;L]

197348k, H YV 7 2 V=7 K%¥D W.H.Giedt #
B0, 3 A EEELWERCE 2 28, ‘8
SIXFERR, T huvr—0fSr ohihh
TEHELALZDT, TOHEEHYFIFHE 2L
BoT, "898, 2Bni’LiEani (BKHt
H)o BEEFEDATY, FIOTHES IS L2
AN DRETBH->1:DOFPEEEBILEL
Tzo BEDBIEWHET 5 DRIEILFETTH, T
bFEETHARS 28 - I-HE, O OEHERI

BZCDTOELREB L THETXERATLY,

ERERBD DB TZRITNE, B3k TE2
DT, FRIZBETEXZ LN, Robflofzt
BHTELDR, ZELTCEE, SESBOES
FTEDKETATOIRT, FEDTHIM L R
REHARENLEES LY, MBS®LL—F
BHoltEEIRETL LI, HAR D ITHERL
THBE, WM e RFANES OB
Hi, ZOMGE»SHWMPOEELZITANS
BieholttBugd, X AiEBH S b0k

BB L, BESLWEEES APV E T8,

BBSH > CHIBDH B L EYRIIET EHHEHET,
ANDBENY -V EFHBONY—VRALC TRV
EEIEBLBRwET,
BNOZBERTRINZHESX, HEWIEN
LT, HHRZEVWIRLIZVERS, ZOHHLD
ERE, BERLREEASRERD ERA, T
Ya—4—Tk, BEE2&HFRc4I 7y rdh
i, WELIDIZBFRESEREE T, FhAE
LW ESHharyEa—¥—DHI->1-HETIRHY
F¥A, ANIFTERIZEFECRIRVWDOT, W5
T 5ORKEBILY £ T, MALIED BT 78
BREZBIANIEBOE L, ZOLEWHLEES
PBERTIZH-LEBEETL S, B3,
FABLESDZDOASEEL AHBOB 2T
AN R HZHE S DK T, =13,

(PR 2 8 7 A24HERZ D)

PEFE#H N

hasEEEE S N B W

BRI DAN T RAD, FREFHLE
EODLFARALROZIANL EVEE SIS
ELHVET, ICLTY, LS LT xR
WIEESIZ Y, OE@EOBEZICE > THEL D
DEHY ERA,

BAER, BEOREEZ 1B, BrOEER
BEh, RORXCEEOHEE®D > T, EFiz
HAEGDLENIEIFTHIRIZICRZET, 20D
BB 2 R TS AERE, KEOBHEH
BEC#-> T, KEGOREZET R,
REAACHOBHATEIBISHELDONTVET,
BEIZIE, K2 OBEEEEM L 1-Ege2E
BBIHFEL T TR b T, Bh¥oid
3 5HiRELT, Co, H, S, Z, x%0DP,
T, X 2BBC2EBICTERBE T I BLER
HY ET, ZOHE, K2 OB EH L CEHE
SRBHEE, FHEHE IR 2508, HEED
MRCIEIERIFEVEZIONDIDT, £€TD"
Mz, —>0BE% PV/RT=Z=F(T,V),
Co=f (M »LFEHET2HBE2RALE LTz,

%l 21X,

IS DRMSPES X, HEBON—F > S
T 7 LT NEDT, —SlEIIRVwEE
250, —DOOF AN LU CI0EOY 7 Fa
T LBLBET, BRIADOEIZFLEE D SKRE
BEESZ2 %7, BEX A2 EZL 28, flzifz
[T, HODHEEFADY I N—F>FasS
L1202 BB 2028, v XA N AL S
BEHLIZE, ZR0Z o LEEYY, 2,375

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—70 1990

-5 R&L o T3, HOEEH A b EIREDIE
BWBH2bDD, EBAEDHREZRMBRTHY,
B HIOR COZEARHATIISHTHHE
FHORETH 5,

B IREE S A 1L BB RS THANT AL L, &
WA AWK e & ATZERRECIIFREHES Z 20,
INBRELIERE ES3EZTROLLH S W
5L <, HHOBP HOROWHELZD, RO A
E HOBEE LD T50%, REIZIGCTTFR
TELELBOTHETHL2E5LEZ TS, Hy,
H20, CO55, RNEE 2R OWRRE TR L H>
FRTERZWVDY, ZNTHAELONV—VDH -
T, FELIEDEE LD L TR ERRLS, 22
RE INDDFFOREBYOMEREE Riznd
DEZULTOTHAHEZ 2R A, HILKED
Wilised (@A) 1w, ZOBDOTF—F REEL 20w
CHEEWLUESHD F LY, EEBELTCR
BB RonontBS, ZOBOERI,
HOTERLEZJNEAFTERWERS LEb
M, BIEEEF TRET — 2 %2 LiRILE 3
DT, FhrARETEOEERRELE> S L
Vs, EENLEEN T X DB ERABKYT,
100FRTD7 7 > FA T —VDEBRLZ, FHER
EEILCTIT o 72 FEEBRRER D, RIZeHrkbi
WEX EEbhi Lz,

MR 7 7 TN T —NVEE 5, WOEER
THETTE2HEHD TRAD, RERINTF—
YEFUEEERNE, RELEOY T NV—F
BECFHHSNS 7 —8 ORAS Lo T,
BEEVET, EHOBUIET—IBboiztL
Tb, REOHMEILERIEEAAL THEDT,
FOE EEPREIES &, BEEIMOHBFERH
BB EENTL %5 &) RBREOELE LR
SRBELD D, FiC, BARNEL, ZHED
W e iR 2 E R, T—F 2EEL:
FHBRWEBZ W, T—F 2EBIET 5 L ARIER
BELEOIALDDIERVETY, 77— HE2
oy b L TENICEMZERIZGE, 28RO
ViR TT - OEOE LB UK CHKR T
niE, £TOF—FHIL—TE 3 WEIHED
HEESDT, 0B ZBEZONI:T—F %
FAMEDH O & BULiA g b RO EEhE 15
ShBBE0RH 5, Mz, BHEREBOZEZRD (Cp/

3.49180

Cpo/R
160

140

BEC°K)
20 80 120 160

3.49120

RIODTFT—%%7ay hLIzbDTH 5, Bl
BT =Y RHEBEORLTYH, MEAABT—F A
LT RO LETICED, ERESRTHRE
&, CORFLHERRYKET L, F2LLPp
RHBEBEOSNEDT, ZOT7—¥ 2RI
FIETIEUERERD 5, BEHED R IX, WE
DY AP DE S N B ENE W, 10K 2 5300K
FTOC,DRZ, A7 A4 VEHTHETTR?S
Y, 200KEAFOEFEAH R ¥ — B > OREHCHE
ERH5ZLBBOTHTH S, RLEERZE LD
MBS, MAORERELANLRLEZ %,

