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#F2-1 =FNEZBBOLR

Pebble bed diameter 200 mm
Pebble bed height 1050 mm
Pebble weight 67~75 Kg
Pebble bed void fraction 0.4
Thickness of insulating wall 250 mm
Rated capacity of burner 72.6 W
Combustion gas mass flow 0.003~0.027 Kg/s
Argon gas mass flow 0.1~0.15 Kg/s
Heating time 20~40 h
Argon blowing time 70~120 s
Pumping speed of the rotary pump 0.05 md/s

£2-2 fKEMHE

Layer No. a b c
Name CORANDEX-E3 |TOLITE-HA-S |F.F #50 BOARD
Maker TOSHIBA CERAMICS

Thickness (mm) 100.0 140.0 10.0
Alumina purity (%) 99.1 99.1 72.0
Apparent porosity (%) 20.0 57.1 —
Specific_gravity 3.15 1.48 0.30
Specific heat

Thermal fevnlcr!:;:(t)mty 3.1 0.9 0.08
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Pebble Insulating wall
Layer number 1 2 3 4
Name SSA-995 CORANDEX |TOLITE|E-K141{F.F #150

-E3 -HA-S BOARD

Maker NIPPON KAGAKU TOGYO TOSHIBA CERAMICS
Fabrication method Isostaticly pressed

sintered alpha alumina
Diameter {(mm) 20
Thickness (mm) 80 80 80 10
Alumina purity (%) 99.5 99.1 99.1 40.8 72.0
Apvarent porosity (%) [0 20.0 57.1 42.8
Specific gravity 3.9 3.15 1.48 1.55 0.30
Specific heat (kJ/kgK){1.3 1.3 1.3 1.3 1.3
Thermal conductivity 8.4 3.1 0.9 6.6 . {0.08

(W/mK)




£3-2 BIHMBoLE

Pebble bed diameter (m) 1.1
Pebble bed height (m) K

Pebble weight (kg) 6800
Pebble bed void fraction 0.39

Rated capacity of burner (kW) 766

Combustion gas pressure (kPa) 130

Argon pressure (kPa) 800

Combustion gas mass flow (kg/s) 0.2 ~ 0.3

Argon mass flow (kg/s) 2 v 6

Heating time (h) 40 ~ 50

Argon blowing time (s) 60 ~ 120

Pumping speed of vacuum pump 0.1 ~ 0.55
- (m3/s)
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BOWEREOEL ). FEOBRENEHEN 3. M4 - 14120, Fipu =13 Fpr =102 LE
BEo. HOAEED. ~ 7 IUERLEE TOREELOEIME: FEEERT. BIRRHIZIOV T Y, FE
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F4 -2 HEEEISRHEOFTRESN

Pebble bed height 73 m

Mass flow of combustion gas 2.5 kg/m2s
Mass flow of argon 6.3 kg/m2s
Time length of combustion gas 300 s

heating period

Time length of argon blowing period|300 s

Inlet temperature of combustion gas|1857 °C

Inlet temperature of argon 27 °C
Pressure of combustion gas 0.13 MPa
Pressure of argon 0.8 MPa
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Fuji—-1BR8ssiBoig:stizrady 7a—BIoun T, X7 AKRNEBE ORI
bRl % —RTh 6 FIZZRTOBREH ORBRe B LIze 2 A5, KikE < T e oMo
R E LT D SIEINTVEb0 AV I XIzk ), ENHRE2ZZEZHE T 56
TR B I ehmenE, £ XTUVEKAOFBELZEH T 0+ 2200 TE NEWRT, 5y
AERTNEOHIORGE. BEEH AOREHEOREITL 2BEE L 6 Iz, RT WD ST kBE
AOBURETHN, TLIrTo— i, TAIT L eRTLEOBOBIEETH I I HHELME
%o, &5, HEGEER O, N TVKERIE ISR O BUSERRT 217 - RAER. WET LR
TTUE RTVEFEN 2 mBBEU SN KiRE X T OMOBMEEN A %3 X 12— Kol
Ty BB BOBBE LTI TR TE S I AnehE, BE BEIMIBV T ARESHIIHET
Bid, KWH—EFINCESIE 2{F1E T 2 L I 2B &I, BHSROXR T VENRE0BBEL: T
T2 RTAVENO ZRTEOBGE X ZE L EEITE T A BREL I 5,



g4 -1 KkoBEE
(1) B9 A ok

Fuji-1SRaGiEolie LTEALTYAEEY A1 3 Ao#llEit, 0% TCH,
88, 2%. C,H,: 5. 3%, Collg: 4. 8%, CjH;o: 1. 7% TH53e - TIhb6eTY
e, BEHIC, LH, (2 FhIhd. IO EERBREL TEEMIE ¢ RO H AR 0

0O, H,00 Ny Op 0% LHEK I,
Xco, = 1.2/(10.9SA¥1.1)
Xg,0 = 2.2/(10.950+1.1)
Xy, = 8.651/(10.95A+1.1)
X0, = 2.3(A=1)/(10.95A+1.1)

&7 5o

(2) H¥&
Ca) Bt 2

Mg

i

XcooMcoy + XH O0MH,0 + XNpMn, + XooMo,
44xc02‘+ 18Xy, + 28Xy, + 32Xg, (kg/kmol)

(b)) Pndy

Mg = 40 (kg/kmol)

(3) b
Ca) BBEH A

(4-34)

(4-35)

(4-36)

(4-387)

(4-38)

(4-39)



Cg = (XCOZCCOZ + XHZOCHZO + XNZCNZ + XOZCOZ) /M
(kcal/kgK) (4-40)

