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Abstract

Unsteady secondary flows in a turbine second
-stage stator caused by an upstream rotor were
measured in detail by a slanted hot-wire, the
signal of which was syncronized with the rotor
rotation. The large amount of data was time
-gplit to produce animated movies of instanta-
neous three-dimensional flows, from which the
mechanism of turbine rotor-stator interaction
was analyzed.

1. % 8

& — AR OBY D ZR TGN DOWTIE I
¥ T%H L OWFENDH 24, Z0D% L ERNEER
e L THk->THY, FicEMOIEER TS
DV T IFEE R IR I IRV, 7 — R
ORI AR EFHIERINES LoTFHic LY,
TCHRIEEE P ODZRTTOTNTDH 5.6-> T, F—
REROZEEREER LI, EE#E B3 ZMA
MEML, FREERERT 2% E0@2 OHY
D7D iE, FEFE=ZRTHNEZFHL CANTE
SBEYD 5,

A E LW AET 25 —EVBEICE > T
BlfE Z S NTFEEE L, THICALE T 2 #ET
ANrEERT 3, ZZOomMNicnhrRsE82 Kk
ZT LT 2EHNT, BED LR, WER
B UOTROMNEFEBRINCFHEL S FAXRTZDDT
H5o
2. EBRAEEBMAE
2.1 EBRF&E

EERIC L, By —E e UCYPIRET L E
HEHRAYERMAOE 1 BEROF —EICBHR LT
b0, TbbEEYPHEY] (E—EEHEY])

1|

(FK 2 4£10H 1 BIERERZAT)

L OBBEOTH L >TETS
EEE=RTA

e EEAMZer W X F I
= N =EmiE

B # CIA

BfEHEAY: K H ¥ &

B K IE B

OEAFREBEL, 70OBH L -HEO TR

HoTE 2REBEYZEBMLUEDDEHW,
zB, EEERNLOT TORLmHBEMITOZEE) %
HIFNRDB I, I DF 2 EEREYIC IR
XDB X %2.3%DRSTIHEM % T 72,

B 1 (@I3EEY & 58 2 BRI OKE, BV

TIP

\\\\\

.~
\\\\

//—(l\—_’\\&\\\\\\ ] l//,

/I\\\\\ f////
B e

Vid1v7”

{4/ rrm

HUB

t : B§RE \ t
y @ R¥ DY AcK2Y

vs/Utip: 0.5 '
(DFHAITE 3 1238 1 % fef IR DFERG)
1 FHAE R L ORTHHEE £ 5

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



GTSJ 19—74 1991

SGEEEL 725 DOFHRHEDOR 7y FRTH %,

Y L BEYIOR O 3 >0s#HlE (Plane 1-3)
SEIESE > S EE O Ama—F (Cax, 1) D
7.3%, 29.3%, 34.9% DALEIWZH %, 5HET|DEE
Bl X ORRNCAIE 2 HAIA (Plane 4) (3% 3R
HifgD SBEOEAH a2 —F (Cax, s) D86.1%
DALE, £ 7:HBRY|TIOF T (Plane 5) 135
Bz L D Cax, s D6.8%DNEWCH S, D
HIEIWIZASEDMEREI Ry b I A 7 2Bz, b
SO HIIEICBWTERY N7A T oDESR
BHBR O R Y [0 e x> a —F O5E v
A (BHE 1 ¥y FRIC200VR) CEIAZ ¥ TH
R ELaR B IS BGAA 72, BUAA TG BEF TG
H®A/DEHL, »ORRICEEET %, ZIRITH
DOHIEIE, Ky b7 A 7 % ZOHHAE] D 12256
EHI W2 HEPEBRAL, &y NV A TE
RHEE S AR, BLUBERICH L CAFRICE
XY, BNNETHBROEEEZZEYI KT, Ky b
T4 T OB L FERDOE» SRBRITE L7
DR TTT R D BERH 5720, THo—#HD
VEZEIZ2BEENC X > TiT > 72,

