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Numerical Study on Plant Dynamic Characteristics
of Helium Gas Cooled Fast Reactor

Manabu SATO', Motohiko NISHIMURA' and Hiroyuki OHSHIMA?
Abstract

A feasibility study is being carried out at Japan Nuclear Cycle Development Institute tocreate
new design concepts of commercialized fast reactors and harmonious fuel cycle In this feasibility
study, a helium-gas-cooled fast reactor with coated-particle-type fuel, which can provide good
thermal efficiency owing to high core outlet temperature, is examined as a candidate of the reactor
design concepts. This plant design has two remarkable features: Helium gas as coolant passes
through the fuel particle region of the fuel assembly “laterally” to reduce pressure loss and a
gas-turbine direct cycle is adopted for improvement in economical competitiveness by remove of
secondary coolant system. In order to confirm the feasibility of such a reactor type, safety
assessment taking the above two features into account is required. Therefore, the objective of this
study is to offer a methodology to perform safety assessment and to understand the plant dynamic
characteristics of this type of helium-gas-cooled fast reactor.

A new program for the plant dynamic response analysis was developed. This program has the
calculation  functions including point reactor kinetics, multidimensional in-vessel
thermal-hydraulics, volume junction gas turbine system dynamics and these interactions.
Especially the multi-dimensional treatment of the core region enables a proper modeling of the
lateral flow in the fuel particle region that is inevitable from the viewpoint of the coolability
evaluation of the core.

Using the new program, numerical simulations were carried out to clarify plant dynamic
characteristics under several accident conditions. Since detailed design specifications of the plant
are still under consideration, tentative data and several assumptions based on the design proposal in
JFY2002 were utilized in the simulations. The results showed that the present design satisfied tie
tentative fuel particle temperature limit for beyond design basis accident when the cooling by forced
circulation was available, regardless of SASS insertion. In case of natural circulation, coolability
could be maintained as far as the depressurization did not occur. However, the local hot spot
temperature appeared in the fuel region and exceeded the temperature limit under the condition of
both the depressurization accident with the total blackout and the failure of reactor scram following
SASS insertion. This phenomenon was caused by unbalanced flow redistribution between the fuel
region and the axial blanket region during transient after the initial event. High gas temperature
gives rise to the increase of flow resistance due to the negativetemperature dependence of helium
gas viscosity. It can be avoided by devising the balance of flow resistance between the driver
region inlet structure and the axial blanket region one.

1: Kawasaki Heavy Industries, Ltd.
2: Thermal-Hydraulic Research Group, Advanced Technology Division, O-arai Engineering Center
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1000 L F OFEEIC DWW T BRI UCEBHE - fREFE X /=M B ps
=OARERROMERZHAVWS L 2T 3,
Nu : Nusselt$
2 < St/'S, 1000 < Re < 2.0X10°

Nu, = 0.40 Re®% Py (4.2-15)
40 < Re

Nu, =0.51Re** pr®¥’ , 4.2-16)
Re =40

Nu, =0.75Re™ Pr®% 4.2-17)

Pr : Prandti#{
A RRDOEEER
d : RERESLE
2
w: BEE (BAH) ICBT 5E
TH%,
b. Bl 2 X% GEFITEROEE)
(a) FEJEEMHEBEX
FAENROERIBIAEERA & U T, BROERFE L U Blasius DX 2
BRI %. 3RdbH.
Lp o
AP = fZEu (4.2-18)
Z .

[ EEERRRIREL
f,=0.3164Re™*% (4.2-19)
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f= 6%e (4.2-20)

f= max{fifi] @.2-21)
L: JBE
v BENTE
di: BAE
THd, TTTC, dilE23.8mm TH 5,
(®) ZEAMEIR
JEF Nusselt OERAL X THEADOHENIIN T 5 Dittus-Boelter D
HEERE W5, TRbb,

a= Nu&- 4.2-22)
i
ZCZT.

Nu : Nusselt#{

Nu, =0.023Re%® P24 (4.2-23)

d; : [EVENE
TH5.

