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Sodium Spray Fire Analysis

- - ) *
Sinya Miyahara
X
Norimasa Mitsutsuka

ABSTRACT

Sodium sbray fire experiments using a 21 m3 vessel were performed in
order to validate the computer code SPRAY-III which assesses temperature-
pressure transients resulting from a sodium spray release in a vessel.
Precalculations were conducted to predict the peak pressure versus the
design va]ué(].g kg/cmZG)'and to select experimental conditions. The
following results were obtained:

1) When the number concentration of droplets in a spray zone was held
constant, the rates of increase in pressure and temperature and their
peak values became higher with wider spray cone angle and a higher sodium
leakage rate. The gas pressure and temperature reached the peak values
at the end of sodium injection and then decreased rapidly.

The concentrations of oxygen and water vapor decreased during the sodium
combustion and were constant after the termination of sodium injection.
Hydrogen was generated slowly as the sodium was injected. But its concent-
ration reached a low constant value thereafter since SPRAY accounts for
oxygen-hydrogen reactions. The rate of hydrogen gene?ation increased
with the spray cone angle and the sodium leakage rate.

2) In the case of a 21 v/o initial oxygen content, the peak pressure
"~ and temperature were about twice higher than those in the 3 v/o case.
A higher initial oxygen concentration predicts lower water vapor consumption
and hydrogen generation.

3) The peak pressure and temperature increased with the sodium leakage
rate or the spray cone angle. Comparing of the calculational results
- between cases of (a) varying the sodium leakage rate under & constant
spray cone angle and (b) varying the spray';ohe anglé‘under a ;opstant
sodium leakage rate, it was found that the peak pressure and témperature
were more seﬁsitive to the former than the latter. In particular the
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sodium leakage rate affected the rates of increase in pressure and
temperature.

4) The peak pressure and temperature and the amount of generated hydrogen
increased with the initial concentration of water vapor. But a variation

in the concentration (from 1500 to 15000 vppm) showed only small differences
in the peak pressure and temperature.

5) The peak pressure and temperature increased as the droplet diameter
decreased. The peak values for a 0.85 mm diameter were about three times
as high as those for a 4.572 mm diameter.

From these results, it was concluded that the sodium leakage rate, initial
oxygen contént and droplet diameter were the important factors in evaluating
the gas pressure and temperature in a vessel during a sodium spray fire.

* FBR Development Progect
** Present Address : Toshiba Corporation, Nuclear System Design
Engineering Department
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Table I Measuring Items of Sodium Spray Fire Tests

Na % 7 v — R st BRI 721 B

T oS

X vip % i (172 & FEk, Etes RO w &
i E|4& ¥ B E|Figd 28R | C A #% B x| H1004
(#2, 227 )=},
547)
= h | E#BHRE N | v RHIERNE N E 2
JAFBEHEN |7 4+ & % v 2
i B NaFH HERE | B FFa|ERKE S 1
O B E| HATORBRE |t r+ R\ F < |4a9, b4 1 OFF> 41 >~
BEX 0y 2=7 1 E = £
B o B E| 72PEI/EE i = R g 1
% & 7 1 OFF 54~
H: #& BE| A2 H BE " Al Hy® = £ 1 &= £
$r7 YT EL 1 OFF 31 ~
H=gaiRicT
Na =7 wyvan| # % ” Y7V 1~2 OFF 34~
T ey .
e A B E G 1 ON 54>
BRE—F 1 OFF 54~
1 » 288k
K it B v BER|E kL B B B K
A
EHE LA " woE W OB B R

<E>

7 e SAEEESHBOERHICL Y FEEOERERD D 5 5,




Table V—1

SPRAY Code Input Data

SPRAY=T— VA 7y PEH

BESFA—2REBZ EETT

‘ %
% R Bf g ey, # B f# %

WO MR B cm O ®
' A B B M n O 424
W M #H = E Kg / cnt O 1.043 100mn Ag 4824
W B 4 =2 B E T O 20T
#h # Na & B T | ®
#) B\ 4 B E mol % O|®
® OH &K F ™ i O 210
27 v — »EH A m O 3 |
— % Naig ™ * Kg /s | ®
Na = 7 v B B sec O ®
27 viEmERE m O 0.001 2TV ZAERO S
A7 va—HEAHA rad O ®
W O#H 0., B B mol % O | ®
£ % Ot »~ #&® m O 3
€« A~ O B A m O 3
BEo#AFR,/HE M b /mC | O 515