PFEE R E D EEbh i, BoOrEBAWERS
JPEERPREVOLFFRETFIELVWOT, FRMNE
WL HRRDD LB S TEEED D, [MFn
TR2 LA E TT> THHEBRZEA TR,
Bz iz o 72 ARICZ > T L E 5> TW B3 b7,
ZOBEROI:ORFPEMED & 12572, B
D ITBEE RV, KL S BESHER
BEBED oD, BEDLS RN EOES
THREZEOBE 2T, TEAESTLOBEE LR
¥ 57, DIK60E, £EE L TSHIES>TWS,
SREELRZ L THAEENTE 250 RHIRE
BRSO 2D, BEERERREFICL->T, &
BEREAL, EXE2RIZLTCHE 2BV LRI
RUdY £9, ERTALHE ZBREIHEZ W
F9, NEXEEEZ2—IRDLZLSVEREICL
T, LHIPEFRICRBENRE R LRV E, A
BERBLEORICLETL &9, HOLBTATYS,
ERTU2b0TERVWESEIDLOHNE R Ao
Nawm—ETCEOBRD D $8 A, THTRAE
PELEIFOMEI TVET, RLEHD (¥
V74— 7B ERA, APV
BEABTERLWL, 4P #EIFREEOWIE L5
CTwE 3,

— 2 —

Download service for the GTSJ member of ID, via 160.16.212.192, 2025/06/02.



1. IFC&®IC
BEOAREL, FHAT —Y a2 VEHENOZ,
7V —7 54 Y —5tH%E, FHESHIELIKL,
BOEICBWT S IR E TREROBE THEERD
PHRIEER : © 2 FHBE W CREFT O #ans
ODNERAHLTH D, 5, Iv¥ariILHEHE
bz, UL, pORKETREERS, F
HIBH OIARIZFED, ZO—RIANVF—LixD
BHOREDDLRINCERT 5, ¥k, RO XS
REHETEVBEE SN D,

(1) #EkfEEoKREL

2) FEATF—Yary7Y—FA
3) 7U—734¥¥— (SFU)
4

5 BIEST7v N7 x—A
6) FHIS
(1) B/ KEOEMERD X UREREE
1990FERBEADOFHIBENC B\ T AR SR
fE¥EL, BE) - REZCHLIFHREOL &
THLXDERI vy a VIR FEIRTHWE, Zh
HIHET 2KEOFH R T —v 3 EHE? RN
DO aa UNAFHEYE 12X, B kW EOX
BEOBNIANF—DRELRY, Z07:0DE
NFEEFERE U TREKREAFER K-> TEAIZK
BBERENFHINS, ZOERBERELT,
() #hEOR LW X 2EXEROBAICLY,
a) ZEHEROEAEZY, BEEEERED:
» OHERHERIWD T 5, ‘
b) HENEOEHEEERY LY, RITEEH
HBRES kb, ‘
2) HERO/NZVEREEZFHL, REO—

(2)
(3)
(4) REREEY 2 Lol 2 B
(5)
(6)

| (PR 2 4 7 B20HERZAT)

Z7vM4 b1 o0 EFIRL I

FEHARES X T LM
Wi ST O 3B &
) b E R
SEETERRSH 2 A 2 A

El, H2WIFENMEOEEEIRIER LIT 2
%, ;
(3) KB HOERIZNL, YATF ALAERIERT
4) WBEHRSIPBEI NS,
(6) Y AT AFMHPKRL B,
(6) BHRABHENLRRABITEL K %,
ZORER, urvy NI AFTEFaxy PO TR
GERAa R NBEck s, MED XS, 5%
OFHFAFKICR P E R VEIREBELERDO—
BELZED, ZOEAYIIM 1 CTFEIRS,
o TEMICb I 2B OMKERD S, 19954
2EIC100kW~10MW 2 E 2 K OB F4AE
BDHEE 25, K2 RTFHL R VF—FHox
691 5 LT 1 MW %8 2 2 FE T3 KB EE
IO BFEFHIANF—ABITLTHLBDER
ohb, ‘
CDXIBBHEBSAT AIROLELRDTF T
AFLADIDTHBI7U—ART VA NvH A2
IV DBFERERA 2 iz, NN BT 5%
DEF, FEHELD T2 OFEMEERES S D0nT
BB, , :
2. BRES AT LOEE & 4 HEE
FHEAAZEMEL, KB AvF— 28R
ELITVA N UBEEVATLAOBERN 3
R, KBEXSE (av 275 —) »s ORI,
RWEHESNRE L OREE (L —N) CEDS
N, ZOBO—IRIZERIEE OrEEhiik I {BE
I, OB CTHREREEE L CERFI
D9, BEHE (LEO) RITHRORETII,
HIER () 2 1XEE500km T 1 BRI DI 2 /
3) WHIBLH 2720, HERICHREL 28
BREITI L OTE2ERE (—BOHL A

o)

— 3 —

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—70 1990

1000 MW —

/¢
MARS s
LUNAR CAMP
'

100 MW —

10 MW |
1MW

B

¥ 00 kw |~ CURRENT SPACECRAFT

R SKYLAB

® 0w ®

1w

100 W

171717

1w

1970 1990 2010
H B F

M1 FHEOEAMER

pd
SOLAR INPUT

 FREQUENCY
CHANGER

COMPRE SSOR

PRIMARY
ELECTRIC
POWER

ELECTRIC
ERGY

HEAT

.| REJECTION
SYSTEM

\\

THERMAL
ENERGY

CONCENTRATOR

M3 7TvA NKBEFEEY AT LD

F—K) *ZERBLUAT2LEY»D S, 20D
BHEFRIC I —RICHIE L 2D BB OB ERFI A
BEM L5 % 72, BEHE» S OF A AV F —
PEEZEMICHRE T 5 -0 0RES (YL —F)
bRLE LD, OB EEHOARZ X B,
BHEY AT ACHEHA SN EBHE8I1X, —Ric
TVvA Ny, RFZ—DVT, FFDIBD1
DOV A I VHEREND, BEBEEEALT 5
e DEMBEER 1 CRTY, FyFrovy
VIMEETEE @ v y) OHELREOS

