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TWO-DIMENSIONAL CASCADE TESTS OF MCA BLADES IN THE HIGH TRANSONIC MACH NUMBER REGION
(ATH REPORT:  EFFECT OF SPACE/CHORD RATIO ON THE PARAMETERS OF CASCADE PERFORMANCE (1) )

Susumu TAKAMORI Hajime SAKAGUCHI

We carried out 2-D cascade tests of multiple-circular-arc (MCA) blades with a relatively high camber
angle of 56 deg. in the region of inlet Mach number( M:) 0.4=<M;<1.2 ,and with systematic
variations of cascade geometry and incidence angle. Systematic data with respect to inlet Mach number
characteristics of the cascade of MCA blades were obtained. We discussed the effect of inlet Mach
number on the relation ship between incidence angle and parameters of cascade performance(incidence
angle characteristics) in the 3rd report. In the present report, we discuss the following on the basis
of experimental results.
1. the effect of space/chord ratio on inlet Mach number characteristics
2. the effect of space/chord ratio on the relation ship between incidence angle and parameters of
cascade performance{incidence angle characteristics)
3. the effect of space/chord ratio on the relation ship between stall incidence angle, reference
incidence angle
4. the relation ship between incidence angle and critical Mach number in the set of space/chord ratio
of 0.4,0.6,0.8 :

Key Words: Cascade, Supersonic Flow, Transonic Flow, Compressor, Two-Dimensional Flow, Experiment
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Unsteady Secondary Flows due to Turbine Rotor-Stator Interaction
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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-split to produce animated movies of instantaneous three-dimensional

flows and the turbine rotor-stator interaction.
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5% Xk

(1) 2%, BH, &. AN, BEAF 2 -y EL5E, 7-25, 1979

(2) . KK, dtiB: 29— BEFSoHV2HHOBE (F1H) . KR,
No.69, Jan. 1979

(3) K.Mori, J.Kitajima, et al.; ASME Paper NO.87-GT-62 (1987)

—157—

Download service for the GTSJ  Via 3.142.144.163, 2025/05/01.



B—38
FIRTACHAT RS — & RS DB (5 2#)
— 22 SR RIR B2 1T & B I NOxIRBEH: A —

O M (ESIRREEA)
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MKART ZALBEEREY R T 4T, 1300 CHI R & — € v REB[EFERH T 5 05,
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2. BRF RALBRE D K : 81 BRHRCBE OB

. P En AR KEB K AR

) L EREEE] — 0.40 0.41 0.41
BRI ERIEAGR AT RLH 2 O H# B co vol % 20.0 19.9 20.2
— - co vol % 6.2 5.4 6.1

‘C N [ S i ’ > 2
ERLIRT. ATRESFHECO, Hya B LU H, vol % 7.7 8.0 6.6
CHi THY, BOTOBRBN, K EDRIE H,0 vol % 6.8 5.9 3.6
» CH, vol % 1.0 0.7 0.2
"HRTHB, 2O, FEHREIIHKI000 N, vol % 57.6 59.4 62.6
s . Ar vol % 0.7 0.7 0.7
keal/en' N L A& o F /2, 7 2 ZANOxD  fmorec T g | o1 | 830
KB & ANHsAESH LT 3, HHV (dry) | kcal/m3N | 1002 968 861

3. KEBRRMmEBLUTHE

EREBORKEER 1ITRT, BBHT RIICsHg, CO2, RF—22WHEET
RIE&#, B4 L2CO- HaBEN, THHML, &5 NHEMAT B % & [ Ric
WEBXHIRKHAET 2, ERR3BOLOEHBICL OB T 5,

SIERAULIERIERRBEERZBEON AR EZTR T, AEBOFBMIIER Y1 ¢
FICELOBRBERCRATIEIBEEBRICHREETH 2, K31 2FEHEH
LRORBRUEEZRLILODTH B, A NAFLBLAEADT S L, REFITHEA
TEHEEJKBBYUL, FHAKEN I 0°OKIE, 2ZKMRED6 0 BBRFERICKAL, B
D4 OBMNARTBLEERLTN S,