(3) FBEATHIE,

LKA OREMFITIIBEN FRRB S (K4.3.28R) ICRELEZ. HAEE
ORAMAAE LT, FOPOERICERESI MR Y M F v 2 ROVERIZFOHAD
BARHAESERICBIT 5 HBHES24aMWIZHHE T 2O BE 2FH L. Z2hUNZ
FA36IITHEHOEIH AL SEHINAHMNEEEZHR Uiz, /=, fi5H
B LTk, T RTCOESKICHN LTHE3SICRTE— O EBES R ERE L.

@) EREM
BREMFIFOLEBHEAR Y —EUREL= Y FOFIESRHIZE. ROHE®
HBOKAFEEL ZOAOREL L,

5) PiEfE
(1) ZWTTEHEERD Y 7 L pheAE
. @
P %10~ 542 )
P w19 [ i) @5-1)

p : WHMEE (kgm®)
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P: BEMES (bar)
T : BHAMERE (°C)
R : HZE#H (=0.0205)
o WMHM R
Cp =5193.0 (4.5-2)
Cp: WHIMEELLE (K/(kgK))
o GHMEGEER

9 .
A=297x10"° (T + 273_16)0.69 + 923x10° -T

Foameio® 233x107* p + 2.39x107% p?
+ 4. x

(4.5-3)
A BREMBEEE (W/(mK))
o I ERLME{REL

-7
v =[378x107(T +273.16)*% + 5.0x10

+2.67x107° p?
569.6x0.52 + (T + 273.16) pe|lp

(4.5-4)
v o WHIM EIKEEAREL (m?s)
5. FRATES L HIT A
51 fBrEs
75y NEHERRIT R ERE T 5 LT BITNRE UTUTICRT S DORBEER
RUOREER M EEEE Uiz,

(1) .CASEL : BEBHBHEFHF X7 7 LRE+SASSIEE)

(2) CASE2: BEBM+EFIFR Y 7 LKB+SASSTEE)

(3) CASE3 : WEBM+RTIF RV 5 LRB+2BIRIEL +SASSTEE)

(4) CASE4: ¥ —E > MY Y T+RFIFRY T LRB+EEIREL+SASSIEE)

(5) CASE5 : REVRIER+FTFIF R 7 T L RE+SASSEE) (ULOHS)

. LEOBRBELOBFICENT, UTORMFEEERT 5,

o 2BEJRNEL BERRRE (EHBIOMEKA : 50cm?)

* SASS #H TS5 (BREE : 950°C, IOEEN 300 %, 7272 LA L RIVDSER
D 1.8%LLFIZi2 o =HEIL SASS ¥ TLLAITH ANS FAREEIRIC X 5 75t
BIIBITT %0)

o FBEEREREAER4 R (DG2 BREIKE)

* DHXEEHLES 19m

o NANRBREDORBIDBZ LB FESEER (G5B 158)

o EHEBEDS S0 MEERIREBEMHR L0 bBHERDBIET S
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LRZHEEZ BT —RICBIT B =TV RBUTICTRT,

(1) CASE1 :
D WUESERSEY: (3B OER : 50cm?)
: SFRESNEST 20%W0C X B EERA. RERFSI. MBNAHIREES)

50.0 #
11

t1+1.5 %
2%

FESHERHREFE R 7 5 AR B+SASSIES)

EhETHE (Ri7EIRRLE)

A S IAV A & -
HPVHORE 950°CIZZ L= 5 300 OEN T SASS A

CYFBEHT TP OHOEE L UCTRSINICFSSHINBRE 25 RB T 5, k.
FEARAIEEZI 11 X D SASS FEARZ 2 DIF S BBEWIESIIRZ  ICREMR
Fl. FBRAHIRIEEHITDONID)

(2) CASE2:
C WESERCRA (ERBEOER : S0cm2)
D WPRESNE S 20%300C & B WUEARA]. FEMGY], fENSHIRES

50.0 #
1w

t1+1.5

(3) CASE3 :
D SRS (RHBAOER : Socm®), £RMEIRLEL. BEME

50.0 #

515
t1
©2 7

(4) CASE4:
: ERREIREL, BB FERGHRESE)
Al iV PAC AN & 1:

D HFILTRE 20%1C & D fBGHIRENZ TAH (BABEERA)
D PAZRHORE 950°CIZZ L7205 300 BB T SASS Hi A

50.0 7
51.5
t1#
2w

(5) CASES :
P ERWBIRTE, BREVFRE (RIBERAR. FRE¥BHROMEL)

