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A feasibility study of the particle interaction method for the flow regimes
with the chemical reaction
(Report under the contract between JNC and Toshiba Corporation)

Noriyuki SHIRAKAWA* Hideki HORIE* Yuichi YAMAMOTO** His_ato MATSUMIYA**
Abstract

The numerical thermohydraulic analysis of a LMFR component should involve its whole boundary in order to
evaluate the effect of chemical reaction within it. Therefore, it becomes difficult mainly due to computing time to
adopt microscopic approach for the chemical reaction directly. Thus, the thermohydraulic code is required to model
the chemically reactive fluid dynamics with constitutive correlations.

The reaction rate depends on the binary contact areas between components such as continuous liquids, droplets,
solid particles, and bubbles. The contact areas change sharply according to the interface state between components.
Since no experiments to study the jet flow with sodium-water chemical reaction have been done, the goal of this
study is to obtain the knowledge of flow regimes and contact areas by analyzing the fluid dynamics of multi-pahse
and reactive components mechanistically with the particle interaction method For the first stage of the study, the
applicability of this method to the analysis of a liquid jet into the other liquid pool was investigated.

Based on the literatures, we investigated the jet flow mechanisms and analyzed the experiment of a water jet into
a gasoline pool. We also analyzed SWAT3/Runl9 test, the jet flow in a rod bundle, to study the applicability of
the method to a complicated boundary without a chemical reaction model. The calculated fluid dynamics was in
good agreement with the experiment.

Furthermore, we studied and formulated the paths of phase change and chemical reaction, and conceptually
designed the code adopting the heat-transfer-limited phase change model and the synthesized reaction model with a
water-hydrogen conversion ratio.

This work was performed by Toshiba Corporation under contract with Japan Nuclear Cycle Development Institute.
INC Liaison: Thermal-Hydraulics Research Group, System Engineering Technology Division, O-arai Engineering
Center _
* Core and Fue] Technology Group, Nuclear Engineering Laboratory, Toshiba Corporation
** Toshiba Advanced Systems Corporation
#** [sogo Enginnering Center, Toshiba Corporation
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Fig. 2-1 Typical modes of jet breakup (Water jet into a gasoline pool)
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Fig. 2-2 Sketch of a general jet flow configuration.
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Fig. 2-3 Sketch of the near injector region of a pressure—atomized spray in the atomization breakup.
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Fig. 2-4 Relation of jet breakup length curve with breakup regimes and mechanisms.
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Fig. 2-5 Interaction between a jet and an ambient fluid.
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Fig. 2-6 Siripping pattern and stripping mechanism.
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Table 3.1-1 Relation among CPU-time, number of particles, and calculation time.

, Memory size Calculated No. of CPU-time
Case No. of particles )
(MB) time (s) cycles (day)
(1)
Jet into 24,500 111 0.2 4200 3
gasoline pool
2
SWAT3/Runl19 25,000 113 0.03 4000 3
Ax=2.5mm '
3
SWAT3/Runl9 81,136 265 0.001 700 3
Ax=1.25mm

3.1-

3
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i Ar=1 mm
}!
{ i
P
fo =
/ ‘1‘ ] i Az=2 mm
f
i i © Bin-1
| E{ S Bin-2
{ { .
!f Water jet}
o
Gasoline pool
(b) Sectors to evalu:ate the binary contact area (BCA)
—t 0.02 m L
Calculational conditions
Ax = 0.001m
Number of particles:

Liquid :16500
Structure: 8000
Density:

Water :1000 kg/rn3

Gasoline: 787 kg/ m>

(a) Calculational setup

Fig. 3.2-1 Calculational setup for "Water jet into a gasoline pool” and
sectors to evaluate the binary contact area.
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Fig. 3.2-2 (1/2) Comparison of the calculation with the experiment of "Water jet into a gasoline pool".
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Experiment u=14m/s u=2.0m/s Calculation u=3.0m/s
region :

0.00 m
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0.05m

0.06 m

0.07 m

0.08 m

Calculation
(0.1s, 0.2 s)

Fig. 3.2-2 (2/2) Comparison of the calculation with the experiment of "Water jet into a gasoline pool".
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Double vertical length

Double vertical length

Fig. 3.2-3 Effect of the calculational region size of "Water jet into a gasoline pool" (u=2.0 m/s).
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3.

