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Examination of the Reflood Analysis Code
( REFLA-1D ) by PWR-FLECHT Data

Yoshio MURAO, Hiroichi NAGUMO*

Division of Reactor Safety, Tokai Research
Establishment, JAERI

{ Received October 21 , 1977 )

Performance of the reflood analysis code REFLA-1D for
studying the reactor safety during LOCA was examined with
PWR-FLECHT experimental data and FLECHT heat transfer correlation.

In the reflood phenomena under conditions of flooding
velocity 25-2.5 cm/sec and system pressure 4 kg/cmza, agreement
is good between experiment and calculation.

Quench time at the midplane of a heater rod under the
above conditions predicted within +20% of error. |

In low pressure and in low subcooling test, agreement 1is
not good.'And,‘agreement is not good either in quench velocity
at the low elevation.

The following were indicated as necessary:

1} calculation of the liquid temperature when the quench front
is low, and (2) improvement of the model in the transition

flow region.

Keyword : Reactor Safety, LOCA, Reflood,
Numerical Calculation, Heat Transfer,
REFLA-1D Code,

Code Performance

* Mitsubishi Atomic Power Industries, Inc.
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Fig. 2.1 Two types of the flow pattern during reflood phase
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Table 2.1 Boundary Conditions used in REFLA-1D

BOUNDARY CONDITION
*QUENCH FRONT
HEAT CONDUCTION GONTROLLED QUENCH

I -1 DCP (TW—Tm)
U = 9 19%106(140.2778%10-5AT,,3) (kcal/m?h)

(1)

: DROPLET REWETTED QUENCH
| | TR=T+K (T, ~T7)

KE(ALQLCDL)llzl(Awpwcpw)llz (2)

T,=321.05+0.237p (kg/cm?a)

*CARRY~-0OVER BOUNDARY (TRANSITION/DISPERSED FLOW)
| We > Wecritical . (3)
| FORCE BALANCE BETWEEN STEAM FLOW AND DROPLETS

Table 2.3 Hydrodynamic Model used in REFLA-1D

HYDRODYNAMICS |

*LIQUID PHASE/SUBCOOLED BOILING/SUBCOOLED F.B.

————— SINGLE LIQUID PHASE FLOW

*BULK BOILING/TRANSITION FLOW

————— TWO-PHASE CORRELATION WITH LOCKHART-MARTINELLI'S Xpp
*DISPERSED FLOW

————— SLIP VELOCITY=TERMINAL FREE FALL VELOCITY OF DROPLETS
*SUPERHEATED STEAM FLOW

----- SINGLE GAS PHASE FLOW
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Table 2.2 Heat Transfer Correlations used in REFLA-1D

SINGLE PHASE FLOW (LIQUID/GAS)
*TURBULENT FLOW (R632400.0)

¥u=0.023Re%:8prl+% (Dittus-Boelter)
*LAMINAR FLOW (Re<2400.0)

Nu=1.077 (RePrDe/Z)l/3

Nupi=3.65

(Hausen)

NUCLEATE BOILING .
OB=2.197(Tw—Tsat)”exp(1.54*10'5p) (Jens & Lottes)
=3.,43%10% (140.,2778%10™*ATgyp )

OBmax

FIIM BOILING (SUBCOOLED F.B./TRANSITION FLOW)
h=hg gy (1.040.025ATg,p)  (SUDO et al)

Ap (pL—p JH, g ]1/4

- g g g fg
hsa? 0.62] Tra (TomTort)

/2

(MODIFIED BROMLEY)

= R 1
L=2n(a/g{py~pg))
Wall to Liquid by Radiation

DISPERSED FLOW

Two~Step Model
Wall to Steam by Convection
Steam to Droplets by Convection

Wall to Droplets by Radiatiom

(4)

(5}

(6)
{7

(9)

(10)

(11
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L
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- + P=4kg/cm”a ot
= ' AT=14.3°C ‘e
= { ¢
“’+-S ] : o'
— i <. Measured .
Quench Time |a%.

ELEVATION (M)

e ————

- o — — e -

1 1

L 1 1
0 200 400 600

TIME AFTER FLOOD (SEC)

i

DISPERSED FLOW

TRANSITION PT.
TO DISP. FLOW

QUENCH FRONT

—BULK BOTLING

INITIATION PT.