W BEC BRI EIC R HES DY, WET

DEFDBRAEEI TN 20, KA 7 VvD 7 v
L PV ERI—Y VT O U BNERAEMSRT
bEHLEZ NS, BT 2HE I TEE
LeoEESIHE, MoarafRtEsdy, RickB
BREDORS, TEMOHEL LB CEET 5
HE), BENXIIEIRFOEHEREICOWTHSH
BRERBWHBEL LS,

LT 3 DOBBEEY 1 7V EFIAT 2K
BEFKEY AT LZDOVT, FhoDHEES B

W -

105 \
\ NUCLEAR DYNAMIC
ol \\ SYSTEMS
© \
= \
— 109}  CHEMICAL DYNAMIC \
/‘\
SYSTEMS VA SOLAR DYNAMIC

R \
2 W} / JueL “ D SPACE
w { \ STATION
® = . |°PEP <.sxvLAm

10 v‘\\\ 1 sﬁf,ﬁ& l' SOLAR PHOTOVOLTAIC

~ \
~
~ \ APOLLO o, 01080T0PE DYNAMIC OR
1+ PRIMARY N GEMINI * !
BATTERIES N3 . / THERMOELECTRIC SYSTEMS
.o N ALSEP
10-1 5 'MERCURIV N II *a 1 J
10-2 101 1 10 102 109 104 10%
1o va vEERKBE [ HR]
K2 ERARM & 5 2R

L, $EXROKBNRBELOHEBEER2 TR
70, (EHLERFOZEKIET I, WTh OB IC B
WT HEBEH L EEBHXIIREIER & O
HEIHR, EHEBEOERIC LD 3~ 4 F5E
ah, BLEREBHEEROKXBRZEEIES S,
YAFAERICELTIR, AF—V) > I BREEIR
o 2 D DB I ARENR T WS, FaicBiL
T, ¥y r3EREoMm EEZEEEL,
T4 by 319604 D NASA OB
B2 4 AR EHRESRBROEE LI X
2T, B, ZOERAEBNSLTWE, RF—
Vo7 onTid, KET7V—-EXFATS
2oLl B COMREEIREENTh I T,

KET, BE FHAT—¥ a VEtHE (KB
#HIF) TV A by A 2, —F, SP—1005tHE
(7 H2d5) ® ASD iHlE CKEBBEYR) Tiz7v
A FIRRY =Y TV A IV EHAT 2H8HKE
¥ AT A DEMBAFESEA TV B, B4 1R
FTEHATF—Yary (Z7z—XI) "OBHFL L
T, XFRE(I5kW) & 7 v 4 b o 8FEE (25kW X
2 #) D125kW A 7V v Ry A7 AHEHEE L
T,

AKEENFBTIE, BVLELLLLBERLEZES 7
DICRYEIRSEISEITN S, VY — NI AS
MOHES L FEEPR/MNCT 2720 /MNIBDOA
HAZ D OF Y ET 4 BIBEL T35, Bl LD
HEREOBITEICHER T 2 BB I ITB LT RV
F—HELRABM L OBFSE(RR, BIEHRE)
2ET3 L0088 THh, BE, REMMEEXNSZ
EPFBEE 2, B TIERIE L EBIEOR

— 4 —

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTS] 18—70 1990 sas - S

#1 FHAAEARRBEOKMHRE

5 v % v (ORC) 7 v4 b v (CBC) ZY~ERI/RE=Y VT (FSC)
. :ggggﬂmi bz V)DL - A/ BMBOMBETER (BERY-77) - Wi - WEMHORE
. ﬂ&i?‘]'co 2 HERAHIE « FRE. * WEMEORE HAORIE: y—v | K548k
B, FrEF—va vl - ERERRom L
o H A2 OERHFMIL - BEE(L L RB)DER
« RAMZEORF ML s V¥ aRv—-2 o/NUERIE
. - ) = 7RBBROEEIRIL
< g~ VHROE L - BEFIREORE

F2 KEHAELCRES AT LOMEEHEK

KB ERB(¥YIVERE Gadser) FExA MR
# . NiCd ¥ 72 idNiE,Rith g&mmmm (RFC) 5% % (0RC) |7vA4 bv* (CBO) | R&—~Y v ¥ (SO
YR 7 ARER ) 8~156% 16. 7%(10C) 24, 1%(l0C) >26%
x v P UR ; 26. 3%(l0C) 35. 49%(10C) | 3 5%(10C LIk
RHUED (Drag) % # FERB 27 AD1/3~1/4, ORC>CBC>SC
¥y 27 nEi 337 kg/khe | - 202 kg/kWe(10C) | 181 kg/KWe(10C) | (129 kg/k¥e)
vy vEk - - 11 kg/k¥e 15 kg/kWe 8.0 kg/kWe
% i ARt FAS1 05 WSS 7 % 7 4 7 £
® =" PERWGE A | 10GRRIELEEE | 4 FRMELLEE | 8 TRAIELLEE
RRIEHOIK N"NEABREAOLDLDER T Y a- VB
(BX 300 KN)
AVFF VR TV~ BB ETa—~-~NEA

% NASA Space Station Electric Power System [Work Package 4]1: Engineering Data Book (1986).
10C = Initial Operating Capability CWINHERIv ~u)

TORS Antenna ZEREFE LW, LrL, Ihi@Hficsyr—%
HEOHKY*ERE, TOEERREITTRIERE
POERELEI LR >TLED, 5T, &
WY AT LRIEPEWHHERE2E 2 C3E{Y 7
VAT LD, EERM, MR EOED» S B
HEBEY AT LBV ORELER S LT h 5w,
EWIFRFHE TCORFKEE Y X 7 A DOBEATTREN:
i, FEHAT—YarOBHB DS, Z0OH

\ HIEAT—va v ECOERERE v ¥ a VI ER
M4 FHRAF—¥3>7)—%APHASEII BAOVBERTSDT, #ZTOEIEEIZI0
KkWiET2 L Sbh3d, ZD7:% NASA VA
B (FvA4 brTRY—-EY /EHEBOAOER  ATERNIZ6.2HA PV ERE L T1988F 12 kB
B, —iwc 2 0FHEI31.5<TIT/CIT<3.5ThH  BREABREMWEEERL, FHEAT—varyo7/
%) BRELTHIENBOBSEREBL I LI VA b RBEML O 2RO 2 BB T
7Y, ZORBERAEBIATLOMERS LR T2, W5,2006EICFEEINS 7 = — X DI125kW F
¥ 72, BEOWMIAFTB#EZNETE, K &ETE, K5RTBkW 7V brEYa—n
ENER, TR FREONEBERLCORN S, 2EBMPFERAINTWS, ZITH6IRT LI,
BERELE LT 5103, BEAOBEIHMEDO B ELBARBORZBRLELZEZILI—ATA
HHEEE IR OIS -, BEBOBER2 TS F—avOBEHNEEICHT 2 ERI R bR HE