FEOOBITHE [4- 18] IZRANTWEENS, RENIREEE LTUTFOLIIZEX
o

ccop = 9-85x107 1073 - 5.75%107877 + 1.17x107%1g
+6.03 (kcal/kmolK) (4-41)
ciy0 = -3.11x107 1072 + 8.31x107712 + 2.09x107%1g
+7.24 (kcal/kmolK) (4-42)
ey = ~7.70x107101 - 3. 7ax107%12 + 1.50x107 31,
+6.41 (kcal/kmolK) (4-43)
co, = 2.92x1071072 - 1.67x107%72 + 3.68x107 1
+6.01 (kcal/kmolK) (4-44)
(b)) 7ndy
cg = 0.124 (kcal/kgK) (4-45)

(4 ) MR
Ca) #EH 2
R [4—201] &0\ BB S R ORMERBUL,

- HCO2XC02"MCo o HH20XH 0 MH 0N 5 XN, VM5 10, X0, VMg,
g - -
Xc02"Mco3 20" MH201EN YMN, 05 VMp
{kg/ms) (4-46)

LERbTh, FEHOREREL. BEOBEEE LT LTFToXTEX 5N b,



-9

Heoy = (36.875Tg=1341.75)x107° (kg/ms) (4-47)
-5
].IHZO = 4, 9(1273) x10 (kg/ms) ‘ (4-48)
_ 0.65_..-5
UNZ - 4 61(1273) Xlo (kg/mS) . (4—'49)
Hon = 5.59 («=2) 0-®5%107° (kg/ms) (4-50)
02 . 1000 g

(b)) 7=y
Ik [4-20] L0, 7adyortEEEL. BECEKE LT, RoOXTHEHEIN S,

Tl.S 6

= —9___x10" -
ug = 2.4112Tg+240x10 (kg/ms) (4-51)

(5) Bvn¥=p
Ca) #hHn =
BRI H A OBVRESEL, TEINZROXTE R =

g

HRSOBEERIT, XM [4-19] &0, BECEEL LT, ATOXTEHIN S,

Koo, = (24.18T4-3557.9)x107° (kcal/msK) (4-53)
Koo = (17.67Tg-1242.24)x107° (kcal/msK) (4-54)
kno = 17.19 (555 29 )0’7x10_6 (kcal/msK) (4-55)
N2 1273
T, ,
0.8,10"% (kcal/msK) (4-56)

k02>= 20 54(1273)



(b)) 7ndy
FAdLyOMEERT, R [4-20] &0, BECEKE LT, KORXTEX .

kg = 0.185904ug (kcal/msK) (4-57)

(6) g4t
Ca) i H R
PR AthO$EEE 2 E T 22 13CO, & H,0TH D\ 3Tk [4-21]) kY., ZhooEsBET

KA TIEPHBNCEH TN Do

0.5,,Tg ,0.5

EC02 = 0.7(PCO2L) /(1‘%‘6’) . (4-58)
0.8,,T

Eryo = 7-0(Payol) 7/ (13p) (4-59)

Z 2T\ Poogs Puyo 3 h ThCO, H00SE (a t m) THH. HAEHEIL (m) & K
RrExehs [4-22],

L = 4x¥ROBR/HAOREHR , ' (4-60)

RTNOBE, BAEERO F AOBHIte . HRAOREHE (Tob 5T ILORERD &
B(1-£)/d, &% 50T

4e
L = zri=7% (4-61)

e H A OEESFRIE. Poo, © L% 6U1Puy0 - L ofEidsh&Evized, Eco, &Epo 0fITEX 6h
6 [ 4 - 2 1 J o

Eq = Ecoy + FHp0 (4-62)



(4-63)



184 — 2 ZHRoTiRBVET O RIEFT R

(1) 2= - Bif o & S &18

K4 —18%504— 1917, RTUENESTIFIKERADZTATRIZOWT, EFEIC
Lo THHEE 21T EOOBFENTRIN TV S, RTVFEROERFE O = IAET. P58
0. 3mETI0, 1m (=4r) &L, ¥#0. 3m»rH50. 55mETIFO0, 05m
(=4r,) & Lk. EWABNOIEFAOEIAIEL. B3EETIL0, 02m (=4ry) .\ 8
42130, 01m (=4r) & L. RTUEAL STICHKENOEEEO S X AE L0, Im
(=4z) X Lz, - T FEHAOKRFEOIT. RTAEN O, TAkEEN1 4 720, HrhH
DRFAOEIT. FBEL L3 127k 5,

—J. B0 & EAHEAC T TEEE DIEEES S5 TEOAEHE 2 4 0%, EEHSEZ ST
v 7a—mE0, 5BE L. HIEE T A—XOMERKERES LERTZ, LRI AIE
Tt BEGHEORERGSHREIN%Z 2 2BE I HBRISLTEEIHIFEE/NE S L. 1B,
BEFRPHEEINTVIRY, EETARBOREEIN, FEHERICBEACHELEARVWILET
SR L =, ‘

(2) #EHTHERA
BEROBTFANESTE D (RTUR, AEL 1153 1) FESAOKTROES L]
(RTWBRIEF 1S 9, THABEE ISIS14) &Ly Bt -4 BY 2 7URE

TPO (I, J). KHKIEETGO (1. J)\ WABERETWO (1. J) Aibhh-> Ty 3HIT,

B2 ItBY X T RETP (I, J) SRRETG (1. T WAKBERETW (1. J) %

R BESHENEEMG 2o 1678 (1, J) TOEEE, XTWRATUEr, (J) | WKER
Tir, (J) &9 5%,

Ca) HABERETW (1, J) 0ftH

REALBFEL LTI, 13) #WMO LW, TW (I, 13) 2R3 58BRE2T 5. KN4
—20IRTLIBa v br—EY 2—LAABCD:2Ex, i BEOHHKBEOHKE. K\ Bnl
FBEEINTNO ;s Cyin Ky ELTVHR(4-14) TEHEIWBZZAX—HEE DL,



