6 2 Vol.6 No.2
1991 4 Journal of Aerospace Power Apr. 1991

FEAF RIERWEARAR
FEHE RLETFRHIWEA J. G. Moore, J. Moore

(VLM ),
0.03 8%

; k
Hassid  Poreh 1975 ' :
PUKI Qv + PV&/Oy = O (mi+ m)k/ & /& + m(U/y) = me* Co/Cut 2 k/L?

(1)

> M L :
po= CuPk™’L (2)
- {Ky 1 - exp(A Pk y/ ) 3)
(L/O)oue® O
(H (3 ( HP ), Cp= 0.17,

Cu=0.536, A=0.0292, k= 0.41  (L/0) aer= 0.08 1 HP

[23]

B

1990 10



158 6
1.0 L0
e ~H
‘\-"'“-. ¥
A ~1
0.5 \; " b T 0.5
g N/ To (4 | g
b1 N A B0 g
¥ . B 48 ®
- ™, . € 125
0.0 7 *‘\ D 0. 03 0.0
\\ +  Schubaucr & .} Abu—Ghannam
Ay klebanoff {1955) Y, & shaw (1980}
“4 Abu—Ghannam kS
Y K
0.5 4 & shaw ([19BQ) —0.5 b
2.0 2.8 2.0 3.5 4.0 1.5 2.0 2.5 L0 3.5 4.0
logRs logRa
1 HP 2 HP
— (VLM)
e L [3]
9 Hi L
1. F[u ul,
po= Fu CPkL (4)
0.05 oO=4di
Fu=190.05+ 0.95(5— &)/(55— 5f) o<o=6&, (5)
1.0 o < O
0.6
0.57 \
1500
0,47
=0, 37
a) HEK
0.27 ; 3 A
700 1 log &+
p-]
5
[ |
—100 A
0 2 4 6 8 10 =%
To (%) = (6 SMR (L/8ouim
0.05 1 2 3 P
logb+
3 F,, 5?, 65 4
o0 (= putd w) o ut o IO



2 159
[2] ) 3
2 4 L 0.8 + Schubauer &
Kichanoff (1955)
L 0.6 )
L 0.4 ‘—‘M
F — Simpson {1970}
3. S , o o] EEE % HIRK J[_-sﬂmz
o ( 0% 0.07% 2 3 t
) 5 [3] Loght
Ol & ( 3) 5 0w/ O
(1 (5) VLM CrankNicolson
350><60, Ax 4 6
y+ = O. 25 " s Rx() 10000,
Blasius Cr
6 0.03 8% VLM ,
7 VLM Rxo s
VLM R T.=0.03% [ 3]
8 H Cr ( , Tu=1.25, 4.8
8% ), 9 (L
.0
0.5 ] fc/n\\
-~ - R,» E—04
g A S 0.1
= B = 0.5
Fy i £
- . . € 120 o0 ] 1.0
c.0 1\ 't A . 5.0
+  Schubauver & i Abu— Ghannam
Kiebanott (1955) N | B *F &. shaw (1980)
4 Abu—Ghannam 3! F 1. 25 \
&. shaw (i980) \u\ G 0. 03 —0.5 M,
—0.5 .
2.0 2.5 3.0 3.5 4.0 1.5 20 2.5 3.0 3.5 4.0
logRs logKy
6 VLM 7 VLM
( ) ) 10, VLM
11

, VLM



160
3.0 ) T. (35) 0. 008 B)
A 8.0
251 TTTWB 4B  0.006
' ¢ L2s o
! ‘D 0.03 ﬁ
iz. oA '.C b 'L+ Schubauer & % 0. 004 A
= 15 : | Klebanoff (1955) i : :
\ | B
z | \ o : !
2 LS\ N & 0. 002 \ ! ol
= = L .
et !
1.0 0. 000
o | 2 3 0 1 2 2 4
W R x (m) HAEZx (m)
8 (T.= 0.03%)
1.0 g
0-81 sTATION
A B + Schubauer &
0.6 Klebanoff (1955)
2 L0
5 ==0.0/0. 182
0. 4
0.2
0.0 . } .
0.000 ©.000 0.000 O©.000 0. 000 ©.005 0.010 0.015 0. 020
By (m)
9 (Tu= 0.03%)
(TS )
0.20
p=2: 34
0. 15 T
o
( 12): (D .
z2 ~  HP M VLM Hif
, jo.10 [T l
T o N
; ?
k ; 0. 05 + Schubauer &
l: klebanoff (1955)
(2) ' T/u.
, 0.00 7 . p 3
20 30%, B FIERY x (m)
) 10
: (3) (Tu= 0.03%)



2 161

b.15 STATION 0.15 STATION 0.15 STATION
4+ Schubauer &
Klebanoff (1955)
0. 107 0. 10
=]
.
5
0. 05
0. 00 L . . ;
0.000 0.005 0.000 00 0.005 0.010 0.015 0.02¢ 0.060 0.005 0.010 0.015 0.020
0. 15 - STATION 0. 15 STATION 0-15 STATION

0. 05

. 00 ‘1 o. oo 0. 0¢
0.000 ©0.005 0.010 0.000 ©.005 0,015 0.015 0.020 0.000 ©0.005 0.010 0,015 0.020
B gy (M)

11 (Ty=0.03%)
(5)
’ > B | s MR
//
’ - (VLM) )
(1) 0.03 8%
. 1 213] 4 5
: (2) VLM c
:(3) I
0. 03% : o Ckeeus
12

[1]  Hassid, S- and Poreh, M., “A Turbulent Energy Model for Flows
with Drag Reduction”] ASME Journal of Fluids Engineering, Vol. 97, pp. 234-241, 1975.
[2] Abu-Ghannam, B. J. and Shaw, R., “Natural Transition of Boundary Layers the Effects of T urbulence, Pressure Gradient,
and Flow History”] Journal M echanical Engineering Sciences, IMechE 1980, Vol.22, No.5, pp. 213228, 1980.
[ 3] Schubauer, G. B. and Klebanoff, P. S., “Contribution to the M echanism of Boundary-Layer T ransition”] NACA T N3489,
1955.