Fig. 2.3 A example of calculated results on boundary progress
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22 PWR- FLECHT £gonmz @

KED 2 274 ¥ 27 92 240 FLECHT ER¥BR, #RITKEZEAR, 72 B, 72
FELEBOSKEELEREEE LS A, FRMEBAOHAF L YA —NKER - PR
7, B HRLRER D SR 5. |
7 A MR 17.8 mm EREMBOUATF v » 20 GREFES 68kg oty , REHER 426.7
CT) T X TARSNY FFicid, W0 X 10K Y FARNEL T S, _

10 X 10 Kes v FHEAESF » v 3 VIR 3BOAEBNS 5. LB L+ L b RET
BH b

SN FMZ, REE Y EERBOHEEY T, HEELDEREA, £, THEEAHEHE
DLy 7 s L= PHRAR—YI ) o FTEXEINTO S,

FREE VT, Fig 24IRTLOICHBEMATSH Y, REBEXR, 36mTH 2, HEENM
W10 ¢ 7 a2t n—TuAVBEY (A7 LRy~ 2, FERE) 4855 ARMTTH S,
TORBY VL, MIAMICERRERET 240 8BEBO 27 » TIRENORRSTHH, T
AT, SCR AT & D BSERBESTOA TN, |
TAMOERD, RICGEREEBDTHE, Thbb, (1EBKBI, 14 @B/ EBELZK
i L, FERRARIE S+ 500 psi i UEE 41, B & — 2 TIN#T 5, 2V RBOKHS T 2 b BN
BFZTANLONZ, BPUBEF + v 203y FACKHIBEEEAELNAINE, F4+ /5
i, TR -2 THRING, Fr 7 2ABHFELNBECELLET, BSBERLO
DEZTIMEZIN S, KOHMH, FRAE-ZICIOBABLOFAINBETOEE, F+r i
DIREAEAKDEEREL T 5, KRB EE bICT 2 FEBMHI A ZENR, Simad
BUTH - THEIMICEL T 5,

REFLA — 1 D @3 8IC BT, KD &S ic FLECHT IR %ML 7,
(1) Hism#hss
AR Q =Qox{ 04518 exp (— 0.0283t) + 05482 — 4.922 x 1074t }
BR . Q= Qo x| 04200 exp (—0.0283t) + 0.5800 — 3.920 X 107%¢ }
DA Q,~Qox { 03400 exp (—0.01733t) + 0.6600 — 3.400 X 107*¢ }
(20 #AE
Q (z,t) =QxP (z2)
IF (Z>180) Z=360—2Z

0<Z <054 P (Z) = 0306
054 <7< 0.72 P (Z) =043
0.72 < Z <0.90 P (Z) =055
0.90 < Z < 1.08 P (Z) =067
1.08 <2< 126 P (Z) =080
1.26 < Z < 1.44 P (Z) =092
144 < Z < 1.62 P

(Z) =098
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162<<Z <180 P (Z) =100
@_%%%m%ﬁﬁ
140°C (@EHEHCE—)

LB OAETMAL, PAMRTEEICT - ol 6, BEREERS L, hAERE

BRI - TRL SR 5,

4) # B (K
Ak HE 1.7 mm
= e) 36m

BBy F 143 mm
i EE 20000 kg m?
I # 0.41318 kcal kg °C

S

Qy - HBE—-27HD

Qi t () BOY—2 Y

Q(z.t) 't (B #OomMALTFHRLSZ(m) OFEDHAD
Plz) : HRTHST L s 5 56

t KB OB (B)

Z MBI T~ O (m)
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2.3 FLECHT #/=ERER

PLECHT — i AR © ® £~ 2 x LT, @esns FLECHT SGEAMAR
Bl Fig, 2 5 WREANTNA LI AR I TVvFETOBRES 67 « — MrBD 7 = v F R THES
{6 L R TR HN T, =20 KB CERFhORMICEATE 5 3 DORD 524 -
T3, |

XD, %ﬁ%“ﬂ?ﬁof: Flow regimeiZ¥IE L TH Y, Period 13, steam and dispersed
flow regime -Period 11 (3, Transition flow regime. Period {3 film boiling acﬁ;ﬁ;bm\
Heo .

FLECHT &4 B oA AL TicRy .

FH B =X 4
HREAKEE (Vin) ' 04 — 10in “sec
xOE O H (P i5 — 90 psia
A4 72— (4 Tsub) 16 — 189°F
BB EERSREE (Tinit) 1200 — 2200°F
oM AEE (Q max) 0.69 — 140 kw ft
TrN—vav (Z)  4-8ft
A%~ — 1 b (B) 0—75%

iR L -4 FLECHT BVeEMmERo@MM T b~—v s vid4~8 ft TH L4, REFLA
1D Dy, BELLT, 2ft, 10 ftTr~— a3y TOREERRLEICRLT
&5,

