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PIV Measurement of the Flow Field Near Trailing Edge of the Low-pressure Turbine for Aeroengine:
Investigation of Relationship Between Blade Boundary Layer and Flow Field Near Trailing Edge
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This study deals with PIV measurements of the flow around the trailing edge of low-pressure turbine for

aeroengine. Since this area, called base region, is greatly involved in the aerodynamic loss evaluation, detailed

measurement of the base region is strongly desired. Thus, our research group has been conducting several studies

focusing on the base region of a low-pressure turbine (LPT) blade. In the previous researches, we measured base

pressure, however the flow field near the trailing edge of the blade wasn’t investigated in detail. In this study, using

a large-scale cascade, we investigate the relationship between the flow behaviors near the trailing edge and boundary

layer around the blade under the unsteady flow condition with the wake inflow generated by the wake generator, along

with the steady condition measurements without wake inflow.
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Table 1 Main symbols

C:#a—FE [m] T : Wakes@# & [s]
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Cpp + N— AR5 [ vixt)  #EERZ MV [m/s]
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Re: LA VA% [-]
St A ba—vE [-]

o x MEEE (i, sEnim)
y oy (E oy F, Tl )
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LW [s] TE : Rtk
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Wake generator

Fig. 1 Test section
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Table 2 Experimental conditions and sampling frequencies

Steady Re=100k Re=130k Re=170k
Wide 4,500[Hz] 6,000[Hz] 7,500[Hz]
Detailed 22,000[Hz]

Unsteady Re=100k Re=130k Re=170k
Wide 6,500[Hz] 7,500[Hz]
Detailed 22,000[Hz]
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y&\ y (wall-normal direction)

— X Sy (flow direction)
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For wide area measurement

For detailed measurement

Fig. 2 PIV coordinate systems
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Table 3 Interrogation area sizes

Condition IA
Wide 24 x 24 pixel]
Detailed 24 x 16[pixel]

Overlap

x-wise : 67%, y-wise : 67%

x-wise : 67%, y-wise : 50%
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Fig. 3 Synchronous measurement method
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Fig. 4 Time-averaged flow speed contours for three Reynolds
number conditions (St=0.00)
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Fig. 5 Instantaneous spanwise vorticity component contours
around pressure-side (left) and suction-side (right)
separation areas (Re=100k, St=0.00)
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Fig. 6 Time-averaged flow speed contours for two Reynolds
number conditions (left ; St=0.00 / right ; St=0.36)
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Fig. 7 Phase-locked averaged 2DTKE contours
(Re=100k, St=0.36)
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Fig. 8 Detailed measurement area
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Fig. 9 Time-averaged flow speed contours (upper: suction side,
bottom: pressure side) (St=0.00) with an explanatory
figure for reattachment point detection
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Fig. 10 Time-averaged flow speed distributions (St=0.00)
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Fig. 11 Time-averaged velocity RMS distributions (St=0.00)
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Fig. 12 Time histories of flow speed and boundary layer
integrals at SS99%Cx (St=0.00)
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Fig. 13 Fluctuating 2D velocity field over the suction side
measured by Nakahora® " (Re=170k, St=0.00)
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Fig. 14 Time histories of flow speed and boundary layer
integrals at PS97%Cx
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Fig. 15 Instantaneous normal velocity components and spanwise
vorticity component contour around PS97%Cx (St=0.00)

41.3 BEBETR N—AFOEMWEND % HfFd
L7280, WmE T E&R L, TN xFig 1612373, 2
2T, S E TN IEES AL R AR L, W
T AL 0 5 D T A BHE ASE IR R 0 50% L 1 & 72 %
W& 9%, 72, Fig 161135 HES0% L 1 % 10%%]
ADEFMELTHALTWS, 72, FhIzI3ER
SIS DR LA R Z DOTRAREE A
5, N— 2 TORMBRIIAFERIICOAEHNL TS
CEWbh b, BB, HHFES0%DHEEO TR~ DL
MO L (=133d, d: BiEERE) &, KHPHIIHRE?»S
AN D BB, S T & EAR ST TOHEEE 1313
—HLTWAI EREND, N— ZHIROB RSN 7%
BRI W BB L T E RAE 5,
B, WREEEN L THGRBBOLRY 2R $HEE LT
FHEBROMOIEZEA L2 E 25, BB 536%L:
(=48%d) FETH > 720
INHORNS, HigfOE 0B, EFEmMZIEE L
72ty BB EICB DS FHES0% D I 1 + 405
20BN B 2 Do e F 72, WTRHEEES0%
i D BB B T A A5 5 D 50% 3 il J OF BB
WZIEAS > T % —J5,  1EE T 0 36 51t 47 5 50% A il D 77

Download service for the GTSJ memper of ID | via 216.73.216.204, 2025/07/04.