2.2 BBIFAE

BonlT —FIIMET —F » SR/ _FE%
FOWTHEERD 2 DOOHNAHCERBLLS, #ziE
K1) &S iR E285, H2RA (tn) TOBF
fowmhix, B r2EARAE (X)) TO—#ED
HIERER D SRR (t) O 7 —F 2 L, £
ZIEFE t OV CHARME Xi 2 L > TRT Z
O (BEERSED) wkoTtEeshb, ZO—HOB
FIRFZNC B 17 5 X 2 EE & w0, FEERE BN
ORRF2EEE L TCRZZEBTE S, KXIFET
B—#Hparta—3yDh 7 —KE%2 VIR ca
<D LEjE & L7e®, DUT a3 CikEE O A
T (0.00575F) % 8 %43 U o054 (AR D 2k
) 1B 5 ZEOWMER S OO AR, B
KX OB 2 SV R R T mEY DT (B
BICLZ2TWH) Ko TE LN E, EHoHE
HERICL > CELCAEEHETN L #XKAT 5 /2
», BIETHSNIEDOEREV S EEO@AF
H (T) WTORRFERERS V 22 LE[wizd D
PEFEAVEL, RRTKRDI

V=V-Vgiiv=V+V

ZZIT,

BT 3L

V= /T Vdt/T

FThbb, xy 74 T TESAIEDOFREV
X, MEINOEEI X2 THICLsTEREEND
R4 V & EEEEE I & - T4 U 2 B
Bh s s DT (FEES) Vs T, #
£Y 5,

7z, MAOUDZRITTHZRT e kiR 7
M VsERD Tz, THb b, FEHRFAICERE
D — & AHRNC FEE 2 H IR AR 7 b v
PR LTRSS B RN A Vs & EH L
TRD V2o RERTITFEHFTAME LT, #HEY1
v FHTOHND I -AErEEREFYL T
e AmEFREL 72,

3. KEREREEE

B 2 3B L HREBICAIE T 53R 3 ToFE
EWREV, 2 DEBRAV, B & G FEE
VOSfieRd, VICix, FIROBRTHREL 1-H
HIRIZ B OB Tl A Z 2 L R e 21t
LTWBIZENREINTWSE, T bbEREE
HOMHEB N Z OB 2E 2086, BIEOEBEH
YRUCHATH BEHF»SEFC, HEllENz2’%
BLCw3, @mPEtflfmhRhre, 2hs 0
B S B & 5 LA R L Tw %8,
I Z O TOFRND_EFROEIEY| 21T L
THROBFHEINZCDEEINLI LS THS | 5HHIR
N7V O CHE & KR OFEE1E b 1 FRE
DERET =27 IFIHL T 30T Tk,
THICTFIE T % BY O B2 IR SRSV O 53
NS 1 X2 O FEHNCRFREFER SV 04>
MERTH, I ORI I EHEIT R g 1 R,
BRoNG, ZOEEEIZD &5 ETHROFED
AR OB WS- D, BEEETEIC X D R
HEEONELRbDEE L N, —F,EF—
Z Vo SRE RSV 2D £ 721 2 hB D
ZTEERSVICIE, FHE Y = — 7 G
% 2 ODMEBRBEHNT WS, 72770 2 DDERD
RN S DB L TWw A I e obhd k
312, BEERSVIZ LSV THOEY OB EH
BoTlidnd, Z0Xo1Z, FHAITCEsFHN
ORI, EROBRIC X > TE LB
W2 Vic, BREIR SV ORanzdok
TUIROBEDOEEBELRD GO REBR TE5,

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



GTSJ 19—74 1991 Fefram

2 BETH/HELE (Planel) TOHEEBRES R

15—

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



GTSJ 19—74 1991

s 3 TOWNDZIRTCHEIIBR I8, Z&K -
Fh«7FW%%DTl1®kTLt;T&b%
@E@Hm(ﬁﬁ%)ﬁ%au E@EE@@
%®%®E®éEﬁ«ﬁ#ﬁ:&ﬁnt WCT
Tbtv;—7(itﬁ§&@ﬁ)%ﬁwoﬁr
Em%mrﬁ«ﬁﬂvﬁw_aﬁntm%é & 3
7 WC ¥ o T, R & 2 BOHFERIC & D
Ihb#%Tm(E%%W)«%L#%ﬁnéﬁé
3, it_ugwﬁ%abf xﬂx¢%ﬁﬁ
T@EF%@Dw_wﬁhéELTm%o

l3m%§ﬂ&%ﬁ<w+ﬂﬁ4?@#%“&
WNOMT 2 RT, BROBEGLL O Z OB
kmf%m%tbfiﬁ®ﬁ£®%@@k§<
FeoTHD, WEVOEBHBEMLE L 2ibhd,
V 3 DIEE
?&b%mﬁbfwéivtﬁgﬁ%bfmé