3 ERmEMEHEE
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0
—_1
I’ij-z rj+r,-

(a) BCA between two particles.

(b) Definition of the BCA constant.

Fig. 3.3-1 Evaluation of the binary contact area.
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Fig. 3.3-2 (1/2) Radial distribution of the volume fraction and the binary contact area (BCA)
in "Water jet into a gasoline pool" (u = 2.0 m/s, t= 0.1 s).
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Fig. 3.3-2 (2/2) Radial distribution of the volume fraction and the binary contact area (BCA)
in "Water jet into a gasoline pool" (u = 2.0 m/s, t = 0.2 s).
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Fig. 3431 AN ERIC B DREFOEH 2RT, AL, F M IARTFEBRVTREFOA
EVBELELBOTH S, ERICPTZF R TL - KRER, KETFHEZELEZRSTELC TS E
EZ5N5. Thbb, KETFHEEL ABEORELOBRENRLRT S,

F Z T8 LIZ AN TR L 7=7kiE. 0.005 s TIITIISIOM B IZIZEIEL TWizl,

0.011 sTIT B R S A TIBUCEEL . #2E8E O THIc — AR D AHTIIE6IZBZEL T
W3, 0.015 sTIR#MEAE O TEHIC—EREDABTIIVICEREL TW3, Z0O&E480ICI3TCH 20N
DY TERNR, H72< DO T O#SSEEE FEOTIINTRAEIEL T, :

0.027 sETESTHROHMHIL, ABEMCREBETHEELLU TR LBEFHEEZISHALTNWS E
ER5.

LD, FEROLSRERERESUHEBERIIBNTD. BEYxzy M- IUHEED
BEERAEZESRLEHEBESH~OBERESERTEL,
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Fig. 3.4-1 Heat transfer tubes and TCs in SWAT3/Runl9 test.
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Fig. 3.4-2 History of the TCs involved in the calculation.
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Fig. 3.4-3 (1/2) History of the water distribution of SWAT3/Run19 calculation.
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Fig. 3.4-3 (2/2) History of the water distribution of SWAT3/Run19 calculation.
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3.5 E£&

AT T ERBIAERIVREROET N EITONTEAS,

BEEOCHEBHEa-FCOR, HAEAEME. ERAERCEREHOEEFBEXN LA VTR
BHENTHNEHM, CHEH<ETL—BHABREHAVEAEEA AR (BEK) K L CER
NALOTHY., ZAHETESI/AADPLRHTEVzyrOIIRRARKIMLTILTLLET T
7R,

2. BTHAEINCHEROLRICBNT, Py BB OREK R ER oRMmEMETE 5
ko EBRBABERXETHF TR TR,

IR ORI R B A Yy MEBIR RIS THET AR RBEEBIC BT
BBz MEBHEROROVERTFL, 2O ETFNVERE TS,

) BEORBEHT=—F

TRAC a—F R . RBBER LI TEF2ERHAPX»PORAEMEREALTNS, £,
SIMMER-III =—FTit, AEHEOBREFBERZELILIZIV. IVEEOREWFHMET>TW5,

Pzl REMTRES. Py hoaTHREARKENORTEOERE. TOREAH LA B &~
kB A T TARR . BEOREGHEVHEERTINNEREICRS, R FEHEICE
WYy bR EEE A2 E 23, RESEREEIAE. BREDHDZIZR KRB
ORBEARCRIZ2AEHEOEMEL. Py M ABSRKAHEHOBERAGHHROmMIBPWEIT
R TAZEICLVAEE CTHDHLE b,

#l LT, SIMMER-ITI 2 —FIZ2WTHRE LIEETF A& LT ITEHl 5,

Bk D SIMMER-III OFBEXEFNTOFrrIARKORBFERNRERIT. FIFREKIERH
DG EEEHELERENSDBRB DTN A VA NRERTA—FELTND, ZOBRAF &
o AEOREAERTIRSERNITERATAIZILICIY, Hk Y=y AB O E O
BER AR R TR ERNREEERTHIERE ZDND,