Vol. 49 No.6 2021.11 fiZI I BEES-ECBEREERNGOPIVEHI-EARRERN L BRROIERANGORERRAE— 469

BWUI50%HM L IZITE L - TB Y, AFEMMNBGGETORE
IR E L, WMEED S RSN L ) 1Sk
DS L TR = 2R TORNIGE LI TH 5 2 &
ZFRL TV, AEIMCOEELZHINKE VOIE, B)
W COB & UFig. 11 ~ 13 TR SN - BEmBERE
DEF 2 E S, ATEHIFIBEHE S O HRIZIHA L
TWAHAIZLIRHLTWEEEZ LN,

B35 &£ 912, N—RAHEETORmNGOIERFEE
BBEIBTOIE AN BT 20 &b, N—RLH
RIS E D) & O BEMEDE .

Reverse Rate [%]
[

0 10 20 30 40 50 60 70 80 90 100

50%
SS 60%

70%

Time-averaged Streamlines——

PS

Fig. 16 Reverse flow region downstream of T.E. with
time-averaged streamlines (St=0.00)

4.2 FEFEHEZRHG

T S TldWakelfi A & o THIEEAHIHI S B
ZER, 32MiTHER SN TV B EGBAT M TN
M TFI2DTKED 3182 BI 3 2 B % s 3 5 72
O, FHUEIIEFig. 812783 (b),(c), (1) 3 I & L7z,
421 EBEEERE Fig 1712S5S99%Cxil Bl 5 MR IC
LA M A & A AT S EERMS /0 A 2 7R 3.
CTC, VauldSMACB I 2 EOR KM TH 5, Fig.
1812SS99%Cx\Z BV % it 2K & 57 F g Fik 53t o IR ] g Jeg
IRT o T IIy/Pitch=007D 7 — % Th bH. FR5E
FIE BT 2 M 5 O 5, Waked#iZ Xk %
negative jet RIHIT L D i DI He > TIRaEIEAE A
MHNTWD, ZOMEDHNE & Fig. 18D A3
HOBFREE X D, SS99%Cr~DWakeiit A B4 HE%] 1%
YT=080Hi % THAHZ ENbrb, ZNIEFig 17D
LI LT 5, BlZIE, /T=081Tl, FHlHHR
IO MAH I EERMS S ICHM L T b F 72,
PERRE & R B )2 S I3 Wake Wi t2 TR & 22 L%
AL, HEREXICIIEBO Y — 7 5803384 L Tw
%o t/T=0107 5t/ T=041 TIIREIT 5 O I3 A
ETFLTwE, AHTFEHHERMSS /ME o Tw <,
fE A3 M EERMSIZ Y T=041 (K d 2 F TR $ k4]
TI/heoTnAZ EnD, ZORZETIEWake i
E#ICHB Y 5 Calm region® @ 2HFEFEL TV 5B Z LAY
bbb t/T=051 LRI AP EE o3 & AL AH T
HERMSOMEINAA L TH Y, Calm region® FiEA 7R
BINb, ZOHD/T=061, 0.71TlE, LI HHE

I3 A R0 ERMS /A 13 Fig. 10%°Fig. 111278 3 I [ F3y
DHTIZHEM L2 DI > TEY, Wakei@Hghi it
JE AR Bl 2 P O BRI R RB ISR s 72 b 0 L E 2
b b, Wake2Slli 3 2 HiICHEEL TV RIRE SO
¥ — 7P Ui ifiE, $Bikd 5 X HI1cZ oIRE
THAE L72MBUN R L BIR L T 5,

