JAERI-Research

RS BREEEEIC S ZERED
BT B

ARBES « BEE 8B™ TR
APRITRE™ W ERE - R M

BERFHDHRARA
Japan Atomic Energy Research Institute




AL H— b, BEEFDHRI SRR OF L Ty i RREETT,

AFOREHwid, BARR AR EATRGEREHNR (T319-11 KR AR
R AT, BRLEL 2y, B8, ZOERPICHERARTIULERENLY F—
(F319-11 REEERTMEHEH HRRTHFRIA) THEILLIERBBATEE 24 -7
BhEY,

This report is issued irregularly.
Inguiries about availability of the reports should be addressed to Information Division,
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naks-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1996
WERFHAT H A K T 5 W 5 B
Ef ) v h & R




JAERI-Research 96-032

ELBREEEIZIC BT D IERRO ARSI T S5

EENEESIEA bl e Fak e
K B - RIER BT IhE LuET
Nl TS S22 S 7 NE

(19964 5 H20H ZH) -

EEFEOAZ W HRA T ABEFTOEE 7T U b, OEEFHROVETY 2 VTV M
BT, BSERORENBLSINTV S, RIBROREOERMERELNOTHEETS LT
3. HESERO Y A —-EERLNCT ALERD D, ARKTE, FTHHNT hr—va T
S ESEREEERED Y 2 3 L — Y g vy a3— FERORFHENTZTT > /2. TORRDN
S MRS B A I B S 13 B RSIRR BB OBITARME & U TOEASEMA TS
R DEECHD TEREEEAERITT I EAH ML, 21T, BRERRBRICET S
RARIEA AN | 72 B S IR T LI TERR S £ 7 M DRI S B IR L . U IR AR I
BE4 % ELRAHG TS ERRA M L Foo  MEMRMER IE 135 R B AR S TRLL! T b 7o SRR E ek &
W3 o E TR, HREEREEENSRET ZENMICE D ERRE BHRICTESE 5. &
RIIEEME 27 VABER O, JEHEOKS & SEROVIMRMREE T4 -5 & LTHED
7 & SR AT O MEZ LA HE L. BlROHERSEEE L2, ERERD L. RAM. 2
73 U ZBRII SR AR T EOERIC L D AR T A AR L, £ T
ﬁﬁﬁLk@%@%ﬁﬁ@ﬁﬁﬁﬁﬁ%?@ﬁéwumUT,u<o@®ﬁ&~ytﬁﬁ?%:&
T, Bio. 25V U AEREROAEROBS. EHEOIE, RO R, Bk
g 1T FIRED 3 DD/ 38 — VICHARICHETE 5 2 EAER LT, DLLOERS, 6. KR
HERSEH L IR PRI & D BRE IS Y B J ENIREE 1D . AKBSAOREIC B O TIRIRERE
R B DA TR & 72 BIT A EER D UIAER R (3 R B S LA LM L. ABTRTR
5 R RS A P B B 7 — 7 R— R BT b R — 3 W ETOVICED CERKIERIT E
179 LTHS R ERERE LS LDOTH 5, :

HRAT - T319-11 RSP RBFAATER 2 — 4
¥ LR



JAERI-Research 96-032

Study of Film Beiling Collapse Behavior during Vapor Explosion
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Department of Reactor Safety Research
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(Received May 20, 1996)

Possible large scale vapor explosions are safety concern in nuclear power plants
during severe accident as well as steel or chemical plants where two liquids with
large temperature difference are involved. In order to identify the occurrence of the
vapor explosion and to estimate the magnitutde of the induced pressure pulse, it is
necessary to investigate the triggering condition for the vapor explosion. As a first
step of this study, scooping analysis was conducted with a simulation code based on
thermal detonation model. It was found that the pressure at the collapse of film boil-
ing much affects the trigger condition of vapor explosion. Based on this analytical
results, basic experiments were conducted to clarify the collapse conditions of film
boiling on a high temperature solid ball surface, which simulated the pre-mixing
condition. Film boiling condition was established by flooding water onto a high
temperature stainless steel ball heated by a high frequency induction heater. After
the film boiling was established, the pressure pulse generated by a shockfube was
applied to collapse the steam film on the ball surface, As the experimental boundary
conditions, materials and size of the balls, magnitude of pressure pulse and initial
temperature of the carbon and stainless steel balls were varied. The transients of
pressure and surface temperature were measured. It was found that the surface
temperature on the balls sharply decreased when the pressure wave passed through the

film on balls. Based on the surface temperature behavior, the film boiling collapse
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pattern was found to be categorized into several types. Bspecially, the pattern for
stainless steel ball was categorized into three types; no collapse, collapse and re-
establishment after collpase. It was thus clarified that the film boiling collapse
behavior was identified by initial conditions and that the pressure required to
collapse film boiling strongly depended on the initial surface temperature. The present
results will provide a useful information for the analysis of vapor explosions based on

the thermal detonation model.

Keywords: Vapor Bxplosion, Thermal Detonation Model, Film Boiling, Film Boiling

Collapse, Pressure Wave, Heat Release
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(D:Steel ball

@:Copper coil
3:Thermocouple
(®:Shock tube

®:Pyrex glass

®:Level gauge
D®:Pressure transducer
@:Water level sensor

D:N, supply bomb
{2:Water tank
@3:Circulation pump
@:Rota-meter
@»:Relay unit

@®:DC amplifier
@2:Analyzing recorder
®:Computer

@0:High frequency induction heater

Fig. 3.1 EREREBHEN
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Table 3.1 FZERZf:
Material Carbon steel ball Stainless steel ball
Diameter 10mm 15mm 10mm 14.3mm
Initial 0.29, 0.39, 0.49,
Initial o 0 0
Water o
subcooling About 10°C
Pressure - .
in test section Atmospheric pressure
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Table 4.1 FHASESA: (HERATEREEE10mm)