2) BRI F I

WFERARE, BNAZEREERELELLAVWEETHY, BFRESIBEXBRRE 2R 2<
TLHBEREPEYCRE TELLOLELLNDS, LB LARL, EEKIEIFHERM O 2D
B FREPDEEREZLLELAEB VWD RFEIVNESAREFERITENTERV (BT
EREIBRBERECAYTI). 20D  BFOFBENETL. Mh0REZE D IZFTH T
B RAT MRS, B EDNID RV O BERAZZEOIBILR . BHHOSREFOET VE
BRTAZLEEABITEEDOVLESLELTE LIRS,

PR TAETCELVEECHY, ITET AL TRETHLILEDNSEFE L, Fig. 2-3 &
BB, liquid core A E R EM OB EERARCEIZT VAT y 7 Thd, Py RE T, MER
R ECHEER2ERTAT VAT T AT VAAEROCEELBBEOOGESTHY, kb (k&
BEoRG. BEaTHROGHORMBBIUABREHREEOMBEE OEREE L5, LOLRKEL,
TDRTVAIT T RBII. BEOBR VWA LAFOTVLAZTv 7, TIROBBEHOT VAT T
ELEELAWEREE THIED BRI LATy7ORBERERERE TNV OR
BKTH5S.

TOTVAS Ty TR EOREREEEICEKETEN, BEOR FERECEARODRIIZE
ERNTVARNRFEEZPEENITEZEEISNZEEDNEN) D, OB RERALIPDET AT
FHIALERDS, KIT, CE2OELLTRFILEET AV 2WTHR RS,

Fig. 3.5-1 REFAEEET T, Vv A THAR T AOEREOCTR I MEE » ETHICE
BEAHHOEE vBEARY)OBHIBE RE-oHE.
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v
H>C

BEEORBOKERD THIRNTF BLUBRBICEMNELZERTIILEEZZLDOTHS,

K ERTELLT VAT A LERBEE® HE AR R ITL-TELIT/INSRIERH ~&
NETBZERI. LRLAEIDHCHN FROH RBIZIVEETIZENTERVWED, —HAILLTEER
NBOHFEEZOMEHIZNEGILHABRBEERNICIVEMTIETANE DN
%, Fig. 352 RTISE, HHER FRIVDMEIDEREZEOIOBA . BB 2H AR FOR Tk
R BIEERETFAEE RS, IO E, HEBEHIIHEMN SR FOPIELETETHOSREHE
LEIBEHTILOLL BAERBIIHESNALEEROFEMENDILDLTD,

FEIEHARERICIDIEFOLROFMET VO [3-3]2TT,
IR RICTRTRAYV T —A"—HEE 2B R TS,
We,, = We,, v=u{1 +f(Nw,)} (3.5-1)

IIT We, | SR OIS RRENLEOE R YT —A—H OB THS, T N KRR
E SRR R ThHB,

No=_ Vi (3.5-2)
vd“pddmaxo. '

LT ppdp O VEENTR BEOCEE. RRBOKANER. BRAORAEREN . ER
OB MR
fNJERBDL, RAPREESA TN,

We (4 = We or

veot 14Ny, (3.5-3)

IREY. SEBERORRER L 3IRKXOLSITFHHEND,

o dsemedd
v={ 4pc(uc—- ud)z cr

I T Up g Uy P O OJEENTHE BB EOEE B OBEE . IRE O MR E. A H

Mk o®EE. ABRAORERN . RAORERN,
¥, We,|,_EBLT13THS,

o o]
réd =

4p£’(”c— ud)z Wecr

[S1ON

2
2
ol + — He (3.5-4)
pcpd(ut‘_ ud’)

BEEIIEAT VAT T EF LI OWTHRS HOBRFEBLTS,

3.5-2




JNC TJ9440 2000-008

Ambient

U EFEERS
v I EELEkS

Fig. 3.5-1 Breakup model of the liquid core interacting with an ambient fluid.
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Fig. 3.5-2 Breakup model in the particle interaction method.
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4. MNREEHIROTLHDI— FRE

FI- FOBKERIE BEFAKREERKY - J/ERCBISEHEORERHET S L THS.
FRUDL-KRGEZED ZORKIFFICEETYBARTH Y. NTFETINEETV I J/T5H
& RBROFHELSADELEDIT, REDPRTRHAANEZA ONDWIAH/TH Z ENBEITRS,
e, ERICEREBL THERICNEIRFESEERZEL Th, O EDORTFH DEERFUTHAATM
NREZRDOITRLEZEHFRN, Ok, EQLIMEY (EFNVOMERL) T 5MNEEER
%,