—77, ZEEHV R+ TRLUEEROERICY

72 5 R & — TTLK71_7két5@L
IS, W & 2R A E @ B FRE o IE T 2>
%ﬁEE@(?EbE%@EEﬁ%E)«@%T
BT ORI KD ST\ 2, TR IE
WITE A5 35 0O TEFETE A D ok 2 /€ > 20 & BURL T 1,
PRI A O BRI~ BB LI 2 T, &
DEBESV IZREH O CREY U4 AN AT ICE
i %mﬁ%Lﬁﬁéﬁn@“wDD@ﬁﬁ”
ThsILESHECBOIEHRDZ (Fiz—
Wl—ﬁﬁﬁkﬁﬁbf)%ﬁTnuuT@%&
ZEDbhst=2/8TEBVWTI—CTRLE
2ODHEHDS bE (AFEEM) Oboixs (F
FEEAD) oboky 1F#EiobDTHY, 20
5 A0 — FEE F L S < OFHEIE B L
72 = — 7 DERFEOYID OTH Y, KX mlE
RIBIEZRL T3, 3/ 8TTE I DEEEHE
wﬁ%%wﬁﬁbk&®7147mﬁﬁw%té
FID ORI T %, ZOYIY OREEROM
DIETEER & D W MERENNE S B> THED,
ZEROTTEZREY = =2 DI U TWw 5
ZERRLTVS, $i< 4/8~5/8TTYx—

7 O DEERTEHKCR EF2ow0ahTves

2L, 6/8~O/8T“C‘{;7JD D&iéfﬁ@ﬂk@@ﬁ

LET 1O E> TRl L bbhd, S5k
Fa'ﬂb“fxx_bf’ 1/8 TCREEHOR LRI~

— WCERAEEEETH BT = — 7 OIRTLEHLIKR &

L H & 3, fﬂﬁﬁ#&tkﬁﬁ

S TETD'

tﬁﬁAEm%®ofﬁnTmé 1/8TTixz
@ﬁ#EEEﬁ% %Dum@71—7%ﬁn%
DTV 5, Uqut@671—7@é%%kb
Tﬁk@ﬁk%@éh% Ttb%%§®mﬁf
ﬁ/béﬂﬁﬁﬁ@?lh?@ﬁﬁ%ﬁﬂf%%

