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Optimum design of titanium matrix composite compressor rotor

Yukio Kawachi Akira Fukushima
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Abstract
This paper describes about design concept of titanium matrix composite (TMC) compressor blade
and disk and evaluation of test result. Fiber’of the composite is SCS-6(SiC) and mother metal
is SP-700(Titanium alloy). In our project of AMG(Institute of Advanced Material Gas Generator)
the object of study shall be 50% weight reduction. In this paper design concept of TMC should
be written based on the results of AMG study.
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Deformation of Cantilevered Rectangular Laminate with Arbitrary Antisymmetric Layup
under Centrifugal and/or Thermal Load

Fenghua ZHOU, Akinori OGAWA and Ryosaku HASHIMOTO (NAL)
Key Words: Antisymmetric laminate, stretching-twisting coupling, centrifugal load, thermal load, Rayleigh-Ritz method, optimum layup
Abstract:

With stretching-twisting coupling property, antisymmetric laminate plate usually twists when
loaded by in-plane forces. In this paper, the twisting deformation of arbitrary antisymmetric
([61/64/65...Juntisymmeric) laminate, loaded by centrifugal force or temperature change, is analyzed by
Rayleigh-Ritz (RR) method. By mathematical deductions, the volume-integration process in RR
analysis for total potential calculation is simplified as the surface-integration, to raise the analyzing
efficiency. The deformation functions are assumed to be polynomial functions of x-variable up to the 6"
order, and y-variable up to the 2™ order. Results of the present analysis are compared with those from
FEM calculation to show that the analyzing scheme renders good numerical accuracy. Using this
scheme, the twisting deformation of 16-ply antisymmetric laminates, stacked by 7-pair 30° plies and
one pair 45° plies, are investigated. The optimum lamination layup is proposed, by which the plate has
small thermal deformation during curing process, but reserves sufficient stretching-twisting coupling
effect under centrifugal forces. , '
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USRMEATDNRI2 D720, BEONRT > 2 v IVEERIBEONERH (65.1-5.3 ). RUOEEOHESEE
0 OFEREL, EROBEIMIHENEITT 5,

ZZT. itERELT520, O Q) ZUTOLDICEEHET :

L L2 h2 L L2 .
W = Wdz | dxdy = D dxdy (3)
x=0 y=-L,/2 z-fh/Z } x!:) y-:fLy/Z 7
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h2 h2
© = [Wdz = f(‘Pe+1I’T+‘IJw)dz=<I>e+<DT+<I>w @)
“h/2 )

2. OISROBNEEICHIZDRART > v IVEBETH D, 0o ORUDIITNZTIURNEER. S+
ERRERTE R OYNRR D NIEICE DD TH 5. SEETHER LU ZHEBI T, SBOE I RO MA
EEFHEL T, @ o KU, DEERZEBCGEETENE. RF2 v ILOMMNE 1 XtHD. &
BRI T B, |

O, DEFEIIMHTH S, W13 2 B EBIRL 72D,

®, =h¥, =-pw’h [(r[, +X)u + %uz +%w2 (5.3)

O RO ZFHT 5720, (6.1, 5.2 EE XD, FETIE. Qi By 132 OMMERABESHITIKAEL |
z- AR E RERTBR L 720 — 77, e BADEIL @QRUTRT L DI 2 BROMIVBE TH 5. 1> T,
WROEBI ulx, y), vix, y), wi, IR EABHEE EBITED 5T, 0 KUODERFIEHEAETE S,

—RALL7=RBIRD “671 - A2 b —HENER - TR BRERIATIL

{N } [A] [B ] {eo} '
ot~ [0 o3 i) ©
e RUPUIRDOAUITLVEES :
®, = %{e(, }T [A]{e(, }"' {eo }T [B]{KQ }"' %{Ko }T [D]{Ko} (6.1)
@, = -l{e(, }T {N T }"' {K 0 }T {A'[T }J | : (5.2)

ZZAl. BIRUDIZZNZIREEIREED “HN” AitE< ~NU 272, “EmR—- Ty 7 277 Jl
< RU A, RO HIT B RU 2 ATH S, NGRUMBIAT DIREZRLAMICH LAEU%
ENA N FER OSHH T E— A > MFETH 5. /< Y7 ARURY 5 —OHERITSTRBIICH 5.

RRRERIC L, HSIANEEEN uky). vixy) & wixy) TEE, UFOLENICERTS !

u(x,y) =x(ax’ +a,x’y* +ax* +a,x’y* +ax’ +axy® +a,x* +a,y’ +ax +a,,)

v(x,y) = xy(bx* +b,x> +b,x* +b,x +b;) @)

w(x,y) =x’y(c,x’ +c,x* +cx +c,)

ZZ an bR alIRIEETH D, &bt 19@TH D, (NN TIRE S N-E B ZEG.1-5.3)RIC
RAL. BATHEEDZ DRT > v IV DEHD s O UVD ,DEREFHET S, TNE2@)OEBEHESNC
RAL. R2EORT v WWEEET S, WASRAEICRDEMT, SRANRK ai. bi kY a2BHE
IN., WOEALT ORI NS,

5. RN - BolsiE AR
2 I TR L7282 5F X, [30/-301 7T 2 Eh &9 BRI OHITHATD[-45/+45]1 T 51 AT v

F U LB OREREET 3. KAHEEROBIIEHTsxt (168 H0. TDN 30 EEE 7
Kt 45 ERE 1 3 TH 5. BElEHNERUHT 20, ST 21T o7z, AR THES AR B IES:
T U 7= B KHNEN. wmax 1358 2 FITRU Tz, HEROD7=8, AREREICK DEEGE DTV, 0
ERBHE2ITRUIZ. COMETUTORRZE SN

A. Rayleigh-Ritz /% THHT L7 4ERIE FEM TORTHREREL S 3T S ;

B. [30/-301f&@HiC[-45/+45] 751 228AL &, FEROIAL DEFAVNE <735,
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Table 2 Maximum out-plane deflection (mm) of laminate with different lay-ups

‘ ) DT=155K 10,000 rpm
Layup-No. | Stacking Sequences FEM RR FEM P RR
Layup 4 [(30)8] as 29.2 29.335 -32.6 -31.674
Layup 7 [(-45)/(30)7]as 1.37 1.5664 -17.0 -16.310
Layup 9 [(30)/(-45)/(30)6] s 3.13 3.3162 -18.4 -17.681
Layup 10 [(30)2/(-45)/(30)s]as 5.14 5.3156 20.1 -19.308
Layup 11 [(30)/(-45)/(30)dlas 748 76470 22.1 21.269
Layup 12 [(30)4/(-45)/(30)s] as 10.3 10.430 -24.5 -23.679
Layup 13 [(30)5/(-45)/(30)2] as 13.7 13.848 -21.7 -26.711
Layup 14 [(30)6/(-45)/30] as 18.1 18.187 -31.7 -30.644
Layup 15 [(30)7/(-45)] as 23.8 23.942 -37.2 -35.947

X 3 A HIE AR ORDBERNE WT=15K " - B S Lomd (DT 1580
KOSEOLHFHE (0=10,000rpm) E3Z1T 5550 | B Centrifugal Load (Rot.=10000rpm)
e U 0 Ao ZRY : a=Tan1(2wmax/Ly)

[30s/-30s] DFEfEH (Layup DId. BLSITRE
WAL DERERAET 2, 2O s EEH
IZECER OB BIERITREN, ZOMBHR
OHFIZ—MD[-45/45]1 751 ZEBAZINIUL, RE
K OEWENELHRL OEMLNE <7325, 450
BRI DO UALE D S AANBE T DITLEN,
ZOMHEBIRIIAE /25, 45 BERD LT
HIZEE S B8 Layup 7). ShEEEHICAED

Twist Angle (Deg) of 300x128x2 Plate

. . 4 s, By By Bp 8 LT (7S "5p
DROEHISEEITNE < G TR D DEENE R I S R TR O

B OSLEIIRIRETH B) . L bi@E O HIm ikt
LTHRSDRACOEWERT B LMo 7,

6. ﬁEﬁwiﬁﬁﬁm Layup?7 Layupll Layupl2
BRI THEMZ U ZE D12, KEVLINE
EORET DG, ROIREIREZETS
VENHD, ZIT, LETREALREEE, P e SR
REFU STEBEOTEBIK DRI Winax—RELT OIS0 OOss/O0UE00is/ns - Qo arE0/ 201t/ (20
FEBERN, BHEARIKOEBOTH ( )
% : Layup 7 : [(-45)/(30)7)Antisymmetric. Layup I .
11 :  [(80)3/-45/(30)dAntisymmetric 2 TX Layup B4 BURLARBITOMRT
12:  [(30)4-45/(30)s)antisymmetric « K4 1ZZTNE OHHEBARD A A—T%RT.
5a 3 FE= D ORISR 10,000rpm F TORLNMEEZIT 5560 “RKENEE—
EAE" HRERT. JOROBINIEIRSEOEE. bbb RETA—Y 2 J 35, K5b 1354
JEWAS 155K ETOIRERL 22T 586 “BRENEE—RELAE" HifieRd. SRR
JHFNENRZT 5ND, BERESRO Layup 7 A1, BUEEREPICAE ClRKENETH
1.59mm (Geiida U 0 AR 1.420 #2) . ZHh#E 10,000rpm EEREETHET & &, HRAENEMIIN
6.74mm DR U DAL, AU D AEIIE 6.0104%47 5,

K3 EHEROISHACDMAE G

Antisymmetric Antisymmetric
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wesw  Linear Analysis {Layup 7) swssc Linear Analysis (Layup 7)

wewe NonLinear Analysis (Layup 7) wesas NonLinear Analysis (Layup 7)

wws Linear Analysis (Layup 11) s Lingar Analysis (Layup 11)

e
=
X

owem NonLinear Analysis (Layup 11) wowww NonLinear Analysis (Layup 11)

swes Linear Analysis (Layup 12) oo Linear Analysis (Layup 12)

-
r

wewe NonLinear Analysis (Layup 12) wewee NonLinear Analysis (Layup 12}

an
5

wwe  Linear Analysis
wes  Honlinear Ana

°
3
-

e Linear Analysis
e Honlinear Analysis

e

Maximum Qut-plane Deflection (my
Maximum Qut-plane Deflection (mnr

o
i
£
2

&t o2 01 04 05 86 871 6% 6% 1 %t 6t 831 b4 &S5 &6 01 % 6% f

Rotation Speed 2 (Maximum 10,000 rpm) Temperature Rise (Maximum 155K)
2  wmacw R b wmacAT HiER

K5 Layup-7. Layup-11. Layup-12 BEROIERE “BAESER—wE B

6 1 datEL 7= 3 T DOHB (1% 280 x 140X 2m
m) OSMERZERY, &L 7z Layup 11 XU Layup 12
RERHIREZR DB U728, Layup 7 DB
BROEEIFEE W EDRER I NT=,

7. KA

A, Rayleigh-Ritz SATAEIC K O —RMFRS
X (01605 Jantisymmenic) “CHEE U 7= EARANRBERE K
BLIHEE T DR B DL ER—AB Tz, FrL
TR Z BB L, HEMBERORT > ¥ vILETRI
PERDATERE M SRR ORI AR L, 2508
BRI ED R EE < Lz, ZDHEE. 300 & 450 fi%
HATAREB ORI AADEORFHCAY, SERROKD . s
BRI LNDFRAE “BEi—RU oy 7>  Layup 12 [30.45)30)]atrmmet
7" hREHTOWEARERE U, BEL B
DEIETAIIRIRE R & —B LT, | |

8. BEGR

(D /NERE, HBEARME, AREE THEIRGIREISREEE
THEHER. FETR1 14-258044

(2) Ogawa, A., Hashimoto, R. and Zhou, F, On the
Smart Blade Structures of Aeroengine Compressors,
Proc. 2nd CanSmart Workshop on Smart Materials
and Structures (Sept. 13-14, St-Hubart, Canada, ay
1999) ‘

(9 FEEE INTIERL. WARIE “EETERUBHES 6 MELIMBTORDEY
ZT D FBIEMFMEEEAROER 5 1 # : Rayleigh-Ritz HiEIC K DIEANT . JSME 2000 FHKK
2. (200048 A, #HE)

(9 FEEE INFREE. BARE, “OEsmERUESEEEZ 2B IENEEHROALE H2# 1RO
KREFIT K D IERHAEREE”. JSME D&D2000 i#iEs. (2000 49 A, H9)

(5 1. Daniel and O. Ishai, "Engineering Mechanics of Composite Material", Oxford University Press, 1994