6 ftnLN— s yESOMED 7 T v FMEE, FLECHT HEXTRREATHA
»7T, FLECHT BERCEEMO 7/ 5 7 T0 6 ft LA s T v FIRZIIER, LN T
FEERIAERL, 6 ftfu® Tz, FLECHT 6 ft 7 = v FHZMHAOBEEZHER LT 5,

D Fiz FLECHT Bf@#MHEAL R T,
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6 feet quench time

-0.0107ATsub e—0.667Vin

= 98.39 [e (1- ) (1+0.5e

thft

2
e-o.111v1% ~0.000037P3 -0.49Vin

1.3 + 17.3e

-0.000037P3

“Viny 140, 5 )] ¢

1,1_
(3.28/Vin 2.8e

0 < (t/t ) < (t/t )2

Period

gbft q6ft

~0.000037P3

)(1.207q;;i5-0.667)

1+0.0000588T; 4 )

-10(X2~X)/X2] + [ -10(X2-X) /X2

hl[l—e hlz-hl{l—e

_ -x2 _
[1-e*-0.9%.7 X 1[1-2.21e70+4Y

inye Yexp{-(0.5887-3.824)2}]

}H

n

t time after flood (seconds)

— ' — — —
h; 3.67 Q nax [1-expd (Tinit 700)/435}]

-0.036822

—0.1922) - 0.115%e

(e/t

q6ft)2 = 0.62{(1—8

-0.0166ATsub

X, = 17.6[1+4.37e 1[1-exp{-(0.00075

+ 0.0000272(Vin-8)2) (Tinit-650) ] (t/t ¢ )2

X = 17.6[1+4.37e 0 01O0ATSW 11 _opp(-(0.00075
+ 0-0000272(Vin—8)2)(Tinit—650)}](t/tq6ft)
u = 9(t/tq6ft)2/(t/tq6ft)§
hyp = 4 + [35.7 + (22-0.00303z ") (1-e 0+ 0333P
—0.034Pe_0'0011P2)][1_e'o'2Vin]
+ 8[1-e~2Yin] [1_¢"B/25]

]
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Period II (t/tq6ft)2 < t/tq6ft < (t/tqﬁft)g'
h = hy + byly? + ba(y?-bay®) + buyZe 0389
_ -0.205% -0.04217%
(t/thft)S = 1.55[(1-e }~0.154Ze ]
-X X5
hy = hyol(1-e™2) - 0.9X,e 2]
b, = [682-650(1-e""%)][1-exp{~0.95(1~0.04882)Vin}]
~B/25
[1-exp{-0.0238ATsub}][0.696+0.304e ]
y = (t/tq6ft) - (t/thft)Z
b, = 0.4z[1-e 2 E739)911,33(1-270-0227F) q;
—2.9[1—e_Vln/2'5][l—e_B/25]
by = 2.55[2-3.7]2 3772
R T 2]
by = 8.75Vin & V1) exp(-0.036ATsub)
Period III (t/tqﬁft) > (t/tqﬁft)g
h = hy + C[(t/thft)—(t/tq6ft)3]
2 2 3 2 -6.38
hy = hy + by [y3tbp(yz-b3y3)+byys e 73

C = 420 [l_e—0.00625b1]

y3 = (t/t )3 - (t/t )o

gqbft qbft
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Fig. 2.5 Schematic diagram of FLECHT heat transfer
coefficient versus dimensionless time
(Referred from Ref. (6))
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3. REFLA—-1D2—FIRXBHERREPWR-FLECHT 7
— % LD HB

31 2fpER

Rt R OB ERIC DO T, TAEESE 97 2 —2 LU TRLDOBFig: 31 TH5E. X
BUIHERER, ABRIZIZEUAHTITHNL . PWR - FLECHT ERO F -2 TH 2.

EKHEE 25 ~ 25 cm sec DEFE L, ARV BETH D, 20~ 15cm “sec DD,
ARE LTI 1o :

{7 R 5 S 220 keal /i h°'C ORI L TR HSE, BERERCE O TREL 28
AR LS 60T, ERF - FCENTELESTE, LL, 2RWICHE, B
F—HL T3,

B A AU 220 keal /mPh°Ch H2AIET BELINS 7 T FRRLITH b, HAKEE 25 ~ 4.8
em SsecTid, BREHELO /7 Ty FELO—FKIZLL, 25cm secDFER TS, 20 BD
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Fig. 3.1 REFLA-1D and FLECHT midplane heat transfer

coefficients
600 : — ¥
DATA;FLECHT 2.5 10 5,1 cMfsEC
= #4225 #0085 1.4 1o 4.0 ke/cwla
5 #5123 #0284
= #9881 #0386
S #9782 #0183
— 400t -
5 #3681
o . *
Ll
=
=
= .
S
a L ]
- )
200 - -~ 1
.,
J -»:DATA TAKEN
AT 2.5 cM/sEC
AND l.uxolcnzn
1 [
0 200 400 600