Ar 301G 1+AT 4Py 2Cy2 TW(I,13)-TWO (I, 13)
Ar3+Ary At

1 2 1 2

= - : 1

i3 = Tp(I3)

2 1
+ kW4(Ar4 + rw(l3))}TWO(I’l3)

2 1
* ks (ge, + oIy WO, 14)]
Ar3kw3+Ar4kW4I
(4-64)
J==1£HJﬂ4H@®Jl:7bVZ%\Eﬁ%&iﬁ%ﬁEJiT\‘%ﬂéﬁfk&55k\
TW(IIJ) = al(J)TWO(I,J) + aZ(J)TWO(IIJ+l)

+ a3(J)TWO(I,J-1) + ay(J)TWO(I+1,J)

+ a5(J)TWO(I—l,J) + a5(J)TG0(I,9)
(4-65)

&b ZZTI=10RETWO (I, J-1)0fRbVIZTPO (I, 9) %, J =140
TWO (I, J+1) ofth D i/EET a %, 1= LOBETWO (11, J) ofkb i
TWO (I+1,J) %, 1=310KITWO (I+1.J)ofbYIzTWO (I1-1, J) %,
ZNIEINRAT 2. 2. a, (J)~ag, ()it AToFTELEIN D,



al(J) =

At - 2hpw 2hgw kw1, 2 1 2ky1
1 - + + + =1
Fwlcwl BT3 T BE3 T Br,; B3 T @ Tz (7Y

At 2kyl . 2kyw1

1l - ) (J=2~4)
Pw1Cwl Ar% Az2
1 - At wi 2 1 pRw2 2 1,
PwlCw1TPw2Cw2 Ar3z Ar3z  xy(J) Ary Arg r,,(J)
2 (ky;1+tky2)
+ k‘”lzsz 1 (J=5)
Az
2k 2k
1 - At LER gz) (T=68)
Pw2Cw2 Ar3 Az
1 - At w202 1 M3 2 1,
Pyw2Cw2TPw3Cyw3 BF3 Ar3 Iy (J) Axr3 Ar3 = Ty, (J)
2( +k . 2)
+ kW22 w3} (g=9)
Az
. 2k 2
1 - A g3 + k§3) (J=1012)
Pw3Cw3 ar3 Az
At 2 1 2
; - Ar3pw3cw3+Ar4pw4cw4{kW3(Ar3 - rw(J)) + kW4(Ar4
. 2 (Arxr +Ar )
. %J)) N 3kw32 4Ky a )
w Az
(J=13)
At kwa, 2 1 2ky4 2
- pw4cw4{Ar4(Ar4 Tt Az’ ¥ ’33f3(hwa

+ E,0TWO (I,14) )} (3=14)
(4-66)



az(J) =

k
owizwl Azé(Ai3 + rW%J)) (J=1)

k -
pwizwl AZ? Ai3 + rw%J)) (J=24)
lecwizpwzcwz igi(Ai3 * rw%J)) (J=5)
Dwgzwz }2{27;7;3 (A§'3 + rW](.J)) (J=6"8)

k

pWZngEDw3CW3 A¥§(Ai3 + rW](J)) (3=9)
Dw§§w3 gXi3(Ai3 + rW%J)) (J=10v12)

At e 2 1

BT 3py3Cy3thrapywacys ¥4 Bry Ty (J)
At 2
Pw4aCyws Br3

(J=13)

(hya + EoTWO(I,14)%) (3=14)

az(J) =
At 2hpy
Pw1Cw1 AT3
At ky1 ( 2 1 )
Pw1Cwl 24r3'Ar3  xy(J)
at - ke 2

(J=1)

(J=2v4)

1
- s
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Material pm(kg/mB) cm (kJ/kgKk)
Alumina 3900 1.3
Zirconia 5500 0.75
Magnesia 3600 1.4
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#£7-1 ELXxaI3—i—7 ALK

wiEE (kg 125
FEEE  (m) 1. 28
FimEE (kg/m3) 6. 4x10°
BRE  (m) 0. 44
girigE (KD 283~298
BAEE  (K) 523
ArOEEWE (kg/s) | 1. 8x107°
2

AroZzEEE (m/s) 6. 6x10

wREH (MPa) : 0. 11

£7-2 BLXxa3—y—TRA5AIZLBCOBENREFSS

COo % (ppm) | COy HE(Pa) | BE#EHE (m)

50 5. 5 0. 07

1000 110, 3 0. 37




#7-3 vaazvrARyYEoHE (Fr—7ERER)

7EE (kg) 23~40
wEEE  (m) 0. 3~0. 5
zEEE (kg/m3) 1. 23x10°3
HAE  (m) 0. 20

g{eiEE (KD 1000~1070

AroBEEmE (kg/s) |0, 9x107%~1. 8x1072

ArozEEE (m/s) 0. 54~1, 08

#HHREH (MPa) 0. 11




7. 6 TEH

ya—ZAF¥4 7 VMHDREIZEV T\ FHRETS 55 # ARA~OBMH AR OEA LB
M. ABCEREET 2R H AR EB/NRITHIZ 322 25T LI, FH AN OBTREHIR
SEBOEEEL Y AT AR GUILTOEEERIRELRE. LT, Fuj i - 1 SERRESRLA
Wl BELESETESREIER LSS, BT AT~0OBEN AR ORAREERIIEORE
EEZTRATIEATEIEZERL. TORE, LEnEGRE0 YR L