LEOF R+ TR 7
wEEAE R @R v O ~ 0 | LLErPROELEE
o | ERER,
BHEORERE = O ®
ARTVI—2 Ay v H — O ~10 <100
Naz0: £ ® @ & - O 0.0 gggmgg?a'gm\a
BEB £ v ¥ 2 B - O BLEME | <100
B 4 » v . B - O 4 | <100
B A 5 ¥ L #H — O 4 <100
WEEX Yy v 7REHEE kel mhT O ~0.0
BEX¥ v, o7 EREHXE " 0.03
R ¥ v v 7B ERHEE " 0.0 3
HBETAAEEBHE Kd,” m h 0.0
B o ” # 0.0
K @ ” " 0.0




Table V—1 SPRAY Code Input Data(Continued)

SPRAY=—V1 7y VEH

o X
% # B uﬁgwfﬁ_aﬁz- A
(B, BREDE~E)
A oy ¥ . & : m O | 0.08 N E L
0.133 Tz =}
0.133 .
0.133 v
& & # = kd /mh<C O 0.4
1.8
1.8
1.8
Ay v L MERE : T O ~20C B Ay v, 3t
¥ % v 7 1@ m O ~0 "
Ay v . W OE Kg,/ nt O 2,000
.
Aoy ¥ . Bk Kd KgC O 0.2




Table V—2

Calculation Paramerters

EC B A
WMRE|=x7v— | Fhva| Mioa |3 Bl #BM|lw 8
X & (1%1“.%) A7v—| Fi)va | B2 E| B note
RE |2 hA|RUE | HFEE BEE | B E| B E
(mn) | (DE®) | Kg/s) (min) (C) (%) | (ppm)
4579 PREEAT I SR X b
A—0} (osay| B838° | 083 1 400 3 1500 |MBEI €25, b
' O ( AR )
A—1 o 53e 0.8 3 1 400 3 1500
A—2 o 28° 0.21 4 400 3 1500
-3 " 14° 0.052 16 400 3 1500
— 4 " 53° 0.83 1 400 21 1500
— 5 " 28° 0.21 4 400 21 1500
—6 u 53° 0.83 1 530 3 1500
—7 P 53° 0.83 1 530 21 1500
— 8 ” 53° 0.21 4 400 21 1500
—9 " 53° 0.83 1 400 3 |15000
B—1 | 085 530 0.83 1 400 21 1500
(1.46)




Table V—3 Comparative Conditions of Case (1)

Case (1) &

E % | LINE AZV—EH D | F )Y MRRE | F H ) v ax T v—RH
'H: A_—O 530 083 K?/S lﬁ'
& A..._-I ________ 530 0.83 K?/S lﬂ‘
H | A—2 —_——— 5 g° 0.21 K¢/s 445
B | A—3 | e 1 4° 0.052K¢/ s 1645

AT e EE(RE) 457 2np (2.64)
| DB+ + Vv o BE 400TC
" v OB R £ B E 3.0 %

WKk EREE 1500ppm
fiE




Table N—4

Comparative Conditions of Case (2)

Casge (2 g4

X 4 LINE A7 VEAB A F MY ARHEE [ MY v e x T v—ERHE
e A— 4 5 3° 0.83 K¢/s 145
W | A—5 | -----=-- 28° 0.21 K¢“/s 4145
|
B

M EHEEE(BE) 457 2nmm (264)
] WEFr Y)Y A BE 400T

M O B OE B E 21%
5E

WOk B R BRE 1500ppm
fiE




Table V—5

Comparative Conditions of Case (3)

