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AERODYNAMIC PERFORMANCE OF ULTRA-HIGHLY LOADED AXIAL TURBINE CASCADE
- INFLUENCES OF TIP CLEARANCE AND BLADE PROFILE -
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In this study, the aerodynamic performances of three types of ultra-highly loaded axial turbine cascade
(UHLTC) with the turning angle of 160 degree were assessed by using the small annular turbine cascade test rig.
The profiles of three types of UHLTC are different in the length along the blade suction surface which is related
to the blade maximum thickness. In addition, in the measurements of the aerodynamic performances of these
UHLTC, the tip clearance size was set to 2% and 3% of the passage height. The experimental results showed
that the decrease of the size of tip clearance enhanced the torque performance and the turbine efficiency because
of the reduction of aerodynamic loss in every type of UHLTC. Moreover, the increase of the blade maximum

thickness by the increase of the length of blade suction surface more effectively reduced the aerodynamic loss.

Key Words : Ultra-Highly Loaded Axial Turbine Cascade, Tip Clearance, Blade Profile

1. R

AR, HIERIRRE L KRG OR B RFR S 2 Higk
R OBREFBE~OX R E LT, BERM-CMEH =¥
VIR EIHERENTWAE T A X —E O EPEREL 2358 <
R HRTHHMN B ARICEO T, HAAKELLL
B, BEFHEOLRESEML, FAIEOKREREDIC
LV KRNEEDOEDDLEEGNRBERD 88%F THIML
TW5S., ZOEL LT, HEKERBILDOFK L 225 CO,
DPEH BB L ORAREROMEESIEML TN D, L7
ST, INOLOMBEEMRRT H7-DI2, TOLETEHEHRTH
5ﬁx&~8ymﬁﬁ5@%ﬁkﬁﬁgkﬁ01wé
HAZ = OEtEilbad ZHRT 570010, FEMAE
FThHI—E U @Lf,E:fwﬁi,ﬁﬁ%,ﬂﬂ

DOBLENSHIREM TN TGS, BRITFICZ—E D
@%ﬁk%léﬁ%m DN, EMAOEIZ LD ¥ —F
BogAmtRnd s, F—v /}immﬁﬁﬂzi 3K

%D@Aﬁﬁ%ﬁméﬁ 728, 4 — BB L OB
BOBEC Y — B ROM/INB A RE L 70D, EOREE, ¥
— /N BBALB LA T v A FL N
TX5B. F72, WAX—E L OEEIEERTH-DIC
X — B ANMREOEIRIIZET 2T TEY,
SEAECIE 1700°C DX — B AHRER AT 2 H A X —
EroBEMED bR THWAE 2Ry, Z—e U R
DOTHEREHEHT OB 2 —F ¢ o 7 Fifli, EBEf 2 & o

L ODMEMTONTND. £, ENAVERZ I
4 28N 22— OFFRERThN TV DR, —
WRHNZNL D 2 — BB W T B TE W IR L 23 5
LMD T CTARPRRHAIN TS, LEER-T, Ak
{fbic L B & — e v o/ - BB Z BT 52 LT,
EAMIE Y — BB AN R E — U~ AT A
ﬁ%%z%ﬂé Lmba#e 2 — RO EANE

i%:rﬁﬁ i F"ﬁfﬁ’ﬂﬂ#i@k?‘ét&b, =5
BN TRET S %w WiIRIIC & BRI FHE LD
BINRTFRHENG. £z, —RICZ—b i @%ﬁk

r— v ZEER ORI EEHBEAFEL TS, 3
HENZEIZLD ﬁﬁ#‘ﬁf‘ﬁﬁ%*ﬁ%L W LWMNMNBEL S,
Z ORWNIRAVTER & T2 2 & Tz Bk LHE
%%ﬁ%éﬁ S BIZEMIRE 2 @i 2 it & 2 i S8
TLETHRAMAETEED. Doz thb, manl
1# ) ﬁﬁfﬁ%@i%bﬂ RN 2 R S 57, 22

WaLER: k%@%@%ﬁzék%zgh L= 5T,
mﬁﬁ%m& EUEOEIOZDITIL, BY|OMERERER
LW N OfFHEIEIE 2475 = & i@,% MERE DA

TEMHIT 5 HEERERTOILERS D.