Wiz PROBEER & - BRI, FHRAOBFL—TRITREAT 3 TRINITHAYTF L.
v— FHRITH DY Y0 OLERIGE, L PELEELEHEILL > THEL. BE4xolZFED
EEL PR LE. TORE, Br—75h5H,0, CO, O, ka7 2L ORBILE VESITRE
xh. B —7HBET 50N, H, 21 &% > T MEHDREHIIEZ 2RO RE IL8EM
THHIEHELEMER - o

BT, BHAOHRE LT 22O0EER 2 vR—% v P22 EHH AMEERE >V THR
ez, 3 BE - BWRESEHELAETAI VRSN Y L0MLy A7 L2 BR LT
LT oMLy A7 ATETE, B — TEREBEZOMEACT, k27— —7X5A
m;67wﬁy¢mmkwmﬁiﬁtevn\9»::7Lzﬁyymxé7»jv¢mm2m%m
EBREFV. BAAMES 2 ERIRHT S L THEL L S, ThThORE - RFHIO H 2FE -
WU EEIZEE T 5 F — X 2510



87 -1 K(7-1) 0EH

BA—ThEEBLTVWAHEFANI b, Bk EFT0E& LML 284, BT AP0 i BoR
HHOBEC, 3. ROMDFERIRKE Y.

dac.

—T = - : ' 7-7
I }rmcl ( p)
::Tnm\K(?—Z)T%i%ﬂé%ﬁx@%ﬁﬁﬁxtﬁi‘%5%§ﬁ%ﬁ%ﬁxmm%i
B L TH Ay ROBKHBENFEH AONBAEERT LI TORETS 3. ZOFEXOBIIRART
Exs6h 3,

Ci = [Cilinit exp(-nkT) (7-8)

ZZTIC,T 0 i BREESTVED > REROEA—THO i BORMBRETS ) AT
DEINZLTEXOEERDSZIEHBTES,

BA—7HEEET 25 7 AOEHRRETORERIITP,V,/T,PeTEx 60 3. 2055, B
RHREOEET— PN HEL Y. FHAONEASKET L EBHRBNILRET 5% 7 A 0FRERE
TORERIITP,V, /T PeTH Y. ZoOFHABERSATHLI NS, £->TIC;],,;, i
%ﬁ&%mmO&iﬁﬁm%w—f¢n%§Ltutxﬁwﬁﬁ&\ﬁtm%ﬁwa%ﬁ%%én
BPEHB,H SR Eh 2 RMPRENTEZ ), KRTEX SN 2.

ToP2Va  ToP1Vy
T2P0 T1Pg
[Ci]init = TOPZVZ
T2Pp

[Cilinit exp(-nkte)

ToP1V1 (7-9)
Cio T1P2V2

ZoxEY [C],,;, 2RHBL
ToP1V] exp (nktg)

exp (nktg) = (1-

(7-10)

——)
T1PoV)



%N, ThER(7-8) AT 32K (7 - 1) »E5h 5,



g7 -2 X (7-4) 0EH

WERIGEN T BEEIRESEIh, FUBHT2012EY 28R E0, 275 &, BuBlliEs
50, 13

(7-11)

8z = 6r - B
TEx 5h %, £ BERI—EOEEY, THOMA~EE L, u, 3.
hr
Vo = —— -
YA @r (7 1 2)

TEx 6N 3, KESEEh, 1T, BE0, oMBEEFIBE T EETHZ20 Ty h, 3RATR
ETN D, '

e, 0,-0
hz=uzez=hr§§=hr—g—r—§- C(7-13)



8T TIVEHCTHINII B PN O x B oz
B8 W5

8., 1| EIEHEEHAHBIIBY SHHENO xHROLEM

ERETHRE 2T > T 5. FHANBEOETRERERAREBRIIBV UL, FRRIIHIAT 288
EHABEN2000K~2300K:BRTH IS, B E2BRIErESR. 1000
ppmIEONOASBRESHTEREIN, ThAFLALFRI LTI, BESEH»SHHIN £
NDEENOxE LT REHEHHINZ Z 2127 5. 0L, BRERE» SHHETh SNOBRE
tHET DROOFELE LR Ve, RETI L MIRBEIh AGBEEOEENKEL LD ERZY,
7o—XF44 27 VMHDREOERLOEE L 2 2BNNE 5,

2T BEBREEATE. ZSEHE I UTORE s REehs ¢, BORE, Sz h
EOBIZ, BEHARORBS 2 RSB TE D, WHhY 3 TBRRARIZL - T FHEINO xBE
OERLEHZ I eAEX SN, ZORRBLEEITL SHHENO xBEOMFEOIIRIT. BEHRX
ﬁ%ﬁ?ﬂ%uéménéNO%Eaﬂﬁa\%ﬁ%@?mNomﬁﬁﬁmmﬁﬁwzvmﬁ%nﬁ
BTEXBIEHNTE, ZBBESROEDE 2T 22012, ZOAEMREEEMIRE TS
DBEIH B,

ZET, Fuj i- | 8RSSBELHVT, BEFAOEREREL BT =T, TR
AOCHOONOBEN DL IEL I EMLAEREFT. TLT ZHERIETE, #
SBBENTUHIZERININORER VI, BRHKPTHBINSINOELTHT 2,



8. 2 EREEBBIUHL ,

B8 - 11z, ZREBOYAFLEFT. Fuj i— | HESGHEL, B3 TRLEEERE:
BRIz, E4. 50 0 KT h 2ZRIzL 278 Thh. ok, AUMAERIIL->T X
BHARBRIEZ N B0 7 LT BUEH AO—B %54 STEN L6, BYLRBEESTHIF LI
BET RTUEKERET 5o NTIN~5RERIz BV TiL. BB ABE 2RI eIz, ~T
AERRERT ARE T AREEEZIRETES LI LTS, AR, BV Ano—HerT
ANEPREBIE. BYRAMAREELT BRELVESEET 2.