Fig. 190lC A8 Y MR 3 ¥ ¥ — %R, PfE
L3950, HEXT M E—FIZHLELTWS,
RN RNCRER D L BY) TH Do t/T=061TIIAED A/
YRS % R 72 BRI S Tw b,
LR X 9 IZWakeili# D528 5 ME L 72 2 OREZ)IC
BOWTHEALRHERELTWA I LRI T WS
B, HEEEAMEEEZ SR, HERZ MUHLHZF0
EHIWCHMETE b, t/T=074TI&, SS99%Cxff 3T Tl
BELEDDMAFEL, THABHKL T IHETBRS
N7ze t/T=083CTLRMTH 5, NS DORELNIIHEREIE
EDOY— 7 fiiP;, PsHBLOKEL & (2T L TBY, Ik
TR HBE D K & Wil O I LAHERIE & DK & 72 39
ZELIHETWD, HEEEZFEREDLengani® 5 OPIVEHH
WCEoTHELNTEY, St=0.36D X 9 12 Wakeid B )
WA HBIR X VAT, RS EEH 55T
WakefH] IZB W CTIZHIBEASHREL, TOREIIL-
TIRBRE LML Twb AL,

Fig. 2012PS97%Cx\2 331} % i A it i oA & LA
S 3 BERMS S Al & 7 370 SS99%Cx & X T Wakeiit
AT & B A o 2 bid /N S v, #ERMSS
TR L > TEFRONTEBY, /T=010%5
t/ T=04012 217 TRMSOBIMAE LTV B I LA b,
Wakeli AORZITH B EHEZ bND, Tz, BEEFEIC
BV TRMSHHEN LTV 5B DL, 2.5 TR L7 BiALEL
BATo 2 X VEEREOR TAHEL, Y TE &
WAEENEAL L -2 LD ENEEZ 5N b,

Fig. 2112PS97%Cx\Z 33V} % it 3 & 355 5 g A 45 fili o By
W % 7R $ o MBI y/Pitch=007DF— % Tdh b, T
H DA & OfF7e9Ccik, IEE M Tldpositive jet®) 3
V2 &0 B &R e TS R B 2 &
HBHLMIENTBY, ZOHR & A5 o
JEIEED &, Wakedt ABHIAIES 13t/ T=014fETH 5 &
ENbhb, TORHIZBWTHRE X LEHRE S
DB RESHML TWEZ EPMRATE S, T2/
T=04 ~ 06430 THERRE & R B i E & OZE B 25 72
TE 2P WakeBOR R LI L CTHENTH %,
4.2.2 #%#BTH TFig 2210%4 FTHRIZB T 204 F
¥2DTKEZ ¥ ¥ — %" $, ZORMNE, BHEFE RO
N BT 5 F2DTKE# B 22 MY, RERMICK &
CEBHLTWD L, T HEBEBOTEEIIBY
BN — 2 AT TO2DTKEDEIZIEF I E W &
MRbhrb, Fig STHRINL L), BHEMFETIE
R EE A & & AW o5 1 A5 AR ICHERE S h
TH Y, Fig 22 ot/T=01 ~ 04 (Wakeii # 0 52

Download service for the GTSJ memper of ID | via 216.73.216.204, 2025/07/04.



470 MEIL Y REES-ECRERBIERNGOPVHE—EARRERN CBEGEERNGOREERE—

HERARXEZ—EZE5H

0.10 0.10 | 0.10
0.08 0.05 x ¢T=031 0.08
E 0.06 go.os X YT =041 EOM
-5
£ 004 £ 0.04 < ur-0s § 5004
002 | 0.02 x}; " 0.02
I
0.00 0.00 P 0.00
0.0020406081.0 00020406081.0
max max
0.10 ;010 ;010
0.08 <UT=000 008 UT=031 008
Eo.oe “uT=010 5006  UT=041 gom
o004 Y T—020 £ 004 uT-0s1 004
0.02 0.02 - :’f | 0.02
0.00 X 0.00 =
0.00 0.05 0.10 0.15 020 0.00 0.05 0.10 0.15 020 0.00 0.05 0.10 0.15 0.20
VRms ! Vimax VRms / Vimax VRms / Vmax
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