QUENCH TIME CALCULATED BY REFLA-1D (sec)

Fig. 3.2 Comparison of calculated and measured quench time
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Fig. 3.3 Comparison of calculated and measured quench behavior

Table 3.1 FLECHT experiment parameters

Para- . L ' Decay
R meter (1), | PCeo10)) "RES S IS R
9782 1.0 56.0 1590 | 28 | 1.24 1 B
0284 1.0 21.0 |1590 | 48 | 1.24 | B
0085 2.0 25.0 |1600 | 138 | 1.24 | B
9681 2.0 61.0 |1586 | 144 | 1.24 | B
2322 4.0 15.0 (1612 | 137 | 1.24 | &
3541 5.9 57.0. [1598 | 141 | 1.24 1 B
5231 5.9 18,0 1603 | 53 | 1.24 | B
0487 0.8 18,0 |1582 | 35 | 1.24 | B
9983 1.0 19.0 {1586 | 137 | 1.24 | B
0690 0.6 15.0 [1600 | 22 | 0.69 | D
0386 1.0 20.0 11595 ! 39 | 0.69 ] B
1720 5.9 61.0 |1617 | 25| 1.24 | A
4027 1.9 57.0 (1592 | 141 | 0.69; B
4526 5.9 57.0 11608 { 139 | 0.69 | B
0711 5.9 15.0 |1600 | 137 | 1.24 | A
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Table 3.2 Comparison of experiment and analysis
P=56 psia, Vi,=1.0 in/sec, Tipnit=1590 °F
2 s Vin » 1ini
Run 978 ATgyb=28 °F, Q'max=1.24 kw/ft
REFLAID| Initial|Max. |Temp. |Turn |Quench Quench|FLECHT
Eleva—------- Temp. Temp. |Rise |around|Temp. |Time Correlation
tion Time Quench
FLECHT (°c) °cy| (°c)| (sec)| (°C) (sec) |Time (sec)
451 | 469 | 18 | 4 | 412 30
2 fr  REFLAIDL sogu | 543%| 18%| 4% | 388% | 46w
FLECHT 518 554 36 12 403 51
717 808 91 32 451 122
4 pr | REFLAIDY gz | gaox| 93% ! 38% | 441% | 136
FLECHT 765 894 129 46 437 159
860 1046 186 54 580 296
6 rr |NEFLAIDL g7k 11067%| 200%| S6% | 578% | 306% | .,
FLECHT 3866 1139 274 91 491 323
717 1001 284 98
g £r |REFLAID 7,04 | 1027%! 280%| 96% | 517% | 514%
FLECHT 713 1144 432 167 422 487
451 825 374 156
10 £e |REFRAIDL  wous | geox| 337%| 144%
FLECHT 481 954 473 228 326 552
#* Reanalysis with initial temperature fitting.
Table 3.3 Comparison of experiment and analysis
: P=21 psia, Vi,=1.0 in/sec, Tini¢=1590 °F
Run 0284 ATgup=48 °F, Q'max = 1.24 kw/ft
REFLAID|Initial|{Max. |Temp.|Turn Quench| Quench| FLECHT
Eleva-]7 ~~ "~ "7| Temp. Temp. |[Rise |around|Temp. |Time Correlation
tion Time Quench
FLECHT (°c) °cy| (°¢)| (sec)| (°C) (sec)| Time (sec)
452 506 54 20 436 44
2 fr |REFLAID. gous | 5o7%| 23%| 10% | 444% | 52%
FLECHT 500 542 42 14 373 . 88
; 721 894 173 60 539 180
i | 4 ge (REFLAID) 7384 | 916%| 178%| 62% | 533% | 194%
i FLECHT 752 935 183 46 453 260
i 866 1195 329 102 633 456
6 rr |REFLAID| geox | 1207% 341%| 106% | 631% | 466% | .
FLECHT 866 1218 352 144 412 614
721 1135 414 | 182
g £r | REFLAIDI 7394 |1151%| 412% 180% | S41% | 712%
FLECHT 755 1116 361 189 437 924
452 813 361 116
10 £ | REFLAIDE  souw | 930%| 426+ 2644%
FLECHT 506 838 332 206 323 1056
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Table 3.4 Comparison of experiment and analysis