4. 1 MNBEGBHIROT=HOERL
4. 1. 1 {EERIRETN

(1) {LERETFINORERTE
FRMUDA-KREOXSBFE—RRIETIE, RERENEETI-ORBEEIAEEHICES
5. TORGEEZFA@DICBT 2HRBEE/BeREEARRERIGEEATRES N, KIbEER—
BicH—REDBNIWN, T KIBKLOHABELZESOTE bOoE—RHRESHAL, HRIEH
EUBEEIIFERITAS N, TS5, BEENEFPMUYLA-AKERICEZ Dz AT—DEBERES
mEFuS, F YUY A-ARRGHEEITIEZ] mmBE S BRNWZ &89 T3,
L#=#t- T,
—ERRETAEBETEL, KeEERFRETHS, Thbb, RILHEEEZEETS.
—RINIFFRHENTHD LTS,
EWSEEEBL, £, RO2DDERGEZERT 5.

1
Naypig + HyfOppy — NaOH gy + 3 H, + Ahy (4.1-1)
2Naiiquid + Hzob-qm:d —’Nazomlid + Hz + Ahz (4.1_2)

(2) EFNOEFEE

ZZTHEL &K FRUTA KER BLOF MU L-KROEERGERBZRES EHOEFTY >
FIZDWTHh~R3,

INFETOSIMMER-II-SWiZ &L 5. SWATL/PO6. SWATI/RunlOEHT #&BL TEHLNHIR[3-2)M
5, MERAFEPLTOLSTHEEEALNS.

KOEGMH (B2VET7IvI VI KEESRE &, FhUTALAOESHOAE TILRRE
EEL, AHEICEER ECERGERPNREC S, RECALCHK., Na,0 (EERTF) . NaOH (BF5
SEAE) | Hy, BEUOKEF NI TLOEREHEN,. FEAEOKEF NI Y LOEGHEIEALE
FREE/ERZIT SRR T U TANERLIEOEANERET S Z Lk b RS AL TnL,
3. STHBALASWATHRumIGER T, PHIC3BEENKEREETRIOIZIAEHDHZ &M
5, W17y k0 ) = REOEATER TS EANEARETEHRL TWS LELLHN
B, LML, ZO&3RREIZU—-ZFEHEICBESH. PLENAERETRFI M TL-KRELD
FELTRBRRELOBEMIZEZ VRESHREN LR TEEEZI NS,

ZHLBENEEZEETH-HICIE BTORGERRMBETH B LEZL OND, 2EL.
SIMMER-TI-SWIZ L 2 @ Tid ¥ = v b i8R & T 2 - D ISIMMER- O T g RN 2B E T3
CEMEBREFRETH N, BEFETHI vy FREGESVETMNICEIETES L, BLULTO
PEERTA A-PTREINS I E2ER L,

CIT, CORBIENDRS OB ZROKSIITHRDTHL,
4.1-1
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L1 : Water

L2 : Sodium

P1: Na,0

P2 : NaOH

gl : Steam

g2 : Sodiumvapor

g3:H2

TR TREERRE SRR DFRES T,

VC : Vaporization/Condensation

CR : Chemical reaction
2RV, L, GREOREFMIIE > TERE ﬁﬁﬁi IZA ENDIREE HEE TH 575 5 condensation
HEELRN,

FERBGERERIILTOLS THEEELLNS,

() VC_L1ghL2 : KBERF MU O LAEEL TERETS

(2) VC_LighLiPl : KA ENa, O F L3 U THRRTS v

(3) VC_L1g1;P2 : /KA E IR NaOHIR I & L TR T2

(4 VC_L2g2;P1 : F b U ANEIRN2OR F L B U THERETS

(5) VC_L2g2;P2 ; F MU AXSE IR NaOHMETE S35 U TRRTS

() BRAKEKRBHEMTS LKL KROFRTEDRVN. CRIERESTHELEASNS

METHY., ERILEOBEBICXDERELRVWNS TS S,

(4.1-1), @12 EANNIMEERIGRBIILTO XS0k 3.