Case 3) D [ B

X & LINE T REZEE
e A—1 3.0%
B| A—4 cm——— 21.0%
B
8

PP EE (R 4572m (264)
Bl 27 v - nbh A 53°

F b} v oA BHE 0.8 3Kg s
= F b ¥ aRT LR 14
E| W+ Yy A BE 400C

MKk ERBE 1500 ppm

- 20 —




Table N—6

Comparative Conditions of Case (4)

Case @ s

X 4 LINE ISV oLEE | WIPRERE
=9 A—1 400C 3.0%
| A6 | ccceceare 530C 3.0%
IH A—14 ——— 400C 210%
B A—T7 | _____. 530C 21.0%

HI T EE (RE) 4572mm (264)
B | = 7 v —$E 2 b & 53°
" F b)Y oaAfEMEE 0.8 3K/ s

FhY Y arT v —ERH 14
B | 20 88 k &5 BB

1500ppm

- 21 -~




Table N—7

Comparative Conditions of Case (5)

Case B)D &
X 4 LINE FEVYARHRE I F ) vaxTv—EE
| A—14 0.83Kg s 15
Bl A—8 | comeeoo- 0.21Kg s 4 5
b=}
=]
I T (RE ) 4.5 7 2mm (2.6 4)
B =7 v —$EH b A 53°
1 W Fr Y Y AR E 400C
E
7o B OE B OE 21%
B # # &k # S B B 1500ppm

- 292 —




Table V—8 Comparative Conditions of Case (6)

Case (6) D Hr ka4

X & LINE AFVv—fhai b
e A—5 28°
| A—8 | ----e--- 53°
pi-|
=|
FHB T i 2 Rz ) 4572mm (2.64)
& F FY % oA EEE 021K s
+r Y s RT B 44
5E
WEAF Y v A BE 400TC
& | B B E 21%
WO K E R EBEE 1500 ppm




Table V—9

Comparative Conditions of Case (7)

Case (MO el

X & LINE A BERBRE
H A—1 1500ppm
Wl A—9'| -—cmmmeeen 15000ppm
H
H

WMHA R E (RE) 4572m (264)
AR RS XS 0.8 3Kg/ s

FPN)O AR T v 15
o .

o+ Yy sBE 400C
B | # ¥ 8 £ B K 3%

A7 v - h A 53°




Table NV—10

Comparative Conditions of Case(8)

Case 81O W

WM EE
X # | LINE R (R )
4.5 7 2nm
Bl A4 (264)
' 0.85 mm
| B-1 T (1.46)
H
g
AT v —FH oA b A 53°
B | + r 0 v oAl EK 0.83Kg s
F Y ar v —EfH 14
E
WEF Y v s BE 400C
m | 7 OH B OE B E 21%
wmHKERBEE 1500ppm




TablelV—11 Summary of Calculation Results(l)
M E RO LD Q)

REy R RBEH = BEHERE | BRAELS | B&AE :
Ea| g 5| FonE | B E| &8 B B E 1 %*

(Kg/cit- G) (T) (v/0) {(Vppm) (Vppm)
A—0 | 043331 | 14066 3.0 15000 0.0 | BE#:IE
A—1| 039919 13230 27092 1400.7 10355 | FHIvARBENE
A—2 | 019864 75862 | 27125 14033 10095 | fBffF<—=
A—3 | 0081197 42787 | 27728 1408.0 95968 | ) UARHRELHNE
A—4 | 079204 251.73 19389 14408 89508 | R FRBWBELR
A—5 | 034084 12161 19499 1446.1 82156 | b vaiREEHNE
A—6 ] 052401 16742 26974 14009 10354 Na BEHE
A—7 | 089317 28067 19381 14422 88.282 y
A—8 | 036439 12827 19515 14454 82504 | R7v—HEH b ALHR
A—9 | 041667 137.27 26958 | 140340 10105 KEDBEDR
B—1 | 24483 80971 63977 1665.1 11184 | HHREXDR




Table N — 12

Summary of Calculation Results(2)

BmiTHRREO T & DO

=8 " =B H o|EH-BEO

RE EAfH -BEOD K ERE £ & Kﬁ.%iﬁ:
j5i-sN |w b Emple — 7 &
A
> F YDA

0
MEBBRERE ///%
MRS RBE //
V

b 5 F2:S

.