 LﬁT5£¢,f%®EEEtﬁrEk@5£§
'kﬁ@k%t29®71—7%kﬁn [ D

h’ﬁtﬁﬁ‘?@ % Hﬁ@“ﬁﬁ} X RIBDINE 7 2 — 2

‘atofmé LR o¥ishREs 2z LTEL
;t#QE%T®_Mﬁn%t®@MT%mT%k

Es Ou#ﬁﬁﬁ*ﬁf))ﬂ‘§f3§ b
nﬁ,@waﬁﬁhmE%%ﬁ%®&XDD

CWREBTFBL, TORE, K3 0ET -5 Vi
OHREOK 4~6 THONZ L5, AFEEHO

Behia—7) —WEEY 2 BAmBEMBOR & 3
aﬁé%ﬂ%mKEﬁéﬁ% AEHH ORI

'ﬁ%mmﬁﬁﬁmﬁﬁtbgﬁﬁxu@ﬁﬁﬁ

B ORI, %M_EEPJ}%X/\ YY) St
WMK#UT#%kﬁ%<?kk;%kabL
T35Z tﬂﬂ%btou@ﬁxﬁ@ 23 kbbb

R OB QALY F R T4 5 Motk

ﬁﬂ@k%étﬁérwﬁbfm%%wt%xa

mamuﬁﬁfmﬁ%%@%ﬂwﬁﬁmﬁma@
P U, T DAL D&\ 1T & 2 IR 72 B
FThRDHELDEEZ NS,

B4 EHE TR O 5 T ORESS AR DR

EERRT, WELLEEDEOEEVICESR

% & 912, ZOWETOFRIICK L TIZFEYD
FEPXIHTDHY, EORICbIZIFEES W72

(i, BROY s L RS TRA LR

RESE SN S, Lo, FHROBROBE (F
&b%ﬁ%t)tﬁk%n6®Wuﬁmbka
Lﬁ@%ﬁ@%@mtxﬁgm_tmbﬂaoz
ﬁ&ﬁVk@+t tf%nfnTéntnL
I AR S, FHAIE A 9 S EANR A BB %
@#%bénfwé EEWﬁM+ME®E#ﬁ
(?&b%ﬁ%@¢%ﬁ6ﬁﬁﬁk#ﬁf@ﬁr
EHITEEYSY) TR & <, ELmEEES T’
lN&%E%%ﬁ%T@EE*E%HIﬁﬁEWJ
28m/s) 0)35%0«_ %éb’(b)é .
l5@El@+ﬂi5?®ﬁﬁ¥ﬁﬁﬁV@ﬁ
B RN bV VshRT, O S HER

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



GTSJ 19—74 1991 ‘ Fframsl

M3 #EPR (Planed) TOIEFEHHEES G

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



GTSJ 19—74 1991 Frhram

X 4 BETH (Planeb) TOIEER WL 5540

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



GTSJ 19—74 1991 Bram oL

:mhmh (PS—sS)

FENNCEET 10

Li9 = =2 AETIPH SHIBARH» 5 it
V/Ugip= 0.5

BRI E’w‘f\ﬁ/
A= 2.0 [n/s]

M5 #ETH (Plane5) TORFTHHEENMG & IRFN

t=3T —> t=3T — > t=3T
t=3T T=000575s t=4T
I

| |
t=1T<—t=8T ~— t=5T

X6 #ETH (Planeb) TOIEER ZIkFin Ve/Uygip= 0.5

D = — 7 I iE ORFEIEEIRAR S b » 5, B DO N % Tip 2> 5 Hub ~B ¥ 2 € 2
5 0EMIEVsIZE DV ENOSRITCHERSHHL L AX—0FEERL TS, £/ Tipflr—3 >
bDOTH2 :EBHEE (TE) Ki>Tvz—27H% JWE L2, TE 2#Y]-> CIEREED & B FERR I
Tip »» & Hub i2[f5 5 k¥ 1 13, BB BEempEiEs» SR 2 Rh 2250, TE 0AF
B BHWNOFEEOFERECEHAE (Tipfl & (SS) ElidZ Dhihic & v 4 U r-kEtE
DEES Hb HOFNEDEVO) H-T, % DORWEINRESNS, ¥, SHEEOEFES

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



GTSJ 19—74 1991 - BrframsL

OEFEEM] (SS) 1243, SS M D ZRTFIIL 4 b A A
E}%néo o t=2T/8 +  t=6T/8 T:BHRAM
© t=3T/8 X =17/ t : By
B 6 ZER FHIC B 5 IR b L OB . g 7 i

M ELERT, BIE 1A (T EToZhs—
HO RO S, LFEEORFEESER TR
ez —2ROFN 1, BERKREL2, Fhick
23 EVRLWROBEOFERZT T, BED
B X LB T TR R L 26T 2T 03RS
N, £/, BIESLFERINOL Yy FOEL(E Y
Fh=4 15) kY, BEEEOBMEIOBED &5
TR TI, M omn DO 1/ 4 TOR R EN
BhbIELHDSND,

T EROEBEYOFEESZ T T, THiD
BRI oY A (3 —/AD AV HRSAmE) bEF

| X

e
kAl
i

0.80
0.80

0.80
0.60

0.40

0.20
0.20

Ny BB OMKRTERE (R-Ry ) /1,
0.40

2

2 S BT B 2 L AR, ARSI R g 8

D?}ﬁlﬂjﬁ @%{b oi, %jﬁ'—éiﬁh?@{j‘i&‘(\‘ ci%k60f§ e ~150. -100. -50. 0. ° -150. -100. -50. 0.
CHELT WD, 202 & 3623 FioRSIH TR e TTRE e

B CHRNOIEE T KB » i & 3 RJREME 2 RIE X, =1

LTBY, 235 LIEEEEr+aERLCTFR  ®7 %ETH (Planes) Oo—RESAME TOHEINR
DOEROFET BIZ XROHIBERE: ED2%) % HH £ B DI 25

T 5 EYRDH 5,

4, % D35%, Ttz EX60E I b LTz, Fiif

HERT S RIVE BT 55 —EORLE gy - gk x B RIATN FROBOBE OB
BRIIOIERPNEBRIR Y N 74 7O gt g <o b Cis.