FAMEHEE EBRBST 2K (CO,CO2,H2,CH4, H20, N (27 w=t 35 7)),
MBEREEEE (KBASEWN), RESHOVy2BE (REHAEBN ), BMEY 2EK
(02 (&KX ), CO-COz (HFARBNK), NO-NOp (fL#¥FFHEHKHX ), UHC
(F.I.D.)) TH 5%, ' '

K4 itk ARBEE (CMC106 ) OMBRAERT, REBSONBRRH300m, &
2810mTHh, 1I50MWIEF 22— ETHVOWONE LT+ o YEIRBERO—F
DAY T 5, ERAWHOMBANEIL 3 x10 keal/n'-hr-atm T 5, HIPER 5
AFOBBARELTRARBAE7 a2 B HEHFALLBEEGRABELZHEALT
W3, T, BBV —-S0EERAEIZI3 5°E L1,

R OBRHERD S, ARBBE 7 2 T ANOxDAERMEI D20, BEEEDO—K
MRBEEE (R7 -7 BIRE[ATITLETZ)ZRBBBELLY) v F o) =V
PR B R Lo AMBER D —RERLIZ0.46TH5,
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FUEL
REFORMER

v
H, SEPARATER |

MAX FLOW RATE 6000m*N/H
HEATING VALUE 600~2000kcal/m*N

| HeaTER|

m TEMPERATURE _ 100~420°C

‘ AIR

CoM-
PRESSOR

MAX FLOW RATE 17000m°N/H
MAX PRESSURE 19.7atm

HIGH-PRESSURE
COMBUSTION TEST

STAND

CO/H, RATIO 0.8~6 ATMOSPHERIC-
TEMPERATORE  100~500°C PRESSURE
COMBUSTIN
TEST STAND
1 ERFEEDORMKN
1.0
LBG fuel gas 0.9 CMC 106
2 vr
Bypass valve
| 0.8}
Y Bypass
J/ air 1
) T |
Combustor ( NS i IF T - 0.7
Transiti <
il 8
| | e | 2 0.6f
4 -}
Compressor y—, ]
discharge air N\, 0.5t
= B ﬁ( ) ol .
Measuring
IN % section
AN - 0.4}
2 REEMBERER 0 , . .
’ 0 30 60 90
deg.
3 S4B
| 810
i ‘“\g”'ﬁk
)l @ -
| &
&N
. S

o ¢$218.4

Primary Combustion Zone

4 HERAREES OBIEEER
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4. EBRERBIUZE

4.1 NOxHkH 4

(1) MERBREOHE
BRTAMBRBORBHRBRIGREL N A MLEBICE > TEMRT 520, NOxERK
KRIZTREBRBEBEOHEE 730 kcal/’ N2 S 1850 kcal/m’'N £ TZEIL THEH %
fTodco B5RMBADONHMED 1000 ppmd 4 @ #AHE % H 02K M & NOxHEH
BEBIUNH3sD ONOxOERFBOMBERBBEEE 52 -2 L LUTHRLID
DTHB, RAWHICE->T, MHBHRBEHENE, NOXERK L 5 H[ER
Uteo RALKFE R G A ZIEBAKRICE T 5 BB O NHaD k354 2 #0588 5 T 2 %
cRIBELT, PHEAKY (HCN,NH:) 24KL, ThoMNESIKN2H 5WIRNOIK
E|mIhs, 7ibb, ROBBE L3,

NH3s NH: N2

\\‘HCN//Z \\\\\*No

MRERBBOFABINULLEIHZRICL > TITDO T3 M, RERKBELEKT T3
EREIPCHBENKET T2, Coicd, CH,EEOMKTICED, NHs®HCN ~0®
BEREBETL, 36K, NEREBETLLODELEEZ SN B,