) v )30]!1&5n1m;rir )
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A—>d

5 3 AN B mgEEE SO %

*ERREZ, /IEUIE, NRE, REIRSE (@R RHE 5T
Yrehml, BEATEA, BERINE= (lIRE ka1

1. £x08&
HAZ = OERIIZ L DB EM EICHIET 5720, 4 —E CEADBMEEG &I Ni 2P0
SERE) O EBFECCAEE, —HREEDS)A4E, HiERASCYEae~ LR ES., MARE R
ELT&ER, Z2TDS & SC DRGETRZ BT 5 &, SC ARII DS o & v bERERN & BLHEL
DM 72 0 SR E D BMET T 5720, REED R b Tl DS 40135 NERITHS, LnLly Y
— 7SR IIBETE DS 84 TR BV CMI86LC (B 2 X DS A4) TEXHE 1K SCEL LY bV,
ABFZETIE, SC BRITILHS 2MELFF > DS 4L LT, # 3 DS 44 TMD-103 ZBFA% L.
E DRERFIE L 7=,

2. A&k

SHHEBICHIR L7248 3 1L SC &4 TMS-750% ~— 2 & L, DS A& BB R RRILTHED C &
B Z¥{M LT TMD-103 %5t L7z, G&fllk%E K1 1277, @SMEMEE&RFT 7275 . (NRIM-
ADP) Oz X BEHE TiX, TMD-103 DELEIT 8.88 Th D, £7-. BWIRLIBEEIENIAL 725 K D IZFkEHL
TWa7-, BUEOBEMILSFRETH Y, HELREHLEL TE S,

Bk D DS B % 200mm/h DOEEEEE CTHE L. 1225~1300°C DHiFH TEVLEIE B & BEt L 72 R R,
IRALBED TOEDITERREAE L W E A LEE & LT I1275CE&E L7z, TSR L 2
BB 2 2 7o BB TR % K1 1R d, E-8ER%OMMY X2 (2R 7, BT

Ty AR 22 0 A B < 725 TV B S, as cast M T b BRI R M T B T L VDB,
TNIReDFRTHDIEELZ LN, 7V —THBELEDDIERLR>TWVS,

F1 ABEHEHRE wth) 7
Ni Co Cr Mo W | Al Ti ‘Ta Hf Re C - B Zr

TMD-103 ,
(3rdDS) | Bal. | 12.0| 3.0 | 20 | 6.0 | 6.0 - 60 | 0.1 | 50 | 007 0015 | -
1225°C-1h+1275°C-5h TMD-103
1150°C-4h
870°C-20h
Solution Aging TMD~103 As Cast (DS) TMD~103 As HT
X1 OEIFR X2 ZANERIZOMAHE

E1S5HEARS - HBHES
%‘(@gﬁi%’ 200011’ (jtz{-‘G'J.‘I%IS)216.204, 2025/07/04.

Download service for the GTSJ Via



3. EiRTREE

3-1 7V —7H B 500} 25%
7 ) — 73 Bk % 900~1150°C, 65~392MPa ® -
WA CER LT, [ 3 137 U — 7 RRITRE 2 5t 300}
. (3]
KD DS A& LB LZHDOT, & 3 iR DS -]
4 TMD-103 OREA R BB, K4 2R § 2%
_— A R . & —@— TMD-103 (3rd DS)
M7 —5 & &07 ) —TRIREL BT 57 5| P87 00 59
BDIZLMP % C=1407TOTHE L H DT, KE —V— CM247LC(1st DS)
. . N 100 ([-00— IN792DS(1st DS)
F— &% TMD-103 2549 6300h, TMS-75 349 ————— N
7800h TH B, ZDRERHNPH, TMD-103 D7 U 24 25 26 27 28 29 30 3
e 3
— IR 1325 2 HHAK SC B4 CMSX-4 & LMP=T (20+10g (tr)) x 10

RS ChEL L tibhot, 2/, BREyy B9 7T TRITAR (LW ; 6=20)

—7REBR%DO I 7 o lBEEN LI TCP %
DHEEMRIIFERSNT, MERLKEEIH N L

FHER LT, , 500 —— N
% ® TMD-103 [ 7
\\\ A TMS-75 | |
32 (K4 A 7 LIS RER ' o OMSX-4
&Y A 7 VEFRBRE 950°C, K& H,R=-1,0 g \\
T HIEE 0.1%/sec. DEMHETEmB LT, K 5 12 g .
TMD-103 & TMS-75 DAKY- 1 7 /LR HREMTRER % 100 i Eé\
RRERT, T—HHBEBEBRTHTNRTY X L
HBH, TMD-103 DK A 7 VRS Rtk SC 50
19 20 21 22 23 24 25

D TMS-75 LIZIER%THY . REFTH T, LMP=T(14.07+og(tr)) X 10

4. EREH X 4 7U—7WMﬁﬁ(umﬂ4m)

4-1 FHiRE AR

CEERBEIOEVCRIBEARRE LT, N—F
U7ABREER L, ABBRBOTAZ—E
CVEBRT A7, THICE b A v ATHE
KEFTMU, BEET R IBE% 1050°CIZFRE L C,
ABRFIC 500h "E L7, BBEREY K6 1R
3, TMD-103 ® Cr &Iz H$H 3wt% ThH 512
M BHT, 12.5Wt%Cr @D INT92HS | ZI VOt
AR LTz, BRBEHT 2 DHLEEED 1050°CD &
&, RBRAREOEREEITHN 910CTH Y, 100 @mewmﬁ” 100000
- BOEORBRT —F b, MRMEICHT 5 Re @ HS 54945 LE R

ZhRIT 900 CUULDRER TRIEIND Z &%

b TEEY,

—y
]

‘E\HIiIH T 17T
|LGF at 950°C, R=-1, 0.1%/sec|

-
IS

©® TMD-103 {777
ATMS-17

-
N
[

Total Strain Range, %
[J
/
y 4

4
o

-\.A

— unbroken
Ll

o
=3
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Depth of Penetration, mm Depth of Penetration, um

. oe 1 ) ) 0 50 100 150 200
‘ |
T TMD-103 -
Rene80H |
ene | |Burner Rig Test B;j ;SSZCng(;:hSt
INTO2HEF ‘ 1050°C, 500h TMS-75 —
TMD-103 | | : oMSX4
Tt | i CM186LC
cmteLo b | Rene8O0H
St IN792Hf

M6 BERERABER(TARHEERSFEMN B7 SERLEREGER (TAREOHS)

42 BHIREE LR

EIRFERBR TIIN—F U ZORBREMEE LT L, TSI 229, REEY ZEE % 1200°CIZ
FHEL T 5000 ORBREIT- 72, RBREREY K7 17T, BRESESIT—MKRIZ Al 2% &2 DiiEE
LT REFTH 525, TMD-103 1X CMSX-4 & AL LD bEE R LTz, ZORETIE, BREEST A H
DREED 1200°C T, RBRA EEOKBIREITR 1030°C & 72570, ALO, DIRHEBENEMAETTS &
Exbnb,

5. ¥¢&®
# 3 4% Ni 3 DS 44 TMD-103 % BA% L. € ORHE %300 L CLLF ORk R 287,

1) BiRFEE

« 7 U—TRErREEIIBESF O DS &P TR BB, CMSX4 (FE2 R SCH8) L%

ARY A T VEFREIL, 950°C AR BIZEBNT, TMS-75 (3 A SCE&4) LITIFR%E
2) iRt

- THEEE AL, 900°CLL EOEBIRICB VT INT2Hf (B 1 #DSE44 ; & Cr) LITERA%
- M EIEIX, CMSX-4 (B2t SCA4) LR L
3) AREM

‘DSEETHAH-HDSCAE LD bHFERHIVEMRCE. HEEV HEV (DS &&0—XAFH)
- R CAERR RO R 2 BVLEESE (BRI FIRIBRE) 2EMbTE 5

L7=235 T, TMD-103 i3 CMSX-4 L b L C SiRMRE : F%, ®iRmatt  #46r, £t B2
HY, AZNMBE 1000CISHETEZHRME LT, BOIRX MIT 34— ARHFTE 3,

SE X

(1) T.Kobayashi, Y.Koizumi, S.Nakazawa, T.Yamagata, and H.Harada: Proc. of the 4th International Charles
Parsons Turbine Conference, 4-6 Nov. 1997, Newcastle, U.K., p.766-773.

(2) H.Harada, M.Yamazaki, Y.Koizumi, N.Sakuma, N.Furuya, and H.Kamiya: Proc. of Conf. "High Temperature
Alloys for Gas Turbines 1982", 4-6 Oct. 1982, Liege, Belgium, p.721-735.

(3) C.K.Bullough, M.Toulios, M.Oehl, and P.Lukas: Proc. of Conf. "Materials for Advanced Power Engineering
1998", 5-7 Oct. 1998, Liege, Belgium, p.861-878.

(4) EREEZ /NRE,/IAREE, R H A 2,7 PR EERIE= . B AESRFSEEME 2000 £ XS
(g )
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A—6

EHHTAT 2RV —FH CMC 7Y X7 MEDORE

AR BEA. HH R, WH OEA,
i EE. He HE (B AMG H#F7ESETE)

1. ¥Fzh%%

(BR) FHEAMEFIAFTAY 2 2 L— W% (AMG) T 1993 FEEE X W #IER. €B%R. t53I v 7 X%
BEMEB X USRS R LO%EME 2 FIF L T, BRE. M- BE, ENx B2 AT2EHH
HAD xRV — OEMER LT T5Z L2 BNICIREZED TS, O BPTHM (EFI V2R
EEEHE) IHBMELA L. BETHLI L DO, HAY -V ORESFPHBEBL L E~EHT 2
LXKy, BRENLEBIUBREBICKESFETEILIMHEERTHES,

CHE T AMG Ti& Si-Ti-C-0 RMEL VT, SRR EREL. Tho i (VI ((LEFHER) B
S UPIP (GBS LEAWTHANLA: (M OBRERRE L UHERBREZ 1T o T& 7, /. BYE
L7277 A7 B FVEREIC DWW T SRR X 2 MG ASRE DM, X 51234 A FEHERER & 1T\,
¥ —¥ VG NOEHOTEEITREN . @O LaALedts, Si-Ti-C-0 /M 1200°CTLL L
DOFREIET TIIBSHEHIET L. AMC DHEL T2 MOOCTHRESH Y — ¥V Id@ L T v, 72,

HREIZD & ) HBEOBVBHEL EUEIE T o TE TV 25 BRI > TRRDRALT 4 R
AR U OBt E L 2o ME B R S s, @ F 2 TARFZETIZ OMC M i) <,
IS DML FV 2 OMC DBLERZE L MEEEMi 2 1TV, ¥ — ¥V 71 A7 ~OFAM % R <7,

2. 3 RITHH DBUE L SO

F—EVTIVRAZ7 % M CRIET GG,y —CVEBIU v 7 MEARELHRT 2 -0 ICERNTIHE
BEEELRBYPLETH S, M 1ICER 3 RTHEZHCZ M 7Y A7 ONBE RS, 4. AMG
2BV T 3 RICEY DOWMEAETESR (Volume Fraction;EAF VE) Z&E®. 30mm %82 2 E AR O BYES
% 7= IEE TIEFIC LR 7% Si-Ti-C-0 /MM (5 Lox-M; AT Lox-M) %@ L7z, M40
HOBR, iR ) OoBME 7Y R 7 DB EN72H5, 1200C % B 2 2 RERR T OMC O SiRHE % i
A BEORRLEE LM/~ M) v 7 ARAOHBIEIARL Tz, o T, L HWREAEDR
WEBHEITEZEIN TWA L ZH R TETII v 7 ABMEA — I — L D IRMTEI LRI N T
3R ETOB AR E N,

B1 (MCy—Er7yRxz (M 246mXxE X 28mn)

E15HF RS —ErREHES
i X, 200011, (AL 216 204, 2005107104, — 99—



CZT. RAbr A ERMEORM 2R 1 ORY, Si-Zr-C-0 R (55 7 ML LAT ZMI) 121342 Lox-
MISEWEEAETH B A5, Si-Al-C-0 Z#iME (FF 7 SA; LA SA) 13, HBAREE MK { . MMM UTH /NS
Wz, B VE D3RG EVEIR#ETH 2, LA LS, fEMEOSTIE SABM S ERI->TH D,
BICERZ ) —TERIMENL TV, ©® F—¥ U 7Y A7 DBBRFITIITE N ) —TREIERIND
DT, Pl ELMEAMICITABELFRTLONENTHE, FITTIVAZETELBIVHE
HEMTELZZTEEDO r 6 FANCIT SABMZE L. HEMRERIC X 2MEZ T2\ Z A 2T s
BT HEE T SAH+MINA 7Y v FRRY) 2BRL., 16RO Lox- MR V72 0 L RE O/
VE BT 5P EEs 2 LR, (k2. HI28R) Kkic, ENMELERL -7 — 3R
IZSA+ZMI A 7))y FRED s B U T8 O BUWENSTTREPRRET L7, EORR. & Vi TiX
EENS DD, r 6 FIANTIE Lox-M PR L F% % Vi 2 A3 2800 8WEmaECTH B 2 L kMR L
720 ORI 3 ICFIMEH OIBIZ R T . SHICX Y, FEFICHEE L BbN 7B L BV /- CMC 7)) X
7 DEHENEE -7,