ZEITRWTIE A NAADERTAREOO-EFH T BEH A0G v 7 v 74T (34
NRAAOEZ2WT BETH RS, A 7o—7%2EH) | RERITL - THhDEERELENS
1Zy BEH AFOEESOREMEEIT- 2.

BEAEIIEWTIE. NOBEIHEEREANO x5t (BENOA-304) T, £, fLOH =
B4y, HEHR/o= b5 7EE (B2EGC-20B) THELRE. fIELEF—20 6. #Bik
HABOBEIBE L RS 2HEL 88— LIzR Lz RTAKAOONOREIZOVWTIE, A
L NRAAOTONOEEX ELvbneEX., HETANETERE (E. A, R. ) 2oL~
FUERNOBESHE TR T NTAEAOCHOTONOBELREL . ZRERBLEX 55
BiTld BEH ZARENS T IThoRVWE T IR, BEERFEL—EIF-2E, KR
HAOHEETE ¢ R. 1. NTAURAOBESTIL, ERPIBES ABNTVERP LEET
BZIP2E Ty RTAKTHOEENSBRLZERLTWS 2L 2FA L TELS €, B—nERd
Tl T VKIEESORE2IZIF—EE LT RTUEPEL» S THORESTLEEX TERE
15 oo —F BIEZSEHIZMINO 2IEMT 3221240 *TAEAOONORE DRI €12,

F2. RTAFAOCEER., B4ETHLEEEE - $FEHEOSMBIHAThERENIL -
THIEL 26
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8. 3 AHMEREN O xR O

BRI Oy BHE LI ShEBBENTO, BT AP R, AEREHT
THI2HEESY, Bl 0ETRIATIEENRE 7 MIBWTH, ARELHENERV. -
T, BESHNTERIhANOBER. 5xohi, BE. EHRFTCoLERE2FELEHE
TEETEZLERSND. £ Ty CO, CO,. CHN, CHO, CN, H;. H\ HN\ H,N|
H,N. HNO, H,0. OH, HO, Ny Ny NO, N;O\ NO,\ 0,\ 002 I BENLFERIZ OV
TOEERIEEE 2, HES -2 TTHET. BEFAORE, EA% UV ERBERBLEX
Bo, 2EEENREERD .

K8 —2izit. RTARAOTORES ZOEEN2 150K, EANO0, 13MPank, Z
SERBLEAITHELRE. RTAEKADOTONO, H,, COBEE, FHEFRIZLZTNS
OEHEEr 27T ZOEMS, ZEBELEZ TIF5 2612857 NONERIFL CHHENT
WEZEHbhMB. £ ThThOEBEOREL, vy, PEHETHMETETWSIL Y
P13, B NOBEIZOWTIE, EfE0IE IFHEELIY b PRE{R-> T3, ZhHiL,
BEENOEREGAREERTERINENO S, NTUERADE TOMOMEEH AREMETIZHL
T\ R FEEREF TSI hevwEHEEZ 605,



(ppm)

CONCENTRATION

T T
I
[AM]

T 1 lllllll

b lllll]l

i ]
8.13 MPa
2158 K

Press.

Calculated

) Illlllll Lol

L1 llllHI

3 o CO 3
- NO A Hz Measured -
- O NO ’
i ] H ] |
8.7 B.8 8.9 1.0 1.1

EXCESS AIR RATIO

B8—2 NO, H,. COMEsEXEREL B



8. 4 ~TAEKBTHONO LR

BRBBOBEHERIZTA L BT AL, TRMEIIREEX 52012k > THHIZh S, Zo/H
DEEHNLEHEV 2, BREFRE 1T LTERR2IT- 2858 BRI AHPERREEBET
LERT. SHESIZE0. HIBENOSIRIN B AH/EEI N 2,

—H BRI o[8—-1]. Hyy COREOBETHANAPBBEN APIIFET S L,
1300KBENTORET, TAHIFATANERTOBEERIZLY), NOOSEMTEEN ST
FEHELE. Ll ERUEBVETALITHEIE2ITAIFXTAT—16 41, RESH
\ I LTRHERRER*RT 00, E2ETRLELIIT, BRERAIITEL TREEE
BrerEs, KEOXAMHREL, 7o—XF+ 4 27 VMHDREROEREHE &« LTILES
Ve FRIARPITAIFRTLE LT, F5—7 L ABEEIZ L 2 HAALEREZE (BR) HSSA—
995RTAM, Fuji—- | BEBHEETCIETMEE LTERAZIN TV S, ZTNOSSA—-985
STt T- 16 4XTRIZHE~AT, EESESHTH Y. MEEANBW I & FEEh D,