50.0 #

515 #
t1 7
©2

BEER+R TR R 2 5 LAERB+SASSTIES)

HAETHE (RHEITERFN)

N At VA AW E - |

BEBHHRFFR 7 5 LR+ 2 BEIRIER+SASSIES)

Bl REERRATRES)

: ¥—EUINAL INRFEE
D FFILRE 20%1C K b fHBRSHIRENE T HE (BAERESR)
D FRESEHOEE 950°CIZZE L7205 300 FROEN T SASS A

=By N W TLRFIFER Y S5 LAEK+ 2B IRE L +SASSIEH]

PREMFEE+R IR R 7 S5 A kB+SASSIEE) (ULOHS)

FEEAED . FHERRHIRES)

A A AV &
DRI E 20%1 X D MBS HIRENE T 75 (BARBEREE)
D AR OEE 950°CIZZE L /=05 300 FOEILT SASS HE A



JNC TN9400 2003-100

5.2 HMrALHE
BER TR ORSVEHIMEREL LT, $TICHAKREOD R MEFFICBE T
ZHIRLD . TR OEMBERICES FP RHZHATE2EMAICHIET S, &0
ZXADPAVSN. COHORBERE LTUTOEZERAT %0
PO REEEEL : BEMRRIRE 1600°CLLT
BB R : BEMRRIRE 2200°CLLT

6 FRITHREREEE
6.1 ERELIRNT R R
6.1.1 &M
MU T EREERET I B B E R G2 R T,
o KARBAORE :460°C
o JARBRAONE :296kgs (1/4 FLETIV)
 ¥FARZBRAORKES : 6.0MPa
o REABAEAAHRAOENBEERGERE ()7 1 X2{KE)
B b F ¥RV AEKELD 1~3 t R L

PRI 4 : CD=2.0

AMRIEF LA : CD=4.0

BEATShw b : CD=200.0
EMEREZUTORIZT T,

#6.1.1 MEESEHEARE. RURHREIRE

6.1.1 FRBAFES A, RCRESA

6.1.2 FOWRED . KBRES A

6.1.3 LT 7V F AWNFED

6.1.4 MRRIEAARNRIT 28— |k X > TS5 154

B FIRRENOFESIBLEGEHNL 223 X10°Pa TH b HIOBEEK 850.2°C, 4Fil
FEROESHHE I 14 P IMER T 600.3MW TdH 5 (5D 2401.2MWIZHHY ) o

BEASKRBEHORBEZREMEE LT 2 &, FOBEBNIIREED 3%
INE>TWbe EFEAMTS Uy MEBIIRERELD 6B REVWEE RS
TW3,

R FDORRIEEIX 1075.7°CTH D, Fy M Fv U RINVEESEKIHET 5.
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62 75 MAELERITER
6.2.1 CASEl : MESHHEFF XV 5 LRB+SASS /EH)
TSR 2 LU TORIZRT,

X 6.2.1.1 FWNRE. Hif. ES/ERE (CASE1)

36212 MRMBERRE, EAKHOIBTRE, ROFASHA REEE
(CASE1) |

X 6213 kv 7o—RNERCHERGEZS) (CASE1)

6214 ¥v7I—RISERNRERIGEZE (CASEL : 425 BHE)

D= RZBF B, 2 BUTICRTRZITH .
AR t1=425[sec]
SASS AR 12=724[sec]

S0 MICHWEBHSRETE L, BH. ROHEEBOETICX D FASBAORED L
59 % (400 THI100°CO LR ) 425 BICESIDSERDSOBE T FHE I LIZLD.
BHERADITOh. BEMFEY. MRSHIRES (EHETHE) »HMTbh, 20
1.5 DBICRLFEFEL LT, F—EUNLI NIARZADOEET O &I HTDN S,
CORES. RELDESFIET T 2-DICBBEREE. Ky PRy MES
HHORE, FASHOREEIEIC LR T2 (RESEREERE TH 3000C) —AT
FRBADEBEBEMET T201K. ¥F—E VNS NI K ) BEESKRHEIC Y —
EVHLOMEAMEZN LD HEBOREEMEERD? S OBHMIEE L THBEh
%=, —RIICZEMAIDIFIOANED 5 BE M & DREZI/NE < Tab, s
EVNRDTE20THD. £z HHE—EX L VICER L, ZOBEKETT 3,
COREZX 6.2.1.4 D 425 fHEOKIGEZREE L HIZR T, 425 ROBERMIZ X
D, F—EUREMEL LTCORBIID EIBTDI. TORRIERKE. TH
BT, ROCBRE FRMPEIZ %, I THEMETEHAS LIEE EFIZZE0 bR
DRVWDT, BICIEOWERIGEDAD ., ZOHBRLIZAD R v 7S —RISEHLE)
NWTL %0 2070, HARHERUI D BIA B —EIBIC LR UEBETTZEWS
ZEEERT,