&

W 8
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Table V A Plan of Test Conditions

V- (I

wwone 205 | Yime | mam | cemm | B =
(%) (ppm) (T

1 1 mn ik 30° ~0 ~0 5§30 BR )R R

2 v v 3 " v — R OBERER

3 » v 3 ~10000 " 1% 5> Zh R A Bk

4 " " 21 ~0 v “RFROBER R

5 " 55° 3XT 21 ~0 v %7V—Eﬁbﬁﬁ%ﬁ%

6 ” 30° " v 400 NaBE# RAR

7 5 nnik 55° 3 ~1500 530 W ERRA R

8 v " 21 ~0 " .

(1) M Eohs bHBERE KRB LOooBEE & — 2 08 3,

HREBKI . THARORELE®IT9 30 &3 5,
Nalm##E (15 ~50Kg,mn), NalRBE (#H50K), NalGlEM ( 1 ~4m )%
B &+ 5,
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Case(l) : 7V 7 2 M EBORHRQ)
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TABLE—1

SPRAY CODE INPUT DATA FORMAT BE10.0 AND 8[10 - DEC. 1, 1976

Card No. Title Card < 60 characters (*Q" in cc-1 of title card for heat balance output)
1 Q Al Jét Test No. B8 - Splash Dispersal into LTV
2 Ot ALINER PSIA “TGI TSI YH26 VoL H
.145 0.0 15.75 75. 1000. .008 2200. 25.
3 FHA SHAX TMAX xs(1) THETA YQI OIAM HCELL
1.830 3.3 45, 4, L1811 .008 10. 25.
4 CPS XSCALE YSCALE Pl va MULT SIGMA -
1.2 - - .023 0.0 - - -
S NY NPRT NPY NCURVE ITABL NTEST NA202
50 50 20 H 0 Q

Release #ate Tabie

Time{sec) Ratel{lb/wec)

SIGMA = Geom. Std. Dev. of droplet distribution (default = 2.64) 264 1. 0 57.33
Df = Initial mean droplet diameter {1n) {mass or vaolume mean) 018 2 1000 5292
ALINER = Cell wall area (ftZ) (default = »-OIAM-(DIAM/2 + HCELL)) 16409 3. 1500 4961
PSIA = Initfal gas pressure (psia) ' 14763 4. 4000 2977
TGL = Initial gas temp. (°F) 131 5 _7500 6615
TSI = Initial sodium temp. (°F) 9842 6. 9000 1103
YH23 = [nitial water vapor fraction 0.01546 7. 9500 0
VOL = Gas volume (£tY) 109477 8.
K = Spray cone height {ft) (H < HCELL) 453 o
FNA = Constant sodigm release rate (1b/sec) 5733 10‘______*_ -
SMAX = Sodium spray period (sec) 9500 11
TMAX = Time duration of calculatfon (sec) 4000 12
XS(1) = Effective diameter of spray impact area (ft) (<DIAM) 10.00 13,
'THETA = Angle subtended by spray cone (radians) 0637 14
Y0l = Initfal oxygen concentration fraction 0.03 15
DIAM = Effective cell diameter (ft) 446 16
HCELL = Cell height (ft) » 453 17.
CPS = Wall heat capacity (Btu/ft" - °F)
CPI = Impact plate heat capacity (Btu/ftz - °F} Lall 18
V2 = Secondarj volume (ft3) 3881 19,
YMULT = Multiplier for release rate table {default = 1.00) 20.
XSCALE = Curve scale (sec/inch) z;
YSCALE = Curve scale (psifinch) )
NV = No. of volume increments 23.
NPRT = Print cycle, time steps per printout (time >SMAX) 2;3 jz
NPL = Print cycle, time steps per printout (time <SMAX ) '
ncurve ~ {9 Ho plat | - P00 26.

i Curve plot o 27
ITABL = No. data pairs in release rate table (< 50) 7 28
NTEST = Not used )
HA202 = Percent of Nazuz product. 29