F1 £33y 7 ABEOEFHE®

LoxM Loxe ZMI AM SA

Chemical Composition Si 55 59 57 53 68

(Wt%) C 32 37 35 34 31

O] 10 3 8 12 0.3

Ti 2 2 - - -

Zr - - 1 - -

Al - - - <1 <1

C/Si(at%) 1.37 144 148 1.08

Fiber Diameter (um) 11 11 11 11 10

SiCbeta size (nm) 14 - 2.0 1.8 38.0

Density (g/cm3) 25 2.6 25 2.4 3.0

Thermal 1.4 24 25 65
Coductubity(W/mK)

‘Tensile Strength* (GPa) 3.3 3.3 34 2.8 2.8

Tensile Modulus (GPa) 187 220 200 180 420

Elongation (%) ' 1.8 1.5 1.7 1.6 0.7

*: measured by the epoxy resin impregnated strand method

£2 3 RTTARRI DR

ity R AE Vf X:Y:Z X7 EVi
Type.
XY % - ZR % %
A LOX-M LOX-M 39 1:1:0.21 18
B AM-SA AM-SA 35 0.9:1:0.2 15
C SA SA 30 1:0.75:0.15 16
D SA ZMI 38 1:1:0.2 17

Download service for the GTSJ  Via 216.73.216.204, 2025/07/04. —30—



X2 3XTEmETN

B3 3RS HVE 256mmXE S 34m)

3. CMC DBLE & 3Fii
3+ 1 3 RIcifift CMC Dl
BT SA+HIML A 7Y FE VT OMC 2 8E L. MEFHEER. ZOBE, SA MY 2
BOBHERE (4=10 g m & ¢$=7.5 e m) IZDWTEHHiL 720 BUEHFEOFMEE L TICHRRD,
MDIZ, $=10 p m D SABKER 72 OMC 13 3 Rk % BEL 7=, CVI ({LFEEHEER) itk h C
(B—=KRYV) BEEEE L7 —H. ¢=7.5 x mn D SA@KEE FIV 72 OMC IZHAERTIC CVD ({bZE5UHHTH)
BICKBBN (BIbAvHR) BE2BR L. 3 AT 2 BUEL 72 KIZ, (VI (bEEMHER) BICL
MEREICSICY M) v 7 2% 1~2 p n#itHE€7205, PIP (SBEEK) HICE ) r A ER) v —DEE
EBURERD ELTHAL L, 20%, ¥4 YT FHIMIIC X h RBAREDVH L, BEICD
9 —BE CVI EEFMER) IS & ) RIS SiC 2R E €72, TORRIC L THS Iz OMC REBRA X
FNENVE=38% B L U VE=40%. RA,THET 2.3g/cn® TH o7z,
SRR 2 RS 20, FIRIC TH IFRERE 0. 5um/nin TH IRRBR 21774 o 720 5 IBRBA AR Z X 4, £
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BT 24 Z 9K T, CO OFBEIRNIAN S & & HiZ 02 OHENEATEY | BEENERIZR>T
WBHZEERLTVS, CO ix=80mm TE—27D14 % 2RL, ZOFRTIIABUCED LT
BY., BREDKTIZAP2 TS, it\szwwﬁﬁﬁﬁﬁWTm%m¢4M99%%%11%
DEBERR KT R Lz > TN,

NOx O43#itk, PIVOBRESHEBIFIELTEY, RAU—SH0LE ED x =60 mm T Ui
S L RS THY ., FRBEROKEE TR LTS, BREER YD T 156 ppm BEOLAHRET
W3, ‘

4. FL®
AT —F % 2 A7 S E R BE ST & BN T BRBERF O MRV 3 & PN A IR EE S AR D
BHANC & 0| BEBUREE L TIRABEBEIC OV TENTNOKSBIEDOHME ERICTED L AT
o UTICZDOREREZEL DS,
1) SEBRE T, DNERFERER LR EN T, £ 2 CIEBRBETIE L A ST KERS DRABE
IXE DT TETT 2,
2) FRABRETIE, RU— 7®T<Tffﬁﬁ%ﬁﬁﬁk%<ﬁméh % T CHREENS -+ AT
LTW3,
3) Wikl BREREDO AR ORER) b, LB CIIRBEDEITICRRB 2 E4 2, FRAREEIIE
BRI CHRBEDIC T LTV B,
4) NOx DARIC VT, IEEAEE I FAREER L ) FHRCAERSH, Tﬁﬁﬁ MO
¥ boR, TRABECHEBREB CIZLALYERSRTLESTWS, Sbic, HERKED
- THRALE TOMRHE S TRERBED 5 AME,
5) RU—NVOMETHIC L 2EML 3SKRITMNICE Y, AUV —LHBDOER TAREBTEREN TS
TEBRNDB, EBBRBETEVRONKRDBTE D, BRESREOBAZBIDOTIDRRITLEEL
<72V,

BEIR

[1] FWEZ, fth AT—FREBRANO PIV I X H5HA. BABERFES 2000 EEERKESHER
X% Vol.IV, 2000, pp.455—456

[2] EEEZ. . 27 LA PIVIC X ZIEBRANR U —AFh D 3 EERS R, FTELE#RS
LERESARE B115
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SEMAAL ANV HWFRETFRBRE
(KEET T NOx HEH M)

* A &G (FEckke) BB L (BBEKE)
O (RLEHI) IWE  FE (D

1. T20°&

FETRATERBIE., MERT RS — €V LMkt S EER T X5 — ¥ ¥ 0Bk NOx #
Bk L LTHIS S TR, $AEAICE > Tk, BEOMEALE EROBEID 3 0T
B FRAGHIE T ABEHI AR S LASBICREE TS 5, 5510, MR OEB&GIEIR, &S
ZHIEEERBANE CORNBEIAHICE 50T, AETRETFARRBEONE % BARI
RIETH001203, ARREZ ZNUEICESTILETlH S,

HA Y — €V BER TS LOFB L LT, SR ) X 2 S LI B2 Z v A5
SNTEZA, L) BELBRALIGHRRS N, RESHMOEMRIWIHTE 5, BEHEMRLTRR
B XV ORHEFRETARBBEE~OERIZO VTR GO, ZOWETR, ANZKRE
650K, 900K, KREIZBWVT, 3 BN DRSDOFREELZFEHL THEALBE T -2 2RL, BZED
FED NOx HHE~O BB OV TEET 5,

2. BEmEmERENL, v

[ 14213, BRI 22 B0k XV OBk - Fuel Jot
TV N ERT, BERERILA LB L A SRIEET O
30m/s L b o> THEST & 7 /R AT ‘ [
BEHICEZE L, £ CTHWEREZERL, €1
PSENTHRRALT

223, COERTHEHLAZZDORRNOK
£ X (L Imp.Nozzle ) #/Rd, 22/
B R AR 23— 12 F B 72 ISR TLO B

X 1 BEE A RBMNAL , v ofgkifba &7 b

Impinginement Bar

/

Fuel

M2 EBRCTHHLBEEHZER XV (Imp.Nozzle ) Fuel Jot

#15RFZ2S—ECYREHERS
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ETELETHRLT I EAEE LA, 4HRKAETORBRO 72O IZREREVEEE FMEL D
VOT, REHEHILIIERE 0.lmm T4@ & Lz, 2D/ X)VOBREESEIZ. E5ED 1IMPa 12
BWTH 0.4ce/s THDH, TOEERIZIZ, TN EIHICEEES 1IMPa TitE lee/s D/NEED WAL
B2 A (L% Sw.Nozzle) W72,

3121 Imp.Nozzle & Sw.Nozzle ® SMD (¥ ¥ —FE¥ki#E) B LUOHRBESMIIBITS 90% R
TERFREREESREN E OB ZHET 5, T2, M412i3, SMD L ZERBEEEE L OBFEE.
Imp.Nozzle 3 & UBIDEEED 720 123 M L 72 RRMAAL ) AVICOWTOREBEZRT, b DRE
Wi, AT A L, L — FRITRAZE 2R E (LDSA—1400 ) 12 & ) REREST LA 5 121F 100mm
THIE SNz, TRHDOHED S, Imp.Nozzle 1&, Rikifk ) AL R4y, BlbEROENER
T, EEESBWIEEIIE SMD X 10 I 2 a0y /s L, Fiz, AEED Sw.Nozzle (BT
BEZENDLE VPV b5,

80 80
Imp.Nozzle Sw.Nozzle BREEHREAMPa AEZEmm FLE
L ® : 200mmAgq O : OmmA«
70 B 300 7 q q I o 1 0.1 4
v 400 ~» O 2 0.1 4
601 A (500 ~ 60} A3 0.1 4
v 5 0.1 4
50F L < 7 0.1 4
€ [uRRiE s X ® 003 02 8
§ 40t :L4or
a 90% g
b= i
& 30 / n Imp.Nozzle
20} 20} o t— g
SMD
O 1 1 1 1 1 L 1 ? 1 I n 1 n 1 " L n
0 1 2 3 4 5 6 7 8 00 200 300 400 500 600

BEESE S, MPa PRAMREZEE ,mmAq

X 3 Imp.Nozzle & Sw.Nozzle ®L# 4 Imp.Nozzle & Fifki{t/ X v
DB

3. EBREKEBEB L UHE

EERIZHOW/ BB OS2 B 5 IR T, BERIIZ. €K 230mm. AFE 105mm, EX 8 mm
T3y ET, OBV THED 80mm (RO N TV 5, BEER OSBRI ILZIEER % [ 72O
M AFEOGHB LB ISR TS, BERIEE R, B ENTBREOERORELZER 570123
FEHEOE & L=40, 80, 160mm #fEH L7z INbHid, HEEE L ZRNREG LR T WL ) (SR
SHLED & 25 THE 30mm (SO TWAH, BFEINTBEHFRILRDRAT - HLMAT HEL
NOBVIMARR L BEE L, BEIED,

BREHNZIX AT % iV 72, Imp.Nozzle DBREIESTE S 1L 2~10MPa T, HEFEHZE (SMD) 13143 2»
LEbMBEIC10um BETH S, —F. Sw.Nozzle IZMESE X 0.5~1.5MPa T, SMD i 30~40
pm THbH, EERITEIC, AOBTIRE. RSN TFHREL £NEN Tin=650K. U=4m/s & Tin
=900K. U=8m/s TIT o7,
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BBES AN, TFROBAKGHY T vy ra—-7 (RIL0EETu—T) xHWT, IA4FF
— 4% 5 200mm FRTHRIL, NO, NOx, THC, CO. COz, O:DFNZFNDRELBE LTz, %
Bt ¢ . NOx HrtH#8¥ EINOx), BBERR I A A G ORRZ & LIZHI L7,

MBS S X - | __ o

y P \
B 34 44 Y7y TIO—-JuE 73y 08
L=160 -
8 0

4.0

BI5 REEZFDOBEEEX

Download service for the GTSJ Via 216.73.216.204, 2025/07/04. —67—



4. EBRERBIUTEE
4, 1 NOx B4
Tin=650K Tit. U=4m/s TLMKITEE 2D o7, Tiw=900K, U=dm/s DL X2k, L 5D/
AT HHKRIFRRE 2, L U=8m/s IZHF7205, Sw.Nozzle T E T KA E X 72, Imp.Nozzle
Tid. L=160mm DHFEITRY | BEIAHT ¢ =0.45 TH I X7z, BRBEIZ, BERBRL T o723 T
DEERHEICHIYELET, BYERIIBVTALNS 100% & OTFEEIIHEICL 2 COILL B,
61213, TNEFNOERERSIIBIT 2 NOx PEi#% EIINOx) I & UBEERD =R & U E L OBFR
%Y. EIINOx)Z, Tu=650K TIZRAREREVE 25IZEE{ %o TV BHH, Tu=900K TiX
L=80mm T/ 40mm NEFIZER EIINOx)IZHH & 212KV 2%, 160mm THOH & DEIZ R\,
BRORBORELZHET 572012, KE ZDT 0% RO B BB ORBEER 2 2 L TA 5,
FLHMBENTVE L)1z, B—ARREOEEORKRBZEIIZ k=—dD%dt = 81/ p L(Tar—Ty) TEI
N, kIZREEEORRERE LENs, A ABORKOBRER, LIITHOEREHR. Tar
FEABEORE., TvIEHEOEREE (500K) TH 5, TiMOHE. L =300kd/kg. Tv=500K F2f &
T 5L, Tar=650K TiZ A=5.0X102W/mK # i\ 2% &, k=2.5X102y m?m s BB L % %, L7zAhTo
T. Imp.Nozzle DEFHEH T (25~30u m 12/E) DRFERF ML 2.56~3.6ms F2E. Sw.Nozzle DIEFEH
F (60~80um ) TII 15~26ms FEE L HEE S N5, Tar=900K TiZ. 1=6.3X102W/mK T,
k=8.4X102y m?ms FBEL LS .
D T, Imp.Nozzle O VMEFEH T
(25~30 .« m F2HE) DT Lmm__ 40 80 160