220 H8-3IziT LIz, RINKNOBESHSRL 5 2EIOERIZOVT, X7 LKE
THBENINOOEEHELE. Run 3 CREROERTERET-ZoIIdL Ty RunbdT
350 OKIZMB L RERTHELIT- D, "TAKLEHBOEEIIRuDENEIFEL T
WEIEFSOEEIZ, Run3T1900K, Run5T2100Ke%-»TWw3, 2. AR
TR VERIZRTREN AFREE2HET 2 28 12& 0 XTVKTHORESHIL, WED
EBTR B~ AREIEBE L E. b Ly XTUVERTONOOHBEIGH, & LTT A3
+EETOMBERIZLZ 30 TH IR 6 BEMEVWRTARTHTERLGEMThh IR
%Y. WEOERTINEERERZZRITRVIETTH %

K8-4, 8—-512lt. ThThOERIZEIT 5, R UVEAOLHOONORENEREERL
7o MEHET 22, RunbSniFd s, RTAKPTHBEINENOOENIIEMIZVI LN
bR Do TN EMPH RTVKRTONOOGRIL, F& LTKHEERIL > T B I LA FRE
N2. TRAEME BT, BEHAOESBRBE TSI 21240 RTVEPFONOOSEHIEE
ThTVWBEZEERLTV S,

SEOENERLHEIZL > THET 220 UTIZR~EHET. SARGILL3NO0SHFE
DEERIT-2[8-2]. NOOEESTAEMEIGE LT ROTEKZe 1dovichififiz?s
% %o

——y
N2 + O NO + N (8-1)
-~



————,
N + 0o NO + O (8-2)

N + OH NO + H _ (8-3>
IITkiG BEIGORSEEER T, Tz, X [8- 1] IZREINTVS, ATHEEZAY
o

* 27 x 107 exp(-75.23/RTg) (m3/mol s)

~
et
]

k1™ = 1.55 x 102 (@3/mo1 s)

k2+ = 6.4 x 1013 Tg exp (-6.25/RTqg) (m3/mol s)
ko 15 3
2 = 1.44 x 1077 Tqg exp(-38.46) /RTg) (m™/mol s)
k3+ = 4.0 x 10%° (m-3/mol s)
- 20 3
k3 = 1.079 x 10 exp(-48.0/RTg) (m~/mol s)

(8-4)

FRoERERFO. Nyy 0, Oy« OHOBEIZ WL, Th 6 O{EEE O RISEE S
NODRIGHEEIZE~TEVED, PEEBEXHAV%. 2T NO, NZBT 2 RIGEEIL. RO
EFITELIENTES,

dCno
dt

+ ' - +
= kl CNZCO - kl CNOCN + k2 CNCOZ

- k2 CnoCo + k3 CnCom - K3 CnoCa (8-5)



aCy

+ - +
I ~ k1 CnyCo - k1 Cnofn - k2 CxCo,

+ k2 CnoCo - k3 CxCom + K3 CnoCa (8-6)
B (8-1)~(8=3) lz5wT. NEFIHAZe Idov i c hiBflzsl) 2EEETS
N\ POFOBREMEOBENITEATHHTPE V. ¥ 2T NEFIX L THEERTE -
dCy/dTt =0%2EAT 3¢, NEFORER, KAnL5iTi 5,

+ - -
k1 Cn,Cotk2 CnoCotk3 CnoCr (8-7)
CN=

= T T
k1 Cno+k2 C02+k3 Con

FZT ERE2HAVTR (8-5) »b, Cy2iEET &, NOILBTARIGEERIL. RoL D
ZRHTIEHNTE S,

dCyno
dr

+ - -
= k1 CnyCo - k2 CyoCo - k3 CnoCH
- + - -
(k1 Cno+k2 Cop+k3 Con) (k1" CyyCo+ka CnoCotk3 CnoCa)

= ¥ ¥
k1 Cnotk2 C02+k3 Con

(8-8)

EE, ’\07“)1/}:*‘4:‘("0)\ %ﬁ%tX@ﬁnl:?{:}‘iNO@%)bﬁj\g&m%‘fECi\ y(iﬁ'(n—'iéhéo

ac
NO (8-9)

BEOR (8-8), (8-9) RMMEEETL > T Z2I2& D BEEH AHN T KD 258
BY5ERTH. NOOEAFBOBEHETEI &M TES, 2T Run3Runb5n%
NEhOERFET T AT URAOONOEEZE X O, RTUVKHBOTONORENHEL
1T 12e AFEIE. RTAENOHEHIHEONORENELEZEX 5 —RIETH 3D, BLETR
Lizd 31z, RINVEROFEFEORESIZLENIE—TH Y. —RuitBEIz L 27T EY &



ZRohD, RE HIBEEEHMZBENRISS LD, ThThoEE T F¥EHSANET
% L 2R o (hDdilihy 5 oSS U ENETYE) 2, TOESI TORTVERRES L,
FhoOBEN S, MHARESHLIREL 2. A—0ERRTH, ERET-> TV EETRER
BEIZERLTEY. HlxiE. Runb Tk, ZXEEE20, 84, 0. 90, 0, 820MHRE
fLxerrd, TOEETEESE %> TV 5,

H8 -4, 8-51zi3. N AKEOONOEBENFEERS, EHERL & HITFRIN TV 5,
EifllES %ﬁ&&ﬁﬁ“at“QLfnU\ﬂ7wﬁ¢T®N0®ﬁﬁ§# FEOHBFEHIZL-T
FHITEZZ2HHLMER >R BE. NEFBENEEEIEIZE L TE, O, MEMEIRE
PEVESIE, BTLERINELZVESY H2 [8-2]. 22T HEOEHIZ. NEFIE
LTHERBEERZRT. NOHT 2EREERNE BV E€ T R7VKBOONOREEFEL
o FOER, AEBLAHET TR, NEFEBEOEEEELHUEREL TEShRFEERE OBV
1ppmBTTH3IeHREh, BEEEELORIMEIER SN,



HEIGHT (m?