Exp. i To(C) | PyMPa) | T..(C) !Type Exp. | To(C) | PoMPa) | Too(C) | Type
1 | 528 | 0.580 - A 37 | 665 | 0595 | 97.2 | A |
2 | 653 | 0680 - A 38 | 658 0597 | 978 | C
3 | 662 | 0470 - A 39 | 633 | 0592 | 982 | C
4 | 583 . 0880 - D || a0 | 664 0495 | ee0 | c
5 | 640 ' 0890 | - | D || 41 | es8 | 0501 | 994 | A
6 || 630 | 0.860 ~ b || a2 | e3¢ | o501 | w80 | A
7 | 465 | 0990 | - B || 43 | 556 | 0483 | 956 | A
8 500 | 0.780 - B a4 | 570 | 0498 967 . C
9 528 0680 | = B 45 | 640 | 0.591 93 .4 c
10 | 672 | 0711 | 954 | C 46 | s79 | 0694 956 | C
11 | 857 | 0711 | 934 | D a7 | 614 | 0797 | 964 | C
12 | 560 | 0.489 | 94.0 A 48 | 626 | 0.889 | 965 c
13 | 673 | 0594 | 937 | A 49 | ee6 | 0872 | 966 | C
14 | 669 | 0789 | 942 | D 50 | 566 | 0701 . 959 | B
15 | 635 | 0694 | 933 | A 51 | 601 : 0485 @ 983 | A
16 | 667 | 0787 = 955 | D s2 | so1 | o0s01 871 | A
17 || 56 | 0781 | 947 | D 53 | 531 | 0893 | 972 | C |
18 640 | 0817 | 951 A || sa 505 = 0.499 = 97.3 c |
19 655 0.914 | 953 A 55 | 492 0.502 | 97.0 D
20 | 565 | 05837 ' 950 | D 56 | 614 | 0592 | 946 | A
21 | 558 | 0810 | 946 | D 57 | 516 0594 | 956 . B
22 | 344 | 0.827 | 94.6 B 58 | 4864 | 0592 | 96.4 D |
25 | 467 | 0897 | 955 | B || 59 | 663 0708 | 969 G
24 | 632 0890 | 960 | D || 60 | 636 ' 0690 | 955 & B
"25 | 487 0892 | 948 | C || 61 | e4z 0691 | 963 B
26 | 671 | 0805 | 960 | D 62 || 639 | 0717 | 962 | B
27 | 625 | 0808 | 945 | D 63 | 467 | 0702 | 957 | B
28 | s69 | 0808 | 949 | C 64 | 465 | 0795 | 934 | B
29 | 596 | 0805 | 960 A || 65 | 532 | 0793 | 963 | B
30 | 551 | 0.808 | 959 | B 66 | 655 | 0796 | 975 | B
31 || 489 | 0802 | 955 = B 67 | 603 | 0.784 965 | B
32 || 597 | 0715 @ 969 : D 68 | 567 | 0786 @ 977 | B
33 | 348 | 0703 | 938 | B 69 | 662 | 0687 947 | C
34 | 406 | 0701 | 947 | B 70 | ess | 0685 | 964 @ C
35 | 681 | 0703 | 994 | C 71 | 52 | 0596 @ 963 | C
36 | 671 | 0599 | 946 | A || 72 | 641 | 0489 947 | G
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Table 4.2 FIIRERGRM (BGRMEKE R 5mm)

Exp. T,(C) | PyMPa) | T, (C) | Type || Exp. 5 T,(C) ‘ P,(MPa) l T..(C) | Type
1 [ 539 | 0593 | 949 | D 27 | 857 | 0523 87 | A
2 || s18 | 0600 | 96.9 D 28 | 607 | 0618 | 90.9
3 609 | 0.498 @ 952 D 29 624 | 0.493 | 913 A
4 673 | 0500 @ 948 | A 30 | 571 | 0539 | 918 = A
5 621 0.500 @ 94.4 A 31 479 ' 0.520 ' 908 D |
6 681 0.647 97.5 A 32 601 | 0.604 90.8 A
7 612 | 0.497 | 92.9 A 33 | 564 | 0628 | 89.8 C
8 | 671 | 0685 943 | A 34 | s79 | 0736 | 902 C
9 | 650 | 0.779 | 957 c 35 | 597 | 0713 © 91.0 c |
10 544 | 0792 | 932 c |l 36 | 495 | o694 | 87.4 c
11 601 0596 @ 915 D 37 659 ~ 0.647 | S1.B A
12 673 | 0.589 | 955 A 38 630 0715 | 90.0 c
13 589 . 0.496 | 94.4 c 39 581 | 0587 | 88.7 c |
14 607 | 0.585 | 945 D 40 472 | 0587 | 879 B
15 617 | 0.609 | 945 C 41 608 | 0606 | 90.7 A
16 665 | 0.701 95.1 C 42 544 | 0.606 | 906 A
17 534 | 0.696 | 947 o 43 662 | 0.598 | 89.1 A
18 662 | 0.502 | 959 A 44 534  0.505 : 908 D
19 599 | 0.584 | 915 D 45 542 | 0.495 | 88.3 D
20 555 | 0.606 | 887 D 46 631 0.518 | 897 A
| 2 634 . 0.776 | 90.8 C 47 476 | 0707 | 89.4 | A
22 630 | 0793 | 88.6 D 48 483 | 0702 | 925 c |
23 652 | 0.805 | 89.3 D a9 | s92 | 0702 . 905 | D
24 689 | 0.611 | 935 A 50 469 | 0728 | 899 C
25 532 ! 0597 | 90.7 o || s 484 | 0.806 | 91.6 B |
26 | 516 | 0.611 89.1 c 52 606 | 0.824 909 D
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Table 4.3 #EAEBEM (X7 L AHERER10mm)

Exp. | To(C) | PoMPa) | Too(C) | Type || Exp. | To(C) | Po(MPa) | Tao{C) | Type
1 498 | 0495 @ 900 | B 6 | 445 | 0396 | 899 | C
2 349 | 0494 | 903 . B || 17 | 401 | 0393 = g0.1 B |
3 593 | 0495 | 902 | A 18 | 353 | 0.395 | 91.4 B
4 | s48 | 0494 | 891 | A || 19 | 594 | 0207 | 886 | A
5 449 | 0494 | 883 B 20 | 550 | 0297 | 91.2 A |
8 401 | 0.493 | 896 B 21 497 | 0.298 | 917 | A
7 590 | 0592 & 89.4 B 22 | 448 | 0208 | 922 | C
8 548 | 0.591 = 89.7 c || 23 | 400 | 0298 | 90.1 c
9 497 | 0592 . 898 | C 24 | 850 | 0207 | 921 B
10 446 0.592 89.1 B 25 | 595 0.691 92.8 c
11 401 | 0593 | 895 B 26 | 546 | 0692 | 916 B
12 350 | 0.591 90.1 B 27 506 0.692 | 90.1 B
13 | 594 | 0395 | 90.3 A 28 | 448 | 0.690 | 899 B
14 | 547 | 0395 | 90.1 A 29 | 400 | 0690 @ 9038 B
15 | 498 | 0.396 | 89.9 c 30 | 350 ' 0690 | 90.2 B

Table 4.4 HUAEEREE: (T L ABIERESE14.3mm)