0 30
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TABLE 2

aSPrAY

eas CARD MODIFICATION SUMMARY wes

seove PROCESSING DECK

sevce PROCESSING DECK

oee DELETE
INSERT
oB2 DELETE
INSERT

seomo PROCESSING DECK

RIY1 DELETE
INSERT

MIY1 DELETE
INSERT

MIY1 DELETE
INSEKT

-M1Yl ° DELETE
INSERT

eeses PROCESSING DECK
esess PROCESSING DECA
svees PROCESSING DECA
cocne PROCESSING DECK
sevoe PROCESSING DECK

evees PROCESSING DECK

SPRAY

Locp

NARATE

S5uURS
NPLOT
SPEED

TABLE

" SATLINE

HSS

UPDATE 1.09 80299

DD 500 I=1410000
DO 900 I=1,50000

LIF{ITI.LT.4) GD TD 770

IF(IT.LT.25) GO TO 770

IF(YO+YH20.LT.YHMIN) GO TO 902
IFIYOLLTYMIN oAND. YH2D.LT.YMIN} GD TO 902

TF(YOQ+YH2D.,GE.YMIN) GO0 TO 903
IF{YD.GE.YMIN .DR. YH20.GE.YHIN) GO TO %02

IF{YD+YH20.LT.YHIN} GO TO 99
IF{YD.LT.YMIN LAND. YHZ0.LT.YMIN) GO TO 99

IF(YO+YH20.LY . YHIN) TEMP=TS( J) .
IF(YD.LT+YHIN -AND. YH20.LT.YMIN) TEMP=TS{J)

0De/28/781 14111104 ° PAGE
PLDATE 05/22/81 LASTID MlYl

LOOP.11%
0B2.1

LOOP.440
OB2.2

NARATE.93
KI¥1l.1

NARATE.244
HIYl.2

NARATE.264
HiY1l.3

NARATE.318
BHIYlaé
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TABLE 3

JS5PRAY

seo+ LARD MODIFICATION SUMMARY wee

ensoe PROCESSING DECK SPRAY

UPDATE 1.09 BO29Y ut/us/ol

PLOATE_06/25/81

lai55is- i
LASTID MlYe

eswoa PAGCESSING DECK  LOOP

vsxew PROCESSING DES: NARATE
mivz DELETE T OIFC(YOLLT.YMINY  T=0.5%(TS{JJNY+TG(J)) o HARATZ LTS
INSERT IF(YO.LToYMIN oAND. YH20.LT«YMIN) T=0.5s{TS(JJIJI+TG(I)) “1v2.1

L& £ DELETE
INSERT

MIY2  DELETE
INSERT

DH2=5,62E=~5eTx2l.67
DHZ=5.62E=5¢Teul.67/F

IFCYOLLT.YMIN)  SYTCSFF+Z3sTA
IF(YQeLToYMIN AND. YH20.LTYMIN) SYTCorF+Z3eTa

NARATZ .13
MIvY2.e

NAYATE J2v )
Mlvyz.s

svese PROGCESSING DECK suss

esese PROCESSING DECK NPLOT et e et .-

seens PROCESSING DECK SPEED

ssews PROCESSING DECK  TASLE e —
sssee PROCESSING DECK SATLINE

svowe PROCESSING DECK HSS
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O % & ®

UEoBEER*ZHIENZTI 0757 C, HBLAIORRETH S,

Case 1 : TABLE—2 D3 DBIE, 7 MY v atBERVKBEZOEGEWTFRLIERL
72 Do

Case 2 : TABLE—20306BIE, > Y V2 tBEORILOA2EE L, kELALOR
IBEER L 2D D,

Case 3 : TABLE—~2030DBIE, » bV v 2 tBERUVAKEZOREZWTFhLEEL
e b Do

Case 4 : TABLE— 2, 3OMHBFZBE, > Y v 2 tBERCKEZOREZWTH
EBLAVOT, YMIN=1X10 " RF1X10 o

Case 1 B{f 2iL, TABLE—2, 3OmMA%BIELTCIFLLEENEBLN L,
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(2) SPRAY - FEALOMBEAICHT DA%