100

T BRIEEERD, T | Sy & & Jos
RESERETCOHERMIT T 5b (650K 4ms) 1 o
Us=4m/s Tid L=40, 80, 160mm 2 | (Mkamgoe O A& O 190 3
BT, £ 1.1, 23, czj" 4 %
4.5ms 2, U=8m/s 2BV T o g
TNHEO 12 THELLOZE  x 3r kai
o, BEIRIZESEEL Z X
cwrrgEraszor. o

Tiw=650K, U=4m/s |25\ Tid n

Imp.Nozzl T L=160mm M & %

7213 TH 5, Tin=900K, U=8m/s 8 5

Ti¥, L=40mm %k X, 121357 '

SRHEB LTV LHEEING, Equivalece Ratio ¢

6 NOx DY L RBER)R

4. 2 BRBEEISH AEE & NOx %
71213, EI(NOx) & BRBEGEIR A R IRRE Te & DBMRZ IR T OB, Wiz KE L7 F A A
RETH B D HHRIL, Tin=900K, 8m/s TREEFR L HHEE S5 L=80,160mm (28!} % EI(NOx)
D9 5 Te=1800K LA LD b DDA A REMRA ML EIINOx) =A exp(8.4X108-Tr) TR EN S, T/,
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650K.L=160mm T® EI(NOx) % .Imp.Nozzle

TIIERIZEE. Sw.Nozzle TIIARZE L W)

BUDHHICHELLT, 20T AREKFE 2
T8
PRIBBILROMBEMLETH S, ZORE 1%
BBOKE &3, b 09X 5 Y OREFRE & |
BREECBUTHRE LTV AE 82X108 8 %b o
O THEVY, ';‘
9 1 Lmm 40 80 160
Tin=650K, U=4m/s T @ Imp.Nozzle & mm F imp.Nozzle ¢ A m

Sw.Nozzle @ 7 — % @ W BT BLBRZE W,

CORKRIT. TREBBEORREIIBIT S
NOx HEHEIX., BEIFELICEEL,. HEF
BERLZ-oTHBET L L0 b, BREIAEE
T, RERBEEEPFET 55005 %%
FHBHLILETKRLTND, BEDEHE.

—
O—A

Sw.Nozzle
(650K 4m/s)

O

L=40mm TR &5 5DBHED 2% ) OEHI Imp-Nozzle o A O
WiHORELHEE S NS, Imp. Nozzle & 102 , , . . X N ,
Sw.Nozzle ® EINOX)DEIE Tr AV/NS (% 1400 1600 1800 2000 2200
WZONTIKRL TV 5, Imp. Nozzle DERENE K
B3 BHEDD R VLI E 2 Sb ST X7 NOx DBREEH RRE Te DKM
EIINOx)H K E WV id, BREHES A% 4 mIZBRE s
IN727:% Sw.Nozzle \ZERTZERBIZED 10 § L,mm 40 80 160
BHEEO - HELE 7m0 Th b, Imp-Nozzle o & m
X Sw.Nozzle o o
L=160mm DI, BEAVN S WEIRT (650K 4m/s)
B TSk BREESH S N, %8 o2l fRimg e 0 & O
HAKE < b EMBANIIZRECHERLT E |
Wi EEbND Imp.Nozzle 139 25, i :
725> T3 SwNozzle £ ) 3 EIINOx)IZ K CZD
X, ZDENERICR B, Lo b, Tr=1800K 10}
Pl E 0 4EIRIZ 34T Sw.Nozzle ® EIINOX)® '
A RBERAPEIL IS8 R L C N,+ O NO+N
WABELFLKE S 0TV D, L |
%4 0.5 0.6 0.7

1000/T: ,1/K

M8 NOxREDOTLV=UASayh

TARBEOER L BREDTRERDBEET & €ONBMR I TR TOBREREDOEFRE, £OFHIAD

K & D B A2 bR D,

BO81Zid, EHll NOx iBE BRIFBIZEEOMELL) OF7 Loy A 72y b 2RT, BEFIEIZE

BIZERELTVE EHEEINLEHT., Tf>1800K THOF— ¥ 2 BT A2ETH Y OEHREOMEE »
5. NOx BT 4 BT OEHILZ AV FiE 306 kd/mol FBE L HEE S NS, 2 DffIZ. Zeldovich
B OFEHEKIE Ne+O—=NO+N DAL= & )V F 303kd/mol?2 —FH L T\ 5,
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5. ¥&®

() BELHMCHAFER S BRI R LT RE vz Hehid, BE L7REH,
Tin=650K Tl¥, 3ms#EJE, Ti=900K Ti, Ims BETIZIIREERTLILITES,

(2)  Tw=650K, 4m/s TIIEEIEELE., FELIZEDH 5 F L=160mm. Tin=900K, 8m/s TlIELH
L &N 5 1=80, 160mm (25 % EINOx)D ) 1 T=1800K LA LD b O D 4 A BEM ML,
XY v DOFEETFIREREBIT S EIINOx) =Aexp (8.2X1038 - TOVIZ X bD TV,

(8) BREPIZIIREIIEREL TV LEESNLEHT, Te=1800K LA ETD NOx AT 5 R
T OEEALT XV FIX, Zeldovich B O E K Na+O—NO+N @ 303kd/mol? & —3H ¥ %,

(4) FREBEHEOMRBEIZIBITS NOxHEHE X, BREPSZEICERL, HETFRER L o THRRT
5508, BRIVAEET, REBBEEVFET 2HPP 5L 2 5508H 5,

6. ZEXH
1) HAYASHI, YAMADA : NOx Emission from Non-Premixed ,Direct Fuel Injection Methane
Burners at High-Temperature and Elevated Pressure Condition, Twenty-Seventh Symposium
(International) on Combustion/The Combustion Institute, pp.1833-1839(1998)
2) J.A.BRANARD and J.N.BRADLEY . [Flame and Combustion ~ Second Editon~] P270
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B—7

KA A B B IR 5 5 BUR e s DB IE R 3

* KME#®E  NIKRIEE ANFE#
NiGELE®KAEE TRAF-ECHERZF—

1. FC®IT , :

HEEERRAEAEES AT LACBNWTIE, BEERTRHICLELRLIEHIENZERT D20,
BUR OB T FEAT 5 22HEET, PR X N2 2RRIEYINOx) P —BRILR K (COYH, R DHEE
HEEATL D D ICHARKRIBISHENY 2 ZENTFREINTNS, LALERS, SBRETEIHLS
IRBERHEEHEB I UORBERDOEREHME T 5720113, EEEE, NOxPEHARREM, 2>
D VERLB K ORERHERERIC X 2 COPH MM EFE DM NBEATH 5. DD, BE
EEEE BT, REESHE RBEEICEN BT HRASANEE S X5 AOERITHIT.
PEREM DIEFAR B S HBITREE U/ s BB ZHFE T 220, Fkl 1EEIC TR
EEGRAMAE T EAE D AT LAOWFERRE (ESPR7OY 27 b) | 2AF— a8,

REERR OWFZEBRFEIE. ESPRTV O 27 hOEEZMERABEHE O—DOTH S NOxPEHHIHEE:
MOBARICBEET S HDTH Y. BEERITEHONOxPHZBREMNL VD 1/ 7ITHE L. BE
HifE%fE (EI 13yv3y 155 9JA) ThHekg fuellATZEHTEHIL2HELT S,

ZITik. &70Px 7 b TEBY 2NOxHEHHIREN O LR OME. ESPRIRFEZEHIE
REt DR ETORAEREICDOWTHHT 5.

2 . NOx¥EHHIREA D W 75 Bl 7

BEERITROEDIRL (GERb) ENOxPEHEARIIHEK T 2ERTH D, INS5EMILT D
D DOEMBREIUBETH D, 02D, ESPRARLEIR OFFFE R ITHB W TIXLAFOHMMBAFE
ZEWT 5,

BREW S BIRBER i D BAFE .

TV UBIIEZ BEEFERTE S L N)UTT 5121, NOxHEH L)V EBR O 172 F 1AK%
TEHELERD D, T T, FETFREATERE LPP) RESFRZRATIZEICED, BHRTHRIE
NOxZERT MBI T 5.

ATSRBERI B D BHFE

BENOxRFERS 2 EH T 51213 LPPRES R TS I NAARLEIREERA L TEEES 5 HifH
BB ETH D, I5I1T, REREZZHIIL TNOxZEDOERICEEZBIIET/NGA—F DR
WMZEEE L, LEEEEIR A I B W TNOxHEE O i W RIS R E & £33 2 RIEEHIE A % BY
9 5,

HOTT EIREEAS 5 1 i A E AT D B 3

BENOxREER ZEE T 51013 BAEKOHEBE LB L UE—bE B & UREESS T 1 FHANCfE
AEINBEIEEHIHT S Z EOURD 5150 BHEOS BB OREER T 1 T TREAEKE
BRI TIZIEBRFIGE DWW T WS, Dk, MEEICENZET I v 7 ZAREEMEIZERA L
HIZE KRB % KNIBICHIR L 72 REE8 5 1 T 2EFT 5,

E15EATRS - RFHRES
IR, 2000.11, (Abi

JH)
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ZL T, s oEMZEHKS L ZHTCEMHigh Temperature Core Engine) ¥R 38 % 3%
B BEL, OV UHBRICHT A I LTI VBRAEROREI AT ADOR N EZERT S
CEEREBEBRR O SLADEEET B,

3. ESPRRBEIR OB
M1ICTHYPR7OY 7 NTHELET
U VHBRAREERERT . RRBERRIEINRE
KBRBEIRER— A E L, 2T IVNA
DY TTF 4 7 a—W, [IRMEESRD
I7 75 R NRE X)), TEGEA S HA-
188) MBI ELiza Ry a7 4V
HHBEORBER 1 FTHRINTh 3,
MELO > bO—)Vid 1 R/ & BRI TH B0, \ : .
B, EANKENS1700COREIRES M1 HYPRA—FT v NREEE
HETRELTHELIIBRET S &0

HTCEL> Y B THREIN. £k, - I

== ==
AZ MR RO T B A E RS OB T o Lo M
B, B2iRTESaRETRaMEEr O g5 Jn
RALETYFIYIVAT—=IFTNT a5 j\ - =

VEFIRITBNTH 2 g/kg fuel ONOxHEH
B8 (BES5ED % VB TERL =,
—7%. ESPRTENHRTH DT
RIN2TFGADI—RT 7 LI UT,
K 1LICEOBRBER DIEBIR M ZRTHN, B 2 HYPR A& 2MREME/N ER
Rely, RERTRORERADES. BE
BIRUOHON RBRENEEICELS. NOXD
P RIBICHEmMd 2 Z &R FHEINS,

BB AR L. < v 3K O mEEs ‘\%ﬁﬁﬁi

4

#* 1 ESPR REEHIFEHFM

GE Dseverity parameter? W T v\ 2 Take off | Cruise | * Idle
KR ONOxHEH s 5% FHIT 5 & 35g/kg  |Arr flow Wa kg/s| 136 78 40

fuel MG 5N, NASADHY VEICE 2 %% |Inlet tenperature T3 kg/s| 790 915 466
EIMETED LT B 5g/kg fuel L X)ViC  |Inletpressure P3 kPa | 1875 1135 383
T 5DITIE. O ZE 1/ 71K |Exit temperature T4 K 1760 1924 865
DSEND B,

(1) ESPRARBEERDALTFFI—

BIENOxZZERT DM E L THETES TER LPP) HX L BBSHEANA R

(RQL) HRNH BN, RQLIZEMAIC KRR FEEN L N T ERPHYPRTE S N=RENE L)
WCHATES I LR ENS, ESPROBREERICIILPPHRERATHEE LT, .

B T AIREEAY1650°C DGt TNOxBEEIES % 5 g/kg fuel AN IZT 27201213, MEEds S
1T DHHEIEZ KIBICHIEL . 2EKRED18~15%EEICHRETIHENDH S, ZOHA.
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SAFEHEN LR LIERDBASDOMMBEE AKX BALZEIIRD. ThEFEHATZZEN
TEN, TIT WAECENZES I v 7 ZAEEEME (CMO) 2EATBEELE.