Exp. T,(C} | PoMPa) | T,,(C) | Type || Exp. T,(C) | Po{MPa) | Ton(C) | Type
1 601 | 0397 | 87.9 A 16 || 452 | 0591 | 919 . C
2 || s52 | 0396 | 940 A 17 [ 203 | 0592 | 901 . C |

|3 500 | 0.396 | 925 A 18 || 352 | 0591 | 907 B
4 452 0.395 92.5 o 19 || 595 0.297 | 93.2 A
5 401 | 0.396 | 89.2 c 20 545 = 0297 | 90.9 A
6 350 | 0.396 | 88.7 B 21 499 | 0207 | 925 A |
7 597 | 0.493 | 92.3 A || 22 | aa7 | 0207 | 926 A
8 552 | 0.493 @ 92.4 A 23 | 408 | 0.297 @ 914 C
9 4908 | 0.494 | 917 c o4 | 350 . 0.297 | B89.1 B
10 || 449 | 0.494 925 « C || 25 | 599 | 0690 | 922 | C
11 402 | 0.494  88.0 c 26 | 547 | 0690 . 916 c
12 || 354 . 0493 | 919 B 27 | s02 | o690 | 906 c
13 ' 600 | 0591 | 914 c 28 449 | 0690 | 912 c |
14 | 550 | 0592 - 915 | C 20 | 398 | 0689 | 918 B
15 500 | 0.591 920 | C 30 | 351 | 0683  91.0 B
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ft&B BHBEKOBEMITIE

SOl 1 SRR — &0 SRS 55 B B B Lico IRIE SRR 1)
DIAFAET B H R LzFig. B.10D & 5 #8kA Fig. B.2O LD IHRATNCA v ¥ 2 %80 4%
DR A AR TR TP AR B = 12 & DA L,

Fig. B2 BREREHAD /) —T 1 » 7
B.1 #RBAHREA

ERPEROIBES A BB SIND PH AT B & R0 LIRS A Wi sl T s
. |

oT _ [o&'T 20T ‘
o 9T, 201 ®

Eq. B.19O#sE7—7 — B LU TEq. B12E2E01T %o

-1 _ K(I:-: A+ TL 2T -1::)
- r

At AR 2AR (B.2)
y=At] AR, r=(i-1)ARET B EN
_ Ky(l - ?_141)1";_'1 +(1+ 2k T - rcy(l + :ll—)z’; =T (B.3)

(i=123,---.m)
CIT T, =T, TH%,
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d
NY

TIT. kHBBIECE, ANIERRTRRE. AEREERN R, TIHE, T HIRT
NIBREEIRE 7 —5 . IREDL/ — FET. nl3MMESER LT 5,

B.2 RFHE EOBHF

EAFTINIIBVEESTEREQ B.34Gauss OIREILEL D, FRNEIORE M ERe7c (58
SEHEENG o BERIZR S ERET TOIREARUI L Dk ot b,

Z _E
- _ 3 m m—1 . 84
1 Ah (B4)

I IT. EBEERATRT,

B.3 WIA%ZA:

WEAOERPIEE BT B IEIZ IS, PREORE SN — &AL I NI E 7270
k& & QIR EBET — 7 "quenchl.dat" 0 o, BMZEHFEREq B3 AR THEC
T Eink ks, Fig. BIICREISEEEET— 7 "quenchl.dat" A759 :
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o

Fig. B.3 BREMRAE R 7 7 "quenchl.dat”
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B.4 EHREMHF

() (51T . D ERPDIBEEATE L AT DAAFT B, 1=0 RO TR
DL LIRNE D ET B

aT = H i
| =0 =T (B.5)

(i) BREMOREIZER TH O N/IRERE T — 7 T,NEZ o5,

Tf =T, (B.6)

B.5 Su’/ A

a5 L'hisus10.£5, 10mmD R T L RAEAAER L /228 TF oI R mREIERD S\
REEICIH 1A BHE & AR RIS M ABELENT 570/ 5 L THL, Jhid
fortran TAERR X A1 FITT BIcHIid. ZOTOF S LREENET 4 L7 MIA ILERRER
WA AHERT— 5. BEAEEEF— 5 "quenchl.dat', FERERET T 7 AV call dat" HUhE
THb, TOU5LEEHTEEE UTOIIWEMIERENS,

"Input file name:"

IR AAL ST — 8 T 7 A VAT

"Output file name:"

IO R A T A ME T 7 A VB AT

"How many line skip?" :

R AT S8 T & DUEAD S SCFHH TS B0 2B T B, STEEM LR
Fe 2R AT - TR S A RIAC AT LT H b7, T2 TH4%ZAT,.

"How many column number for surface temperature?(1~5)"

TIEATER T — 2T £ AREWEE T — F A B IS FEET A0ER LTS, Sl
I L7 — & 3B Dy BB, TR, MEREAEAIES) . BREMRE. AROIRCHENT
HhHlI, I TIEATL

"How many radius divide into?(2~500)"

T dFig EATETAHESAIND ) —F 4 v VEmAEOT S, mAKEOESFEEE
BB, AIaES005EI L7,

"Steel ball radius R(mm)="

SAUTROERERRANTD o ST - 73R TIRER10mm £14.5mmD 2 7 L ARRE(ER L
Tid, =2 THEHERISEUTSHAT. 154 A ), 143mmD A7 U AROERER AT 05
LTt REHAEIERET—4 "quench. dat' SEEFERHIT 7 » A V'cdl2 dat" PUE E L B ET,
T075 LAEETBLEND Do
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"Sample rate dt(ms)="

AR AR T A, AT - 7B T130.02ms & A1 M30.05ms D LTIV L— b
Ttz &2 THEERICE L T0.0220.05 % A7 3,

"Are you OK?"

ATOERITELL AL oz b, yE AT L. FHEMSEE S, yUNEATITHET TS LA
HfSdL3,

Sun SPARC station 10 T3 2 0 CEHEKD b . BREEIRE SBGTROMMBREDOT — 7
AT 7 ANARTEENE, Eio, SHERRHIT 7 AV cal da" 137 &\ FIHSREH -
VIR, KR, FHAEG). HHARC). HlEHEIINIRMTS NS,

Eq B.3, Eq B.4ii8EH5 SMEEREHGERILE IS > T 2R TH L7280,
THEES EEHISEE WEIE AN ONXRICHEA—RTFA FRRAT VU AMH
SUS304(18Cr-8NI)OYIHLA F— & AR " Tk T M UTERA Uiz, BIFICER L7 8YaEs

EBYREFRETY

A =7.924266 x 10°T* + 4.043021 x 1077 + 13.86741 (Wm-K] (B.7)
= 1.692704 x 10727 — 5.113006 x 107°T + 4.045289 x 10 [m%/s] (B.8)