[B By
A DOF P 9227 v —BEEROSPRAY = — MC X ABITCWH, M+ 2 ) v el
§ﬁ300t&ﬁm&wz(RUN—4)?,%%ﬁﬁ¢fxb;m%¢a$ﬁ$§%ﬂrm
Bo LT, TORELRET 2A DO E 1T - %o
%%HSPRAYﬂaAﬂ—FfﬁM,Aﬁﬁﬁ%%%%ﬁéﬂfh%RUN—4ﬁﬁ®f
—2{(E1)ERAV,
*¥) F PV vARTVUVAREORYT, PNC 8J202 81—-07 (1981438)

MR & 52 | ‘

1) 27Vv—a9—r0ry ¥ 51088 (NV=10) LT, ATOsE*BR L2 L
B, ¥7A~FNARATETlog DT v #~7 a—x 5—pBE Lk, A, + Y o
4 DEMBEZE (PSAT)HAR R, A ADTd b, X, CO, trOH#REH(PG),
A ABE (TGSV ), 27 v—a—HADOFHAF2BE ( TGOUT) YADEL %,
T,

(20 PSATH, v+ VY aDREHERXIDVRDTWER, FHRASEN(P):B2A841E,
PSAT=P L LTEALDND, PETASVEAVWCTREORESFEX» LT 50, TGSV
B, A7V -V - OFHHABE (TEAV) &, TGOUT2FEHILLTRB TV,

SPRAY=— VT, BBTOHEE, explicit €ffbh, 024 225, 7,
TR T AWESRE A v L BBTARME L TRObNE, X, T V—FhiF b))
VAl L, THREIAES— i, AROFEHS EOBRBTIZE L TWwa,

WoT, Y v 2BEMKS, 7Y V2 RBELNIWEBLE, BEOERL L+ b
Voad—nbOREENKELZDLOT, FHE L L7 -4+ ~OBBITENKE 2 5L
Exbo

(3 LEOEBRLEHEILL, 27 Vv ——>D2,v , %3088 (NV=30):L<, BE
HEET AL, ERRETLR, CORNOAZEHN(PE)ORMENLEEL LT3,

[ 45 5 7
SPRAY =2 — VTR, BBEOHEL explicit Kff\, ¢O 24 axF 4,71, F 1+
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Y AVETEHE A v v L BB T AREME LTRDTWEOT, + ) v a2l ENREKLS, F 1Y
Y AR ERINTWEESRE AT v —2 — 02y ¥ JHMI(NVYZHALEZTRd 2 b%

e
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$POAY COOE INPUT DATA
FORMAT 8E10.0 ANO 310

Card No. Title Card < 60 characters ("Q" {n cc-1 of title card for heat balance suzsut)

1

2 ol ALINER PSIA TGI 751 YH23 YoL H

1 XA SMAX THMAX Xs{1) THETA 1ol DIAN HCELL
4 LPs XSCALE YSCALE cPl ve LT STGMA

5§ NY NPAT B NCURYE ITABL WTEST HAZ02

SIGMA = Seom. Std. Dev. of droplet distribution (default = 2.54)

0l = [nitial mean droplat diameter {in)} (m2ss or volume mean) 0.026
ALINER = Call wall arsa {ftz) (default = 7+0IAM-(DIAM/Z + HCELL }}°
?SIA = Initial gas pressurs (psia) 1469
TGl = Initial gas temp. {°F) : 680
TSI = Iaitfal sodlum temp. {*F) ' 5720
Y28 = Initial water vapor fraction 0
0L = 3as volume (ft?) 6815
A = Spray cone hetgat (#t) (H < HCELL) 820
FHA = Constant sodium release rate (1b/sac) 67914x107"
SMAY = Sodium spray period {sec) 130
THAX = Time duration of calculatioa (sag) . 200
X5{1) = Effactive diameter of spray {mpact area (ft) {<OLAM) 00072
THETA = angle subtended by spray cone {radians} 1047
YOIl = Initial oxygen concentration fractian 021
QlAM = Effective cell dlameter (ft} 3281
YCELL = Cell heighe {ft) , 8.20
€S = ¥all heat capacity (8tu/ft® - °F) 159
CPl = Izpact plate heat capacity (Btulftz - *F) 0.0
Y2 = Secandzry volume (ftz) 0.0
TMULT = Myltiplier for releass rate table (defaule = 1.00}) 0.0
XSCALE = Curve scale {sec/fnch) Y
YSCALE = Curve scale (psi/inch) 0.0
MY = No. of volume facrements . _ 1087 30
XPRT = ?Print cycle, time steps per printogt {time »SHARX) 4
NP1 = ?Print cycle, time sieps per printout (time <SHAX) : 1
e - 080 pot, :