(2) MEFCO/H HBOHE

B 6 INOxHF i I IC RIZTAMACOMH LBORBERLILbDOTH S, MAR
#& 1000 keal/m’N, NH3 1000 ppm—ED%&HF T, CO/HtLE% 0.8 05 6.2 %
TEAMSETRHER > 7o MBBHO LT < BIEE 1300 CET 5 EH%EH (1=2.0)
HEILBNTIE, NOxXERBIRITICO/MH HBORBREZCRIVLY, KARK
MY 2 EQEMITENT, CO/H BROFENEDLN, COMHRMNIWIEF &L
NOxEMBREVWEEZR L, ¢hid, RIPFIRRELILEL S ICCO/MH U EBIETT 35L&
BB FCH,BEMNETETL, chickd, NOXERESETLALDO EEZ 5020

8 MREBEEOXE

B7R3NOxHEHBHICREIITRBEEOREER L. DTH S, REFHEAEI000
kcal/m'N, CO/H2lb#® 3, CH K 0.8 %, NH3BE 1000 ppm—ETH 5, FHAR
AT, NOxHEHAEHIKRIEITEEORBERIEILAZED SN,

4 ZER[/ 4R FABEOXE

Bl 8RN 2 FAEENOxH B HOBBRERBRSEOT RBEE 5 2 —
AELELTRLIEDBDTH S, BERAE 1000 kcal/’N, CO/H2lHE 3, CH.BE
0.8%, NH3#E 1000 ppm—E & L7, REBHEOF RBEEHS 1300 COBER,

—162—

Download service for the GTSJ]  Via 3.142.144.163, 2025/05/01.



100 1000 100 1000

90} 1900 90} ) -1900
CR.
80| a 1800 80+ -1800
a CR.
101 Combuster - cMC 108] 700 10 4700
60 M 600 60
z NH * 1000 ppm| 1 : .
= . - E Combustor ; CMC 106 600
. ol v | g i HHV - 1000 keal/mN | £
o 50 CR. |NOx |y cimeny | 1900 2 = 80F o Gt ‘ossomenm | (900 E
[X] (=] NH : 1000 ppm
a0 °lo | 18 | Jfq00 = o 40f : {a00 3
> | a | 1400 bE C.R. | NOx | CO/H, |CH,. % =
ol o|m 1000 | o| o 62 | 3.2 |
3 o % 730 300 301_ A a 3.2 3.0 300

NOx
20} 1200 20} Mﬁ;: 08 | 19 4200
1o} ¢ 1100 10} Nox {100
ol . . .. 10 NP R - 10
5.0 00 150 0 5.0 10.0 15.0

A.T AT

K5 NOxBEHifsE (RERBEOLE) 6 NOxPRlifFtE (CO/Hz LBOHE)

100 — 1000 100 1000
Combustor : CMC 106
90} Combustor : CMC 106 1900 S0+ ] grtv : ;ggg :(::fll//'ll:m 1800
HHY - 1000 keal/m*N |am : 1000 ppm
gol coM, :3 1800 80 co/M, -3 1800
CH, D 0.8% cH, : 0.8%
70F NH, 11000 ppm 700 70} 1700
< 60F “-}E?/ 160 __ 60% o {600 _
a < A
= 5ol oo & Lo 1500 &
¥ sl of  [CRINOX| 7o) P S G 40— > 2 S
; ™ o 360 CR.[NOx] 1, (cC) 400
10k & | a4 (] 2200 1300 30L! o [ o | 1300 4300
a2 | a | 1160
20} 1200 20k [o [ o] so 4200
Nox == S v\
10 ;'100 10 NOx 1100
o 0 0 ] el ) L ] 1 L. 10
5.0 0.0 15.0 0 15 30 45 60 75 90
A 6 deg.