Moblle Servicing Center

Thermal
Radlator

— 5 —

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—70 1990

LRERERNC L 2 &, 0EOERH CE R L
DEHIDAIRETH 2 LEfEL T 3,

X 5 IZ20004ERATEE T 1 B I B 1T 5 KB
BXEEFHIANFEF—2FHLUBREEY R T
LAD=—ABEL S, CHEHIGT 220DV
MEERZERT (JPL) 13 7 EOERA B EIE- 7
100kW FHIEF 11 FEY A 7 4 (SP—1005}#)
2EZ, 190FERH ERB 21T FETH %,
2V A ABFFERT D CSTI SHEOT L, 20004E4%
DFEHEZHIEL 7V —ERA MY RF—) 7 DB
FEMHEA TV B, :
3. TLA b oBRBIZLELERRIN
3.1 KB#&LUBEFHBE .

FHETORER ICb 2 5 B/HHE OBIE I 1T,
KEAB L VPHFIZI AN —hH 2, KE»S
EBENS Sy v a Yy, Bz TREEERICIT,
I~10kWe iTHEUTo Y474 Y =78
IR GAEE Pu—238), REIFEMPRE /I 12100

SUN SENSOR

RADIATOR

ASSEMBLY CONCENTRATOR

ASSEMBLY

RECEIVER ASSEMBLY

LINEAR ACTUATOR
POWER CONVERSION UNIT (PCU)
>y ASSEMBLY :

J : . .

INTERFACE STRUCTURE
ASSEMBLY

SD EQUIPMENT BOX

BETA JOINT/
ROLL RING

poy
n

— Legend
Case 1 - Al PV
Case2 - SD Hybrid

= N
T

@skw pv)| c@se!
10+ | Case 3 - SD Hybrid $3.3
{25 kW PV) E

o
1

P¥=Photovoltaic"
SD=Solar Dynamic

S 0FOEAE IR}
[10@&FAN)
®
T

4 i i 1 1 1 1 1
] 50 100 150 200 250 300 350

BAV A [k¥]

M6 FHEAT—YaYOFREZEHIZL

A« MR

kWe AL EOBWEE L CETFFELALETH 2
B8, HUERELE D & 5 I I EE A E
NBFTH, £OHRIINVE—EFHT 2 DM
Sl LCbENTHL, ,

KEHEED 2 FROFTH, FHAME v
vavERAPEETL L, M7 CRTESERE S
7V RBEITONE, UL REKIOY%L
ZERT 2HEWE, EEADA 7y N
REMGEDHER S, F 7o AR R 555 0 B AR+
ELTREREESBABEREREEO/NI W

CFRP 258 ¥ L, BHC{EBUE OB C TR

BRI & 2 REHL R < 72D I RERE OIS H

DL %D, S5CHELEEMY R LT A T

SEIL, DA - EREEZ b -2 280, ax
MEWRL, BEEBERE, BERLICORNE, 722

D S 2 N VR 2 TS O VA S R R
(£0.1ELIN) BEL 25109,

3.2 BH . -EH% » .
KBEFEE S 2 7 A BT 2 FEMHMEHHE

ERBTT 25E, B EOBEARMEGET 27

iz, HEREAC 1k HIBR O B HHA B & FIRE o 2
MEZERSE D S BRREICHHE T 2 L8R H 2,

ZOGGEERENC D 72 2 B EAS 24T %,
HERB 2 YE O RS E D % BEEE O B E IR B 12
LT ICRT, v A by, RF—Y
THA I NDE— 7 BEICRUENIZIE—EL, &
Y0 OWHBOK S BYE & LTk LiF,Lil 2
%, 203 % LiF BLFIN BT E T, B
TERER D & BRI ER Th 5, —HLHE
BT 2 E B ORIRILF X 565~60% TH D,

. .
- 1h 3551

4 (Fivw)

(i) o: KRt
(a)E&X

M7 ERKREBELFR

®) HesvrA

— 6 —

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—70 1990

3000 T ] T q
I ko3 w : k3 u_‘J ; ¥
| x ] LB Ol
Hle Olo > N
e g8 518 512
- %) 2 il Sl
2 we > a4 >
= w 2 a2 zl2
~ 2000 | < [ 0«
iy ¢la zZ(|z ela
= G S8 e
— e = (s = =
Sl@ 5 & &, &
1500 l'— 2 (=
g | 4 80 LioH + 20 LiFfY) : R
& { | oLietd
1000 o t N
& l Lion@) ‘ {
| | NO_| DENSITY, (kg/m3)
| 1 1500 -
500 f 112 1460
3 790
| I ]a 2640
| | I 11
500 600 700 800 900 1000 1100 1200

ERHOBA (K]
B8 SRS & FEHM L DBEEI

PHASE CHANGE
MATERIAL
(LIF-CaFy)

THERMAL ENERGY
STORAGE (TES)
CONTAINMENT
CANISTER

M9 FHAT—varHAERSROME

ZRICHARS LU EDBEWEBSIESE S 1
5, FREROFWOLRI LLIARREARTDH S,
WEDOE Z D H\Wid), fEEMEILOBRYEL B8P
% %B T, ERAROELER, —EFFHzH
BEL L, BMEBIOFHmA RS T2 ECd RS,
LirL, BEMOHEBILCET 2EBEC Lo
TETLERORERBERCEELS 2530
DTk, BUSHARB OB K& 2iEE R
T 5, BRTIEBMBERELD b XN EWE
THEHR (Fy =R —) OFVBERIKE W,
—fl & LT NASA 2538E L 72328 - EBREGE O
REH I WCRT,
3.3 7LA FrBghTERER

TYY v ERBREIN—XF v 7RO—RIAE
BkoTEY, >y BREREEERGE
YW EEIZOFEMERAT 5, TV A bUE
Ya—nN7TiR, M3IWRLELDIW, BEEOR
WIEBIA A 2 BB CHE L2, Vv F 21—
Y GBE SV — 7 4 VIEEERGER) LV Y —
NEBFOTCHEBL, ¥—EVTERL A,

ECER

COOLANT
CONNECTIONS

THRUST BEARIKG
ASSEMBLY
JOURNAL
BRARING
COMPRESSOR
IMPELLER

» COMBINED ROTATING UNIT

10 FEATFT—YarBHA7vA4 vy

VFaRv—FiZEONDE, &5, FEEITMAR
Sy r—y THEIE N THERMRCRE S NS,
RER IR 5 — ©y OFRIChET 5, L
3N BTEEN Y ANDOBILEE, 2 L TEEIY X
DB T YL —F NOBRBWITRE SO,
KEEOWERB 2 2@ E— b5 70
wohb, .