{TABL = No. data pairs {n release rate table (< 50}
NTEST = Not used
HA202 = Parcent af Hazoz product. . o
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(3) SPRAY-3Ma— FIc&F3RESTARTHF L OMESC DT

(B B
BROEFAMEC LD, ZFBEITTHEERLTVASF ) v 2 7L —REXERO PRE-

CALCULATION%, SPRAY - 3M=z—}FEAWTH .4kt %, RESTART F— #
Dfile~OFEH LIKAMAD B &4 Li,
TCT, file~DFEHLAIETHLhBLSK, 99— YORB *1T -, o

[F5 5 &£ |
(1) RESTARTO®RME%*T 4t csd, 3AEUBEORESTARTF —21d, 2EHEDR-

ESTARTF —2¢tFLfile (FT31)KEESHIATHA.
{2)0 SPRAY—-3M=— VT, RESTARTF— #0EF&s ik, MAIN 757 35 4th

O TFTRHOHI TS,
CALL LOOP
CALL WRITRS(IIWRIT) - RESTARTF—2 0O file~OFE&H L
WRITE(6, 880)IIWRIT - OUT PUT V=2 bt~DFEHL
ITWRIT=IIWRIT+1 = e RESTART7—s#s0Z e L fileBEBOHE

CALL RESTAT
FIWRIT®E, a5 s, TIWRIT=31¢54060<CTsbh, 10EOSHERT
bh b&, RESTARTF —2WFT3 1K filedh b, X, *TAUEORESTARTF —
ik, FT32, FT33, ~EKfiledh b,
L# L, LEFORMAT T, RESTART ¥ — 41, FT 311 file Shonhtd b,
(3) LILOWRKEERK LY, RESTARTRAT —20%H2RA S fileEB ( ITREAD)EH
W, I-VEROLSKEEL, RESTART 255,425, BERXER LA,

CALL LOOP
IF(IIREAD. NE. 0)IIWRIT=IIREAD +1 FLCEA
CALL WRITRS(IIWRIT)
WRITE(6, 880)I IWRIT

- Ml OBR

CALL RESTAT
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2

[ J

IF(IIREAD. NE. 0)IIWRIT=ITIREAD+1 THLHEAT B,

ITWRIT=IIWRIT+1 %Kl 7 %,
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(4) SPRAY o FERLOMBESICHT D% (1)

(B 9

BROERMABLCLY, ZHBETTHEEBLTVEF 1Y) 94 27 L — RSB OPRE -
CALCULATION%fT o b5, #I#17 + ) o 2BE400C, HBEEO0. 8 5, WHE
#FEE21%(RUN B— 1) 04 —x7T, T7—HEEL, HELRRFTCA Ly 7 Lk,