LLE D 2 D0 SR 7 Bl & MRS B 56 O BkIE & L T ESPRIRBEZE DRSS 175 /2.
(2) MREESSR o |

TRATHEREDOEA, LEL THRI REET 2 2R ILREIIN< . RKIC A DZEKIRE A
WS TIIEBFRECRKIE AR E D TFRERENMEE LIRS, EHREEEKT DDA EE
LTLRLIERTF— VU ARBBAINSD, 2 CTIRHYPRTOBBRERICTF L v VAT
= FTNT Za SRERMRERAT 5, T, MOy ATV EAT VAT~ VDR
BIZDWTIE, BREL NS s kT 7OBMOA L., HOHRBEOTOT 71 IVinEE2BEL
FRERA FRENSA Oy NAT—T, TIIMEA VATF—IET S,

PRIEERR 5 1 FIZIESiC/SiC (SiChk#e. SiC~ b+ 'J wIR) EFEMELEZCMCZEZERAT S, 12>
FIAFBERT I SAF EBICARER LD DZOEE TO L X ERFM LR,
TSIV IMEORBIEIT LT |
4D TER LD — KRBT B Tff”?: - H//““
ﬁi"éﬁéﬁ?’%o i?‘:\ F%’]h{ﬁﬂ#@ Xial stage oupie annuiar compustor
TREERR AT O B EEIR 131350 C LA

Rt . - '
FICHIZ BBENS B7ed, Bl N, D] "

BRI L BN EEEX B 7% Main stage

G%*(-%\//—fgﬁ CMC liner

WHHEEZ AT 5. | kﬁbg SMein
MEEERADEBDT 4 7:—&&:1\ \ “_\1 l Pilot stag
JEARER 2 DOBBRAT—IN Y 7
DEJETRZERBL S ERat Ui R ///////
FTNNKADY > TF 4 72— -

///

L9 %,
P EOBERE. RAERES

- 0 = - —
SARMBRERSIORT. M3 ESPRIEAEMRHEMORIN

(3) #E) X0V |

LPPRRBEZR IC BN THREL ) ANVIERDEER AR —R P TH D, A AT DMK/
ZOVICHE, IR0 T (Imsechl F) MBEBIELIAR L EREY—ICRETSH T E

ARDBND. A B TN ELTIE. AT —SRAOEERFEFIA L THRELL, FE
BRBEICBNTHHIESE, BEL. ATV JOEERTREZITS Y17 (1B X)) & #
HOTRAEHTHRELL. +5 - i

CPRATRRETN. TRAE
5 DRI OB ZEREE TRAE & 1T
SH14F (MEI ) Wb 5.
Z OB VER 4R
FNENICET. EFiNG D RIE |
AR ZBL TR Y—22 7 () I %I 7 X)L () TLE ) X))

L= =

z2f15,

K4 A1 LPP#®E XV
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Fi=. N0y hAT—IO8REL ) )V,
MEICEAL., BENEANR TRELTHE
E<REET D EMNRDEND D, ILERE
J RIIVOREANBEELRDMN, BAMEONO
PEH 2E Z 25 ELPPREL ) XV OB LT85,
T, ARBER TR ELPPEZEAGDE
A1 oy NREL ZNVERRAT S, 10Oy

' LPP nozzle

\ Diffusion nozzle

MREL ) ANVD—RE=HSITHRTN, ZHIZD
WTHRMERIEARZE L TRENRMERDOR
EEFTOITETH S,

X 5

)N 0w bk Combined ¥/ X)L

U EOBMERAOKRICEDIERNEZT > LHTCEL Y P 2 BRICHT 2 ESPRMEE S

DDraftZX 6 IZRTF .

Pilot Fuel Injector

= Type: Diffusion Flame + LPP Flame
* Number: 16

* Number of Fuel System: 2 -

Main Fuel Injector

* Type: LPP Flame
(Circumferential Staging)

* Number: 16

* Number of Fuel System: 2

Diffuser
- Number of Strut: 8
* Type: Bifurcated dump-diffuser

6 ESPR HTCE A#%tds (Draft)

[ 3FY1999 | JFY2000 [ JFY2001 |

JFY2002 | JFY2003

LPP Combustion
System
Conceptual Design

Test for HTCE Engine

_ |Fuel Nozzle Single Sector| _ |Fuel Nozzle Single Sector Test for Target,

[Annular
Test for|
‘Target
Engine

vy

Multi-Sector Test for HTCE

Annular Annular [ HTCE
p * |Test for o |Test for o |Engine
Dump-diffuser Test »4TCE 7 |HTCE " |Test
4 [y
CMC Material Test & CMC Mechanical Test forl ................................................ H
Target Engine & HTCE

7 ESPR MRBEdRBAFE
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BARBEEDICIE, HEUEEES (FAR Part33 LA%) &5%, RELEAOERIEEHT
SHEAHD. FOHEIRE., RROMASHOEICHEEIMN, KT VS VIZOVTEBIZTIV DY
REBLLTEBLEBEERIICRT, 2OMICHRE LTEBLEER L H5084KT 3,
HEIZHWNTIR, ATV UUTIE 2 ERERDZELHBFHHE (FADEC) EH>TLBM, %
ON—FE, VI rOEEEERDS, MERERR L LTHAICLIBRERBEEREL, To 2
ERIBREENAERIEIATINVS, RA4ICFADECO#E-KEZRT,

5.2 RIMRELTLOUEBMES

RIMAB ML HEM. BEEAMICEREUERETIA0HBE, BEADDICE-oTLS,
XMEHAELTOEE, SESOWNBENEEL YROELALEENTEY . ZOLEOET
HRELELTERERARTENLOTHD, REITEKI VS OOARBESRERT,

®4 FADECHIE ®5 IUSUHEDER
Hae HRE HE | el]
VI GVHi# 1 fail operative, 2 fail safe | - | W& 0~15, 000Ft
H A e E R cZHRORNBEOBS. BE 0~0. 39w/
EEHE DniE - RS B Y F & 2RI CHI SR BE —35~1SA+30°
1) § v Ak  CEROMAREDORE, o BRAHBEEE: 103%
S Wy EATRRE TN EZEE EiEE | BAHERE: 106%
{158 BAHERE: 105%
HwEEn M-YathAst” 1954 N 99197 WRiH X EEL Hh#h BAHRBE: 121%
Y RILAIRS VR hnEH— O E g E#GEE | NH2000 BTl 5700 (94%)
EPEPIET 1E3aE —ERNEEE 5130 (85%) rpm @ 2 -}
b7, Tt GSEEE BREXE | BEgr 18 MAHEE | —35~1056°C
S ERE(E 0 OEl b-2uh" =1 MEBE —-35~ 57°%

6. W

E%Fﬂl:'ﬁ.él\u:7’9FHI>~>‘>Eﬁﬁ®¢'€ﬁBhf;&ﬁim@:ﬁ%‘Bﬁiﬁ'él;tﬁﬁﬁ’&qht\l:,
AMTIEME, BREXZPLICHENMLEZ. BRDEVSIEBLZ24HY. TABRYICBERERORVLD
THHEEZDN, BRAORMMEIFTHEELERISBRAEL >TVWILEEHIZE8BT. £9F
TOSEROBEXREZTHICHFLI=L,
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B—14

miEt ?iyﬁ%%ﬁ%ﬁ%ﬁwt*%ﬁ%@chc
REBEY AT LOYERERIT

HEFEA, wHR— () BHHRBFFER)

FAMNE

AREBIBRDHEBE CTHAPIAL HHATIEEZRIAF—TH IR, K, WE. ZLOREVESENT
WARD, BERE BEHRIAFHEVHIBENELS, BB THESNZCOP 3 T3, biE
132010 £ F TITIRFERE T XA OHEHE% 1990 £ 5 6%HIE T 28k BEEINRD Sz, D),
MEPDOFETCO,,ZENTE2RRBEEKARET T FORBPLEL RS,

BEY T I v 7 KEOMEILEERESED bR TRY . ERIGEVARSERIEBLA TV, &
ETEBEYT I v/ AKROBELZHAWT, BRIAMEES (1GCC) BEVAT LADLERT D
DAFREREHL, BREOCO,ZEHEINT I AELEE I GCCHREVATLAEZREL, ZOMEE
RN ZAT oo, ZOKEHEE I GCCREIV AT APETRTNIE, PRVWHRETCTCO,2TFeE
E¢AZ ERARRICRZ LD EHHFTX B,

1. 2BRFREKH REFOHRIERBEIZTDONT

1 GCCOMEEZRD B0, MRERTHS — AL, VABURE, TRF— L HE
RERBOBMENLFHETIVERD D, T 2 TiX 2 BEFREY 2EAE O HF ZLRRIZ OV TR T,

ARITHRRI CigHrO, &7K5T, RN L LT, TERSHTEY hy ol b=18X12.011/1.008 X ry/rc.
o—18 X12.011/15.999 X rofro. MR me. 7K 53 B mw. JK53 & my 13, mc=18 X 12.011+h X 1.008+0 X 15.999,
my=me Xtw/(tcHito)  ma=me X ra/(tcHitto), mcg @ CigHyOp. ma g DIKSY & mw g DKL & ETeH K
EEOERIY me=mctma+my (/mol) & 725, FROBMERE Qu (kike) L V. KA C\sH0, DIEE
B Qci. Ng=1000/m¢cy & LT Qc=Qu/Nep (kJ/mol) & 3KE 5, EHEARE Qgid. Eﬁ@%ﬁ}im-‘c

ClthOo + v 0‘02_) 1 8C02 + h/2H20 + QC 22T v 0‘=(36 +h/2 _0)/2
' ©.Ccon: COz,HzO,Nz

XV, QQc—393.7X18—286 X2 (kJ/mol) & KR E 5, Y&HH
£ 1 I REFRER Z RS, m%&ﬂm
F1 ﬁ%ﬁiﬁ){ﬁ Ko [/7 FRIG]
TER AT B % n ®
IRR Tc wt % 68.8 ©+Cc0—>2c0
R To wt % 10.2 Ta47a—
y4 0, (g!!;: 5 O
%’% Tw x ;; _ ?‘g S [ayzwm]
V- } TA wt % 0.6 20—1
R% wt % 9.5 - )/{Z © COHzCOszONz
&t wt % 100. Bc
Iﬂﬁb‘d\;% FC wt % 44, CO+H20—>CO2+H2
¥ Vm wt % 42, OF] :f;]
BRI Fo/Vu - 1. N
BRBE Qu | kike 28,170 e bOor-21-6)012 b1
i B A C1etl1s0, et (N
HRRE ma | g/mol 314. ‘ < ARSERE
EAERE Qc kJ/mol 8,850 £y
REAERP Qs | kI/mol -510 A5 O BT
JK VA iR °C 1,450

M1 2BREFREKETAMEFET ARG T v

1S5RS —-ErFEHES
BEIEA XA, 200011, (dbiu J)
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WEHIER A ALK IR % Y L CHEH T 548, 2 BYEWISR A A LRI S B F 2 BUC LT, BRIZLET
T TR T B3, TAERNI 2 o RRAF LS TRICOAMEET D Z LIC k) TEROBEZEL L,
WY F 7 & LS EBOBREIMES §5, ZOPRICEIY . DRVBRER TR VAR INEREIZTE,
T AR EHFETE B, - ,

ZOHAMURISEFLR T H720I2, 2 OB THIRBSGE, F¥ — TR, 7 MRS
BFER U 2 BETEAT AMUE T AMERISET NV EER L (KI188),

e d o 4 ‘

BRBSIFEL, ARPBRICABIN TEES ERBLREEDT ¥ T ICELTIRIETH 5,
SRR TRABREDIZETRIELARRECO,, VFZ7FTRAELCORRDLRELE,
=AY | |
CisHhOoF+ v 0c0; — v cCH+ (18— v 0)CO, +02H,0+ Qe v 0c=(2(18— v ¢c—0)+h/2—0)/2 [#))

v ¢c=mc, XF/12.011, Fo: BEERFE (EE%). Qrrc=Qs+393.7(18— v ¢)+286h/2 (kJ/mol)

EE . ‘ :
CisHiOo+ v 0r02 = v cCH(18— v )CO+h2H, . v or=(18— v c—0)2. Qpr=Qs+110.6(18—v¢) (3)
Ftr—HXIERIE