19604E % 1= NASA v A A BRGE T 53175 7210
kW 7LV 4 N v Y YOS TIR, KEEZ
Fr NN OHERERB W & D #29% (TIT=
1,140°K, [EH2#36,000RPM) %=L 72, HIE
FEROFHEA VA by Y 9, B0
TT Lo, ~BIYTNIA TOENEKE ¥ —
ErEEL, Kb 3ERHNIREOERE T,
H/7138kWe, H A 7 VEh#31.2% (TIT=999°K,
32,000RPM) » HEMEECLTWw5E, ZhiZ X
D, BREBEY 2 —VOERRT,440kg, PUIHEHE
®5m/kWe it & RIAATWS, 74V +—7
BHIERFIFHLI/N DT VA DU FHBEYAT LI,
K*E DA NVF—4E (DOE) THFEOEINTE
D, TOYAT LAMBERIHI2ILREND,
TVA MU A I VEFEHEKEBCHVWS L
WKIRKEL 2DODFEDBETONE, 121, &
HOEE 7NV — T DD W ENOEERIZEALY
239, ik FHROENDIR I ETORFD
RETHHIETHD, bI—2F, HIDOAE
T, FEIFREOHELZ2EMIEEILICE>T
FEEHEEZ T KB HEERTE2 LT
Hb, FOERAL» SR THREBRIREVAY v b
Thb, $TEVHERO=—XELTFEEHES T
b7 — oz ETHEER REERR, WHKR)

— 7 —

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTS] 18—70 1990

i -

486 kPa (70.5 pals)
999K (1340F)

1.07 kgfs (2.36 Ibvs)

EFFICIENCY
EFFICIENCY
e [
KW, OUTPUT
38 kW,
AN 0.51 ks (1.13 lws)
RADIATOR 672K (751F) 1054K (1439F)
1034K (1402F)

EFFECTIVENESS = 0.95

M1l 7v4 b BRBCBIARAHENIBROBERE: (FHRAT—v a3 > H)

8 MAIN RADIATOR
f

RECUPERATOR

TAC COOLING
RADIATOR

PARASITIC
LOAD
AADIATOR

M12 74Y +F—TBROBRES AT A

REET A I LI ZREEMLSE W E TR A,
Z OB BB HRZ I TV A4 b YA 2 VOFH
BHIMERTELLEZO5N S,
FHEHZa—-XF7Tv 4 b Y4 2 VvOEE
HELT, NIV LEFE VORENADBHAL
5hd, IhiE, BEXHEOFHELLT, NV
LDFEWHEE R LB OWEVRES L LT,
F/UERELTBONIEEREE2EbY
o,
B13IXFEIY 4 2V DE) HERTH S, AN
DEMBA IREE, WEBEEMICE > TBRAIED,
HAdR, BB CIVRREREIN, ZITOEN
BHEBH->TI—EAO (DR) BB, 57—
EYTHERESE® U TCHRER, AR, BT
BEBETEEHENBEELD> TARIIKES,

TURBINE

0T

1
" 00774‘3 R
COMPRESSOR OLERIRADIATOR
C,T_L__A -

R -

K13 7vA4 rr¥ 4 7200E) LBH

D—E DIRMAEE - A—>BOFEHEOER S
tLTHond, IPTE—FBo>ChHEERT
BRI N2HITH S, o T2ZHB IO
BT 2LBOHLDIFC-D, BEABTHET 2
DEBRHLDEIF->AL5, FHEEOENES
LEFTWL EBA L EADOBRESREIGED &,
DWIZEHIRLTLE S, ZORETCREESRIZ
2285, #EIZ, ZERELRABOHTH
¥5, —MRiZ, 70— FHA 7 VvD%ER, F
EHEERRBEFALIECENDL (£2) oF
ffce—2Ek5%, LL, THIIZHEZDD
DHBMEWTDIZ, HREIRFIC LY Y U BEHEIER X
WET 2 TORBBEL R, BERAEIRY
HECTRBABECRORWEZABKERREEE 2
5, DEOBELERIZY — Y AOBES LT
BET, YREIZEMDH, ¥—ErHEoOfm
EEanx EORIERELC T %,

— 8 —

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—70 1990

FHARKBY AT LOFEF LOF —RA >~ M i,
BREL VERWCH D, W LAY Y v OMREFHE
RSN IRBNFHEEEIY TEE oR0,
M14139- 4 7 VEhE, S, Y AT LEERIWKD
WCHT L e—BITh %, BEIEOREAITLT
LHREOEERZS 2V, YV OEN
WBAR T 2 R MAER IR ENICSAEL L3RS
D, BRI IBREEREOANEETHY, ENT
BREISWRT AT A V2, ¥y —F V%2, %
B2 (RIRANCERE U 7o CRAMERFE
HEhTW5,

3.4 H#RR

X13TF—ADELBPEER DOZ TR D& T,
7 OHERE ZBHE 1 D60~T0% 12 ET 5, FHE
BTk, G, £27HLERHIicTiTbhs,
- THERR B W BEXEES & 2 OFIHIIEE
ThY, Mz TLBERRY 7B 2P LTH
MEEEED L I ENRKEHRTEEL 25,
BRI IR B HARPERIN TV 5,

(1) EBEREREHAZ Y z—-%

(2) R 7XiFe— 84 ZREOHEL—

VA 4

(3) HHEEHASIY ¥

CHNETORREEEL LT, DEQ»¥H 5,
DoHFRIZ, BEBEOEEIREZODET Y
I— Y WREERT, TvA YA 2 VOREO
—OThLHHEREDOE N L (H13, FH)
bV, SHEBETBED 4 FICHHIT S5 Lh