Table B.1 712475 Z\"hfsus10.£*

€ e mmem e
c -——- BARBYW program (SUS304) ----
C -——- Pure Implicit Method ----
C - 1995.8.3 ----
€ e e e memm e m e mmmmm e
c

c T RN DBEST

c T rtextT—4 1 19 DFHAAHS

< Tw HEGHEE (RBRT—%)

c q (BER

c a T(-1, HOFRB O IHE

c b TG, DORBOHBIHE

c c TTC+1, DOFRBOERHE

c d T(, F-LDOfE

c s HYZRDEEETRVLWAHAL s
c al HOADBEEETHNWSAHRAE «
c i AFtext filedh

s fro  :Hhtext file®
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ok ABHEOXFH

skip EAH LBOFET

ns R UITE

nc REMBETF—SDNS LT N—
n EREEOSE

R (IRE

ak : BRI AR

ra BEEFE

dt AV S/ A VAl
dh :dh=R/n

rk irk=dt/dh**2

time :iBIERERE

hfh  FEHRBEG

hfl  RHERECD

hf (R EAE (total)
pi FREE

S (EREREHE

P (HEEEREED
Ti HRYREREDRE

Ts (7KE

implicit real*8(a-h,0-2z)

dimension T(501),TO(5),a(501),b(501),c(501),d(501)
dimension h(3)

character fni*z@,fno*2@,ok*2,skip*8@

- AHBHf1eBRDAN ----
write(*,*)"Input file name:’
read(*,'(a)") fni
write(*,*)'Output file name:’
read(*,'Ca)') fno

- PHMEZDOAN ----

write(*,*)'How many line skip? '

read(*,*) ns

write(*,*)"How many column number for surface temperature?(1~5)7
read(*,*) nc

write(*,*) How many radius divide into?(2~508)'
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read(*,*> n

write(* *)'Steel ball radius R(mm)='
read(*,*) R

write(*,*) 'Sample rate dt(ms)='
read(*,*) dt

time=@.

R=R/1000.

dt=dt/1000.

dh=R/float(n)

rk=dt/(dh*dh)

hfh=@.

hfi=0.

hf=0.

pi=3.141592

PO=Q .

Ti=0.

Ts=@.

write(*,*)'Are you OK?7'
read(*,'Cad)') ok

if (ok.eqg.'y') go to 10
go to 245

open(l,file=fni,status="unknown")
open(2,file=fno,status="unknown')

open(5,file="call.dat’,status="unknown')

fees AAFile@EEBL ----
do 2@ i=1,ns
read(1, '(a)') skip

continue

---- PHRESHORE ----
read(1,*) (TO(j),3=1,5)
Tw=TO(nc)

calt initial(Tw,n,T,dh,ak)
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continue

- BEEFEROTHNRDOER ----

do 30 i=2,n+1
ai=Float(i)
ax=1./Cai-1.)
ak=1.692704e-12*T(1)**2.+5.113006e-10*T(1)+4.04528%e-6
a(i)=rk*ak*(1l.-ax)
b(i)=1.+2.*rk*ak
c()=rk*ak*(1.+ax)
continue
do 49 i=2,n+1
d(i>=T(1id

continue

---- Main routine ----

read(l,*,end=80) (T0(k),k=1,5>

Tw=T0(nc)

call gauss(a,b,c,d,n,T,Tw)
ra=7.924266e-6*T(n+1)**2+4 @43021e-3*T(n+1)+13.86741
g=-ra*(T(n+1)-T(n))/dh

time=time+dt*1000,

write(2,60) time,q,Tw
format(2x,f7.3,5x,e12.6,5x,f8.3)

go to 50

continue

- FHMBOEL -
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rewind 2

180 continue
read(2,*,end=20@)(h(i),1=1,3)
dhf=h(2)
if (dhf.ge.®) then
hfh=hfh+dhf*dt
else
hfl=hfl+dhf*dt
end if
go to 180

200 continue

Sf=d . *pi*R**2.
hfh=hfh*Sf/1000.
hfl=hf1*Sf/1000.
hf=hfh+hfl

---- YEARTERE - IMAREED ----

rewind 1

j=1

do 250 i=1,ns
read(l, "(a)'dskip

250 continue

228 continue
read(l,*,end=23@)(T0(1),i=1,5)
ap=T0(3)
at=T@(4)
as=Te(5)
if (j.le.50@) then
PO=P@-+ap
Ti=Ti+at
Ts=Ts+as
else
Ts=Ts+as
end 1f
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j=J+1
go to 220

continue

PR=P@/500.%*2.*@.0980665+@.101325
Ti=Ti/500.
Ts=Ts/float(])

rewind 5

read(5, "'(a)’,end=232) skip

go to 231

write(5,24@) PQ,Ti,Ts,hfh,hfl, hf
format(F8.6,4X,f8.4,4x,F8.4,4x,F8.6,4x,f8.6,4x,F8.6)

close(1l)
close(2)
close(5)
stop

end

Name Type /0 Array Content

a real*8 In 1001 cofeacient of T(i-1,3D
b real*8 1in 1001 cofeacient of T(1,3)

C real*8 in 1091 cofeacient of T(1+1,])
d real*8 1in 1001 T(1,3-1

n integer in -——- divided radius

Tw reat*8 1in 1 surface temperature

T - real*8 out 1001 temperature distribution

subroutine gauss(a,b,c,d,n,T,Tw)

implicit real*8(a-h,o0-z)

dimension T{501),a(5@1),b(501),c(501),d(5@1)
dimension s({5@1),al(501)
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al(2)=b(2)

s(2)=d(2)

do 100 1=3,n+1
i1l=1-1
rl=a(i)/al(1l)
al(id)=b(id-c(il)*ri
sC(L)=d(id)+s(i1)*rl

continue

mad=n+2

TCn+1)=Tw

do 11@ i=2,n
l=mad-1i
T(=Cs()+cX*FT(+1))/al (1)

éontinue

TCL=T(2D

return

end

subroutine initial{Tw,n,T,dh)

implicit real*8(a-h,0-2)

dimension T(5@1),a(501),b(501),c(561),d(501)
dt1=10./1000.

rkl=dt1l/(dh*dh)

open(3,file="quenchl.dat',status="unknown')
read(3,*) Twl
do 120 i=1,n+1

T(1)=Twl

continue
continue

do 138 i=2,n+1
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ai=float(i)
ax=1./(ai-1.)
ak=1.692704e-12*T(1)**2.+4.129159e-10*T(i)+4.031860e-6
a(id=rki*ak*(l.-ax)
b(i)=1.+2.*rkl*ak
c(id=rkl*ak*(1.+ax)
13@ continue

do 140 i=2,n+1

d(id=T(1D

14@ continue

read(3,*,end=160) Twl
if (Twl.le.Tw) go to 160
call gauss{a,b,c,d,n,T,Twl)

go to 15@

169 continue
write(*,165) T(1),T(n+1)
165 format(' Center temp. =',f8.4,'[C]",
& /1h ,'Surface temp.=",f8.4,7[C]")

close(3)

return

end
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52 C PR EFIIC K 3 BB RE R EEOBERENT