F o —H AT, Fr—FORENCO, COLIRBFIETHY ., I UNRF RBEWRE 1
LV F I IRBEEHE g EERT D,

aAVNNRE
C+ v 00, = 2(1— ¢)CO+2 ¢ —1)CO;+Qccy vo=2AgVo/Ancc X & (18+ v cr)) C))
b: AUNRYFRGEE, v g 1X(15BB. Qcc =566.2 v o—172.5(kI/mol)
yE 45
C+C0, — 2C0—172.5(kJ/mol) )
27 FRIES »
V7 MRS EREL, AV NRE VT MRIGRB,EVF I FL T MNRISEBr ZERT D,
CO+H,0—H2+CO,—2.9(kJ/mol) 6)
ULORIGERERWT, a v "R EHENK, V¥ 7 ZHERZIIRATRRTE 5,
aAVINR4E
¢ Ci1sHiOo+ ¢ v wH20+ v xC+ 26 v 0 (02 (1 —Po2)/Po)N2) — (1— 0 cc)(18 ¢ + v cRIC+ 1 cc & cCO+
nec(18¢ + v er— ac) CO+ BcHy+(¢ W2+ v w)— BHO+ A6vo (1—Po2) /PoaNo+Que @

QMC=110.6 n Ccac+393.7 n Cc(ls (b YR ac)+286( d) (h/2+ v w)_ B C)+QS
ac BclI(NADBEENREEB)E V7 FRIGEOFEO9 LV RDON B,

Be=—nccact218¢+ v +H(6®2—0)—24cvo ®
K(To)=(18¢ + ver—ac) Bc/lac(¢o @2+ vw)— B K(Te) 1 ¥ 7 MRIFHEELK ©
DEY 45 '

(1~ $)CisHhO,H1— ) vwHOH1—nX18 ¢ T vRCT+ nac (acCOH1I8 ¢ +vr—adC0)+ BdhH dh2+¢ vw— B HO
+26vo (1 PPNz = (1— 11801 — ¢)H1— 10 X18 ¢ + v RICH nc et nw aR)COH 118 ¢ +vr—ad)+
1 (181— ) +H1—naX18 ¢ + v — aR)00H Bct Br) Fo @2+ vw—Bc — B0 +A6vo(l PPN +Qu
7T L. Que=1106 nr ar+393.72 n (1801~ ¢)-H1— 1ocX18 6 + v ) — ) F286(1 — Y2+ v) — B+ (10)
ar BrIZ(ISROBMEINF(E 7 MNRISDFHE (12)& W RdBIB,
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Br=ncrort2n (181 —¢)+(A—ncc)(18¢ + v )~ ar) Th2 (11)
KT)=nr(181— ¢)F+(1—nccX18¢ + v —arlBct BR/M(nocact nran) @2+ vw—Bc —Br) (12
BEizk v, TRMLFLEOHBENZITKRNE 25,
ARLFLE _
CisHi0,+ v wH0(q.)+ A 6 v o (O3 +(1 —po2)poo)Na)— 1 @ CO+(18— @ )CO)+ BH,+(02+ v w— B)H,0+
A6V o (1—Po)po)Na+Que Qu=110.6 7 c +393.7 7 (18— &) +286(02+ vw — B)+Qs=Quc+Qwr  (13)
o, BIX()ROBENFT(14)E T 7 MRIGDOEE(12) L VR BB,
B=36nc —21gvo +(W2—0)— nca : 14)
AORE AHREZUBT D LICEY, VFA A F Y —KEENDRRR v HRALR2D,
ver=ncy(18(nc—new)—18¢ neccl—nc)(ncct ner— nccncrh ney: F¥—YVHA 7R (15)
B o AN ORIz, ARER, BEEEF, SREZRATIUIZ, CWMEHEEERK X
HACIFEDER AT A NHETE B,
wiZ, HAMEFEY OBRXZHET DL, arNRZ, VEIZZRENDOBRENRDLND,
¢Hewm +Hscr +Hox + Qme =Hoc(Te) +Hs(Te) + Qwe (16) -
(1—¢)Hewm +Hoc(Te) + Qur =Hor(Tr) + Hscr(Tr) + Qwr an
72720, Howm : CWMODT U Z VY| Hyeg : B8 F ¥ — DT Z Y, Hox : BEOT U Z LY,
Ques Qur @ TVSRE < UF T ZRIGR, HooTo) « Her(Tp) 1 Y /NRY « UF 7 FHAT AT ZE
Ho(To) : AT T DU FIVE, Que Qur : TV 7SARHK « U E Y ZEE~DREE (EABD kyc. kwr)

3. KELEYEIGCCRELRATLDMK

REBOCWMBEIRRK E KFOME I GCCHEBI AT AOBRRZRK 2 1TR~7, ARITHMEIG
CCOBE., KFREEERNEL ., BREFEOD/NESWERT ADE BN D CWMEHEERR & HRANHE
T B, RUVAT LOFHBIE, R ANO DKBEHHEREZ R LT LT, &7 MEEIRIZ L D AK

K. CO%RKFE, COLERLERTATOARBEZEMITLZ L&, BEROBRIENLRIES N
BEREPAALA—THRL LTAZHBEEOZRANCHE L. BEROABLEZELTEZETHS,
' pAwLin i

X2 KESHER I GCCREYRT LDERK
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3. KEPREOHEFEHIZOINT
KBS BEEOHEICIIN 3127 d, BRANC A A
— A BHAE LTt mi R, AT HR K SR 4 B

RS R
8o, Yp1. . . ¥pn

BlaH 2
HESu A EBH W, . . P 4
HAOFBEFAT, BUMNEER dS IOV T =0 ] s
-dF=dG-dS = Q(i)/1- (Ph-x(i)-P1-y(i)) 18)
L2y REMEIREIL, AA~T%2

-dF - x())=dG - y(i))=dS - Q()/(Ph-x(i)-P1- y(D))

L7225, S EEMMm). Q : FEiBFREK(mol/m’skPa)
F: G AR (mol/sec), G : A A i &(mol/sec)
Ph : 4R IE F1(Pa). Pl : ZEEMIE(Pa)

x() : BT AMEL, y() : FBY AR

g vit. —v:
(19) :
(5 7P

fr, x#1. . . Xin

s=0

PRYUBR/ETL
3 KRESHEEHBEOZB/ETT N

KRBOBER © ko= BBT A FDOKBRE/ AQT X FOARRE
CO DBER : kcop=BBYRFD CO, MR/ AQONTZED CO, HiE
H,O SBER © ko=@ A H D H,0 &/ A0V RAFDH0 g
CO B : keo=BBHAHD COFRE/ABHFAFD CO ik

N SYBERR © ko =BBH RO N, Filk/ ARHAFON , Hi

4. KESEE I GCCOEEFH#IZDOINT

WiT, KESER 1 GCCOBMENZHEZRITo 17,

KRESBEL U AIECWMBEKRX I GCCREVATALRALTH S, KBESBEZITH R LAFEER
EFIHRIBYEESEE LB, A, —THRAOHEB+HTH D720, 5EIT 3.6MPa & L7z, K
ROBERUBEDOYV AT AL, KREEBREERF L THBRNATBEDONAZ—E B L THE
ATV, BEBAEIRA A 7 TEEIR L2, KRUTHEET S, CO. CO,2ERD & T HIHEFBY R i3tk
BEABER THEERICIVARBRESE, BIBEDCO,LAkER L L, CO,#—E U TEHHEIEITV, CO
SHEBMEINR A T CREIR L7zt WEI L COKEREZZEEREL T, BREDCO, 2 %R, #/E TEIX
T3, SEHEE LIABELBEBE, I GCCOHELRBEEZR2ITFT,

R2 BWIEAKROMBEIERN L AROMA T G C CHERMY
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" El % # H El & #
K| KRB BEIREE 400°C C BRARIE EE 40°C
£ | AOEH/HOES 2.8,71.6 MPa /S BimRER 99 %
by | kFE, ARKFEREE | 5.0X10*°mol/m’skPa. U 7 NERHAARIRE 150°C
B | CO,CO.N, ZHE 1.0 X 10® mol/m?skPa. G ERER T S 16.0
B | k3 : CO,BINFZELL 500 : 1 Y HR 2 — L PRIGEIR B 1430°C
CWMEE 65 % T BRI DR 1000°C
) CWMHtHEIR 50°C CO,Z—E L Eh 24.5
H FRsR M E 98% S FRRSEM 540°C,/17MPa
A ERFRYLAGIREE 100°C / BRRIRMN 540°C2. TMPa
e HALIFET) 3.6 MPa T RERRS SN 170°C/0. 13Mpa
=l HAEEFR 0.427 ZD RN 99.0%
S NR I GRGBIR, 0.8 i, ZEEMTR 98.5%
IRBESHAR 99.5 %
H AV R 3%



4. KESMBEDOH X HEREICONT
ﬁwﬂmﬁﬂﬁﬁﬁﬁ:xf~7ﬁx&%§%®%ﬁéaméﬁt%A@*%ﬁ%ﬁ@%%%ﬁoto
ARBESHEE, CO,LMEORELM 3 — 417 T,

AA =T H A EITORVGEES, EREE OBRE a 7T, Z0HEE. Z8AloKESER
Bl EEEEREL LN e +07 KB HBRRNELNT, FRHICO ,O0BEEDS 20% L7225,
AL =T HAL LTEREMBETD L. bITRTEY ARDBERIIM ET 503 CO,mRERII/NS N, K
FREBEEICTHRBESBELEE cIZFRT, cBIRAIRT LRV, AT OKRSBERIL, Wil
ICHARTH 0% REARSBERS M ET 5,

100 » 100
- —— kM ‘ ’#
b //* —f— CO2/MEE| €75 kR
#e — ) ¥ 50 / —— CO 25k
] P -7 5 3, @
& oot K (RO,
X% t X2 BACESke/an2h)
R : R
0
0 50 1000 1500 zooo 20 300 0 85 17 255

RA—THAR (l/s)
a) AA *—7’7’72%%“12‘@ RO AR, COMERD) A —T AR 5AGR. COmBfR

100 I 100
- : S
*75 <75
: o —1 ]
= R A %50 =R (PR
& 3
K5 ARAREERD | K S QU
| (100m2, 2.8MPa R I
0 ‘ ZA-TH A1 Tmo/s) 0 QRA—FHATHol /5,
1 TKIFFERERE (10-4mol/m2skPa) 10 % 50 100 BAOE 8Pa)

C) KEFBREEICXTHKE, CO,mHEE d) ﬁﬁiﬁ&:ﬁ?gn@% C O 57 HfE=R

X4 R DARSBEIROKE, CO mBER

3. 6 KAESEEIGCCOMREIIOT

PEXY, AL —FH X 17mol/s (STkg/s)t#E. BEERE 100m> OMEEl L LT, ABOHRIGCCH
BIRT LDHEEToT, KENEH I GCCREI AT LAOBMENETLF I, ¥ —E U E#iHA,
BIUHEN, SERBPRERL, BRAREZR 57T

#F3 ABLHHAII GCCREL AT ADEMWEINE

x = 1 2 3 4 3 6 7 3
5 E fZ | CWM | B & | Z5RAA | NOSA | il X | e A 22 R, | BBEIA
B E (0O 50. 100. 430. 400. 400. 400. 15. 1428.
E 5 (MPa) | 3.72 3.72 3.24 274 .| 157 2.71 0.1 1.51
(kg/s) | 35.8 35.2 88.0 81.5 61.9 76.4 600. | 376.9
H; (vol%) [H 3.32[ o. 30.34 | 51.21 50. 3.55 0. 0.
co (vol%) [C 44.72] o. 36.23 17.79 0.22 35.19 0. 0.
H,0 (vol%) | 37.99 0. 19.19 0.03 0.03 0.0 0.2 14.84
CO, (vol%) |0 6.63] 0. 13.57 | 30.44 0.37 60.2 0. 0.17
NotAr | (vol%) [N 0.78] 2. 0.51 0.53 49.39 1.06 78.8 75.97
0, (vol%) |Ash 618 | 98. 0. 0. 0. 0. 21. 9.02
H,S (vol%) |S  0.38 0. 0.16 0. 0. 0. 0. 0.
COS (vol%) | (Wi%) 0. 0.03 0. 0. 0. 0. 0.
FEE | ((MW) | 10213 0. 817.7 | 820.1 590. 2285 0. 0
TUHLE | (MW) 0. 2.8 102.6 54.0 46.8 30.4 1.8 763.7
REE (MW) | 1021.3 2.8 920.3 874.1 636.8 259.8 1.8 763.7
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= = 9 10 1 12 13 14 15 16