P=25 psia, V;,=2.0 in/sec, Tj,;,=1600 °F

Run 0085 ATSUb=l38 OF, Q'max=1.24 kW/ft
REFLALD |Initial|Max. |Temp. |Turn |Quench|Quench|FLECHT
Eleva-["~ " ~77° Temp. Temp. |Rise |around|Temp. | Time Correlation
tion Time Quench
FLECHT (°C) (°c)| (°C)i (sec)| (°C) (sec) | Time (sec)
454 489 35 10 487 14
o fr |REFLALD | ohge | soex| 26%| 10% | 508 18
FLECHT 494 521 27 9 454 33
725 829 | 104 20 488 96
4 fr |REFLAID | o0y | g30%| g9%| 22% | 489% | 96*
FLECHT 760 854 94 26 458 118
872 1056 | 184 40 461 734
6 pr |REFLAID ' gorp 1039 168%| 42k | 460% | 236% 292
FLECHT 863 11031 | 168 57 459 231
725 936 | 211 70 535 398 7]
g rr |REFLAID | Z.os | 935%] 194%! 72% | 530% | 400%
FLECHT 738 922 | 184 84 L4, 350
455 689 | 234 88 654 210
10 Fe |REFLAID L 50k | 704% 204 | 86%
FLECHT 509 631 | 122 | 78 293 430
Table 3.5 Comparison of experiment and analysis
P=61 psia, Vj,=2.0 in/sec, Tiniy=1586 °F
Run 9681 AToub=1.44 °F, Q'max=l.24 kw/ft
T
REFLALD |Initiall Max. |Temp. Turn |Quench:; Quench| FLECHT
Eleva-{ =~ ~ 7 |Temp. Temp. Rise [around Temp. |Time |Correlation
tion : Time Quench
FLECHT (°c) (°C)| (°C)| (sec)| (°C) {sec)i Time. (sec)
454 492 38 10 492 14
5 gr |REFLAID)  clas | 537%| 19%| 6% | 504% | 16%
FLECHT 513 570 57 9 420 30
. 7720 811 91 12 452 82
4 rr |REFRAID L 2ok | 798%| sex| 12 | 461%x | 82%
FLECHT 758 834 76 16 516 76
864 | 1004 | 140 16 414 182
6 v | REFLALD | go/s | gpax| 98%| 20% | 413% | 182% 155
FLECHT 863 993 | 130 40 469 147
720 876 | 156 36 431 262
g gr | REFLAIDY o o | geex| 124%| 38% | 437% | 260%
FLECHT 728 903 | 175 65 482 217 N
454 644 | 190 66 397 352
10 £ | REFLALD L coas | gpox| 151%| 58% | 397% | 352%
FLECHT 516 658 | 142 i 75 349 258
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Table 3.6 Comparison of experiment and analysis

P=15.0 psia, Vy5=4.0 in/sec, Tipit=1612 °F

Run - 2322 ATgub=137 °F, Q' pay=1.24 kw/ft
REFLALD [Initial|Max. |Temp. |Turn |Quench|Quench|FLECHT
Eleva- Temp. Temp. |Rise jaround |Temp. |Time Correlation
tion Time Quench
FLECHT (°C) (°C)| (°¢)| (sec) | (°C) (sec) [Time (sec)
457 470 13 6 470 8
2 pr |REFLAIDY e | s40%  14%| 8% | 530% | 14%
FLECHT 528 539 11 5 471 22
731 786 55 10 561 48
4 fr |REFLAIDY 5o | 7ggw| 33%| 14% | 565% | s4%
FLECHT 748 802 54 19 515 87
878 997 119 28 481 136
6 fr |REFLAIDY gogx | g76%| 97%| 324 | 479% | 140% 141
FLECHT 878 971 93 43 482 185
731 868 137 58 415 250
g rr |REFLAID| oove | geo%| 105%| 68% | 416% | 252%
FLECHT 768 797 29 8 339 283
457 601 144 86 587 138
10 £r | REFRAIDL goch | g23%  97% gox | 399% | 308%
FLECHT 433 456 23 12 401 189
Table 3.7 Comparison of experiment and analysis
P=57 psia, V;,=5.9 in/sec, Tipit=1598 °F
Run 3541 ATgub=141 °F, Q'pax=1.24 kw/Et
REFLAID |Initial| Max. | Temp.| Turn Quench| Quench| FLECHT
Eleva- | Temp. Temp.|Rise |around |Temp. | Time | Correlation
tion Time Quench
FLECHT (°c) (°c)| (°c)| (seec)| (°C) (sec)| Time (sec)
2 ft REFLAL1D 456 4o4h 8 4 464 6
FLECHT 461 476 15 4 456 10
4 ft REFLAL1D 725 753 28 4 537 30
FLECHT 739 774 35 8 487 34
6 ft REFLA1D 870 917 47 6 448 74 73
FLECHT 870 920 50 8 400 71
8 ft REFLALD 725 770 45 8 371 122
FLECHT 756 797 41 8 344 103
10 ft REFLALD 456 510 54 22 457 - 86
FLECHT 454 486 32 12
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Table 3.8 Comparison of experiment and analysis