HKEBBRMEIT, I T TOERPED S (1)Pre-mixing, (2)Triggering, (3)Propagation,
(4)Expansion OIY>D 7  — RPN TEET L EZEZ DTS, 21T Zhedo) b
O Propagation 7 x — 123 1) BIRHRIROILA. (R ARRTE 5720 DEFETIV EXOH
RIS DU TELRY Be ZOEFIVTIE. BREOBADREOES BRI L 5 ZURDHE L.
RTRRIT K AIEIC & - THE U A Rl & a0 ORI S (R 2 RlA D535 (F agmentation)
HRTR A 3 2 SE LT B, BHEART 7L I X4LE. TARRIRTICE i 4 IPSA
(Inter Phase Slip Algorithm) %-PUsksr, VO SBOEAARA RS (PERAE TV IR L
FobDTH D . BB T 1B B 10D ALK (Artificiat Viscosity) 2 f0TiG, 2T
1= Fletcher - Thyagaraja %5 - 7*Medhekar - Amarasooriya - Theofanous @ €7 /LAFLTR U72VUGT
AEFINCEET IRITEEH BT T 7V SBUERREIC DUV TN D,

C.13EEFI

KENBRROFHT T, AT O & 25 B L UMRERMAD Droplet & Fragment (DPEDOHK
ANt -3 %, Droplet & Fragment (3 U#E TH 2%, Droplet (ZHIEDRKESLH D,
Fragment {2 Droplet DY 54 L T/NE (700, RO ZHE LBELIWEDEELSL, £ LT,
SZADHEFRT B 2 Droplet & Fragment ~OE & 174 LUDroplet DR DAL AE T 5,
SIS DOIFETIC B Tl Droplet D524 (Fragmentation) 182D TIALAIGFRICEE TH 5,

Fletcher 5% ®¢> &5 )14%. Droplet & Fragment {FHS7 (23R 5 B3, @, ORH & 250 H13
HEM (Homogeneous Equilibrium Model) T3 2 9 A€ 7 /L TH 5, Droplet DT T
JL& LT, Carachalios &% k- THIFES N7 BERE I3 €71 (Boundary Layer Stripping
Model) ZFLVT 15, — 7 Medhekar 5°DET /UL, HEIMOREAE L2856 LUDropktis
T iTHR S A3, Fragmentation £57/L& LT, Reinecke - Waldman @V E£7)LEFINTINA,

LTl fitfko Droplet & Fragment 35 L U HIM OMAE SZEKHBOE TAIRNA TR 5 PUakss +
VAT AL (1 2 RS ETIV) 0B AR ARE SO R, Bl ORI R
NTHE. FHEOBIFSRE: SR I DN TR T 5,

C.1.1 AT

AfFTI. RlfKD Droplet (d) & Fragment (f), 0O &SI (2) LHAAQ) @ IE>DEGOHE
2. EER, TRLFE—RRECET AR ENAE . TS RERD THRE TNV ORI
AITRERA VIR AR Lo b DT, IS BN CINBTH 2 LIGET B, 7o, AHKILET
FitETH B EREL T, = p, = const. £ 5o

Dropkt 308D BETHR 2 1NX {115, £ I T, DropetidERETH A EREL T £DE
BL,OBBEUCMET 3 HERLHOR TRV, UTICEBOT, jRLRSEEETHRTTH
Do
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LD

00,0 | 00uPV;
5 T ox =TI, (C.1)

IIT. o, BRRAOEEETH D, Sa = 1 EHET S p, EWIEERSOEREEET, T,
VERSHIETH B, I, = —T,13 Droplet O OB K1 5HEWTHAER U, [, =-T'
WEW DFZE LR R,

E /A

depy,  dap,

Ofaf “ + a‘;ﬁ; kdx ; Kﬂc(v )+ FMk - 08 (C2)
ZIT. plREESTBOE S, K, AACRIIRGHOERT]. F. G N E A PLLL i
. g IERESIREAKT, HHIELOFE ICHANRTNE NE UTERSIN TSN B
JRENAEETE 2 Fo b OEE s R s U C AT & 5, ATHHEIZE LT
(gt g,

T IF—HFER

aagp;kesk N aa,cg;kalsk aak 2 Ru(T,~T) + Qs = Ons ©3)

ZIT. € QJ*JﬁBl%)D#—&ﬁEbLZUD#— G)%Hek+ Avi R dTU A N E— SES TR F—
Ok, + v“ﬁ:ﬁb 138 BSORETH 5, EEGDR],(%A(@@@MF@@W@% 0, \3E
BRI f:{nvé*&g@sa@ QO 3B LA BBEOXIER LTINS, B J:Zﬂi%(drﬂg
work) (35 AT 5 SIEL Thd,

Droplet OEZDEHIZE(L

adpdﬁg + ad‘pdvd% - "’-rfmg (C4)
= ORUL Ishii® 2 5 - CEAN I AR B B KHEER FOM ETED i iz Droplet 23
I TH B SAE LT, DropletOERL, ORITEZMA SNz bDTH L, AlDT,, 30T
£ % Droplet DERBIDOHRELLTE D T hoatBaINd,

€.1.2 BECh#E
B DESEUT R, YL RO MR FE % LU Fragmentation OEF )& LT Flecher -
Thyagarajd™® DEF VAR Lz, BEIM OB LU%HH DO TIL, Madbhekar 55207
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IR L TR, BEMOYHEE U Tid. /KDOBDERN

A OMRES L UBEE T
I=-I'=J—J, (C.3)
o, s ¥
J,= %P {(%) _ 1} (C.6)
J = %{1 _(%)7} (C.7)

ZIT TN L EN S OBIERS S ERERAER L. p (JRREN SIS SRR

VISEHW DB, 7, 7 I3EATEICIET BRAISHTH B, LRLOE T/ lid Medhekar 50
EFNARREL b OT. M O &R ARSI EE TARE I8 ST, mElf %
ERNERITIROBE AT B, -

Fragmentation £5)1
Fragmehtation =7 & LTI, Charachalios 50T & - CTHRPE& N7z Boundary layer stripping

S ETIVEER LIS,

Con O P,
I,=-I,= ﬂ%&\ v,— v (C.8)

TIT G B =5 BSIDEB p,= (apr+ oyp)) | e+ o) I3 HEADRIRAA S Fragment &0
IBAREDEETH L, 115, Fetcher 590, 7z — =¥ We = p L(v,—v)' | 0,1
R 2 —rS—HWe_ (= 12) ED/NSNEEITRT, =0 & Ui

Eq. C.40T,,, (2. Droplet DEFEDRRECISRITIMT 5 Z LA2ZET 5 LU TOATE
Zohb, _

Iy = 3T/ | (C.9)

EEESRET IV
(1)Droplet &¥5EMA & ORIDEBEARIIMK,

Droplet £ 5 SR L £ DEBRAEL, & 5 & HARFO 1 fED Droplet (2 { BT F, i,
c, % BEEHT R, (Drag coefficient) & LT,

1

2
F,= 7:5,0,::%' V-V sz - vd} (C.10)
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L12%, Dropkt DIEMES o, &5 &, BAARETIC6a, / L) 8D Droplet 3% 5205, h—
ISR F IR TEAL 64 5,

k= %Cuad%l Vi—Vy '("1 - vd) (C.11)