7 NOxBRHifFHE URFHREORE ) 8 NOxHElfEH (B 1 xFAEOLE)

BRAA NRFAEORBRIVEL, ZRASARRAE A5 TNOxERE O HEME
ERUIc BESHOFRBEN1100 COBAT N4 CRFHEHN 30D 5 RBIC
BFUL, 75°CRIEMER LK, Tk, BREBHOVRBEENI0COHER N A3
ZFRAEBAS O RWMITETL, 90° CTHRIEMEER UL, LUEDOHERID, BRESR
KRATAZE[EBEAFAB TR LIk, FAMICBL TINOxERREREE T 5K
BEZROCHBIENTE,

B) MEFCHLEEOXE

KO RNOxHEH R ICRIZTREFCHLBEORBERLLO D TH S, BREREH
#1000 kcal/n’N, CO/Hzl# 3, NH3BE 1000 ppm—E &L, 2HWHFICED,
CH, BESENE, NOxEREIBVWEERLL, Chid, CHWREOETIK LY,
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NH3 2 5 HCNNOERBOBTHFER L EZL 5N 5,

6) —WZEK[ILDORE

IO —REKILENOXERBOMFKECHL,BEE /54 —2ELTRLEEDT
5B, CHy28B  LIcARYT 2B KB TIE, NOxERELZR/NET 5 -KRER
URFEETIZCEBHASL LN s, CHUBEMN 3. 0% 0HE, NOxEBRBER/NE
TH—REK[KIZ0.6~0.7THY, CH4BEN0.8%0HEADENIE, 0.4~0.5
THote, CHABEOBET E L biC, NOXERBEERNET 5 —REKLBETT 5,
LicoT, BMERORFTICHBLT, REPCHL,BELAEZERB L EIR TR BLE
Th b,

70+ Combustor : CMC 106
HHY : 1000 keal/m®N
100 1000 o NH, : 1000 ppm
Combustor | CMC 106 CH, i
g0{| HHV  [1000 keal/m°N| (o] 3.0% | /900
CO/H, 3 | 0.8% o\
80H_NH,__ [1000 ppm 4800 60
{ ) Air bypass valve angle - [‘
70+ 4700
R
e 60} . 600 i o .
o 50 mfk\~\ck‘\__<ﬁ_ 1500 x < 50
g (=]
S (45) >
40} Ap A8 -400
(45) (75) . (90)
301 4300
40t
20} m \ {45) NOx 4200
10} s~ g ™9 {100
(90)
ﬂ 1 1 1 L L L 1 0 30 N i
61 2 3 4 565 6 7 0 0.5 1.0 1.5
Ar ‘ Ap
B9 NOxHeh4Et (CHLBEORE) 10 NOxERRE —-REZILOMBIG

4.2 COHEH #HE & MBER R

BRIl BRBERHOERKLECOHHBEBIURRDEBOBRERBRARE 7
Am B EUTRUE DTS B, MERBEY 730 keal/WNOEBEHERLT,
COHHBER2AF/MBICHLAD, 100ppmTTHD, BREHEIRZI 0.7THBLULT
»H oz, |

BI123ZEK N4 ~2FAELCOHHBESICRRDIBOMKREMRBEREO T R
BEEZ572 -2 LTRLELODTH 5, ENOxMEE (BHK 4 2 IFAE O HM)
2fT->Td, BEHER 9 9.4 BLULETH -,
RMIBIL—REK[KIMLECOHHBEOMKEERT, —REKEM0LL4UETECO @
BEH RPN, 04U TIRIZTBZECORAMICHBTZ, Lk T, BRESHRE
CEBELTR, ~REKHKEZ04LECHRETILEND 3,
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4.3 MBEHEFAF A2 VEBEIH

RI4ICEREHRORRES A FBRESHETRT . REFEBEDN 1000 kcal/’NOD
BAORKERFI A F 22 2VORBEERTS50CTHY, MAFAFEEUTTHBC
EARMBRA U, T, BREZEBEMN 1850 kcal/ NIKHEM U THMBER 7 4 F £ 2 0
OBRBEEIZIS 10CTH -7,