- 1B

>, BEERLEI I FETHD S, KHE, F
i (BAOEE%) OB IEEIfRER2ES DT
WENKEWI &L, EAEREMNT 5, 2)D
HRE, ERFHEELETROBZHINTEY, E
BbbEV, L, AR /ML TE— 8
TREWCEY I YL —F ORBIRABEZE#RT 5
7o, FARIRE XA RBRELUT L 20 LERHRE
HEBKELS L, B DITE, 7Y T —
FHEEHEL DX 7Y a v iZSEL CREARER:
REREL TR EDEREDH 5310 HARICEH
wm L CHEHEMMZ#ET sy,
BRFCEHEBEAICERINS DT, HPEE
ERBOK T & 2BEGEI VI HETHY,
KETERERBRBI TR TWws, 2ITEED
oD ICREN R KIS V. — 5 OBERE L HLE
BEORR®EZHI6ICR T,

3.5 BhHHE

iz 72X 512, v 4 by A 7 VO
D—2, HHOUERTH S, & (HE) &
HBHFORETELT DT, BXERTIEE
VvV, LYY VEERBET S & IFRERBEE
DERTBEOTHFZ L L B\, BYRBMA»IZ L -
TRWFE 208, KIBGBFREBED L 5 KZHENE
B—EDYATLTH, fFEITfAELZZ(LEES
ZErWEoT, EFESIBEROEILE, F-E¥
ADBREOZ i & Y ERETHI2ELI RS
ZEWTES, 2hiE, FAYA I vThsI L L,
LROBED—ETHLIBRTH S, ZDOFE~E
EhTIcd, REROBEVEETDH 5, EHE
Maviro—we2hBETEY T 75 ARIFEA

40

20

10 _kWe

VAT A
VRN

/ N

. ~
; Peak Point \\

ERRYE
72.6 %
82.0 %

7 4.0

HREBRBIFTAETHY, FETFREPRERIE

LTWwa,

FANF AT Ny FBT ¥~ FVRE
RANLIATN—THERIR LU

EP AR RSN |

7

~ ~™
~ ol
-~
NS =
wo
>
~ < .
- B 727 AT Bt x
= 8 a0} (Bl 3.0
2
N L
R~ L]
H 4 4
R h
X
>

_—s
-~ . .-

10 " 1 I . 1 L 1 1.0

B14 10kWe 7V A4 b > ¥ AT ADHEERE

\

\

T

s\

Qey—a? b
TAYRX~-YEERT

TNI - YBET

avSryt-po Y-YVAD

P-ErHn

y-¥y

ayryvyy~

H15 REH7VA b oFREE (MHIH)

_9___

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—70 1990

\

\ /— Shuttle Fluid Loop
Vought D-ploynblt
| \A;“;— Grumman Hybrid
",_—-— Hermes (CTS) Heat Pipe
e Power Moduls
10! — \
— \ @ Fiown
— & Development
: o/Td W Advanced Studies
—_ - Q Pretiminary Studies
= 3 O LDR&CPR
~ DOKapton
©o Belt \
- 100 e 1 SPS Brayton
— == DD."”’“'." LDR Brayton
L. Pump Oil
- Droplets \
:\_-il : \\‘Spar Heat Pipe
@ P Thermoelectric SP-100 N \ M Thermionic SP-100
- Li LDR L] SPS K Rankine
m o LDR K Rankine
ﬁ 1 . hloo MW Rotating Panel
N = Rotating Bail iqui
g {Liquid]
= e o (g
\ = Dust Particles
m -
L B Li Droplat
21 .
10 = "
[ ""lllll
103 ) l I l
0 200 400 600 BDD 1000 1200 1400
5YVx -y BF (K]
W o = =33 b
16 FHAFKER 7 Y — OMEEEK
4, BbHYIC

INETFHIZBISZ 7V A b BAFRERMIC
DWTHRART & 7228, KETIE, BRNL D KB
BOFEFHI ANV 2B LTI BAFEEY AT
LB EEET 5 72 I E T ORFFEER 2 BRI
HEDTWD, Thd s DRFEERMOHR 2 18
T3, SHECERENZFHAT —Ya D
BHERCH L TKBRAEZRAW T v 4 N U RE
BRUDTFEHTCEHE N, 2l snT
IRB T, AEEMPAEFEOREFR L
LCEFH, 74V b—T%BJEIC L7271 A b
CHEYVATARERLTW D EEDbNS,

RDICHTeo T, FROFHEBFEDOFKRIEAK
HEIRBHOER, ZHIEZ D » DBREICE
2 BB OV B BEA TS, BRoEI
BOTHBRES AT LA DEBEM e LT 2 2
ERBRICEENS, F OB ki O AR
HKEWCHICHATE, BIMELDOHh 331 ¥—
T EME D PHERBREDREbD—Bh &b

it - w

25,

SE R

1) PNEER, KBESELBBEIREICEY 2 £,
TM-572(1987-4) .

2) Labus, T.L., Secunde, R.R.&Lovely, R.G., Solar
Dynamic Power for Space Station Freedom, Space
Power, 8-1/2 (1989) .

3) Sprengel, U., Westphal, W., The Potential of Solar
Dynamic Power systems for Future Space Applica-
tions, IAF-86136(1986) .

4) ILOFA, TIAF X=—2 XY —ERSHCSML T,
MEFHEESE, 432(1990) .

5) Rice, R.R., Space Station Power System Selection,
IECEC No. 86429(1986) . .

6) LOFA, FHICBIT 3 KBEEFRE,
40- 2 (1988) .

7) Thomas, R.L.&Hallinan, G.J., Design of the Space
Station Freedom Power System,24th IECEC No
899565 (1989) .

8) LA, £XMHEEOMERE, HEH, TM
-597(1988) . : :

9) Marshall, M.F.,i¥# 244, Evolutional Growth for
Space Station Freedom Electrical Power System,
24th TECEC Na 89269, (1989) .

10) Winter, J.M., CSTI High Capability Power, [IECEC
No. 899494 (1989) .

11) PHEE, KEHENEEE, OHM'87/4 (1987).

12) WNEZE» 44, FHERAKGEREY A T8IV
ZOENREBICET 5 L JIEE TS,
102(1989-4) .

13) Boretz, J.E,, Energy Storage for Solar Dynamic
Systems, IECEC No. 859302 (1985) .

14) English, R.E., Technology for Brayton-Cycle Space
Powerplants Using Solar and Nuclear Energy, NASA
TP-2558(1986) .