Eq. C4LEq CL1ZHET 2 &L K 3R EL S,
K,= %CDGJ%I V= va'] (C.12)

¥ o, OMITER0MLETH B, Dropet 2 HT 2 BBICE T, b - L AEILE(~
25) b B EMFHILNTINS,

(2) Droplet &83A785H & OMIDETH BRI K,
Droplet &AHRSHOEFESIBROE ST, B C120p,, v Of EZbD I, BEM
ﬁ*ﬁ@mgpg tﬁfgvg%ﬁﬁb \n‘icl:tl o _g—fé‘ng

K, = 4CDad I |v vl (C.13)

¢y DRE LTI, BEDOAEH B0
Fragment &304 & ORMIOEBBHEIK . K, bARHCERSNS,

(3) VATt DA SIHEHIOEE AKX,
I DS & T DER BRI K, 1oxf L Tld, Medhekar 5%Z LB LT DT TV
A7z,

va<03D&E

K, =352 f{(l — ]y, - (C.14a)

03 =a<0.70&x

o0 P,

o, A

K.=32 P - gy - (C.14b)

07 adDEX

o, ,og

K= 41—a,zqf°‘3]" a (C.14¢)
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ZZT.
_ <, . - et
=5 +G DM DAL R
= 3 [ a .
2\ gAp o
_1+17.67 X%
J®) =567 5
BEE T

(1) b S A I T3 L — SR
Dropkt & Fragment ASER6Cd 5 LIRE L. EHUFEREZ OEE S4B S BT 5 & B
AT L — ST F D & 5 R E 1 By

? h,
R, =6a, L“: R, = 6afL—‘;’ (C.15)
h A
Ry = bag" R, = 607" (C.16)
i

ZIT, h, O EHEDOERKEANDOBLER(~ 10° W/ mK)
LR OB A OBEER(10°~ 10° W/ mK )
I, :Fragment OEE(CEfHE~ 100 wn)

7277 L. BMAD ST BN T 254101 B C 1620 T hy A, D00 I, 2RO,
AT BERERSERET ARICBO T, AREESBICEON TS EREL T, BEER
EUTh, A FICAD, Bl S L TEANERE L. BI0S 2SS p, A A s &
XIBRERE L, o h ITHIDEZ B,

(2) ¥ EWA 35 £ U Droplet & Fragment (R T JLF—SZHAEEEL

VAEIAARER AL — SR BR ISR LT, RE—EHLI0 W/ mK ZRZ, JHUSK
N IBEIM OZASRE SRS UUNRE GEERD &85,

Droplet & Fragment {3, Bl AW AYAE L ClEERERE U 7o, RMAED T 3obd—204k
R, 30T H 5D —FHOEADYEE UL E TS TRV F— RS S TRIT S &
ST BT, R ATH U TIORE D/ NS fiE S5 A7,
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R
AMAITE LT3, BE . HB—ROREAEAMVL, 9305,

p.= p;= const.
(C17)

e,=Culy e, =c,l; (C,g=C, = const.)

C.2 ¥EmkE

IPSAZ:

R Ry 2% Staggered mesh T34 A THEEML L. SR E7 L ORI
T % IPSA (Inter Phase Slip Algorithm) #4504 -DORSH IR UGl U7, & OBS, IPSAZE
%Semi - implicit CERERE) 18R L TRV, PSAEDL. BMMROSIMPLE /e “Hfithk€ 7
LD BRI 1R U7 LA RO AR R T, HERERE T A v 8 LD oD
B ENRIEA TR & TR VE ~ FRRRARRK ARIROTO foid, TV ) RLHEHTT B
75 LORROERTH Do VLT, ZOFEFIRI OV THEIZET 5,

(1) BB RIREG. C. 248 33 TEXADITA EEL 28Tk Oy F 1 LRT » TOEDIZEIT
2, R ERST OHRE OREEMVE 35 LU & FADOMIEROBFRARD 5,

Vo= v+ d(Ap, — Apy) (C.18)

I 2T v HBIUPA EFOENO R UBDERIZ ST R ORE TH S, 4, [ FHEEDHE
THEEHEIRET AR TH 5, '

() Eq. C.1 288 TR BRADESE o £ R0 5.

() B C.1% p, THID. EHENEMASHE TSN HRAMAEDHHI T B A
(Volumetric continuity equation) {ZEq. C. 18%XA LTI HEARALE S, £HEROTHEE
NOE IR Ap £EET B, Ap S=EHTAEML = LIz k> TRD SN,

4) & HEATY T2, BFORTHOT r ZEDERE T

prY= Y+ APy
(C.19)
W=yl + d (Ap.— Apr)
() T FE—HERAM TIRIEARY, EEEID SEEARD 2, R OPRETRIL+F—
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DIREHREHS I TH 20T, BELRD 20T, UTD LI TBHED X7 v TIRET
H5be '

*9, WiEAFEEq. C.17% Droplet & Fragment DTFNF—HREAIMA L. ThoiEL
IRTROTL, &1, DENThAT, ET,0—KEBOETRD S, DT, Jiveimiii OBAR
LMD TANF—FHERIRALTT,. T, 2HET S &, HEMO IR NF—HEART,. T,
(BT A EERE AR & B, ThAZ - MY STV UETIROT, T, TERDD,
T, T,05. FIO—KEEEROTT,. T,7%15R7305,

RMADHER TR ILF— HBEOIEIEOBEIE, TxlF—HEq. CIe2TELIE:
FETE H R A RS TIUTTIE ST,

6) 27y F(2)~GY ek DR LTS

S - 1< e LI BETRET 5o

Bk
AEH DFIE A REIVNSOEEPEG C.16DA, AVNSWBA, I AT X - THRSHD

BHET 5 &, BERIEOKMIS O THERIEORE JHREVEL S . O RE) E8RF1T 5729,
PEHI AR EEN R L, F O & IEEE A AN B0

v
ox
el otherwise

., if %<O

pb,Ax) ’

(C.20)

F#ti4. von Neumamn - Richitmyer® {7 & - THEEIE DS SHc b O T #AEEHIIE
MRz O ATINE . FEIERKTIZ0TH S, b, DfEE LT, von Neumam - Richitmyer |3
EERR ORI 1 DA — 57— O A BRI BU Tib, AT 1D — & — DR,
FIE S REHVNE { FEHEEDVNE {18 31220 Ty KEL ZRAWIRIFHIZIE ST,

— 144 —



JAERI-Research 96-032

18D EBRFIRFM
D.1 Z&FH

ERRAID D ITH > TOEMELITILRT, NIRRT ELSIFig D.1, Fig D.2, Fig. D.3,

Fig. D.4% & UFig. D.SABROE,

(1) £TO FL 2 L7 BVI-11)558 U T 25 iRt

(2) 200kt 7 o 7 TKAETE A TEARE, TR L Sk DEERATEE NEER. JDL=.
SHEAICBV2 A U, MVSEEEITHIITTF & MEBR~RAETEA L. NV3, NV2T7 X hMiFE
Al A,

(R) ¥ v IROE—FiIZk by v rkigASE, (bE—& HAEERERET 5. /KIRPERE
I Lo E &, BT EERICEN XIS, CThE TOERTIIS v 7 KRAL00°CITRGE)

(@) BRI NAFE LT BERERERE SIEASRNE LD 25EIE EEDilHREl.

