ,
¢ H b= ba(u’+ U) /2, b= (Y- 1)/ Fiks 12

TVD



3 Runge—<Kutta TVD 223

2 Runge-Kutta
(1)
n
AQ}l,k + %E;’: ll/Z,k - E,"’-+ 11/2,1;) + 1ied F;Hzﬁl 12 — F;]Tkl 1/2)
1
= - M(E;ﬂ vk = Ef-u2k) - M(F}l,m 2 — Fir-12) (7)
I+ w I+ w
n CAQL= Q- Ol B=wr 172, (7) \
Ej+ vk Fiks 12 =1 ,6= 0
Jameson & Schmidt'” ) ) RungeXKutta ,
Eivu2e (6) TVD

R= & oF : Eicveir— Ei—vor  Fikvuz— Fj 12
=Tt @t o AT * AN

0'= Q0"+ (/4)NR(QY, 0°= Q"+ 1/3AR( QY
Q= Q"+ (V2MR(QY), Q"'= Q"+ NR(Q)
3
1 H.€ Yee ?, 29<
M ain= 2.9, 4. 1m><1.0m s Thom pson ,
. , 1 2
[2] )
TVD , CFL= 0.8, 300
- E—
1 2
2 E. Venkatapathy et al. ' 3 4
1 4 ,TVD ,
( 3 ). .,  CFL
1 , [9]
3 4

3 M ason et alm, M ain= 0.232,



224 10

0. 1135, 5- 7 ,TVD
5 6 7 (TVD )
SIMPLE" , [ 8]
TVD

4

(1) TVD :

2 TVD RungeKutta , " R

( g

(3) Harten TVD ,

1 Harten A. Hight Resolution Schemes for Hypersonic Conservation Laws, J. Comput. Phys., 1983, 49

2 Yee H C, Warming R F.& Harten A \Implicit T-otal Variatiior Diminishing (TVD) Schemes for Steady-State Calculations,
J. Comput.Phys., 1985;57

3 Yee H C. Constrnction of Explicit and Im plicit Symmetric T VD Schames and T heir Applications, J. Comput Phys. , 1987,
68

4 Jameson A, Schmidt W, TurKel E./Numerical Solutions of the Euler Equations by Finite Volume metlods Using Runge—
Kutta Tim e-Stepping Schemes. ATAA 81— 2159, June, 1981

5 Kunz R F, Lakshminarayana B. Explicit N -S C om putation of Cascade Flows Using the k—-e Turbnlence M odel . ATAA J.,
1992, 30( 1)

6 Venkatapathy,Lombard C K- Flow Structure Capturing on Overset Patched Meshes- ATA A85- 1980, 1985

7 Mason M L, Pulliam L E and Re, R J. The Effect of Throat Contouring on Two-Dimensional Convergig Diverging Nozzle
at Static Conditions. NASA TP1704, 1980

8 - [ ]. , 1990

9 . o[ ]. , 1994



308 Journal of Aerospace Power Vol. 10

flow on the stall flutter has been investigated experimentally. The results of experiments
show that the small radial distortion of the inlet flow at blade tip can eliminate the stall flut—
ter. This phenomenon is verified by computation with three-dimensional actuator disk
method. The computed results conform with the experimental data.

Key words Axial- flow compressors Radial distortion Flutter

NUMERICAL SIMULATION OF INTERNAL FLOW
IN 2- D NOZZLES WITH THRUST VECTORING

Yong Honwei and Chun— Hian Lee
(5th Dept. Beijing University of Aeronautics and Astronautics 100083)

ABSTRACT Numerical simulation of internal flow with thrust vectoring in two
— dimensional convergent nozzles is described, which utilizes multigrid technique in conjunc—
tion with MacCormack’s explicit scheme. In computations, the Reynolds averaged Navier—
Stokes equations are adopted for the five grids with K- €turbulence model; and on the other
hand, Euler equations are solved on the coarse grids. Numerical results provide good resolu—
tion to the flow fields, and the computed pressure distributions are found in good agreement
with the experimental data. The influences of geometric parameters upon the flow quality and
thrust coefficient are also analyzed. It is demonstrated that the multigrid téchnique adopted

here is reliable and suitable for parametric study-

Key words Jet nozzles T hrust vector control-Numerical simulation

COMPUTATION OF 2- D TRANSONIC AND
SUPERSONIC FLOW FIELDS USING TVD SCHEME

AND FOUR- STAGE RUNGE- KUTTA TECHNIQUE
Wang Shangjin, Ni Mingjiu, Xi Guang
(SER Research Centrer, Xi'an Jiaotong University 710049)

ABSTRACT Harten § TVD scheme is extented to 2~ D general curvilinear coor—
dinates by local rotation matrix translation. A new fully explicit solving method based on
Four— Stage Runge— Kutta technique is developed to predict 2— D supersonic and transonic
flow field. Comparison between computation and ex periment is presented for both supersonic
and transonic flow. The numerical results show that this scheme is not only convenient to
solve the supersonic flow, but also capable of predicting the transonic flow.

Key words Euler motion equation Supersonic flow Transonic flow

INVESTIGATION ON FLOW RESISTANCE AND HEAT

TRANSFER IN COOLING PASSAGES OF GAS TURBINE BLADE
Gu Weizao, Tu Jianping, Liu Wenyen, Wang Zhif ang
(Institute of Engineering Thermophysics. Academia Sinica 100080)
Zhao Dongmei, Sheng Rongchang, Liu Xiaofeng, Ling Jinru
( Nanhua Powerplant Research Institute )
ABSTRACT An enlarged test blade of gas turbine has been investigated experi-
mentally for flow resistance and heat transfer in its cooling passages. Air entered the radial
cooling channel inside the leading part of the blade and contrary flowed downward into the

passage between two plates while the air flow reached to the top. The bulk of the air stream