1000 100 1 000‘ 100
900 % ] 900 .
800 1 8000 o T .
700 Combustor : CMC 106 T 100 Z : :3:: |
600 HHV i 600 Olm| 900 _
E 017 | heal/moh) 2 E | [Combustor - cMc 705 =
= 500 ojo| 1850 499 = T BOOF|{HHV  : 1000 keal/meN 198
S ala| 1800 ] g;t/ . : zaug m*N/h
1000 - 5 , i
400 2 : 730 400 CH, :0.8%
300 . 300 .
200 7 200 E
co
100 L&ﬁ%% . 100 i
0 Pt (Y T S T NN R S 98 I L 1 L 1 1 1 1 L |
5.0 10.0 15.0 530 % o 75 90 %
A ’ 6 deg.
K11 CO BEH 4 & mEEsh® K12 COFEH4FMHE & BREExhR
(RBEOXE) (ZQN4 SR FPAEDORE)
1000 _%7M} = 0
[ Combustor : CMC 106 S 8 2
900 HHV : 1000 keal/m*N -
CTHLE
8001 . i} T
3'/—/
700+
Combustqy : CMC 16 HHV (keal/weN)
e 600} 900} |1, 11300 °c || — :::g
= 50 A '
g8 | N o Q\\\y,,o//jz
Al 31
4001 o 45 S 700 @ Q\»— P
300} % 600
200} £ 500
o 1 - 1
0 0.5 1.0 1.5 300 SEE—— )
A AXIAL DISTANCE
K13 —RZEKILECO PEHEE o B% K14 #REESRS 1 FBRESH
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5. ¥£&¥

1300 CRAERT AMLAN R 4 — € v MBEBOAKBRBRBRETL, BRY ALK
BONOx#E i EEZ R Lic, TR, UTOC EMNHSL ERL 52, -
(1) CHa%@BLABRAAMBBICHE TR, NOxEREL2BEDT 5 - REKK
MEREL, CHiRESBECRIOMRETT 5.
2 MEHMBOR EBICCOHHoMHDLBITF, —KREKHKEZ 0.4 L[ i
ETHBERD B, _
®Ko, AFER (B) BAFTRFEFELSEETE BOTEBLTVLS [HHRA
ZAEAHT R 2 —C Vv BRBERBORAAEO* AN RO—RELTIT-LdOTHY, TKNI
HBAEEC AR AERZEROEZHCERHABLE T,

& X W

1) w&H, £ (8), 28, I, £ (B), TARITALATR2 - VRESZOD
PR —ZXAFMERBEOEARR], T2 - rERAOAXBEIBERRALE,
CEFRTEIOR ), 1 |

2 WA, LBk, TH AR RAECRBOBRBESEE (NOxHiHFHIIRIZT 2 2 ViR
EoX® )], BTERREY Ry odiklE (FETEIZH ), 128

(3) Ruftl, BHHRFEFRYE, HEHREWS8019, (FHILE1H
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(REGEBLERREAGH) FHHBEILTVIY BLFEHAPTRS500CTHUER
RE3LBAEBEET IDT, MHBAEAEO M LB EELEHREACH S. £ 2T BE
ML —-F AT 2FTo>T03H a—Fqrv/@eC/CarviEyy bR
REBEBROZRERTIAREARLIST, 23 —-F4 Y70 - HRBEFLLELCIHHERN
BoTwd, ABTHR.BAEBBERBOEE2 NI TEIILREESDTHRIEDEEN X H,
MWt rm EXEBI3HNT, CYPMUYIRAE2C+SiCRHEL HRHEFAR:Z
T, KB LUBUFE Fh Py I7ARERED>TC/CaryHTyy PR
BEARKE2a IO - WITB3FEERHFL &

2. TFYYIAKEC/CavEIy FrOMBERHE
2. 1. BREABEES &

HAB OB BETITRBE2HNIERT . 2DOREBE L VCFRP ERBHERL K —
SARC/CHEELE <MYy 7 AREETH. BATZHEBLABS i 288
X¥T., CT LYY 7 AXC+SiCREBMEER RK#ER Yy#4® HIP
BRit, A EHRVELT. BERC/C2HELE WEELa—-F1>72U0 TR
SiC-CVDa—F4 7 %fie. X6RREL-ABEEHZLHDEB20:2 K