(S) B IR NBEERSHK S o 7 TR BA0IminT/KEEA L. KR TRESE 5, Z0&
A L 1 VI NVE THEP A4, Okgf/an’G | BEBEMBEREA © OV IV TNVITES]
2P, %3.0kgf/em*G, 7— 2 I A AL VT NVE THEAJFTP, %2 0kgf/em®* G- 38,

(6) 7— % A DRIEREN, (BHL2EN

(7) —EF 2 NPT ARATEA LT, 72 MESNTOKBINER TH 2 0vERER. (THhETOE
BT 7 —)VEIT—H10°0)

(8) 7 A MEEPITIKAER » TS FEHEL,

(9) R TR 7 4 U LEBD M. INEE/EREA A v FTMV2, MV3ZEEH L THY
ORI TR ) RS E R FeE T 5, D &S, ToVLD SR
TR VAR

(10) 25 Rl NNBeEE S T E eI DA S U CERE IR LA WI750°Cloin 2 £ T

(11) T50°CIZ B TH%. BV2ZHAU T, AUEEIEAORIRAEN L, KEARDY L—AA » F
onjZ LTMVSZBRX, 7R MEUKEEAT 5, ZHEREHIMNEVE (D5,

(12) FRE DT TKOIEAD AT L F -7 5. IREARDAA » F AT L TMVSZH LT,
BEHIcT— 7 n A ORERETR S 2R,

- (13) WEREEREED T E L T AR ERREIGEL ko, HREREREBOZA v FA M

UTMVIZRE, 7 4 )LLEEEC ZETRAARESE 5,

LTHERIERTIE., 7 5 oFICERERIGEHRIN B, LRI T Lics, BV2EH
X BURESRBALTEEX Y 5, PC-9B01 VX2 TF—yimi 70 75 L"GPIBOS "Rk L, T—
Y ORI NIRRTy BT 4 AT XN R T A RZIZTF AT 7 AILEL
TRET S, (BED.3HD
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D2 7H+I3AV TV I—FDOERE

Fig. D617 +54 ¥ w7 L a— e xVenrd, LITICZ OB ERT . il
LT IIModel 3655 T35 4 V27 L 31— Ipstruction Manual 22D,
(1) HMODE 34481, MODEAZMEMORY MODE|Z#&,
(2) @RANGE %4, AJHEE. BIEV VY. 74 W 2L TOREITT 5o
CH. INPUT RANGE  FILTER

A DC 20V - OFF
B DC 2V OFF
C TEMP K 20KHz
D TEMP K 20KHz

()GTRIGGERF—Z40 L, b UABIE, 427 »7 « 70y 7 BDIEE. ERAAEIREE
K7 R— D THBOFRAL TOREILT 5,

TRIGGER SOURCE  : INT

TRIGGER SLOPE -t

PRE TRIGGER . 20%

SAMPLE CLOCK - INT

BUFFER MEMORY  : 8000

AVERAGING . OFF

(4) @PROGURAM F—#%H L, HIEF—F kg 5 27— 7, WELEICHET HR0EALIT
DEHIIAT Do

PROGRAM : OFF SCALING : ON
UNIT LOW HIGH

Y1i=A -10.00 10.00

Y2 =B 110,00 10.00

Y3=C 0.000 1000.

Y4 =D 0.000  100.0

(5) )% —TTRIGGER LEVEL%6~10%IC3%5E, (TRIGGERLEVEL{ZT 4 X7 L+ FimlZFoR)
(6) BF*—TSAMPLE RATE 4%, (SAMPLERATE[Z7 ¢ X7 LA FymilZr)

(7) ®CHAN SELECT -4, @O T 7T LT3 &%

(8) (@SINGLEF—%44f57

(9) @STARTF—44 L. @D LI (FUARFBRE UTH5s I ik,

INEH—HOREIRT LITRBETERAITD. EARORBMANEENDIIRELT
TRIGGERAMVINY « 3H4 DDF v v FIVDMRFRHIF — 87 F54 P 7LV a—FDAE
TSNS, SERKTH. GP-IBA L5 — T = A ZEA LT, I E2—F7PCI80IVX)C
Fe S ReEET S, LTSI 70y E=F 4 AV IRELTE L. (D3MBHR
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D.3 #HlF— &t T 0T LB

Table D. 1}z 5H1F— % 7D 75 L'GPIBOS. BAS" 27159, LT ID 707 7 LDERE)
BiARY

()BASIC Tt F— # #5324 770 75 L"GPIB0S. BAS 94 T4 5o

(DNumber of data? EBINTL B, JZTRTHIA YV 7L I—FIC 5% LIcBUFFER
MEMORY & 7] UfED8000 % A TS,

()Sampling rae? £EL T B, JITRT F54 Y 7L a—FI3EL7:SAMPLE RATE &
7] LAl AT

(@)Pre pressure?E I T Do T TITIAALIC S ATTT BN Y, IR ERIREEE ) &
Ao '

(5)Comment? ERILTE B, &SI H AN BSELEUAL BT A S AT

(@%ﬁcmbmmw&%mf<ao:;KM%M%—&%7DyE—?4x&mﬁﬁ15tb@
A7 7 A WA AFLs | .

THOATOATIETTRE, THIA D 7L a—FO4 VI SN TOSEIT —
IMTO Y BT g AL ENG, BESROIETH 2 05720, TORIZES
AL AV E2—FRTFIA VL I=FITR NI S

Table D.2 TR GEF— 4 7 7 A WD Td, & 7—F DA Time msec, 7R M5
TERR flower Pressure LA BN FEHUpper Pressureves BV, BRZTIRE Particle Temp & 7k
jEWater Temp A°CTH %, Hj7—#Lower Pressure, Upper Pressure [Fkef/em® X472 D05V T
FUTNG, HeDENT— 38 7 ML LA RN TMPa B B 0505 5o
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MU MU4
eenees NG line M ~MD5 :Electromagnetic Dalve
%T%F Exhaust — :[ater line BUT~BU7 :Ball vaive
. ] i ‘Water line g NU1-~NM :Needle valve
MD2 MU3 i
{;}% _____ A - Exhaust Water supply
i ; Thermocouple
T ® b
[ , BU3
qu ,,,,,,,,, I (_ Water tank
| I - =
1 g -
| H : L 280 lit i 5
= gk HIE
zfs . Pressure gauge Heater 23
= BUZ% B~ 10kgf/cm? HRE
[ g -
N,
Bomb B3 i
—jgo- Drain