1H H B L [GTHETA | A TTAR—TTA B R | FKZRCO, [ FKKCO,| CO, pic-
B E CO 561.2 95. 400. 100. 1000. 95. 30. 238.
E 5 (MPa) | 0.1 0.103 1.67 1.96 2.64 0.11 0.1 0.64
EEWME | (kg/s) | 4584 458 .4 56.9 12.9 123.5 123.5 88. 204.
H, (vol%) 0. 0. 0. 0. 0 0. 0. 0.
CcO (vol%) 0. 0. 0. 0. o. | o 0. 0.
H,0 (vol%) | 12.38 12.38 0. 0. 49.56 49.56 0. 0.2
CO, (vol%) | 0.14 0.14 0. 0. 49.89 49.89 98.9 0.
Ny+Ar | (vol%) | 76.45 76.45 98. 2. 0.55 0.55 1.1 78.8
0, (vol%) | 11.03 11.03 2. 98. 0. 0. 0. 21.
H,S (vol%) 0. | o 0. 0. 0. 0. 0. 0.
COS (vol%) 0. 0. 0. 0. 0. 0. 0. 0.
EEE | (MwW) 0. 0. 0. 0. 0. 0. 0. 0.
TUHALE | (MW) | 377.8 131.5 232 1. 259.9 98.3 1.1 47.1
MEE | MW) | 3778 | 1315 | 232 1. 2599 | 983 11 47.1

[

va > S
%4 mf‘gﬁ% 16C C%ﬁ/;;fj)‘% H2dx 13%  HERB%R1.1%
JEHEHSED /) -193.0 MW
HAZ—E L HH 400.6 MW
CO,#—tviif]| 926 MW Tock
KA —E U HD 158.7 MW

ZeEmitt /I 4522 MW

FTAEL S 40.7 MW :
EEIRH A 411.5 MW : / %5 ERMIE 403%
FEIRBG R 44 3% B L
i FﬁW%* 9.09% f:>‘ﬁ*’* p=>
EEAANE | 403%BM 25 CWMBERIKE KRR | GC CRERTENS
46 - :
BRIC, FRAZ—EUVRERHMBEEL B I E8 o '
B DOBGEOEEIZHDOWTR6IRT, RESHOEE o2
P 1370°CO%E. HBMBIIEIL 39.7%. 1450CTiX Fop-
40.5% b H A F — U L ORRBESH MIREDE 00CIT, 2 *a —sman
BRI 0.8% & HBEY N & REIT I E o T, 3 —
1340 13710 1400 1430 1460
PR LR (°C)
HEMNE X6 HAS—E ARERRHRER S 28R b,

UEDREHZ XD KBHBER I GCCREIV AT AX 1300°C%Z’z7f7<‘§7— EUEERETHAWVWEEA.
EEIRBIIR 40% L0 EOEMERET, CO,EULR 96%Lh k. C O PRHFBAIL 62g/kWh L 1HiF4E
DCO,BEINTE, ARBEAKHNBEENDS CO,2EINT IE HREREMCR2 b LEEL NS,

L

AL, FIo RNV —EEEMREHZESE (NEDO) b () BRZ77A v ETFIv IR
WA (JFCA) ~OEMEBO—WE LTEMLE, RERRD, EBERFHEHHIICHNE
DO, JFCABREAMITEHH N LET,
BE XK ‘
(1) HFZEM, ZBILRBEND 72O DKAREEBEY AT LOKRE . BHHHE W89044, 1990 455 A
(2) &%, Evaluation Method of CWM Oxygen-blow IGCC, ECOS’99. 1999 4£ 6 A
3) BRZFE., EH, KRHSHEIGCCREV AT LADRE, £ 1H. EHHFHRE W99022, 2000 4 4 A
(4) “BMLREERS#E - EINEF A%, NEDO Rt R EHREE. JFCA, 20004 3 A
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B—13

C O, ARG S O —X KEIH R — E > ORISR
* ZE L. BERRX (ESHRFEAH)

1. [ZLsiz

BEL TEENE= 21— v VE (UENSSE) X, BRESHICBIT 2 BLREDH
HEEAE ERSEZZLEEEL. TR 11 EC TTBREEIGNG Y O —X KRR 2
B — U U EINE R R A E ) & RE Ui ASFEIZER 10 EEICET L TKEMAE
BEO ) — TR NF—U RFAEM (WE—NET) %1 502Es,) 0 TKERES — L%
B% CEONEREOEHRERLEEN LELOTHZ L LI, BEEPOEHERAR Y —
EV I RFLDMEFHBZRETZ2HDTH D, SMEH Y —ELOFEMEARIZ. EXHEXICLE
STHOTEETH DL LI, EESTIIBIT 2 BAMEROREEE L -RITERTHI L
POEIZAB—BOL ~NVELICEEND 2 WZEEKNICKELERTZHDTH %,

T )V¥— - EEEHASERMEE (LENEDO) k. NS SEICLZEHEREEZITT.
ER 11 E 4 B RS EIC N T 2RSS O A BT oo (Bf) BHDRTEAN (CBETH)
& BNOIBREEA —ASOHAEET. WE—NE TH [HOHKRREEARIEAT 3
Y ryiT, 10 ERGEE & HEEHT ORI S BET 284D 5. REHEICH L TR T 2 HE
BREBAK D AALZREETRY, ZhANEDOIRAXNE,

BRIk, BES TEENERERTEROEED b &, PERUTCEBEA —h—ICHS
T BHFEERAEE L D, TR 1148 AL VIR EEE L. ~ |

AEEIL. ToRLRBEEINIG Y 0 —X RUEREH 25— HiiE [ S REERatE 25
TR 11 EEICBIT2MERROBEEZR D ELOE D TH S,

2. HIREROEH
HKBEREEEOE X DICHB L. BRESBIIBIT 2 _BILRBOHHEZKE ERBZE D=
By RARHAR (X&) 2dube UERROBRBREICL D, EXRLYZHLE TICBFDOT Y
ALY RYA OV REL LEIZREMEEZE L, 2D, VAT LE2I70-XRETEILITLD
TEMERFEERKFICEEH URWERAKR AR S — U O B ZRET 22 L 2 BN E T 5,

. $i5 4 O — X K& (O RESEEROME
3. COERMGYO-X K2 (315 — U RS EEIR RIS
(5 BB B DS - IGHR

(1) 2F Ltz

BMEHRY —E OB

X 112 CO, BRGSO —X
FEIESEA RS — L DERE
HRMERBREEL T T, KEKFT
RRAR (XAy ) ORRZERES
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2/Cax = 0,78

2/Cax = 0,92

(a) HE é (b) BHE
K9 EmEBAROSERES A

EV

(a) R (b) BHR

K10 BEiREEAD 3 RTHM
}2 BELBHECOEELLFEEOHE £3 EuBEAPRIREICH L THEDLEE

Rotor/Stator % TC/ Passage %
energy loss at passage 119 ' Stator Rotor
energy loss inside TC 82 energy loss 8.5 5.9
mass flow inside TC mass flow inside TC
from PS to SS 90 from PS to SS 25 2.3
from SS to PS 0.3 0.9
total mass flow 2.8 3.1
——
—_— 4
PS SS
11 EmBHEEROER H12 EigbREEakEeEoHHEN
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TOEERBEP S ZRCHFANEEZHE - BT T2 2 L EBHETRY. LOBSAD» S, CFDIC
LV EHRS — BV BRIIDO=ZRTERNGEBIT T 2BICTARE R DT —F A =V T FHEICD
TR 3.
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TW3., ZOHETE, BEART VY IVHB—DOEBEEEBL O >DOREGERBEEZEDOE
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EFE 51, LR Critical poinFREFHICEDWAIBI 7 OREE, BLUZDHI 7ITH > EEIRITA
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an, ZOMRBEICER U ZBREFEOEEERNEE 2T 52 L&), FRHEBIETONRS
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THILORDREIZEIRL TS, X512, Vortex HunterlX B % £ > MR B~ DB S 48
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R ORI 2 D FBEE K SR EOHE L S BANEL AL TH D, &5 IEHmRE

CRBEOEREL TH L CHBEZEISEITILoH D, MEEELZRIET S ZIT TR, FhiZ
S ZRTHBMERREEBETS LD, F—EVBRINOENFER BNV TCHERE RS . CFDA
DEFUEY 7 by = 7 DERICHE ST, ZRTRBEO AL 5 HEMEROBF 2TV HEBTH S
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Tip Leakage Vortex

Passage Vortex
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’ HrEE QR HIZLE ; —#kFEA, =70, M,=0.3, 18R/30S.

U3: 1/ Ty, =377, ¢;= 0096, Yr.p=0.135 US:1/Ty,=437,¢;=0.147, yr.r=0273 U6:1/Ty,=471,¢;=0.107,, yp.r=0.121

K6 fERLEEIVHNORERK. YF’JF"/@J 2FE AR, U3 - 33, US: BEE, U6 : 2 Eif.
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L, p.op, 03O TOEMFEEOES, BE, Mm#EE2RL, MITERICHENEETS.

COMICE B LE FROBE (K311, (% 0205 TE TCHEFEENICHEMI T CTEELDTHS.
IR =) TOEERTAASRVWENS, TREERE TOLE FRIEIEREL &G 2o TWY
50, TOELDOERIEI—HL TWS. 728, BITERME COFHE & T 3 &, FHHE, BE
Sl ART > > v VES, BETHRY — V7 BIR (ER, %ﬁ&%9m@@7/ﬁ/7w$ﬁ)m&
EWICELS —HITHEEHERL TS [6].

AOEEN—HRIFE, EEEEL (=7, ¢~016 THAETS. IHEHKL T, ERTOEEK
ﬁ%#ﬁim@tbﬁmmw(H)E“%Ticﬁuow_LLka ALEREFIFRNNEN X

HRERANZ OB THHIREERINTNEHDEEZEZ TS, EEELHIRETIE, 2F LR
ﬁ@ﬁ(ﬁﬁ?ﬁ)E¢@&LT}th}ﬂmﬂmwijkﬁ%<ﬁ%bTm%.E%,KDVA
JEF4 A b= a3 > (2FE#HEMN04%, BHERET60%, BHHEFE 10/18) 25 % =188 0stEfEE DA
LTHLM, DEDEN CTREL TN,

K 41213, 2F LA B LA A MEE RS OFRFMRE Z R . fEEEE IV TR S N5 B T
HEBBEEORBE A=) THe D KIEMOEELFEESHNEZ D, ILHIMEERICER S /- Bk
T, BE 2 AEREEORBI A —)IV TO/NRNEE S 5 BARBEDO X7 —)VOKENOLE LAEH
DPEONTVS., IS, KERIHNOBIEOEENICEMREL, £ OMKBIIRE T FELIE &S L T
5. R t/T, =240 1B W T ARL L CEHIE AV REREZ N1 21, 9 BN AL AR2 T /T, -
=255 TRATES N, ¢/T, =270 ORFZIICEH U ARL RUCEIE S 5. ZEFRLNIZHO R/ 7 )Y AR2 TH
HEINTWB., INSDANA ZI3EBR LERICEELZBBROEFHERD ZRAL TWBEIZLDD,
BAIEN/z 2 EOMIIHRICTFHL, Hi-RBOREERIT1 DOERELEERLINANOEEH EXETD I
EIZr%. WIVAIL 3B, BV CIIE R Th 50, B1-B2-B3D X D IZEAEEICELLT 5.

X 5121, By D)V iE 2R 270 SRR ICK > TORY. U3 T 3IMRAN—RIICER S 1,
USTIZHWEIAR, U6 TIEFZEF DM VRSZHED 2IRRAHND. K4 TRD 5 N/=BR i K
LFE EF(USHIE, N Z OMWEMIBICEN I N, R OFEIRICH 3 EBRKENDE S IEsEA
BEL TWAREEEDLTVS (Z0OK, BEOTEARELERKOELERT). WICTHWENERFR
AL TWBREEITIT(02), ERFENEL /B> TEELRIZKTTS.

2B, M6 DT7O—/NF—mnb, KEEIVIEBEE T, MIUIBEMZEL2ICHERL, ZOWRID
BREOU -7 3EBEAE, S ERANCEND I ENDNS. #-5T, BIRERHOBRE ST, SE

TIVEEIZERL T t_o)llf(}l[‘rjl 7 D3RR

MENZIEWCRD, RERL—AGE S A G ee——m——E | 27T
W 72BN A S I NEBL TR 5. 30 H
0 ; 0
3.2 #HEERBICENSEREE 28(,‘.;)0 350 400 450 500 550 0 20 40
‘t}]/@ﬁﬁ v r/pr, arbitrary origin
AIETD 2 RoufRtitE R aeEZEL, A7 K7 FEBRILEY)OFEBIZHED KREEOES)/NY —
Uy FEERE T O — T ORRE & FHEIRERE > 15% RBiEE B, ¢=0.23, 3000rpm

ﬁ%%%#&:&ﬁbfﬁﬁﬁ%hv~ ] - T "

i%ﬁ?ﬁﬁg%@ﬂc i3, TIRTES Configuration Single Double Triple Multiple

ﬁ f D ﬁﬁﬁf‘ *% ﬁ:i) Iﬁlh < yvortex vortices vortices vortices

N7 D RERREENHNTL 5.