2T—F 4 T EELUE
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hoe =—
(17)
( T o T w )
Table.2 Values and correlation of the k-g model's functions
Table.1 Values of Constants of The k-g model .
-Jones-Launder model Lam-Bremhorst Model
-2.5 . 19.5
2
Model Su c3 ca -3 g e £, LT G | [1-exp(-0.016Rgy)] (1+
i 1+.02Ret Ret
L-J 0.09 1.55 2.0 1.0 1.3 ( !
0.06 3
L-B 0.09 1.44 1.92 1.0 1.3 f1 30 ot ?
»
. 2 2
£2 1; - 0.3exp(-Ret } 1. - exp(-Ret )
Table.3 Flow Conditions Used in the Simulation of Blade Heat au 2 '
N o
Transfer coefficient E 2y u gl sy )
8 k,
Data case My My Pg (Mpa) To (K) Ty (K} Re,c Tu (%) p 2, [ 1 °
Daniel 1 0.38 0.94 0.1900 432 288 4.80x105 4x 3y
Daniel 2 0.33 0.94 0.5810 432 288  1.30x106 4% £y b.cC. ° ok .
. =
Consigny 3 0.24 0.62 0.1275 419 296 3.39x105% 5.2% sy :
NASA 4 . 0.17 0.92 0.2450 795 644 .3.90x10% 6.5%
NASA 5 0.17 0.91 0.3950 798 . 644 ‘S'.dO‘XlO‘r' 6.5%
Mj: Inlet Mach Number; Mj: Outlet Mach Number;
Pg: Inlet Total Pressure; Tp: Inlet Total Temperature
Tyw: Wall Temperature: Re,c:. Inlet Reynold's Number(Eq.14);
Tu: Turbulence Intensity
CHQRD LENGTH 60.4mm
BLADE -1 DESING INLET ANGLE ~ 48deg BLADE-2 CHORD LENGTH 8omm
DESING OUTLET ANGLE - 64.2 deg DESIGN INLET ANGLE 30.0deg
LEADING EDGE DIA 3.2mm Yo Yox DESIGN OUTLET ANGLE = 69.5deg
" LEADING EDGE DIA 6.5mm
N TRAILING EOGE DIA  2.0mm N\ 7RALING EOGE DIA 3.0mm
Ye \ Yax Ca” 7
N\ 7 s
7 oY
APz o N c e
S c Y7 AN
Xax

Fig.'l Blade profile in Daniel and Browne's[4] experiments
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DRNIEL 'S LOW RE DATA DANIL'S HIGH BE DATA 8 1
i HiEL

HilEY b1, tptenz.

H.T.C. tH/Mxx2, K}
TS0

L-J MODEL

o ar
— o

L-B MODEL

L-B MODEL

L-B MODEL

: d

d .

1.0 PRESSURE S1DE 0.0 SUCTION SIDE T.pl-0 PRESSURE S1DE 0.0 SUCTION SIDE 1.0

NON-DIM. ARC LENGTH NON-OIM. ARC LENGTH

Fig.4 HEAT TRANSFER PREDICTION FOR DARIEL BLADE (CASE-1, TABLE-3) F1G.5 HEAT TRANSFER PREDICTION FOR DANIEL BLADE (CASE-2, TABLE-3)
CONSIGNY 'S ORTA $ e
H.T.C. (H/Mwx2.K) i fh”

150

o er.
— .