Fig. D.1 A& AT

Fig. D.2 £ AZK AR ERCEX
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B B4

G-10kg/em 2

g

biem? l{

F—sN—TFO—(28)

M~ 220lity v o

SUs

Bk kLl KL
Kl (3/88) (1/28)
(1/28)

Fig. D.3 AR s IR E RCE

MV Kk UIBEN,)
Ruif e

(HIBEER) MV3

EREREREE

Fig. D.4 s se ARt R el EELE R
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2

Bk SA

i

L
F—i—7D—

W

RN s F ROy TL— k=X

Fig. D.5 SRR E S HECE RN

@f @ ® @ 2 ® ®

{OVERVIEW BET MISG P LOADYSAVE ZOOM SCROLL OHTION » ® 10w BAT
; : & REMOTE
! DISPLAY LoT
i MODE RANGE + TRIGGER PROGRAM FORMAT edamaT SHIFT GEe

LOGAL
CURSOR TRIGGER

T F G H | J > 4®
GURSTRA| CHan '.‘/.9 s o | o v 1
ON | BELEGT A B C D £ SELECT
\. TRIGHER
K L M M o] AEADY » L]
FAEE STOP
78| e ( ) — |
- )
P [+] A 5 T ™ I REPEAT PROGRAM
4 J - I START
5 8
- R @
d L L L ¥ 1 SINGLE
1
1 2 | 3 + - 1
3 sPACE | BEL % =1
0 . NS EMTRY . 1 :
= | ! O
' i PAPER
E H FEED
SAMPLE RATE/CHART SPEED 1 H
k- —
. l ' PLOT
Y i - 'wl START

® % ®

Fig. D.6 7354 V07 L a—& e tL
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Table D.1 3+l — ##ni 7 107 5 L"GPIB05.BAS”

1 "#%24GPIB TRANSPORT PROGRAM+x
2 kR 18094, 8. 12%%x%
3

4 ClS 3

5 LINE {100, 100>-(501, 1162, 7, B

6 LINE (300,98>-(300. 112, 7

10 INPUT "Number of data”:N

20 INPUT "Sample rate™ ;DT

30 INPUT "Pre pressure”;P

40 INPUT "Comment” ;C$

50 INPUT "File name” ;F$:FILES="a:¥"1F$
110 DIM DASIN/BO, 20

120 DIM DD1(ND

125 DiM DDZ{ND

130 RESTORE 440

140 FOR i=1 TO 7

150 READ RNG(I)

160 NEXT |

170 °

180 ISET {FC

180 ISET REN

200 CMD DELIM = 0

210

220 FOR J=1 TO 2

221 S7=0:5P=43

222 {F J=1 THEN CH$="A"

223 IF J=2 THEN CH§="B"

230 FOR 1=0 TO N/50-1

240 CMD DELIM = 0

250  PRINT @1;"B"+CH$+" " +STRS(ST)Ht",
+STRE(SP)

260 LINE INPUT @1:T$

270 CMD DELiIM = 3

280  LINE INPUT @1;D%

281  DAS(I, J)=D§

290  ST=8T+50:5P=SP+50

300 NEXT |

3071 NEXT J

302 GOSUB 500

310

311 TIME=0Q!

312 OPEN FILE$ FOR OQUTPUT AS #1
313 PRINT #1, "Sample rate=":;DT;" N=":N
314 PRINT #1."Pre pressure=":P
315 PRINT #1, "Comment :";C$

315 PRINT #1,7 Time(ms) Lower.Pressure
Upper. Pressure ParticleTemp WaterTemp”
319

320 R-RNG(VAL(MIDS(TS. 7. 1))

321 L1=300

340 FOR 1=0 TO N/50-1

350 FOR J=0 TO 49

360 PE=MIDE(DASCI, 13, J¥2+1, 1)

361 Q$-MID${DAS(I, 1), J#242, 1)

362 RE=MIDS{DAS( I, 20, J¥2¢1, 1)

363 S$=MIDS(DAS(I, 20, JX21Z, 1D

380 A=CVi(Q$+P$):DA=R#A/32768!

Ky B=CV|(S$+R$) :DB=R+B/32768!

383 DD1=DDTC150+J)

384 DD2-DD2( 1%50+J2

390  PRINT #1, USING"#i#RHEE. #t " TIME:
391 PRINT #1, USTNG™ . Hi#sy DA
397 PRINT #1, USING™ #it#. it " .DB;
393  PRINT #1, USING™###. #i# ":DD1;

394 PRINT #1. USING™fHfi. ##47:0D2

395  LINE (L1, 701)-CL1, 10921

399 TIME=T!ME+DT:L1=(:¥50+J)/N¥200+301
400 NEXT J

410 NEXT |

411 CLOSE #1

420 IRESET REN

430

440 DATA (. 081,0.27,0.81,2.7.8.1.27. 81
450 END

500

501 L2=101

502 FOR J=1 TO 2

503 IF J=1 THEN W$="C’

504 IF J=2 THEN W$="D"

510 CMD DELIM = 0

520 PRINT @1;70"tW§+" 0, "+STRE(N-1)
521 LINE INPUT @1;TDS

530 FOR [=0 TO N-1

540 LINE INPUT @ ;D$

541 IF J=1 THEN DD1(1)=VAL(D$)

542 IF J=2 THEN DD2(I)=VAL(D$)

543 LINE (L2.101)-(L2,109>.2

544 L2=1/N%100+J£100+1

550 NEXT |

560 NEXT J

570 RETURN
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Table D.2 f#fF7—%7 7 » 14 VDR

Sample rate= .02 N= 8000
Pre pressure= 4 kg/cm?
Comment : SUS304. 10mm o. d

Time(ms) Lower.Pressure Upper.Pressure Particlefemp

0.00  0.01977540
0.02  0.02389530
0.04  0.01885140
0.06 0. 02058940
0.08  0.01895140
0.10  0.02224730
0.12  0.02307130
0.14  0.02059940
0.16  0.02059940
0.18  0.02554320
0.20  0.02471920
0.22  0.01977540
0.24  0.01812740
0.26  0.02307130
0.28  0.02471920

2. 00555000
2. 00885000
2. 00885000
2. 00967000
2. 00555000
2. 00885000

- 1.99814000

2. 00720000
2. 00720000
2. 00803000
1. 999739000
2. 00143000
2. 00720000
2. 00226000
2. 00226000

487. 400
497. 300
497. 400
497. 400
497. 400
497. 300
497. 500
497. 300
497. 500
497. 500
497. 500
497. 200
497. 500
497. 700
497. 500

WaterTemp
90. 500
80. 300
50. 600
90. 500
90. 300
90. 300
90. 500
80. 500
90. 400
80. 500
90. 500
80. 500
80. 500
80. 500
90. 100
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