15) Harper, W.B., Pietsch, A.& Baggenstqss, WG,
The Future of Closed Brayton Cycle Space Power
Systems, Space Power, 8 - 1 /2 (1989) .

16) Turi, J.A., Copenter, R.T., Advanced Space Power
Systems, Space Power, 9 -1 (1990) . ‘
17) Kishimoto, k.& Yasui, M., “Deve]opmént of Closed
Brayton Cycle Engine for Solar Power LO,/LH,

Production System”, IECEC-89 paper, (1989) .

18) Carelli, M.D.iZ#» 34, A Novel Heat Rejection
System for Space Appilcations: The Curie Point
Radiator, 21st IECEC No 869425 (1986).

e

HIXNF—,

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



#

\n\\

HEAT TRANSFER IN AERO ENGINE GAS
TURBINES-Part 1II

CHIEF OF TURBINE TECHNOLOGY ROLLS-ROYCE PLC C T J SCRIVENER

INTRODUCTION

Part 1 of this paper described typical HP
turbine blade designs and viewed some impor-
tant aspects of aerofoil internal heat transfer.
Part 2 covers some important features of aer-
ofoil external heat transfer. This is followed by
a summary of areas where future heat transfer
research is needed in order to provide a better
ther-
modynamics. This will permit them to be

understanding of the fundamental

directly modelled and thus will provide better
predictive design tools.
4. AEROFOIL EXTERNAL HEAT TRANS-
FER

External heat flow to the turbine aerofoil is
conventionally expressed as = ho (Tg-Tw)
where ho is the external heat transfer coeffi-
cient. The HTC distribution around the aerofoil
is a function of many parameters, usually ex-
pressed in dimensionless forms. such as
Reynolds number,; Mach number, surface curva-
ture, gas to wall temperature ratio, surface
roughness, for example. In addition neighbour-
ing components have an influence through
effects like the freestream gas temperature
traverse, freestreAam turbulence, unsteadiness,
and shock/boundary layer interactions.
4.1 Blade Heat Transfer Coefficient Distribu-

tion

In order to understand the influence of the
above effects, research has been. carried out
using two dimensional aerofoils tested in cas-
cade at representative non-dimensional condi-
tions: From this work improved calculation

(TR 2 4 4 A21 DR )
© Rolls=RoycePlc1990

methods have been derived, with modelling
based on a physical understanding of the flows.
Typical results for a transonic aerofoil from a

- high pressure/high temperature cascade tested

at Rolls-Royce and from a transient cascade
facility at Oxford University using machinable
ceramic aerofoils, are shown in Fig 11. The
Rolls-Royce test used a thin walled metal aer-
ofoil, with the internal cooling air temperature
varied sinusoidally. The agreement between
these very dissimilar techniques is very encour-
aging. However, it must be said that the differ-
ence would be significant in terms of the conse-
quent aerofoil life prediction. It is worth noting
that the heat transfer coefficient is significantly
higher on the concave pres'siJre surface of the
aerofoil. Suction surface heat transfer can be
moderately well predicted using boundary layer
techniques provided a satisfactory evaluation
of transition can be achieved. An allowance for
the effects of freestream turbulence and gas to
wall température ratios is included. Pressure
surface calculations are more difficult, and heat
transfer levels are frequently seen to be above
even the turbulent level. It is observed that
streamwise Taylor Goertler vortices on the
concave surface are responsible for a modifica-
tion of the boundary layer structure and an
enhancement of the heat transfer level. A typi-
cal comparison between measured and calcu-
lated external heat flux for a nozzle guide vane
aerofoil tested in a transient cascade test at
Oxford University is shown in Fig 12. It can be
seen that the effects described above have been
satisfactorily modeled in the calculation
method. Tests at Oxford and in other similar
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- Fig 11 Comparison of aerofoil heat transfer measurements
from the ILPT and RR rig
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Fig 12 Aerofoil heat flux-cascade

facilities have been used to evaluate the effects 4.2 The Influence of Rotation and Wakes from
of freestream turbulence and aerofoil surface Upstream Aerofoils

roughness on external heat transfer. Both pro- The rotor blande in the HP turbine of an aero
vide a distinct increase in external heat transfer gas turbine is subject both to the influence of
coefficient, and they are each relevant to the high speed rotation, and the impingement on to
operating environment for the turbine in an the aerofoil of wakes and shock waves from the
engine. ’ upstream blade row. The latter effect provides
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a regular periodic fluctuation of the rotor inlet
flow, as can be seen in Fig 13. On the left hand
side of the figure is shown an illustration of the
passage of nozzle guide vane wakes, and the
corresponding part of the rotor velocity tri-
angle. Once again it has proved very useful to
simulate this effect in a static rotor cascade in
order to understand better the effect caused by
the wakes. A moving bar grid was used up-
stream of a stationary cascade of rotor blades
as illustrated on the right hand side of Fig 13,
giving thekvelocity triangle and the flow simula-
tion shown. Measurements of both mean and
unsteady heat transfer, have provided a better
understanding of the flow. Typical unsteady
heat flux signals are shown in Fig 14. On the
front portion of the suction surface, the regular
effects of shock wave impingement on the
boundary layer can be seen. These effects
become smeared and reduced, but are still regu-
lar on the rear of the suction surface as the
wake disturbances are convected around the
blade. On the pressure surface the unsteady
effects are more uneven, but are if anything

Nozzie Guide

vane Rotor Rel. Vel.

Wakes

Rotor h
Row

Engine

Rotor Vel.

I -

more persistent as the unsteady wake flow is
convected from the leading edge to the trailing
edge.

More recently measurements of rotor heat
transfer in a fully rotating turbine have been
made. These have a very similar development
in their character and form at various points
around the aerofoil to those shown in Fig 14.
Moreover the agreement in time mean surface
heat transfer is also encouraging.

4.3 Film Cooling

The injection of cooling air from rows of
holes or slots is a very common method of
reducing the effective external gas temperature
around the aerofoil. It thus reduces the heat
flux to the aerofoil, and is consequently a very
effective method of achieving satisfactory
metal temperatures in modern aero engine HP
turbines. The disturbance caused by cooling air
ejection can also cause a trend towards transi-
tion or enhanced boundary layer heat transfer.
Basic research on film cooling over the last 20
years has provided a comprehensive database
for use in engine design.

\.)\. Cascade Inlet
N ' Vel,

Bar Vel.