LT, TOERE#RHEL, 7 - roXBE*T, 2,

BtHEZ, SPRAY —3 M=~ FTHF 5 %o

(s 5 & 4 |
1) RICRLAT =2 BNCHERF ok ECB, v, S vmv | B 3 2 BHET,
Iln DT &= m—x35 —RRELL, ZhEY 72— F> NARATE® o, }l~ PR PN
PHEBITE (YKNA), RUBMOMEE Yy — B (R2 ) # RO TWHHATS b, K%
DARL L TELLRTW 3B,
YKNA=YKNA*DYDR ALONG(P,/(P—PFA))
R2 =R1%(1+YKNA*ALONG(P,//(P—PFA)) /DNOM)
7@, CO2XEET2ABHEVECLE ,khdTH B, 22T, PRBEESES,
PFPAWR, bV Y2 0BMESE TS 2,
@2 Fmrsamei, (P-PFA)#1x10 MFOBAR, HEBDYDR=0L54
LhTnd, £,T, ZOBER, BARUKYKNA=0IC% 5,
LaL, StABROMIEL, MROMHEITIOT, L= —2BELiC tnbh 2,
B) MEOHRELEESL, (P-PFAISIX10  0OHB4&d, YKNA=0, R2=R 1
LFELZIBIOEBL, BESNEETAKE FEEKT Lk,
WBES LT RS,

IF(P-~PFA. LE. 1. E—=35) Go To 10

YKNA=YKNA*DYDR ALONG(P/(P—PFA))

— W LTEA
Go To 20

10 YENA=0O. —

20 CONTINUE
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IF(P—-PFA. LE. 1.E —35) Go To 30 ¢

R2=R1 *( 1.+ YKNA¥ALONG(P /(P—PFA))/ DNOM)
— &5 LA
Go To 40

30 R2=R1 ¢

40 CONTINUE
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# 1.

SPRAY—3M=z=—VF14>7, rEH

% i/ EHE HiE | #4r % r A BfE | BAL
W FEWE R DI 0.085 om Ay = B8] DSMMG, )| 0.08 m
£ & B @ MH|ALINER| 424| u? A 2 &) DSMM(ij) [ 0133 m
M # # = FE|PSIA 1.043] % Aoy = @ | DSMMGj) | 0133 | m
WOH Y = B OE|TGI 20 T Ay = T&| DSMMG,j) | 0133 m
#WHEF P YUY ARE|TSI 400 C # = & # | RaMM(i, j) 0.4 | Ked/mht
O B 4 B OE|YH20I (0015 mol % || 2 = - i RAMM(i, j) 1.8 | k¥mhtT
F BH & % #H| VoL 210 | #f # & i # | RAMM(, j) 1.8 | kd/mhT
AR7v—a3 —»mHI| H 3] m & @ & RAMMGL ) 1.8 | K/mhC
—SEF P YT AEEE| FNA 083 | Ke,/8 | # v v . W BB BE | TMPMG, ) 20 T
FrYvaxTL—8R | SMA X 60| sec [[¥F 4 7 & | DGAP(: j) 0 m
A7 Vv —RE R E | X SQ) 001 m 4w ¥ a2 % E|ROHMG,j) | 2000 | K%
AZFVv—a—vHAITHETA [0927| rad |# » ¥ . % B | ROHM(i,j) | 2000 | K¢ /nt
71 B OB E OB OE YOI 021 molds |4 » &~ . W B | ROHMG,{) [2000 | Kg %
£ ¥ + A FE|DIAM 3 m A vy ¥ a2 W E | ROHM(i,j) | 2000 | Kg/md
£ N~ O 5H J|(HCELL 3 m A oy ¥ 2 W O # GAPEGL. ) 0.2 | ke KgT
B o # K H|CPS 515 |kdm'C | # v + . H #| GAPE(G,)) 0.2 | kel KgC
W E B B % B|CPI 0| kdmC |2 » v o W 2| GAPE ) 0.2 | Kl KgC
EHEOEBREE|SIGMA 1.46 - A v v a2 W #| GAPEG, ) 0.2 | Kl g
ARFV—a—r ity # NV 25 -

NapOs B 4 & & | NA202 0 —
BER A » ¥ . H|MSNGD 4 —
B 2 oy ¥ o H|MSNE@ 4| -
W A v v . B IMSNQ@ 4] -
EERMm S + » 7 HELE | RAMGQ) 0 | Kel/mhC
BX -y 7REHEE | RAMGER | 003 |KdmhT
BR* v v 7B EEHE | RAMGE) | 0.03 |k /MmhT
BemHNAEZEE|QIURLY 0 | ka7 h
B o 5 fl £ # £ |QSURL®D 0 |/ nth
R o 4 8l £ # & |QSURLG 0 | Kl /7h
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