AW TIE, BEANETY — 2 M ERHEFI(UHLTC)
BN AL —r~ili T 52 L EHEBICAN, ¥—F8
Vﬁﬁ&Mm@UMﬂC%ﬂ%;,%ﬁﬁ@%i@ﬁ%%
DOFEALNZE TIPEREIC - 2 D BB DWW TRl Lz, 22 )tk



HERRER X, ST AEE RO B 72 % UHLTCIZXf L T
2 PR O BIREIR S S A% E L, /N P BB R AR BR
BEHAWTITo 7.

2. HEES

ARFFEDO A ® 52 TH 5 UHLTC OFHEIL L OEhHEOR
TR & MEBR#ESY % Fig.l & Fig.2 (&, RS S TCL ©
EFR% Fig.3 12 ENTIURT. £72, BT 72 HkE% Table
1127”9 FigL(b)iZ R L7z 3 R3O UHLTC o83z
T, EJHEPS)HIIFE —TBIRTH 523, BAIER (SS)MIIE
Original E(JR) & FHEL LT, RifR(LE)) LEBZ(TE)E TD
ESZELEEL Up E(F), < L72H % Down #(+%)

(a) Stator

1.40Cax (Up)
1.35Cax (Original ﬂ
1.26Cax (Down)

(b) Rotor
Fig.1 Profile of blades

(b) Rotor
Fig.2 Annular cascades

EL, RREENENENRR-TND. FELBEEORE
HEIZFNFN 1T B IO 18 K & > TR Y, MEikC
AR F N —RREIRO ZIRTETH 5. £z, 2TOD
B EIC O T A1 160°TH Y, BIE D TCLIL 2% & 3%
ICRRE L.

3. EREE

(1) EREEOHE

AHFFE Tl L7 EBEE 2RO % Figd [2R7.
FEBREEIIA Y a—ar T Loy, JEHE T, HER
Ftd L OV SRS RIF R BR B TR STV 5.
ARBRIEBIZA 7 ) a—ar Ly FICEVENEZ Y
ICE X BN EREZE RS, /N M RBES RIS E A~ &
B SN DAL R CH 5.

(2) HAREE

22 FyPERERBRIC A A U 7o /N B B A AT R B 1 o
B L OVEEOEE % Figh \ORT. £7-, #EIERM
PR Z DEFE Fig.6 12, 2IRB X OVESRIENE % Fig.7
WORT. RBREBENTHNOZ — b B, SR eBiET
R S A BB Z — & 0 Th v, Sl R IR Z 138
HEHD Cy D 30%IZFRE L7z, RBERE IS Sz EfhZe
RUTHE ST 2 B, WEHNOFETEL, Bz
BRE) S B2 ICRE~ S S5, BIER Lo+
JLUIFBGER DS, HIEHANOZ — e BEARB IO I
IEREE R LOMEE N EF I ENEN A& O%E
ENTWS. RBREEEFIIT MV A —F, Bk,
—RE—ZPREFINTEY, BEOREKIT—RE—
2K HlE L7,

Casing

Al

= TCL = 100
AH+H)
1
Fig.3 Definition of tip clearance
Table 1 Specification of cascades
Stator Rotor
TcL [%]| o 2 | 3
Number of blade 17 18
Blade axial chord C, [mm]| 7.47 6.57

Blade pitch at midspan S [mm]| 13.01 | 12.25 | 12.23
H [mm]| 9.6 9.4 9.3
AH [mm]| 0.0 0.2 0.3
D,, [mm][ 60.8 60.8
Dy, [mm]| 70.4 | 702 | 701

Blade span

Tip clearance size

Hub diameter

Midspan diameter

Tip diameter D; [mm]| 80.0 79.6 79.4
Inlet metal angle a [deg.])| 0.0 80.0
Outlet metal angle B [deg.]| 81.94 80.0
Design inlet flow angle a, [deg.]| 0.0 80.0
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Fig.5 Small annular turbine cascade test rig
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