ZOBENDETICESHREOETICLVFREREZ LR L. MESERER
1764°C (720 7)) 12T B H5, 724 PPIZ SASS BEAINS Z L CHARIFRERE
ERBUITART 9 %o 797 PITIE—WRRISTERT = 1. FERSEIR O A O REITER T
TEEOCHERBIMET T2, ZOBE. REFEFHEGHROA L 2D DI,
—RICFOAOREX ERT 2300, HAPMETFT LTV 30K MERETX TR
T3,
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DY —ADRBEREIREIX SASS fi AEHID 1764°C (720 ) TH b, Li=dH
STERESBOSIBEZ 2200CE2HE~EZT I EHELPE RO T,

6.2.2 CASE2 : ESEH+E FIHE RV 5 LFKE+SASS TEH)
ENERZULTORICTRT

X 6221 {FHRE. HH. ESEE (CASE2)

X 6222 RHBEREE. E4RHORRERE. RUFESFEANREER
(CASE2)

¥ 6223 Fv7o—KibERTRERIGEZSS (CASE2)

= RZBIFE 0 IEUTICRTRZTH %,
PRI t1=425[sec]

AEZIZBUVTIL, CASELIZBWWT SASS HIBEA I W=RGNIIE%4 3% 724 BLL
BIDZEEX CASEl LA UTH B, FRIBEEFHELHEEORTICLD ERL, 793
I —RRIGER S . BERRHROAOEFITEIRICHET T 52010, FFO0EER
EMNET L RBSEEEEX R T 5. ZORAICBIT 2 & EREEE 1837°C(850
B) ThHbB. 2DH. BELRICLIBRIADRNYTS—RIGEPASLI LITLD
THHKMETT5300,. BEOEHIHENW Ry 7S -RIVEOREZHIERT S
T=DIZH ARSI L oD—El (90¢) IH#HE LT\ <. £z, 1200 BEIEIC
BOWTHFABAOBEIET T35, BEEEEE, Ty b ARy MESEKHTR
E. ROFEASHMEED LRI 2FEFIE. MinsHRo 7o 7 HERE —EE
BEOEODEECL VEBARABMET T AT, FOLHAKIRTI—EDRH, B
BREESCTY P ATy MEAAEMIREZEOF LARE CFASLIRE LFE
BAMBELOZFIARELLREILIZLS. 20, RERREESIER LR
DT B A, 7200 PAZIK 2134°CIZ TUTITHE T B, Lo T\ BHEFZRKFOHIEER
200°CE#=THDE REIND,

6.2.3 CASE3 : BFESEB+REFHE RV T LAEB+2EBIREL+SASS 7EH)
BFFERZ U TOXIZTRT .

X 6.2.3.1 FNHE. H/1. E/IEE (CASE3)

X 6232 MEEREE. FEREORREE. MUFESHADREER
(CASE3)

X 6233 kv 7o—bERBERINEZS) (CASE3)
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=T URBIFB U 2. BUTCRIRLITH %o
EE T bR 11=170[sec]
SASS $E ARl 12=362[sec]

50 FNCHWESH. KURXREBRBAIBEZFBET I L. 20 1.5 PRICEL2R
EEEL LT, F—EUNANIRNOFRBI O BEZBTDINE. ZORHAEE
RU. Bh. BERABIET T 2-0IRHEREE. &y FXRy MEAKH
MRE. FARSHOBEEZREIC LRET 2 (MHEmERE TN 500°C). —HTHA
EAMBEMETT50E. #—EVNANRICL D BEASHBICY—EV D
DHBHME Fh L b HIRBOBEEHEERD O OWEAMBEES U THBI N B =012,
—B N ZEMRI DR OANE D 5 BHM L DREEINE SR D, JEABELIHDT
BHTH 5o