188 Journal of Aerospace Power Vol. 6

by integrating the momentum equation and then the densities are obtained from the energy
equation. Nine numerical examples of three types of the centrifugal compressors show that the
solution obtained by the present method is in good agreement with experimental data, provided

that there is no large flow separation in compressors.

PREDICTION OF LONG BLADE FLUTTER IN A STEAM TURBINE
Tao Deping, Yang Xiaodong, Zhou Shen
(Beij ing University of Aeronautics and Astronautics)

ABSTRACT The flow characteristics of the last stage of the steam turbine are
analysed on the basis of the results obtained from the cascade experiments and flow field
calculation. Inthe case of low volumetric flow rate, the large scale separation occurs in the last
stage rotor hub, and the height of separated flow region increases as the volumetric flow rate
decreases. Flow separation appears at the blade pressure surface as the bulk flow enters the
rotor with large negative incidence. T he flow in the rotor can be divided into three regions =™
a separated hub flow region, an attached-flow region and a separated-flow region. The
dimensions of the three regions vary with the flow rate. The flow pattern in the last stage is
very complicated. Aseries of deforming actuator disk methods and a numerical method have
been developed to predict the blade flutter. The deforming actuator disk method system is
applicable to calcalating 2-D and 3-D unsteady flow fields and also to calculating the bending
mode and the torsional mode blade flutters. The analytical and numerical deforming actuator
disk methods for predicting the blade flutter in a compressor or a steam turbine have been
developed in consideration of variability of or invariabiity of the interblade phase angle. The
small-disterbance potential amplitude equation is adopted in the numeried method for unsteady
flow in the cascade, while the airfoil thickness and bending degree are arbitrary and the rotating
finite difference scheme is employed in the calculaton of transonic flow field. T he comparison
between the computational and the experimental results shows that the presented methods are

feasible in prediction of the flutter in blade design.

NUMERICAL SIMULATION OF TRANSITIONAL FLOWS

OVER A FLAT PLATE
Jiang Hongde (Institute of Engineering Thermap hysics)
J. G. Moore and J. Moore (Virginia Polytechnic Institute and State University)
ABSTRACT A new version of one-equation turbulence model for predicting the
incompressible, transitional flow over a flat plate is developed. Based on an analysis of the
existing one-equation models and some physical features of the transitional flow, both the eddy
viscosity and turbulence length scale in the turbulence kinetic energy equation are modified in
order to bring the low Reynolds number effect into the new model. T he capability of this model
for predicting the transitional flow is demonstrated by an extensive numerical testing for flat
plate flow under free stream turbulence intensity ranging from 0. 03 to 8 percent. Both the start
and length of the transition are correctly predicted. Comparison of the calcutated results of both
the mean and fluctuating flow properties with experimental data indicates the agreement

between them is very good. A time-averaged picture for a complete boundary flow from purely
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laminar flow to fully turbulent flow over a flat plate is given

NUMERICAL SIMULATION OF 3-D VISCOUS FLOW

IN NON-AXISYMMETRIC NOZZLE
Ji Yongchun (7Tsinghua University)
Ma Tieyou and Cui Jiya (Beijing University of Aeronautics and Astronautics)
ABSTRACT The three-limensional viscous flow in non-axisymmetric nozzle are
simulated numerically. MacCormack finite difference scheme is extended to solving three—
dimensional Navier-Stokes equations. Local time step technique is adopted in numerical
iteration for rapid convergence. The computer memory and CPU time are saved by proper
programming. Two examples of simulation are presented. Favorable agreement is shown

between computed and measured surface static pressure distributions.

EFFECT OF HEAT-TRANSFER LAW ON
FINITE-TIME EXERGOECONOMIC OPTIMAL

PERFORMANCE OF A CARNOT ENGINE
Chen Lingen, Sun Fengrui, Chen Wenzhen
(Naval Academy of Engineering)
ABSTRACT The relationship between optimal efficiency and profit of an
endoreversible carnot engine is derived. According to this relationship the finite-time
exergoeconomic optimal peroformance of the engine has been considered for three common

heattransfer laws. A number of new universal conclusions have been drawn therefrom.

EXPERIMENTAL INVESTIGATION ON

LIQUID-COOLING MECHANISM FOR TURBINE VANE
Liu Dezhang and Ouyang Ning (Narg ing Aeronautical Institute)

ABSTRACT The experimental investigation on liguid cooling mechanism was
carried out with water through an even-heated adiabatic straight pipe. The flow pattern, the
heat transfer coefficient along full{low—path, and the correlation between them, have been
studied. In order to imitate the actual working conditions of the cooling passage of turbine
vane, the heat transfer flux, the coolant inlet parameters, and the pipe angle are changeable.
Some empirical formulas for come—to—saturated point Z8 and come-annular point Z~ have been

derived and several useful conclusions have been drawn for engineering application.