Loy by vy by oy g b

!

!

500 1000 1508 2000
TEMPERATURE (K)

H8—-3 Run3XRunbizB 37 VRNIRES

8-10

2580



(ppm?

EXIT NO CONC.

1909

880

500

400

200

T T T |
Gas pressure = 8.13 MPa
Gas mass flow = 8.17 kg/m?s
i @.95
A B.89 Measured
_’O B8.85 . g.89
—— Calculated
o
O E.A.R.
O
. { ! ! |
%) 200 4008 6808 8080 1800

INLET NO CONC. (ppm)

BH8-4 ~TARAOEHOIZBIIANOEBENEHE (Runi3)

8—-11



EXIT NO CONC. (ppm)

1000 7 ] ] I
Gas pressure = 8.13 MPa

Gas mass flow = B.17 kg/m?s
880 [
o 8.82
A 0.8B4 Measured
v 8.806
60808

Calculated

4%1%]

8 2008 400 51%]%] 810
INLET NO CONC. (ppm)

M8~5 ~7AKRADEHOIZEY ZNORENEFE (Runb)

8—-12



8.5 b

yao—ZF44 7 VMHDREAOSBESIEARBE N STHHIh BB AFONO xBE:
MY 3 iz, BUSREN TIHAE t RRAMA S ¢, RRBEH» SHEh 05 ITRRH X £
smoptim gz —EWREER ORI EIToR. Fuj i — 1 BEBTHBzAVEERY» S B
HAGESHEEZEE 1 L0EL LTV 2zt ), NOOERSHHZ h, AL, XTAKRBT
ONOOBEMTEZIN T, BXEB» ST h ST APONOBESREIERLTES D
EARENE, LT, EHF—FIETVWTRE LAER, BESATERI W INOREIMEE
WEEHEILL > Ty £ NTUERBTHBENANORIR, IikZeldovic hBEEEEL
EHREESHEECHE L - T ThThFBETES 2 HHLME R -T2

DFoEEL), B5BREMSHEIh BE T ATONO xBEOIIEIZ, —BERESXMNED
STEDTHIIeATINERES, Bl1OEIIBVWT, EEORES SV bRz LI "RA
FHRNEZEY AN 2 2 EETT 5.

8-13



M8 -1 BN ADPOBEIBENRE
(L2F7N O x 3HTHlE LN OBE 0 IEfIE. COx LTATENSZRH, IEH A
Kﬁiném%ﬁﬁé%ELt\&mﬁémwrNoﬁgmﬁELsz@[qm]mu%ﬁmﬁo

[CNo! peas = T50o5 (PP™ (8-10)
EELIZT. alINOEBENZHE (ppm) 2. 2. xZREN AH0CO,RE (%) 2Xh
Thirde

NOWE b & o, BN ABRSOWER. KD EBELEOLIT-> TEY), BRBRAR TOR
%mﬁﬁm\Homeaﬁﬁw\;wﬁ;0ﬁ<&5o%_z\meﬁ%z\%ﬁhzmm
H O 2 #E Ly SRS OWE £ HIEL 20

FKRA A BB IE (BZRERHEL <1) TER TR, mfimﬁﬁﬂﬁfabﬁ
Bo 2Ly NOOAREIMETH 2SI I TIRESHL TV 20

Ci.2Hg 4 + 2.3)09 + 8.65\1 = aCO +bCO, + dH3

+ eH20 + 8.65\N; (8-11)

ST a\ by d. elIEREEETH DA, CCHIETIBEREFIZLY.
a+b=1.2 ,4d +e =2.2 (8-12>

ﬁﬁnﬁvOKCB—ll)%ﬁiiéa\Mim\coﬁﬁmwﬁﬁ[cw]muﬁ\&mxiu
% 5o

a

ICcolneas = T¥oFa+8.65%

(8-13)

ﬂmm%\prQK7wT%@§ﬁﬁﬁ5i6ﬂ\:@55®Z7®K&K(8—12)§ﬁﬁé
EB2212ED. a\ by dy eDEERDBZIENTES, ZOL I LTRORERFE LY. B
XIECOBENENE [Col roa) 1

a

[Ccol rea1l = FFDFa+e+8.65% (8-14)

8—-14



LREZN B,
it\ NO@E@EU}{@ [CNo] real ti‘ [CN(J] meas Q{Eb‘é\ &K—C’iﬁiénéo

- a+b+d+8.65\
[Cx0l rea1 = Tibrares8.65x N0l peas (8-15)
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fH38 - 2 {LRPEEEE L RERNORENEE
BEHATEREh INOBE S, (X PE L HE LRHEIL L > THiid 225, Ko 2 1EH
OLEHEEZX 2o
(1)CHN (2)CHO (3)CN (4)CO (5)CO2 (6)H (7)Hy (8)EHN
(9)HoN (10)H3N (11)HNO (12)HO (13)HO2 (14)H0 (135)N
(16)N, (17)NO (18)NO (19)Np0 (20)0 (21)0z

e [4-18]IzREhEF—&4 ), #EEBOARTFEER L REOEE L LTRDB L
HTE Do {LEBOMIT2 1HZOT. Cy Hi N, OB 2HEREFRNER & B2 TER
ok s AEETERE, TR T L 7THE% 5. 22T P\ Ke, ¥R ThotEE 1 oK
(atm) ZoUIERTFETEETT,

l +- ———
CEN+302 = Co+3Hp+3Ny K1 = PemnvPo,/Pco’PH,YPN,
= Kpcan/Feco
CHO = CO+7Hy R2 = Pcro/Pco’PHy
= Xpcno/®eco
l = —-——
CN§202 = CO + ']sz K3 = PCN/POZ/PCO/PNZ
= Kpey/Feco
1
= Kpco,/Frco
B = -2]:H2 KS = PI'I/”PHZ
- KPH
1 1
R X6 = Pan//Fiy P,
= KPHN
HzN = Hz-il'Nz 2 K7 = PHZN/PHZ‘/PNZ
' = KPHzN