(6) CR_LIL2 : 7Kk (B&iR) &7 MU U LEMHAEM L TNa,Ohi 7, NaOHEE, KFEEZERT S
(7 CR_L1g2 : K (GER) &F b U AREKHERLL TNa,ORIF. NaOHHER, KBEEERT S
(8) CR_L2g1 : F b U7 LAMEH & ARKFEK M L TNa,ORI 7. NaOH¥HE, KEZERTD

(9) CR_glg2 : AKHEG ETF B 7 AES M L TNa,ORI 7, NaOHIEH. KFEERTS

(3) E2RISEFVOGFETNIY XA

FPETIE. FAEAKET (B OMEMEEMEC., INHMEEREET T (MUY LHKHE.
FhU T AEKK) WEETBHEE. @.1-1). 412X 2 DOERBRIC LN > TILERE 2175
ZEkRRB, b 2200XDELBEESEKRFB/ KOBINEBRLEENTFA-FELTEBETIED
KAOEIBAKREFRUTLODERREREEZ 5. kFE/KOENEREEZE (AA/ 3 %wm
0.75) &THERANBELENS,

;HZO +2Na — H,+ 20-7) NaOH + Zf; 1 Na,O (4.1-3)

LRSI EDHRD ERBIINOHE & U 57/KEE b K I TQ_NaOH=189 kI/mol. Na,0% 4% USE{bLK
R TQ N2,0=176 ki/mol TH B n 5, (4.1-3)ALDEEI NSRBI,

201 - 2f -1
Q &J /mol) = ( 7 /) Onzon + 'fT' Onazo (4.1-4)
LT 5, RFEEROKHEITRN THIET 5.
My, = Wy, K a! CNa CHzO =Wy, K4 (%) Na (%)HZO (4.1-5)

R N

412
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w R FR

X D RFRERRINEEER (ANINFA—%)
al : BT S 7= D BB

C LB OTIVRE

p : BE

HAEZNITVZLELTHE, IXTOREERAGENICHIH0RTFET MU ARFRITDWTK
EERBEFHETS. EBROFHETRRETEIR T XRYENICRYLEI SN Y1 XXDh
ROKELESETDEBRNED, EREARLEEZE LR FHHEEREHERA WS, Z2 T,
HOKT i. T RUDART j OBOHEEHEREZRLBELERTH S,

0
| (a),, = ;Eﬁ w(l r,—r, [) (4.1-6)
ELEBREBITDOWTRT. o K BBV DEAEHTH D, BT i jORBICLDKERER
EEVE,

(m,b)”-_uw_fzz.fj_fiw(|,j_.ri|) ((g)m)j ((5)@),. @17

n

&%, RESAAFZRRERLGINRNEZE/THILITLDNON, Na,0DRERBEFMT S Z &8
T&E3,
RFEFEAEREDN 5 FEKBHFOEE NIT.

(),

P, cr
TEA6NZETS, TIZT. 48O * BHWEZEREEIRISIZES LT 3H,080 T & Nabi TI2B
LT R ESET - BECBIT O KEOFBEEZH NS, NaON. Na,0IZDTHEMKIZE S,

@18 TEHEA SNAEEMN 1LIZHRWESE. RERZHLONFEFMIVARTFICHE LEFN
ENORFRENZERL T <. EVCHEERBRICS DR T &F M 7 LARTFOFEFREOH
PRIF 1 EC - 7k S CTRE L IC/AK ER T, NaOHEL 7. Na,OR FRFEAEIE, HLORTFEFRY
DLNTHOTOHOERZEIK. HEND 5 —F OEL TR 0T F MU T AR FITEIER
T3,

(4.1-8)

FRUDL - KRBICR > TELBYWHEO LRI F—REBOFEITOWTIE. {CEREERYORE
T 2 HEERAY 5. WERDICLZERVHEOBNZRER. RIBHTERBEOLFIE—
PERBLEDTREINZLDITHRET S, G13)REERCERBREEE LTI F I E—DF
FRICESETE,

n
pHZO CR Atho + Pha, cx AhNa
n+l
= pH2 CR MHZ + Praor, cr Miyaow + pNaZO R a0 (4.1-5)