ZOBEE LRICLZAD Ry 7S —RIBEICIDHARKETT2d00. BT

CHEBOETICLVFRNEEX R TS, 2LT 170 BICEHFETHIFHES. —K
RIGER I . fIRSHIROAO BRERICBITT 52012, BB LEERE
PMET L. ARFICEHEBEELIA LT T 5, 335 MICIXHADERD 1.8%UT &3
7=®IZ. HAEHEIX ANS O ABEARICET T 5. CORARIIBVT. RE&E
EIREZ 1936°C 341 8) BRT,

FARZSATTEEX 290 BIZBWT 686°CELE—2 L LTIRTHRE b, =47
HeHMRES 5500 WE2E—27 L LTERT 50 BEREREIETTSZ
R ERUDDIF, 3330 P CHIBERRETH S 22000C 2B R 5. ZDRRILHE
JEDORHEE ZNIZE D KA N—FRICBITIHREDETTH 5. X 62341ZFy
2Ry MESKRICBIT BESFARESMOWER TR T T TIXERREBLEESN
ETHIBNEZERE 210 7). RV 7200 BICBIT3BARRES M ERT. Jh&
D, 7200 FIZBIT B FSA N—FEHOREETIEHASL P THD. ThIE RS IN—
EIHORE LREP S 5 2BFMERBOBRE L 4V VIBOKT. TRbBEN
BRFBROEARZBE. BEHMTHENVDLDBERETH B KT A N —FEiE 8
FCGRIBTAZERRLTWS, K6235 IZIWAIT Y 78— M XY b LR FRORE
WICBITEENBRBEOV A 2 IWKRENEE TSy MEBE RS A1 )N—E
AT TR LUE. ShE b, VA NVIEDKRTICXZEHBERBOMEKIIHES
DPTHB. Flzo VA INWVIEETORRAIK. a2 8— XY bOKAEMERZ
—HETE—HTEBEE FIAN—EPOARKEL LTNWB I ETRIUERICBL
T RIAN—EOREMEL 12D =DTH B,

LERICR U722 HREAT CASE3 CldBB;E SR OHIE B % 2200°C2i=9 2
ETERDPDOE,
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F 7=, 1800 B 5 4900 T BIFBF Y P ARy MESHRHITREDE TR
FLTWAEREMUTICRT. Ry ARy MESERHOBEE LTE=F LTW
20k, ESHRHOLEO TV FLRENVBETHD. ZORNVIZBITEZRERY
NVERESE L= T A, 1800 Fb. KTF 4900 RIZ BN\ CHOEEOREMR A ZEI L
TWABZLDERTER. ZORBRMOEMDHY F ARy MESEKRHOMNIED
7L F LABEBOREHB ICTEREE S TN BARRATH 5.

62.4 CASE4 : ¥—EY M) v T+HRFF R 5 AR+ EBIRIK+SASS /EE)
RNTFERZUTOMICHAY .

X 6.2.4.1 FARE. . EJ//ERE (CASE4)

M 6242 MABEEE. EAGHORRERE. RUFASFHADREBEE
(CASE4)

X 6243 kv 7I—KISERMBERIGEZS) (CASE4)

= RIBTFB i, 2 BUTIERIRIATH S,
EH%E TSR t1=171[sec]
SASS AR 12=362[sec]

50 IZF—EY MY w7, RUEZRHERBEEZHHELET I L. ZO L5 PR
W REFEFEL LT, F—EUNA NRARNOFHET D BEZIBTDIWE. Ok
FEH. RELHIZAMICETT2-0ICRBERRE. Fy PRy MEAEARHD
BE, FASHOBEIREICEE T2 (BHERIRETH 500°C).

ZOBRIFNBEZIRERCREOETICLY LR U, 171 BICEHFE TR E,
—RRZLER S, FHRHROAOBRERICHEITT 200, [BUCHEDIME
TFTL. ARCSBREIR LR T %, 127 UFASRANBEX—RICET T 255
ZHNAEISBHIZRD S THB LU TEHEROAN) U ADFRBADRSICHAT 20
5TCH 5.