8-16



Kio

K11

Ki2

K13

K14

Kis

K16

K17

= PH3N//§E3VPN2

KPH3N

= PHN0/VP32/§ﬁ2/P02
Kpmno

= Pgo/vPH,"Poy

i

"

Kpmo
PHO,/YPE,P0;
KPHOZ

Pu,0/PH2YP02
KPHzO
Pn/YPxg

Kpy

PNo/ VPN, VP03
Kpno
PNOz/'PNZPOz
KPNOz
PNzO/PNz’POZ
KPNzO
Po/vPoy

Xpo

8-17
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iz, BEEERIZOVWTEL 3. v, ¥ BBEH A 120N TSC. Hy 0, NOThThOK
F o L BE T 5 BFREREL 0Bz,

ve = 1.2 , ug = 4.4 , vy = 4.61 , vy = 17.3A (8-17)

ERBe TIT G BEHAOEERP,  RRH R 1 203 2887 AN HZ T 1%
veET B, BEFROVWIROEERFRIRYIL .

ue = (PcEN*PCHOFPCNTPCO+PCO7) /Py

(PcEN+PCHOTPHT2PH, *PENT2PH,NT SPH3N
+PHNO+PHO+PHOZ+2P320)U/Pg

vg

vg = (PcHO+PCO+2PCo,*PaNo+PHEO2PHO*PH20
*PNUHQNOzﬂwZOH%ﬁQPOQkVPg

vy = (PCHN*PCN*PHN*PHoNTPH NtPHNOTPNT 2PN,

+PN0+PN02+2PN20) U/Pg
(8-18)

ER LN

Pg = PcHN*PcHOTPCNPCOPCOoPETPHPPHNYPHNVPH 3N
+PHNO+P30+PHOZ+PH 20+PN+PN2+PN0+PN02PN20+P0+POZ (8-19)

TH 5o
R(8-16)~(8-19) tEbess, 2 1EEEOSEL L NG 2 2EOFRIEE
22 2OEIHESERE 2. ThEBNE BRYRAORET g« EHP g% 6UIRER

BRER 252 EROZLEEOLEIENRE ). ThiP g THIE, PHRESIRESZ LI

%% LAL. 22BO5ERE2ZT0OEEHBLOKRELO T UATIZRTHET, RABOBEE
oLk,

8-18



X = Pco r Y = VPHZ s 2 = VPNZ , U= VPOZ (8-20)

EBe. R(8-16) &Y, BLEBOSERRO L S12% 50
Pegn = XYZK]_/U. ¢+ Pcro = Xsz r PCN = xzK3/u , 5
Pco, = xuKy , Pg = yK5 , PaN = y2Ke ., PHN = ¥ 2K7
3
Pgyy = Y 2Kg , Pgno = y2uKg , Ppo = yuKip .
2 2
Pgo, = Yu K11 + Pay0 = ¥ ©uK12 +» Py = 2K13

2 2
Pyo = ZuKjg4 , PNO, = ZU K15 +» PNyo = 2 uKjg o
Po = uK17

(8-21)
:n%\ ﬁ(8—17)~(8—19) ‘:&]\?6t\ Xn ¥y Z\ U UO)E.'DEX‘-%&&?%#

B ENFERE L % COFERLEBEEN_FETHIeh—PE[8-3] 2AVT
BLZEIZLEY, TRTNLERNBESREZ N D,

8-19



Eo9E /og—AXFHA 7 VMHDEEREL AT LT
B4 252

ThET. 7o—AF44 7 MHDREIZEY 2% 7 ANBHERERSRBEIIOVWT, T0#E
Bt =B, ERMIZESMILTERE, LAl BRBBUEICEITHREVRF20RN 12
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#£9-1 HEHENIA-F

FIXED PARAMETERS FIXED VALUE
Temperature of combustion gas exhaust 423K
Temperature of helium at the inlet of 323K
helium compressoT

Temperature difference between combustion gas 100K

and helium at the top of helium heater

Temperature difference between combustion gas 100K

and helium at the bottom of helium heater

Pressure of helium at the inlet of MHD generator] (.4 MPa

Number of helium compressor 1
Number of air COmMDTESSOT 1
Isentropic efficiency of helium compressor 90%
Isentropic efficiency of air COmpTressor 90%
Polytropic efficiency of gas turbine 88%
$0-2 HENRTA-X
VARIABLE PARAMETERS BASE VALUE
Temperature of combustion gas at the 2200K
inlet of helium heater
Temperature of combustion gas at the 1500K
inlet of gas turbine
Temperature of helium at the inlet of |1100K
helium heater
Pressure of combustion gas at the 1.5 MPa
inlet of gas turbine
Isentropic efficiency of MHD generator|75%
Enthalpy extraction of MHD genmerator 30%
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# W E 77 (KPa) 1.0 1.0
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