P=18 psia, Vip=5.9 in/sec, Tinit=1603 °F

R 2
un 5231 ATaub=53 °F, Q'max=1.24 kw/ft
REFLAL1D |{Tnitial|Max. |Temp. Turn |Quench|Quench |FLECHT
Eleva- Temp. Temp. |Rise |around|Temp. | Time Correlation
tion Time Quench
FLECHT {°C) °C)Y| (°C)| (sec)| (°C) (sec) |Time (sec)
2 fr REFLA1D 455 466 11 2 410 26
FLECHT 460 477 17 5 454 13 |
4 Ft REFLAILD 726 759 33 6 434 108
FLECHT 749 791 42 6 428 52
6 fr REFLAILD 873 967 94 18 459 236 155
FLECHT 873 926 53 11 284 i70
3 £t REFLALD 726 818 92 34 559 340
FLECHT 756 794 38 9
10 £t REFLALD 455 547 92 56 523 102
FLECHT 500 516 16 7
Table 3.9 Comparison of experiment and analysis
P=18 psia, Vin=0.8 in/sec, Tinje=1582 °F
Run 0487 ATeup=35 °F, Q'max=1.24 kw/ft
REFLAID |InitialiMax. |Temp.|Turn |Quench|Quench|FLECHT
Eleva- Temp. Temp.|Rise |around|Temp. | Time Correlation
‘tion Time Quench
FLECHT {°C) (°cy| (°c)| (sec)| (°C) (sec)|Time (sec)
450 | 513 | 63%| 22 | 442 48 A
2 gp REFLAID | ghgs | 555%) 42 | 16% | 491 | 64
FLECHT 507 558 51 16 377 105
717 941 224 88 607 212
4 g |REFLAID D 2u0% | 9e5%| 225%| 80% | 594% | 230%
FLECHT 770 958 188 64 428 352
861 1281 420 i 128 | 644 516
6 fr |FETLAID | geiw 11297%| 436%] 136% | 642% | 530% | 834
FLECHT 861 1301 440 153 478 819
717 1246 529 228%
g £r | REFLAID | oagw | 1261%| s22%| 224 | 552% | 784%
FLECHT 750 1231 481 233 408 1200
450 980 530 290
10 £¢ | REFEALRL 535 | oas| 432 306%
FLECHT 506 942 436 269 390 1373

23 —
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Table 3.10 Comparison of experiment and analysds

P=19.0 psia, Vi,=1.0 in/sec, Tinit=1586 °F

Run 9983 ATSUb=137 OF, Q'male.zll- kW/ft
REFLAID| Initial|Max. |Temp.|Turn Quench| Quench | FLECHT
Eleva- Temp. Temp. |Rise [arcund |[Temp. |Time Correlation
tion Time - Quench
FLECHT (°c) (°cy| (°0)| (sec)| (°C) (sec) | Time (sec)
451 515 64 18 475 32
2 fr |REFLAID| 4005 | s50%| 53%| 16% | 486% | 36%
FLECHT 490 538 48 15 375 70
719 918 199 60 481 158
4 fr [REFLAIDL 2a5e | g23% 188% 56% | 481% | 162%
FLECHT 757 919 | 162 50 341 229
864 1208 344 86 649 376
6 fr |REFLAID)  goiw 11204%| 340%| 88% | 649% | 378% 466
FLECHT 863 1234 371 146 583 424
719 1131 412 156
g £r |REFLAID| ooy | 1138%) 403%| 154% | 568% | 646
FLECHT 732 1159 427 191 454 742
451 875 424 264
110 £c |REFLAIDL - 4o7s | go1%| 304%| 244%
FLECHT l 515 853 ’ 338 191
Table 3.11 Comparison of experiment and analysis
P=15 psia, Vi,=0.6 in/sec, Tinit=1600 °F
Run 0630 AToub=22 °F, Q'pax=0.69 kw/ft
REFLAID| Initial| Max. | Temp. | Turn Quench| Quench| FLECHT
Eleva- | Temp. Temp.| Rise |around|Temp. | Time Correlation
tion Time Quench
FLECHT (°c) | (°C)| (°C){ (sec)| (°C) | (sec)|Time (sec)
9 Ft REFLAID 454 491 36 28 432 46
FLECHT 467 512 45 45 334 129
4 ft REFLAID 725 831 106 64 531 | 178
FLECHT 718 862 144 94 383 356
6 £t REFLA1D 871 1102 231 110 619 440 665
FLECHT 856 1159 303 173 372 692
8 ft REFLAILD 725 1042 317 206
FLECHT 733 1121 388 232 293 1050
10 ft REFLALD 454 828 374 312
FLECHT 479 883 404 433
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Table 3.12 Comparison of experiment and analysis