F 7=, 200 D5 300 IO THFARHIIREBEICAZNLH HH. IhiX
REHOEHEELVIIBNT—AMICBEINTWHED 171 RICEHFE THHIH
{ T L T—WBRHEN. FRBHOD S ORHMAHITRLREZEICLDEHE
BREDESIIRE, COZEHRALERD, HEEVOREIZEH LRDPSHETL
(SO TA—F—& LT IHHET). M ARDEH T 5202 BEOEEHH
®9 5,

2O —2ORBEEIREX 1892°C (561~831 F) THbH. Li=Hi>T CASE4
IEEEE SRR OHIE B % 2200°C 2 /=9 2 DL LR 5 2. /0B, 362 FLIC SASS
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PEAZINDIEFTIMEE RS TNWB D, CORKNIIBIT 3BT CIompEeL
RWIZEB TV B,

COT—RATIIHIIABEHRL NNWVETET L. FEBELRWIEICXDVES
HRIZBIT2HRBEEEDRE LW=0. BMHRR[EE S CASE3 LIZR R -7
ELBHIMET LT <,

6.2.5 CASES : FREAJFSER R FIF R 7 5 LK B+SASS /&) (ULOHS)
BERELLTORICRT,

X 6.2.51 FAFR. K71, ESI/ERE (CASES)

6252 MERRRE. SARHOREEE. ROFASBBABEERE
(CASES)

X 6253 Fv7S—RIGERMBIERKGEZS (CASES)

Y= RARBTFBH U, 2, BUTICRTRZITS 5.
EhET AR t1=106[sec]
SASS ARl 12=362[sec]

50 ICRZRERBVIEBLR., RURAFREEIFBET S L. Z0 15 DBRICRE
REEBEL LT, F—EVNA NARAOHEEV O BFEZBfTbhb. TORES.
FELDICIBET T220ICMBEREE. Ty ARy MEAKRHOEE.
FABHMBEEXREIC ERT2 (EERERE T 500°C).

ZORFNREZREBOMRTIZED LR L. 106 RIUICENFTHIHEE. —RR
BRI, fRGHIROADOERBIRICEITT 572D, ABBICHEEIMET L.
HRICRTREVR LR T2, 22 UFRSEANBERET —RRICET 3555
CHIEEBIAHIRDP S TR LU CEAEEBEDOAND) U ALIFABRALSRBMIHAT 7=
»THB5. FJz CASES »* CASE4 L LB U CHREMK FHENDIK, FiIE. RUHE
WHISEDMIEIC X b EREICA D NHAMBEDI T R50DT. EMHEOMELT
DOBROICHEBED D RIRBLIZL B,

T DY — X DRREEREX 1795°C (451~661 ) THH. Li=h>T CASES
IBEEEREOHIEH % 2200°C 2= BHEL b L o7z,

CASE4 & LB UCHIE., R OHRERSHIZEEDSWIZL L 72 b 2 L LW SREIC H
PHLTE—IBEIMEL 2 BFEAIX. CASE4 L b HMEHEE D FEDBENW=HIZ,
R 75 —RISEDHENES CASE4 DFELD BRI RELRBZLIZL D R
ELTRY 75 —RISEORMEDKRE {2 HADRESEIX CASEA L b H/h&
{RZ7=DICe—VBEIIEIMI SIS,
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£ 3.1 BIRNZEA) Y AHABRHESEFEEH

No.| EE BT F—H—
—REHHAR
Tk - EHEERE
1| PEE - Z1ieW
2| WANFELEESHEER * 303
3| SMUFELESRER & 240
4| FPLEPREE mm 1800
5| FRiLFIFR-E2REE 0 ERERE mm 1800
6| MHESHZE mm 3930
7l avR—kAVRRE mm 2600
8] aun—hMEIRE(E R /75y MER) % 5
9]  SMEALR—FAVFAE mm 4
10|  #MEla S —R AR R mm 209
11 R A=A AR mm 4
12]  RAEIDT S—k A RVER mm 92
13| #HEHNTFHRANE mm 1.94
14  BR¥EENE mm 1.50
15| TEH@ARAIITvbE mm 400
16| EE@FRISU IR mm 400
17| #FRISU4yvbE mm 2600
18] MHESHEIIEYTF mm 222.3
19| BREBERTE % 95
20| BMEEESHHE - SiC
21|  FAiENE mm 7960
22| LEILFTLE mm 7660
23| MEESHIER-FOXHREESE mm 3750
24| L SHRTER-MESHBFERE TiwmEEY mm 16,560
25| #HENASHBREMNERIBES mm 980
26] ZEZFEHESHAEBEASHE mm 898
MNS RAEIEEH
27]  FDEEREA MWt 2400
28] FOLALLRE °C 460
29| FELHORE °c 850
30| AEMRE t/h 4,262
31 1§ﬁm45ww$ _
BESHKITHTIE—X T I708— 1.27
HIRE %
32| REBRHEEERE °C 1600
33| BREEENERBRHGEREE °C 1600
34| BEHEENEZHRHEEREE °C 2200
BEFHEE
35| AHMRHILERE cm2 50
36| EUBRPAREESE MPa 0.55
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# 32 EFRESSA—%