° L~-J MODEL

L-B MODEL

°°e e, ° L-B MODEL

L-J MODEL

1.0 PRESSURE SIDE 0.0 SUCTION SIDE .o
NON-DIM. RRC LENGTH

FIG.6 HEAT TRANSFER PREDICTION FOR CONSIGNY BLADE (CASE-3, TABLE-3)
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NRSA DATA CASE-1

. NASA DATA CASE-2 :
HT.C. (H/Hex2. K} 1} . H.T.C. (W/Hx2.K) i HE
150 200
° I, . o .
iy Ay
L-B_MODEL ‘ e 13 wooer,

LB Mopsr, LB MODEL

L-J MoDEL L~J MODEL,

1,0 PRESSURE S10E 0.0 SUCTION SI1DE 1.0 1.0 PRESSURE SIDE 0.0 SUCTION SIBE 1.0
NON-DIM. ARC LENGTH NON-DIM. "ARC LENGTH

F1G.7 HEAT TRANSFER PREDICTION FOR NASA C3X BLADE (CASE-4, TABLE-3) F1G.8 HEAT TRANSFER PREDICTION FOR NASA C3X BLADE (CASE-5, TABLE-3)

Bo. 1okDaniclEnBL A /A XKOBA. M1 1. 1 2NASA CXROBL
A IJNVZBOBEORAEREREENHOLRER (AR) /A ATRY 7 ¥ a Y
HoBE (£8) tRd. AAAP LML RETURERRELCBLA JAVXBHO
JARATIRY 7L s VEDBBRBEALRLR AW EB AL oL,

DANIEL 'S HIGH RE DRTA (L-J) $ ey DANIEL 'S HIGH RE BATA (L-B) g nies
H.T.C. (H/Mwn2.K) i H.T.C. (N/Hx2.K) i
2500 250 =

o o
aa ol

WITH NORMAL PRODUCTION
WITH NORWAL ERODUCTI WITH NORMAL PRODUCTION

TERM OF SHEAR STRESS

WITHOUT NORMAL PRODUCTION
TERM OF SHEAR STRESS

WITHOUT KORMAL PRODUCTION
TERM OF SHEAR STRESS

d

1.0 PRESSURE SIDE 0.0 SUCTION SIDE - 1047 PRESSURE SIDE . 0.0 "~ SUCTION SIDE .o
NON-DIN. ARC LENGTH NON-DIM. ARC LENGTH

F1G.9 GOMPARISON OF HEAT TRANSFER PREDICTION FOR DANIEL BLADE FIG.10 COMPARISON OF HEAT TRANSFER PREDICTION FOR DANIEL BLADE

(CASE-2, TABLE-3) BY L-J MODEL WITH AND WITHOUT THE NORMAL (CASB-2, TABLE-3) BY L-B MODBL WITH AND WITHOUT THE NORMAL

PRODUGTION TERM OF SHEAR STRESS PRODUCTION TERM OF SHEAR STRESS
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150
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R t50d
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L HaRMA DU WITH NORMAL PRODUCTION
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TERM OF SHEAR STRESS
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TERM OF SHEAR STRESS

d
1.0 PRESSURE SIDE 0.0 SUCTION SIDE re L
. . 0.0
NON-DIN. ARC LENGTH d PRESSURE SIDE SUCTION SIDE 1.0
. NON-DIM. ARC LENGTH
FIG.11 COMPARISON OF HEAT TRANSFER PREDICTION FOR NASA C3X BLADE F1G.12 COMPARISON OF HEAT TRANSFER PREDICTIO|
{CASE-5, TABLE-3) BY L-J MODEL WITH AND WITHOUT THE NORMAL (CASE-5, TABLE-3) BY L-B MODEL WITH AND “uig:o::ﬂ’tﬁgx :glnz::[.
PRODUCTION TERM OF SHEAR STRESS PRODUCTION TERM OF SHEAR STRESS
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BEVRATLYRO UK

(A) | (B) | (C) (D) |(E) [(F) |(G) |(H)

