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Unsteady Flow Analysis around a High-Pressure Turbine Vane

under a High Reynolds Number Condition
(Unstesdy Flow near the Trailing Edge and the Base Pressure)

Al BHRY

ISHIKAWA Yoshihiro

ABSTRACT

;g I

FUNAZAKI Ken-ichi YAMADA Kazutoyo

This paper presents the attempts to predict the base pressure of the unsteady flowfield in a high-

pressure turbine vane using the numerical simulation. In the present work, a two-equation turbulence

model based unsteady Reynolds-averaged Navier-Stokes (URANS) simulation and detached-eddy

simulation (DES) are carried out. The flowfield contains the unsteadiness caused by the vortex

shedding which affects the base pressure behavior. For this reason, the time-accurate unsteady

simulations are used with a second-order accurate implicit time marching method. The base pressure

decrease is well known as a phenomenon which should be avoided as much as possible to reduce the

blade profile loss. The fine grid DES result provides the quantitatively agreement with the experimental

data and shows the LES-ike vortex structure in the wake. Meanwhile, the same grid URANS result

provides the two-dimensional spanwise vortex structures and the base pressure decrease stronger than

the DES result.

Key Words : ¥ —¥ >, B L A4 VAN, X—AJE, i, Turbine, High Reynolds number flow, RANS,
DES, CFED, Base Pressure, Vortex Shedding
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3.4 RREEAE
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resolution Upwind Scheme) ™2 X - CTEM&E L 72 Bkt
WHRE W5,

DESTIZILESOMHIR CTEAERMEZE +0T/h ST 58
ERH D720, 2REEOHLIAF— 2 (2nd-order
Central) 2, Jameson® FUfE A5 TH 2 A AL CIERG LR
RaEgtE L7z 72721, Jameson®BUERMEIHIZZ D F
F CIIELTR O RS 2 Yk LA L CLEH 2 %D
D, ZOFBAIZLES & L CTldas 2 Bkt As A - T
LEI»ZLEDDHBH, ZhEMT 572812, Ducros™iZ
Lo TRESNIBIEREZHAL, T 2720 8E
HDOAL VI IHEZTo 720

%3, URANSZDESTHW/:Z 0K EETHT -
735612, SHUS+MUSCLCEMR L7235 & L B o# R
b2 EREHRL TS, ZhiE, URANSIZH
WTIEAF— A IZEEN D BMERE LD %), L' TV
WK B ED T ANE D IR E VDI, BUEED
KE SHRIRAT T RN R 7% < 726?3‘%’(25)60

RiEEGERIE, GaussD IS BT D&, 2 RIEET
HREAN EREAREZEE L, Zh5 % H o OMERE
DERT 2 FHR L7,

3.5 EHEMEDE

R Hz 3 KB AESTEB L, MFGS (

3 3 Grid specifications

Grid Type TE-semicircle Spanwise Total Points | Minimun Grid Spacing [m]
Grid G 50 38 518,700 1 x10" %
Grid C 100 38 2038244 | 1x 10" °C
Grid D 100 76 4078488 | 1 x 10~ °C

Matrix-Free Gauss-Seidel) BfFEYZ#H L7z D&
&, BEW 2 KK EEZ MRS 5 72D INEBIE % 5 Il it
L, EEFEHRROPEREEH 2HEE Lz, K
AEIZE/NCFL (Courant-Friedrich-Lewy) $2S10LLF
L% L9112, At=0.001L/c.; [s] & L7z

4. FtEETF
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HAFENRT, AV FOFHEROREZ1302CTH %,
BBEBOPMN EOKTHEIZS0mEHEEL L, #0100
HOLE DT LTz AT L7-5HER T o3
312 b, Grid G, Grid C, Grid DOEICHF
HHDBEART 5o Grid CEDIZF U 2 RITH I OEF 2>
SAERL S NTze ANV HIMOET BT AE DR 2 L
2L T38M 2 2 HELZ, Grid DTIZZ D 2 D768k L
TWwb, Grid GEGrid CEIET A LI2L D, HBiED
FH EOKT SO R %, Grid C&Grid DOED 5
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B L7,

X 1 CFHERS T & B SIR OB 2R FHEE TR
&TH-O-H MR Y THEE S IVFTay 7 i
WY CThsd, ANOBFRERTEDS05C LM E I
ELTW5D, HOBEFIIEEGD 5200 FRICHEG, T
WAoo THRAICHLS T 2 212X, HOER2S
BFEANI A FE B R P O S 2 WME ST B,

X1 The z-y plane view of computational grid ( every two
lines are shown ). (a) Grid G, (b) Grid C and D, (c) close-up
at trailing edge of Grid G and (d)close-up at trailing edge
of Grid C and D.
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6. BEREER

6.1 RhZOBE

BLUDIZ, FAHTHWEY —ErR— Y HNOFNY
TR D= v NG & triwalo B OIS & V> THESE
35

X 2 (BRSO~ vy NG R LTV 5, [
MTiZ, ®HETRIEEOE WGrid DO I v FA Y
WitHZ /R~ LTHY, (a)ASURANS, (b)ADESOKEETH 5,

(a) Grid D, URANS
h

(b) Grid D, DES

2 Instantaneous Mach number distributions (Grid D, mid-
span plane).

URANSORHIZIE, RixflEoEI¥ZPL, P2, Sl
LRELTHEDY, PRIENEM (PS) ~H»I W, S
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WX BBEITER E N T WD, DESE URANSD T 7418
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g /7//

(a) Grid D, URANS

(b) Grid D, DES

3 Visualization of the vortex structure behind the trailing
edge. The isosurface shows Q = +(QZ— %) = 50.
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6.2 ERT—FLOHK
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T FRIMLE L, AEmA, FEEREES S, HRigds
DAL SBBEOESDET LFOMETH D, B
MR O 1%, ZEHTAW MO E &K E AT
B EL2 5, o T, N—=ZAEDOTMKEEIC 2
BHoLEZONL, TO7, X T LRTONEE
RIEHIEFEIIA SR TW AR, FFHICHELBOHE
Th, EBREHELTHELTBLEN DD AT

Download service for the GTSJ member of ID , via 216.73.216.191, 2025/07/17.



Vol.38 No.1 2010.1 BUL1/IVZBRETIEWAEE4-EBEDOETERNEN HELEOETERLEN-ZE) 55

1.2
3 RANS ( Grid G)) A
[ — — - URANS(GridC)
| — — — - URANS(GridD) A/f\
1_0 ES (Grid G) ;i L

| — — - DES(GridC)
———— DES(GridD) h
O xp. PS
A xp. SS - é

e
©

Isentropic Mach Number, M,
o
2 ;

o
[}
‘
N

Y.

%40 0.2 0.4 0.6 0.8 1.0
Axial Position, x/C,_,

o
N
™
O

4 Time-averaged isentropic Mach number distributions.
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(b) Pressure side

5 Time-averaged boundary layer profiles.
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6 Power spectral density of the pressure variation probed
at /C,, = 0933 on the pressure side.
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7 Time-averaged trailing edge pressure distributions.
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8 Visualization of streamlines behind the trailing edge on
the time-averaged flowfield.
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9 Instantaneous pressure distribution (top) and spanwise
vorticity distribution (bottom) at time step 19690. The
vane surface pressure distributions are also shown.
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