BANRA T DA, B—R /51 & O C s Tmﬁfmm_MMkJJ«W\NJﬂﬂMMJWMEM

2N, TNHEM5 OFE L —XITH

NIZBIRA, B EHFHICKHBILTY | phpearance 15% 40-50% 30~50% ~5%

TR, S R R | T IO S8 0-5% s
s DS DRI IR | Cellspeed ViV, 654, % wo

ETEETAHZENS, K1 BEAEEIC, - computed
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B1, B2, B3BDXHIIBRNELH>THET B EHE Cell 1 | Cell 2 span

B L—ZOBEBELEBLTNS. 25, B/ W ERE RYNEEN i
DB, BRY -7 IEBBDTH . 0.5 [l i il 100
Bl % DRZ/NA o B EERE )N OEROEBICE S b O s e
DEEZDE, HREMBICTET B RELELIL O N ZERA 1 209
BEMOEHTHASHTENTED, COBRERL g5 A A
AT BIIRTHR S NS RIS BECHETH  » o A S i 30%
RU, 28RV, SERRTIVZTNTNA0-50%, 30- T 05 Py S 3.4%
50% TROHEFIRAIND. AWRN EOLVORE 3 O Y
FIEFITDIRN. TNS OEBEET, HMER TEHR o Fii i et T 40%
- EBEDSS5-T0%RRE L 750 TRBE S, MAIRK AT 0.5 A M
BEETFT 3. 2 KM TRETNENORBOEE 0 SRS S et P
o B IS R BRI O P EITEWMEE & o T 5. 05 DR ad ] o
kB, 1DOTLAOEE, BEKEEBRORE sl
A=V THRET 2 EEX5NDN, HHAEERET 0 & =

V6] T, MOREBEAT—INVE34EMEY FREEL
5. €0 T, 18R OB TIX, ©EMBEBRIHERS .
N2HIE, BRIABEOBMBNEND Z LTS, FH M8 2EiRRERILEEI (Cel-1)D
BRIC 2 BIVEERIRENFEE T 2 S EREOER T, YEFG M. =022, 6000rpm.
BV, BR(3~4) DIATHERIND Z&ITRAS.

ZDEIT, REVIVPFESFNRTHREIND LT &, [UIREEZBICEND /31 7 1I3EB AN
M UTEMMEER S TWARENHS. KI8T, EREZY—RATO0—TOHhBRN2 Z /31
2 ERBBEEREAT, HHAN LB TORBIKESTEE L — 2 2 U TESLL =4
THD. Cell-1 S RELZREIREEIINT, BimiEtsERE, BEAMEE T2 X/ 7 20NFILEAMH
TEHNTWS. B TIIRNRNRICE 228052 DT, HELSHEE SI1378> Tz, Zok
ENSd, K1IRLEEDIZ, EEAFICHZ D DEKDORE
MIDDERFELINEBRL TWS I ENbNS. BED 3K

t/pr

fEdt [ 311k niE, HCRELTEERVRT UMDV D ::t£$g$$;]3$m
Wl ERTICE EEoTVAN, REBERETHRENSIC2 o 50 deg soreen_| $:2030
EHOXZEAFERNERENDDOH DI ENRINTNS. —— N-S analysis; ¢;=0.19
723, Cell-213Cell-1 SN ICFET HDT, ZOEZF AW Oﬁ-m@mw Rotor direction |
TRA/NHEORBEEZZRD SN, X HE |
0.4 [ oo A
4. BEASL Y FF4RA M= a itk BEEEREL) o -A’
Y= pAuE X o o T )
4.1 FARAP—2a A2 U—YIZLBEAMAORN ' | Axial velocity ]
B9, EMBCEEIRERCHUL L lAmREE > 1
PFABOAFANGETRT. BRANERERESIC AR :
S5RAL, ERNSEERTS. T4 A M—2a3>AyY—2T S Incidence i
AT BEGEITITIER Y )~ BAAEICE LY. 2xE § 2 R ]
I TRONEARERMBI, 122 FAREDRI U= B [ WX
T, BERASIR LTS TR OE < 25deg IEICHEL, %8 5 0 poiiioi
ABFRPEICBONTHRDMES 10deg LT &> TS, DK Rotor blade number
(DI F AR, REEEATOM LT OARKHL, £ K9 O—FRIACHITBREN
HEEARIETH 31200 b 57, RBAMICERE AN DEFET 4 A R— 3>
LTWBEZRLTWS. 1 2Ly bTF 4 A—aind s 534, O—4% 3 E 3000rpm.
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BEIE, BRI EN AR LT 572 I T C.i LocationE

Rotor

FTIERL, BABRTIZIO—YEEBHFIDIE  motion
RN, ERER TlIdo— &8 &S A B ONE

1 01CiEA 7Y v MBI S O — 7 %

ERNARET D ZE0NHOh5B.
N

WTEHEI L 72835 5 BR T OIA MREC &
TR C, ORFE b L — 2 &R RABR oy
E TRRNOEEII/NEL, BEARICKS flow

® = —» HHRRIIC R S N, BRRIIEIE | S T—

SERIIMEL TS, BESIRLTIE, C &C t 1Ty, 30

IR IR E RIS CARBANCEBI L, 13 < B K10 (EFEseAE, BEFMEICBTD

mhEoTn5. BHERGNELE. REAGEEA (9=03), T4
ZDEI, 12y bF 4 A =32 id A =33 > f1=90 deg, 3000rpm.

22 ABIER TERAE 2R S 8, B RIER

TRBHREELPIESE M EHED. £, 032 7

B0 5 BYESHI I T DRSS 51 ol %

ESI (7, F4 A= 3 SERARILRE | 555" Stable operation imit

DRIH—ELUTHEET B EHERD. 5 030 ;;xj

4. 2 BEREOEHPES S 0 A
. = Jj [H S - : : 36% =
eE ks AT BB, L 028 PR i N
B i s Developed rotating stall ~ ™ 32\, 35%

TAAM—a X DEE ORI & EETR 0.27 R

WASEBEC AT B 2 &R RET DREND .

5. K11 3ENIBEST DT A b—>a > 026 —— "0 "0 e 30 100 120

Rz o-TERE L, LEELHGHE Distortion extent deg.

FERE L IR RE A E DT B EFRI=FERTH 11 T4 A b—2a VEEMOET 2R E &R
2. TNSDORODFHER, T4 A h—ar TR & FEE L e R DR TR ; Bl AR

AN 110deg DFEEITHROHKELS;, T4 Ab— 2227 U—2>, 3000 rpm.
Ta VEERRERGERED S S0 EBb-

Cyclic
@ ¢ HF: -50deg E: Odeg @ LF: 50deg L: 100deg

L

=

TR S A W N I A A A | TR N T N O T T Y O Lidodod 1§

0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 . 150

t/Ty, t/ Ty, t/ Ty, 1/ Ty
(a) ML (b) A (c) (RTTERIK (d) BERLHER

K12 1> lv hFa A h—3 3 SEEREICS T2 ERATSREL 0 E S L ;
TAA b= a AEHE  110deg, EERE : ¢=0.26, EEREERE : 3000 rpm.
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M. TR PN v —e— D-11RB, 10% span —o—D-8RB, 10% span
, TR —HRRADEHEL DKL ST, D1 IR, 50% span D-8RE, 50% span

iﬂxmn’éﬁtﬁ“%’éé‘t‘é‘fﬁ%&f;aflﬂ% S ol
EELESHFCHEL TND EEL5ND i oL %
¢,=0.26 TRHAILZFALARE ML —2 2K 12 - I A LF HE]
IR, BRI L0% AT TR EDELE & F 0y *éj}Nk 'y
ﬁ%?%ﬁ%ﬁ%ﬁt»ﬁﬁ&éhfﬁ@,ﬁ'%Q”_Eg*  J;;%q’//ﬁi* _
T4 A b= a VEEREL TRERELLE 0§ - ) ;///’f\\$, .
WEETIEL TS, LA LZEALED R [ ‘ ]
T (5 0 % A/N>) IddEkdin<icETHEE L 00 | e

THD, T4 A M= a3 VEPREBLF Th kH i extent [ZZZZD-1IRBZ |
YIRS AREIZIREE 2> Tnd., ZDZ -60 0 60 120

Angular location deg.

&3, MILIR U2 ERISEFE AT E TS
RERLES L CERERERIREIVAHZL TWS  E13  fEESEEE)VERER ()L A7 —))
CLEBRTD. W-T, T A b—2a ViEE  OEAATRB ORI HESE; 3000pm, EiE
REOBINIT 4 2 b—2 3 SRR ORE W& : ¢,=0275 (D-SRB), 0255 (D-1IRB).
IEWNMETITD ZEXEYITHhD, HiceH ’
—HRICIERERFEEVPEBTZHERIE, T4 XA b= a  BEARTRNTSZEI0/5.
TAAb—=a 2 icky, BREHEEIVIZAAEICIZIEE—TH DRSS, 2/ TRTIZEEE TR
ELUZ RV BRAITIIBWEZ N LIEKT 5 E WS 2 HRIICELT 2 SR THEEN bS5 33 &
%iii.?4KF—va>ﬁﬁmw%ﬁﬁmmé<mvT%;®@ﬁmlbbmm.%Etwﬁﬁ%
B (CRIVORBBA T —)V) BSEFECET 2EMEER131CRT. 54 A h—3 3 > D-8RB DEE
HUABHRRETIToTWAZEHH D, T4 A b—3 3 SHRZEAIBD50% 2/ LB TIZEI)Lidh S
SNTWRRWA, BRI TRBFICEERLAREL TW5. BEHIIOWTS, BILOREEE
WREL, DRVERETHEILZT A A b—2a > D-1IRBOBAELD bAMICR>TNDS.

5 El
—RRARME T TORE L IEEIKERIE, 2/ ARz OEREOR THRE NS EE
WMEZFHDS, RETICENS OMWMIZTHL TRENIC 1~3, 4 EORRERD I EE 2 RTKIE
AT S ERERRBRICE D W T L 2. T OB LOBMA r — V3K EERETH D, E—EHAT
TR, AAMICRE LB T D REEKREE /25, K S BRI 8RR AHHBIE X NUEEEA O
RACIOBET 5. R EFRECTREEOZr —VERD, WILE—HROBE L TE
DERTHBHRER DI I THS. FHWARERNEN, 2%, HMERNEFETS.
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A==V TR 2 — FOEBEKRICET TR
AL GORERREREDD . EARE GRRIERKEREE)
Pl (OCERRERER (B F 35 ABEGP] ). BHEE OB AR TER)

1. #
ARY a—bMIXZo—nEbFEER, IRESH D VLT 4 7 2a—ForH LANCER S 5/%
B LmETHY., TOBRBXER»OORNEZDRISEDTHHLE~EDZ L THER,
FA T a—FLLBIIBRENBEEZITIER LD D, A— =N TBRY 22— Mk, HHBICH
_AETHERENESTEDLWIRFIBH Y, EIHBTRE—XO REOERERA LT 5 0%t
LT — e VR GRS —F A TH S &V D B8 EH-> TN S, F—RFr—I v DB
EEEORY 22— P Tix, HPAELELRZZF—EVAORY 22— F RUOEWRIT L OFEREW, &
BVEIARDOHKEND, F—N— N TRTCTF 4 72 —FAD, HOOFRLHEELZEEICH
RPBZOFEHT/NIRLOBRFERA SN TOIHEEREN,

AHEL, COEOIBRI—ARF¥r— Ty OERBERY =— FERE L, ABKEAOHEZES
KT BEDIZRATr—AT v 7 LIRS EREL, BREBRA—-F2E80ERY =2— FEHOBR
ROENZRY a— FEFRERPSHHLAOKZAP > TORY a— MNFEEOIHBZOHEIZE L D
BizonT, AV 2a— FOHERBRRCARY 2a— FAHKLOHBIC LV #EIDELDTH B,

2. BEHAH

FRIXTHNBREETZUTOL S IZED S,

T

ps : T/ [Pal 0s: 7 O< 21 [degl

pt : £FE 77 [Pal ’ o ERFE»SDRNA [degl

o : ZBXEE [kgms] Cp : BHE S EIERE

w; : PHREE M [m/s] ¢ 2FESREREK

¢ : #ExhE B [m/s] Ewm: IR MIBRERE

cu : BERRF EE [m/s] Er: BERRT AR ALRE

Cm : WEBRITEEE [m/s] wF

¢ : MELEE (¢ =cm1/w) 1: PAREHD

¢ ESREK (¢=ps/ puid 2: RV a—FAR (F47=2—FHA)
B; : AY =— b [mm] 3: RV =—FHAO (HHLEN)
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