2B, TIT. pRERNEEEET. RECRIZEO S LARTF Yy T TOLERBIEST 2EH

MEEE WS ERTHD, MFRTINENEELEKYT 2 0EIRNA T2 TORRMLRERNE

ETERT 2, KL H N E—ORMICANDIENTNAOR. $3ERORAETICHT SMMLT >

FNE—EEKT D, LEERI &> THERPENEUSBER, HLlcEUEWEOTRVE—R

BEEDBEDHIC, EYHTHAOIL N E—OREZFRTILENDS. ZOREOW D HIME
4.1.3
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BTHOEIN, (LEREOEEE BANEREIN TN SEERERKTISELT2OMNAR TS S,
HEYEMOMEML T N, BRI NE—%h), LT B L,

Lird, JIT, EORHAICERLEDEOREREREERAZLETIMORETIIE LW ERE
T35, Tibb, Erﬁf&@i&&érg x5,

8;120, CR AhHgO(I:IzO) + Bgfa,CR Ahy(Tya)

= Ph,,cr Ath(Ig; N+ P aos, cr M yaokTer N+ P Na,0,cr AhNazO(lgI; D) (4.1-11)

Li5B. COEBRBHEREMOTTL BRD, RATERS NBLERGI L BERBE SRIGE
B HEL TREROSERYBEOREEZRD 5,

Qcr =Ny, cr (@MNaOH'!' ?Mmzo) . (4.1-12)
ZZT,

Mgcr ¢ ERRIETERLIKROTIE,

Ahyon @ NaOHZERRRG OFEREA: pREL.

Mo  : N2OERFHORMELE RS,

ERBNRIGERYOSHICEZISND EFEL. RIEERMOBRBRIIE U TO 20 ET 20TH
i, BRERSEBRIERSOBRENELLRS, Tiabb, Z0BEE. 1 I)ROETICERK
BREEDE

P;fzo, CRAhHZO(I.;'Ip) +p ;vn, crN Ty + Qcr

= Py, cr A, ( iy P eos, crM naolTCR N+ P N0, crMNG 20(73; ) (4.1-13)

BTy ‘HEOE ERGROSERYEOREL WD Z&ichd, 2 I T, SHERMZZEL
TEI)REANS. '

ERRRCEBDRA € TIHGERRE QBKAN) KBFBHRRIIINF—%h, L. KR
LD EERADIFNE-ZEFHT 5,

€ =l + M(Ts ) (4114)

NaOH, Na,OIZ D WTHEHE I F I E—MNZEFE AR RN F—E L WEREL T, REFER
(BOS)ERET DHENDH 5.

(4) AR/ EREETTIOFETIIUZLL
R/ EETETNELTHEROLRNNE NS A TRRENSEEHEEBRETIINEERATS,

TI3#R58/ ¥4 (Vaporization/Condensation; 8 IC BT B EA AUV OBRBITREET, @8[] 1
4.1-4
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BRE2%RL. FFe)IKHEISRE~OBFTE, )idE)=(gTH3 I &ERT. H, LIZHEELD
MB|ERIHHICERL TVLAERBIVERWEEZREDT,

QORJBAEICBWTAKDERE L TREZRIZ. HENIIKEIERL TKRITRHER.
S/ BEHOBEEIC L 2ERAFEN

™~

ap

Tg =T, ,~ T, (4.1-15)
ap

== T,,-T;, (4.1-16)

SH/ BHOBERLICE D TRNF—RER :
BELT RGP 5E. EO/NNT T 2FNERRPN,. SR EEORSICIEREL F I ERE
TTsEER5,

-~

dp,e . )
ai : =- rg,l lg + F[,s I-l‘IVapar + I-a-lg H hgyl ([T.l - Tg) (4.1.-17)
ap,e . .
6; f=-T g+ T [t (2], B ([T] - T,) (4.1-18)
ZTT
r : BAERL - 0 ORBEBITE
1y apar RROER LYY EREETERTNBRROTIFIE)
[iiguia (BEOERLIINE GREETERSNSREOL L FIVE)
fal, .. : G LW OBERE
. : BEER
7] : S & WAROD R

HEBTRED BEMERS D OTRIIVF—BITE,

[ly= gt [y (A=) 41 (1-3)] 4119

izkb,

if [alg,1> 0, then Ty ;= T_El]:g_,:_ , (4.1-20)
’ g ~ [ iguia

. I-q]g, I

if I-q-lg’ <0, then Tj =~ R (4.1-21)

i]vapor ~i

THEIbND, TIT, (4.1-20)5(‘.\ @120 NE 4. (EDR) EEEHR, KRERICHYY

4.1-5
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3. i fglg =0 OBA, EREEEARERS,