p=20 psia, Vip=1.0 in/sec, Tinir=1595 °F

Run 0386 ATgub=39 (°F), Q'max=0.69 kw/ft

T

REFLAlDEInitial Max. ! Temp.|{Turn EQuench Quenchi FLECHT

Eleva- Temp. Temp.|Rise |around Temp. |Time | Correlation
tion Time Quench
FLECHT {(°C) (°cy; (°C)i (sec)| (°C}) ; (sec) Time {sec)
- 453 469 16 22 418 36
2 g |REFLAIDL g6k | 481%  15%| 20% | 414k | 38%
FLECHT | 468 | 491 | 23 | 12 | 328 | 76
723 761 38 24 442 1 124
6 pe |REFLAID L Sogu | 7674 39% | 28% | 445% | 126%

FLECHT 742 803 61 67 319 | 194

z 869 T 945 | 76 | 48 | 532 | 270
6 rr | REFLAID | gegu | gagxl  79%| as | 531% | 272% | 341
FLECHT | 866 | 988 | 122 | 77 | 454 = 323

723 1 839 | 116 | 92 | 489 | 458
g gr REFLAID L oo | o453 | 115%) 92% | 490% | 462%
FLECHT | 752 | 906 | 154 | 119 | 342 | 441

(53 636 | 183 | 114
10 £¢ |REFLAID. e | gao%| 176%| 108% | 389 | 570
FLECHT | 491 | 548 | 57 | 118 | 432 | 414

Table 3.13 Comparison of experiment and analysis

P=61 psia, V;,=5.9 in/sec, Tinit=1617 °F

Ran 1720 ATaup=25 °F, O'max=1.24 kw/ft
iREFLA].D Initial| Max. |Temp.|Turn !Quench Quench! FLECHT
Eleva- {Temp. | Temp.|Rise around | Temp. |Time Correlation
tion Time Quench
FLECHT {°C) (°c) (°C)| (sec)| (°C) (sec)| Time (sec)
2 Fr REFLAID| 533 544 11 2 383 40
FLECHT 522 529 7 3 358 32
L ft REFLAID 759 782 23 6 404 108
FLECHT 758 784 26 5 | 333 97
6 ft REFLAID| 881 918 37 o 428 198 132
FLECHT 881 910 29 7 423 165
3 £t REFLA1D 759 790 31 8 480 320
FLECHT 692 724 32 7 348 205
10 £t REFLAL1D! 458 488 30. 32 409 206
: FLECHT 408 4246 18 3 206 60
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Table 3.14 Comparison of experiment and analysis

P=57 psia, Vi,=1.9 in/sec, Tinit=1592 °F

Run 4027 ATgup=141 °F, Q'pax=0.69 kw/ft
REFLAID |Initial|Max. ! Temp. |Turn iQuench |Quench!FLECHT
Eleva- Temp. Temp. | Rise |around (Temp. |Time Correlation
tion Time Quench
FLECHT (°C) (°C)| (°cY| (sec) | (°C) (sec) |Time (sec)
9 ft REFLALD | 454 473 19 12 473 14
FLECHT 436 452 17 8 368 27
4 fr REFLALD 722 765 43 12 452 58
FLECHT 731 764 34 12 412 72
6 ft REFLALID! 867 940 73 14 386 116 130
FLECHT 867 924 57 28 378 130
8 ft REFLALD 722 798 76 14 341 156
FLECHT 758 830 72 34 319 174
10 ft REFLALID! 454 541 87 46 355 176
FLECHT 478 569 91 59 313 173
Table 3.15 Comparison of experiment and analysis
P=57 psia, V:.=5.9 in/sec, Tinit=1608 °F
Run 4526 AToub=139 °F, Q'max=0.69 kw/ft
REFLALID| Initial| Max. | Temp.|Turn |Quench|Quench| FLECHT
Eleva- Temp. Temp.| Rise |around|Temp. Time Correlation
‘tion ' Time Quench
FLECHT (°C) (°C)t (°C)| {sec)! (°C) (sec)| Time (sec)
7 ft REFLAID| 458 459 1 2 458 6
FLECHT. 419 425 1 6 3 389 9 | ) ]
L ft REFLALD 730 740 10 4 546 24
FLECHT 733 742 8 3 402 32
¢ ¢c | REFLAID| 876 903 27 6 | 447 54 50 |
FLECHT 876 890 14 5 454 1 54 | T
3 Fr REFLAILD 730 759 29 6 384 76
FLECHT | 742 | 757 | 15| 6 | 389 | 75
10 £t | REFLAID) 458 483 25 6 371 68
FLECHT 433 446 13 7 289 79
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Table 3.16 Comparison of experiment and analysis