WETAIL, EEREY] & I RF R AR 2L T 52 E (1) FEECEEBEEET 2 kB e R LT, b
ADZLTTNEIRBMOIRE NI oo TERER o U e it ORI ORI

BETODEBD, o WO, k&S ERMOCELS DR Y,

(1) ERCHEEZEILT 25— UEITRNOIEE FTHROBGOZIRTHIALD A B =R MK X 77
ﬁz"{/j_\,ﬁ?]ﬁ %'f/@i 7:0 :{EU%%% &iﬂ#ﬁaﬁﬁ%ﬂ?—% ?jﬁ% %) O : Cl_: %%E‘,E‘JOZ%%b) bz L/TCO
ZrlikoTEmELTEDL, EEL, o Ew

(2) EWMoOEEEESNC LD, THRICET 585 KIFZIC B CHHEE & U CEE, @Hicgk
COBMLIFER R, BRI 2 TRS  grpgeq e (UBSERREAS 4 424) 12@0n
SNIFBERBNS EBRS) LEEIIOF e s
¥ (BEE) Lo TEUKER RS (FFEY SETH
BARD) LICHMET B EIEL 0T, BR ), g, L, SUEFEM NAL TM

IR TE 3, ZOHBERZE> TEROETH -501 (1983) .
ELeY 2—7 ORETOEBE, MO TEHM (o) npgh, S51, ME, F. Abd-Elaziz, 43, HR
RIEEERDOEER 2 EEL 72, ¥, B#R48HE4275 (1982).

(3) L¥OBEREINC X > THEULIEEF I, (3) B, UM, SREEAERERT (1989).
THOBV DN ZZDOEINADEZS ELDE (1) RR, HE, FRMEKRFEEERT (1990).
M, BHITIHOWIONDBARIZBLTHKREL (50 Yamamoto, A., and Yanagi, R. , ASME Paper
EEIZ 85, KHEI T TOREEE TER No. 85-GT-217 (1985) .

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



*%g’;( RIIEEHR

Abstract

There has been strong. demand for -develop-
ment of myore precise prediction method of
turbine blades forced responses. Recent pro-
gresses in CFD give us some sight of possible
ways to this problem but final goal is still out of
reach. In this paper, the author proposes a
simple method to estimate aerodynamic excita-
tion caused by rotor-wake interaction in tur-
bine stages. This method utilizes boundary
layer analysis with k—e turbulence model
(Lam-Bremhorst model) in order to determine
the wake form shed from the stator trailing
edge, then the wake decay model is derived,
which is incorporated into the author’s un-
steady flow analysis code.

Applying the method to the turbine rotor
-stator interaction problem which was previ-
ously studied by Dring et al. , effect of rotor
-stator axial spacing upon the unsteady aer-
odynamic characteristics of the rotor is inves-
tigated in the cases of various free-stream
turbulence intensities upstream of the stator.
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Abstract

New design concept and combustion test
results of a high intensity aero-engine combus-
tor are described. A new combustor nemed
has been developed to
higher than

“Jet-Swirl Combustor”
attain a combustion loading 50%
that of conventional combustors.

The concept of the “Jet-Swirl Combustor”
is that generates a ring of swirling vortexes to
accelerate the mixture of fuel with air, and
promote rapid combustion of the mixture, thus
to enhance the combustion rate in the primary
combustion zone.

A numerical analysis of a three dimensional
flow in the combustor was carried out to deter-
mine the configuration of a combustor. A
protoype combustor has been tested to examine
the combustion efficiency under the high com-
bustion loading conditions, and to measure the
concentrations of the combustion products in
the combustor.

The test results showed the extremely high
combustion efficiencies even under the high
combustion loading conditions. It is concluded
therefore that the improvement of the combus-
tion loading is possible by the combustion en-
hancement due to the strong jet-swirl motion in
the combustor.
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