M 1.0 0 0.83 | 0.75 | 0.637| 0.789| 0.727 | 0.3845
F 0 1.0 1.61 | 1.17 | 1.331| 1.168| 1.199 | 1.2346
G 0.7 0.45| 1.0 1.0 1.0 1.0 1.0 1.0
A, 1.0 0 0.3402 0.3906 0.3236] 0.4032 0.3775 0.2375
A, 0 1.0 0.6598 0.6094 0.6764 0.5968 0.6225 0.7625
N1 0.7 0.3 0.4361 0.4562 0.4294 0.4613 0.4510 0.3950
Nes | 0.7 0.45 | 0.53500 0.5477 0.5309 0.5508 0.5444 0.5094
7 0.7 0.45| 0.4099 0.5208 0.5082 0.5110 0.5192 0.6176
8 0 +0.5 | -0.060 | +0.142 | +0.184 | +0.108 | +0. 151 | +0. 564
5 0 0 -0.234 | -0.049 | -0. 043 | -0.097.| -0. 046 | +0. 212
(A) BARE

(B) DSSkKkANHE

(C) CAES - Huntorf 290M¥W, HPT;46ata/ 558°C,LPT;1lata/ 825 C
(D) CAE S - NcIntosh 110 44 /538 15.5 / 871
(E) CAE S XERE 408 52 /1250 13.5 /1154
(F) CAE S YHABE -1 269 34 /600 12.3 /1154
(G) CAES - YHRE -2 345 35 /800 13.4 /1350
(H) New CAE S 421 56 /1300 7.9 /1111
5. Bbhic

CAESOMRHBRRETLERGNCRKILOBE LD 5. BHTRILOEHR
R LB —G LB LRSS N5, MM BT A R 3 KOk
HEEERED, M ERCERERET 5L BB OBEN AL 71 — £ E S
bUT. TNEBKESS VAT ABHRILCET s HEEHOBEALLEA TS
W,

8% ik

1) K. TAKEYA, H. YASUI, Trans ASME. Vol. 110, 1988, pp220

D 2 MIER, EHLEAK 1989-3, pp27
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New CAES Hi—B%
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New CAES Heat Balance

HCQ— RCO—
1
8 9 10 11 12
c 1 C 2 \\
v v
G-2 HPT 1PT LPT ._I | G/M _I |»LPC HPC
/\ /\ /2 ) 4
17 . 18
7 16 13 3
g b 2 ' > AC-1
=2 = = | . P LP
Re-Gen | FT | .o FT 1
[ = S 15 H —
o HNT st AC-2
12 — 5
' @.. () 14
O/
AC-3
L] 6
Air Storage
No P;ata T;°C No P;ata T;°C
1 1. 033 15 [ Air ] 14 230
2 16. 37 399 [ ~ ] 15 200 360 [Vater]
3 15.55 167 [ ~ ] 16 69 283 [Water]
4 61.0 401 [ ~ ] 17 69 283 [Steam]
5 0 [ ~ ] 18 10 179 [Steam]
6 60.0 5 [ ~ ]
7 58.15 523 [Air+Steam]
8 56.12 1300 [Gas+Steam]
9 15.99 896 [ ~ ]
10 8.23 [ ~ ]
11 7.94 1171t o~ ]
12 1.073 660 [ ~ ]
13 1. 033 130 [ ~ ]
7 th-F
G m
n =
e 0. 60 5
G-0.TM
0.65 n 0.55 =
5 ) n rpop
o * Th-F v
0. 60 // 0.50
0. 55 €0 - 0.45 DSS-P/P
(O @E) () [(D)
0. 50 @2 P ) 0. 40 ° oo
P (F)
0.45 0.35
(
0.40 2@ 0. 30 Peak-G/T
©
0.2 0.3 0.4 0.5 A ®
0.8 0.7 0.6 0.5 A, 0.2 0.3 0.4 0.5 A
0.8 0.7 0.6 0.5 A,
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@ 1T I AN [deg]l (6>0 JXAK, 8<0 JX)ED

fre (e, *) ERBENER  f.m(-) IBEY-EVEIRT

fern(e,*) EKEY—-EZENERT

M= §1/Ag dx  REOMERE [s7/s2] A ERHEGD] , 2 RER [
g - ESImEE -
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c EEE b BEE TY-EY TaEEY-EXY T EEY-EY

f #E 0 ARKRE 2 EEEBO 3 RSO in BAYS b

out RY 7 b L B d REHA @ WEIXN

T BER
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