Flow
Rel Bar

Rig

Fig 13 Simulation of first turbine wake passing

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTS] 18—70 1990 R

Nu ‘ ’ Nu
5000 5000
12000 2000
30007 3000

0. 0

30007 - - 3000
0 MO '
. . e

' ] 3000
3000 N l ’

0L — 10

30007 N . [3000
ool 'f !;‘]’:ﬁ!:_‘o

30007 \ - 3000
0 - : : CQF\""_O
=025 0 +025 , =025 0 +025
Cycle time (ms) - Cycle time (ms)

Fig 14 Oxford wake passing rig measurements

Temp °K

1700+ i

1600 -|

1500 -

Film

1400 - temperature
/ Wall

1300 - _ , /temperature
7I{Mean

1200- /\/ o

1100 . — , . . . e

1.0 05 0 ..o 05 10

Suction surface , ‘Pressure surface
Fig 15 Film and wall temperature around an aerofoil

However these experiments must be carried The greater effectivencess and the greater
out with care if they are to be fully representa- persistence of the suction surface film cooling
tive and applicable. In particular the tempera- can be seen clearly. Consequently in this case
ture ratios of the hot gas, coolant gas and the two suction surface films are adequate to
wall need to be simulated correctly. Typical achieve satisfactory surface metal tempera-
variations of film temperature and wall temper- tures, whereas four films are needed on the
ature around an aerofoil are shown in Fig 15. pressure surface.
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Tranditionally aerofoil film cooling  design
has been carried out by the use of explicit film
cooling effectiveness data to. predict the film
temperature. This data is usually in the form of
adiabatic film effectiveness  measured in an
experiment without heat flux. However, in the
real turbine the aerofoil is closer to isothermal
conditions and .the situation is obviously not
adiabatic. Thus temperature ratios will not be
the same as those in the adiabatic rig test, and
there may also be temperature history effects
within the boundary layer. It is now becoming
possible to incorporate within: the boundary
layer, a calculation of the development -of
coolant film itself. Seme modelling is required
of the spanwise .averaged profiles of velocity
and enthalpy within.the boundary:layer. The
influences of turbulence, mixing of the cooling
jet and enhanced effective viscosity are includ-
ed in this enhanced boundary Iayér calculation:
A comparison between such a calculation and

‘measured heat flux for a film cooling arrange-
ment on the suction surface of an aerofoil is
shown in Fig 16. The agreement is very encour-

Heat flux (kW/m?)
Blowing rate = 1-35

280

2404

W &

aging, although the theory over predicts the
heat flux far downstream of the film. Similar
agreement has- been achieved with pressure
surface slot film cooling.

5. CONCLUSIONS

For the rotor blades of high temperature gas
turbines, modern multipass cooling configura-
tions provide efficient effective cooling. They
can provide low coolant flow, consistent with
this high temperature capability.

Many fundamental effects are now well under-
stood, -and these can be predicted satisfactorily
by theoretical methods.

Aerofoil external heat transfer, the basic
development. of the laminar and- turbulent
boundary layers with the influence of surface
curvature and pressure gradient have been stud-
ied extensively. Research' has provided an
extensive database on film cooling, together
with an understanding of the important factors
in film cooling. This needs combining with a
knowledge and experience from previous
blades to ensure that current designs are suc-
cessful in achieving design intent.

Turbulence = 4.2%

0 T T T

09 08 07 06

T
05

T L Al
04 03 0-0

Suction surface

Fig 16 Aerofoil suction surface film heat flux
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The heat transfer in aerofoil internal pas-
sages is now also pretty well understood. This
includes both plain passages, and the cahracter-
istics of bends, and enhancement by ribs, pedes-
tals and impingement. Benefits can be seen for
example from angled ribs, or from combina-
tions of the above features as described earlier.
Modern CFD methods are now being used to
provide a better visualisation of these complex
flows and to provide a better prediction of their
heat transfer effects.

There are a number of areas where further
research is required to provide an improved
theoretical prediction capability. A better
understanding and modelling of boundary layer
transition from laminar to turbulent flows, and
in turbulence modelling is required. This needs
to be applicable in the real engine environment
including combustion generated turbulence and
unsteady flows.

E

Aerofoils become rougher in service use
through erosion and the adhesion of small parti-
cles. These effects are not yet well understood.
Aerofoil heat transfer has been the subject of
research for a number of years. However the
topic of three dimensional endwall flows and
the consequent endwall heat transfer are not as
well understood. Such flows are complex, but
there is a need for research into this topic.
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Abstract

This paper describes an anomalous behavior
observed in combustion of methane on pal-
ladium catalysts. Lean methane  air mixtures
were reacted in catalytic reactors composed of
platinum and palladium catalyst elements, The
combustion efficinecy was determined for two
cell densities (15.5 and 30cells / cm?) at inlet
mixture temperatures of 600 and 700°C, inlet
mixture velocities (8 —16 m/’s), and equiva-
lence ratios (0.05—0.3). The equivalence ratio
was increased stepwise with other experimen-
tal conditions being fixed,

With the platinum catalysts complete com-
bustion was attained for richer mixtures, On
the other hand, with the palladium catalysts
high combustion efficiencies could not be sus-
tained: The combustion efficiency was very high
(greater than 99%) for a moment at first,
but decreased with time to fairly low values at
richer mixtures, The honeycomb temperature
was also lowered and, in the final states, its
maximum was found to be in the range from
750 to 800°C. The reaction seemed to be sup-
pressed when the catalysts temperature was
above this temperature range, The results of
gravimetric analysis of palladium  alumina
system showed that oxidized palladium was
deoxidized at temperatures in the range from
820 to 870°C. This suggested the anomalous
behavior was due to the change of oxidation

state of palladium,
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Abstract

This paper describes a probabilistic evalua-
tion method for ceramic components under
arbitrary loading conditions. In this paper,
Batdorf theory was extended to include the
material degradation caused by the slow-
crack-growth. The method proposed here is
applicable to evaluate the fracture probability
for an arbitrary load varying with respect to
time such as transient thermal loading, the life
distribution under static and cyclic fatigue load-
ing and the fracture probability of a component
degraded by. pre-loading which includes proof
testing. This paper also proposes a design guid-
ance enabling to design ceramic components by
simple design formulae, the bases of which are
on the method mentioned above. The design
formulae account for the fracture probability
aspects. Thus ceramic component design for a
given reliability level can be done using the
proposed formulae. The design: formulae are
available for preventing the fast fracture and
time-dependent fracture of both virgin and
prOof tested components,
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