P=15 psia, V;,=5.9 in/sec, Tinit=1600 °F

Run 0711 ATgyp=137 °F, Q'pax=1-24 kw/ft
"REFLAID {Tnitial{Max. |Temp. Turn Quench | Quench | FLECHT
Eleva- Temp. Temp.|Rise |around Temp. |Time Correlation
tion Time Quench
FLECHT (°C) (°c)| (°C)| (sec)| (°C) (sec)|Time (sec)
2 fr REFLALD | 473 477 4 4 474 8
FLECHT 479 484 5 3 434 17
4 fr REFLALD 732 735 3 8 549 36
FLECHT 714 748 34 10 524 55
6 £t REFLAID | 872 916 44 18 490 88 107
FLECHT 8§71 917 46 15 500 104
8 ft REFLA1D | 732 796 64 40 405 154
FLECHT 759 777 18 6 394 151
10 ft REFLAID | 473 518 45 28
FLECHT 387 406 19 7 183 41
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Table 3.17 Film boiling initiation time cal-
culated by FLECHT correlation and

REFLA-1D
(unit:seconds)
Run REFLALD Elevation
Number Eisngation 4 ft |6 fr |8 ft
9782 REFLA1D 76 290 504
FLECHT 124 256 366
0284 REFLA1D 132 428 686
FLECHT 244 502 720
0085 REFLAL1D 34 134 386
. FLECHT 86 176 252
9681 REFLA1D 24 84 234
FLECHT 60 124 178
2322' REFLALD 22 64 154
FLECHT 56 114 162
REFLALD 6 26 58
3541 | prgent 30 | 62 | 86
5231 REFLALD 24 122 340
FLECHT 60 124 176
0487 REFLAID 178 | 490 756
FLECHT 318 652
9983 REFLA1D 70 340 616
‘ FLECHT 178 364 522
REFLA1D 128 404
0690 FLECHT - 254 520
0386 REFLAL1D 80 238 440
FLECHT 130 268 382
1720 REFLAID ' 36 | 142 | 320
FLECHT 52 106 152
4027 REFLA1D 22 56 108
FLECHT 52 | 104 | 150
REFLA1D 6 22 42
4526 FLECHT 20 42 60
REFLA1D 10 30 82
0711 | prEcHT 42 | 86 | 124
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4. F & B

1) eEAKEE 25 ~25¢cm sec, RIEH 4kg ‘onmfa DEFEAKBERIC DT, REFLA - 1D
DFTEAERE L FLECHT ERBZR L3, FRBRFI—HKERT.

2) thilfRm 7 2y FEENC DO TE, FIEORHTIR, 20 %OBREBERTHE KRS
—FHT 5,

X, 25cm ./sec X OEVEKEEIC DO TOHE L ER EO—FiTEN,

(3 7 xrFRLICcOOTIR, BEAOMNEL, AOY 77 —vBEOFOEREFIICH LT, REFL
A—-1DRBEW—FERT, X, 274— 1, 474 — FoofrELENDEE 70—, 874
—FONBD 7 Ly FRAD-BBRETH 5.

4) 7Ty FEHO-FORWERFICHL TR, BOERALD 7 VyFREO B LR,
Lo TBES EL{AMMETENE, /72 ryFHRBEL(FMTEELDIEMH D,

5) 274+~ rORETR, T FEE, T YFRESSICESRIE, 2OREEIE,
BEY 7 —VESERIDHEICENTARTHEHEEL SHLb,

6] BMiERIZONTIE, BERAMERT, 27 v PRICH 220 keal /mfh CIIED 1212 —ED
LB L, 72y FICELD, 26cm sec X V) KIZAFEAKEETIR, B, FHEO LM
EREDAT, B, EROFBALLD, BIRHEBEISARL L THRT A L5105,

Ll 25~ 15¢cm.“sec D& D GERKEOESITIE, BERIZFLALHED ik
ATHY, BEHEBIZEREIAT, BRRLLY, s v FEELBNEFE LIS,

7 AHBURT~2EELTRE, DrxrF7or P BEVROEREEOTE, @EREE

HBoxFvo T HABKENL I - FOEBETHOSICHREEDTH 5,

\.".
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