[T]g.=- & (4.122)

O EYH & Bl U TKRHRFET Bk

S/ mHOBE L PHREFN
a L
;g =T, (4.1-23)
]
_B_SL =-T,, (4.1-24)
KA BAAOREICE B TRV F—FEFN
aﬁ e
a“; = =Ty, [il,0 (4.1-25)
ape )
g; L=-T,, i+[a], By ([T] - T,) - (4.1-26)
dpye
-—a’%-"i =[al, kg, ([T] - TH) (4.1-27)
T
r  BATRRS - D OB RBITE
A vapor  RADHRA L INE HRBETERINIEIOLFIE)
[isguia L MEOBERAL I NE EREBETERINIREOLFIVE)
[4],,., : TR RN O B
h : BRER
7] | FEME SER RO REEE
BEBTRD BEMARYE D OTXIF—BITE,
=Tl o (171-72) 1 (11-7) | (129
ko,
if [q],,<0,then T, = [, (4.1-29)

vapar !
THEABNB. TIT. GI2)ROSEN (EHH) REBRCHLT S, Sk, [g,,=0 0BE.
BB EILRA L35,

hy , T, .+h T
T - CHITH LHL! 4.1-3
[ ]H:l hH.I + hI,H ( 0)

4.1-6
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LR ME & U TRRKARHE T 5128,

S/ BHOHEEICL2HERER
a L)
Pe =-T,, (4.1-31)
@L &
a
aFt’z =T,, (4.1-32)
S/ BHEOBELICE R TR -RER
a 68 eg
—— == Tpudg+ [a], , 7. ([T ) (4.1-33)
a0, e
a:t - = g t I— ]hqmd (4.1-349)
P, e
_"é%i =[al_, hu, (I’T] - TL) (4.1-35)
zIT,
r | BATRROL T D OEBBTR
1 vapor  BROERIZNE BFRETERINZEEOLIINE)
e CREOBERTZIIVE (BRBRETERINSGREOT I NE)
[a],..  RRYHE SR EM OB RER
B s BVmER
7] ERYME L MRSHEORERE
BEBTED TEMARE 2 D O RIVF—BITHE,
Tal=fl o s (171-2,) # 1, (171-7,) | @139
[N 4
i,
if [q], 1> 0, then T, 1= & (4.1-37)
lequzd

THABNB, TIT (4.1-37)3:0)53\5,75\ (S IEAPERITIL T 5. Xk, [g], =0 0BE.
HEAREIRA LS,

hT+hT

gl g
I' ]g LT h L + hL,g | (4.1-38)

BTRERIZBNTIR, AR LOMK LRI FLELTOMEEAREICS T LOMTRARREHET
S, TTR ARTREEDE EEML TEXT 28020 E L, T i jHAOHEEREHRERD
RS THS,

4.1-7
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U"]H::)U = % W(l";-ffl) (4.1-39)

ELEBBITOWTRY, KRTF 7 18T 3(4.1-28)R1.

(]'q]g”)i

-Na,NaOIiNdZO

(1e1,.), [ (D), - ), (17, - (1)

0

a
* v 8 77
j=Na,NaOH Na20 1

hH,I ( ([TD,-]-_ (T ) ) + h: H (([T ) - (T:))
(4.1-40)

LELED, TOBFEEZAINACANTELNAIERBTREANVWTRERFBRTOEK N
BRATHRD S, Thbb.

_ rlg’l " At

ig,i— pg

(4.1-41)

IIT, ABOSAEERSAREABERONTFOREEENCBT3HNBROEETHS.

RERTFEMNLICEERVESRE. BTEAR (HEBTERICHY) 25868 T 1 HEZRETESRK
725 FTHRAERTFRERL TVRL., 1BOKERTFERETELSRICIR > oRELLICKERTZ 1 E
REIR, FOSOEREEARTMEE. EHEAROEBEGLRARTH LM, BEEBITRERERT
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Fig. 4.2-1 Flow chart of the code with phase change and chemical reaction models.
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