mRE B PHTES
J@% Pk Ai () 5
1 0.0129 1.33x10™
2 0.0311 9.80x10™
3 0.134 756%10*
4 0.331 1.15%10°
5 1.26 3.61x10™*
6 3.21 1.23%10%
& &t — 3.50X10°
BF -FF i (sec) 7.25 %107 _
K w75 RIBERE
TAK/AT 0.00929
BHERIGE* 100¢
SASS KIGE 257 ¢

* L EBEAD S EZEE THE LGS DRARIGE
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F 4.21 LWRBATEOFENT NRBIH L FTIRE

5

fR#TEE

1.5EEIK A
(. AR
2B EIKEE

FRiksEE: HESMH
BES
wmEY:  BRESN
EREETIL
ERRERS

FRIRESN T

£ 4.22 ZWTTHNTEROEARMNT €T )V & BUERTERE

1 EXRBHETI
HiE=K:
ZFOih:

2 BEFTH %
HEZLIUVX L
B\

RO R

3 ENE
*RIE:
PhERE:
BRI Ok

(p.u, v, w,p, h) 5K
R—IREFIL
REBEMET IV

FREHEEMIL. LA/ ILXE
DIREHREERE)

EHETIL

(BmZEIT LI/LXE. B
UTSUMVBOIRBEEEZER)

SIMPLEST-ANL}%
BREANE

MICCG% (/1)

P-SORi% (1. TV2ILE)

1HEE . SkewUpind %
DRI FOES
F45—IefEE
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& 431 BAEA v a2 E

e Ayafiifm | Ay aiER

I A EkE (mm) (mm)
2 42.0 42.0
3 280 70.0

Rk

N 3 19.0 89.0
Froal 5 155 1045
6 22.2 126.7
7 289 155.6
8 41.9 197.5
9 41.9 239.4)
10 41.9 2813
11 375 318.8
12 52.3 3711
13 75.6 446.7
14 756 522.3
15 756 597.9
16 72.0 669.8
= 17 924 762.3
PRI 18 1058 868.0
19 105.8 9738
20 105.8 1079.6
21 105.8 11854
22 98.5 12839
23 120.1 1404.0
24 126.4 15304
25 1264 1656.8
26 126.4 17832
27 126.4 1909.6
28 1254 2035.0
29 101.5 21365
30 116.0 22525
_ . 31 116.0 2368.5
SHAIEID 32 116.0 24844
33 116.0 2600.4
34 90.7 2691.1
35 90.7 2781.9
36 97.0 2878.8
7«53’_,}[‘?’% 37 97.0 297538
38 97.0 307238
39 80.7 31535
40 835 3242.0
41 108 3350.0
picy 3 42 130 3480.0
REHZRE 43 150 3630.0
Uitz 44 200 3830.0
45 250 4080.0
46 400 443800
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+ 432 BAHRA v 2 5E

e Ay afii@ | AvialER . Aol | AvDalRR
AL ES (mm) {mm) A2 S (mm) (mm)

2 400 400] 46 500 14210

3 400 800] | £E&TLF LA 47 500 14710

4 445 1245 48 465 15175

5 400 1645 N 49 400 15575)

6 315 1960] | NEBHRE 50 300 15875

THILT A 7 280 2240 51 300 16175

8 380 2620 52 400 16575

9 370 2990 53 410 16985

10 350 3340 54 480 17465

11 285 3625 55 500 17965

12 200 3825 56 500 18465
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