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Study of Transient Burnout Characteristics
under Flow Reduction Condition

Takamichi IWAMURA and Toshiyuki KUROYANAGI

Department of Nuclear Safety Research,
Tokai Research Establishment,
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken, Japan
Received August 4, 1983
Abstract

As part of a study of the thermal behavior of fuel rods during Power-Cooling-Mismatch (PCM)
accidents in light water reactors, burnout characteristics in a uniformly heated, vertically oriented
tube or annulus, under flow reduction condition, were experimentally studied. Test pressures ranged
0.1~3.9 MPa and flow reduction rates 0.44~1100 %/s. An analytical method is developed to obtain
the local mass velocity during a transient condition.

The major results are as follows:

With increasing flow reduction rate beyond a threshold, transient burnout mass velocity at the
inlet was lower than that in steady state tests under the experimental pressures. The higher system
pressure resulted in the less transient effects.

At pressures higher than 2.0 MPa and flow reduction rates lower than 20 %/s, the local burnout
mass velocity agreed with the steady state burnout mass velocity, whereas the local burnout mass
velocity became higher than the steady state burnout mass velocity at flow reduction rates higher
than 20%/s. At pressures lower than 1 MPa, with increasing flow reduction rate beyond the threshold
value of 2%/s, the local burnout mass velocity was lower than the steady state burnout mass velocity.

An empirical correlation is presented to give the ratio of the transient to the steady state burnout
mass velocities at the burnout location as a function of the steam-water density ratio and the flow
reduction rate. The experimental results by Cumo et al. agree with the correlation. The correlation,
however, cannot predict the experimental results at higher flow reduction rates beyond 40 %/s.

Keywords: Burnout, Transient Two-phase Flow, Flow Boiling, Power-cooling-mismatch, CHF
Correlation, Flow Reduction, Reactor Safety, Light Water Reactors.
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Table 1.1 Experimental conditions for previous and present flow reduction burnout experiments
Initial Heat Tran-
Investigators Fluid Test Section Pressure Mass Flux Transient sient
(Ref.) Geometry (MPa) Velocity (kw/m?) Type Time
(kg/m?2-s) (sec)
W. Kastner @) water 4—rod 1.9m long 6.9 460—1600 800-1550 Flow decay -
et al. 9—rod 1.0m long » (estimated) (step)
B.S. Shiralkar* water Anular 2.75m long 6.9 270-1360 660—1800 High-low-high about 0.5
et al. 3) Flow decay;
9—-rod 1.83m long » 340-1360 85—-1580 ON/OFF/ON
16—rod 3.66m long » » 60-1000 »
R.A. Smith, and* 4 Freon-113  tube 2.44m long 1.38 3400 30-140 Flow reversal -
P. Griffith (
M. Cumo ) Freon-12 tube 7.8mm dia 1.1-1.8 760-900 29-175 Flow decay 0.7-3.2
et al, 2m long
T. Asada, and ®) water 28-rod 3.7m long 3.0 1400-1700 — Flow decay 0.3-2.0
T. Kobori (Ramp)
D. Moxon water tube 11 mm dia 6.9  2370-2710 845-1150 Flow decay <0.5
et al. (7) 3.66m long (Exponential)
37-rod 3.66m long
G.P. Gaspari 8 water 18+1 rod 4m long 5.9 1200—-2300 Power Flow decay 0.1
et al. @) 2.1-33MW
Present work water tube 8 and 10mm dia 0.1-3.9 500-3050 760-3860 Flow decay 0.06—83
0.8m long (linearly)

* summarized by J.C.M. Leung (9)

77 DAFNAEEL 1S - - DT, EFEAD PCM B
FIXFAEBREDOICED B T LIS

RFRTIE, PCM FEAEBRO—HELT, KEBEF
BIEW S EEBON— VT P IEEEORES MRS
b1, EBRBIURITNREZFEEL /.

Ak PCM BRI E—RBEITOMERE LKV DT,
BRFFEET AT TOERNEE LS, EBREE Lo
bbby, AEBRIIAKED»SHRE 3.9 MPa OFHF
TEMLI. ECATRENVHBERICKITTEER
FLLTEREKOEELRDOEICS B85, COBEHL
BARKENS 4 MPa F TiC 40 £5Z1LL, 4 MPa »51n
FEKBIREF4F D8z E 7 16 MPa & Tici3 7.3 % {k 4
5. o TAERICEIDEBONZRENOMBENES
A ik, EBOFETORBET N— v 7Y F3H
2HHEEFMTEELEDNS.

EBOFTHEESINS PCM &4 F CORERDRIZ
100 %/s LA F(Fig. 1.1 BB DT, AEBRDOKIBIII
COEMANTEBEL . LrLEdrs, EEOFICHEL
THRAMNICE L D AEMBSRBE T EC TR O F
ETET, ILICREOMFEAEDS LI 100 %/skL
LORBIETHICBE A N—v 7y VEFEH<BT L
bMELEZLNDDT, —~HOERTIZRK 1100 %/
s DRV RE TREBEH AR L 2.

12 HOHRECLDIHR

Pk, EEAREEICBIT Z/x— v 79 P EBRIE, KAH

JRFEORRBICBEEL T, BHTERICITOH, £LD
FHERAPEER AP REIN TS, 1, EFRED
ERTHEONI A= v 7o FREZERY, RERETEER
KOBERHTE 20 E0AEFMET 5700, ZhETEED
MBTERCERZHOL LT, REBET —v 7y bE
BOULINTELYY chon@il -7y vBIE
DV E 2 -1 Leung? L L D #E XN TV 3. Table
1.1, EROEELRBET /S v 7Y PEBROEE
SHERYT. F7, Fig. 1.2 REBRERICOWVT, K
/BRREEERBE TGO/ Y5 2 — s A4 RT.

BHEDN—vT7 o MEARROE L, ~N— VT R
RRABDRLEEREE, 72 )7« SOREM4 DM
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i3, Becker'”, CISE'), Biasi'?, W-3", k' B
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Fig. 1.2 Experimental ranges of liquid/vapor density ratio and flow reduction transient time for
previous and present flow reduction burnout experiments.
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Schematic of experimental loop under atmospheric pressure.
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Fig. 2.3 Annular test section (Flow shroud).
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6 HRRETERORE N~ v 79 M4 3% JAERI 1290
Inlet Temperature
PID Control
Inlet Water
Temperature
Pen
Test Section Voltage Recorder
Test Section Current
Outlet Pressure F—iStrainAmpf—iFilter -—DAC.Amn~[ [——
Inlet Preessure " n 4 u
[bifferentiol Pressure J——{Strcin Ama}
f Flow Rate }—
Test Section Wall
Temperature Oscillograph
T.C.1 [—0.C.Amp.
TC.2 I «
TC.3 1 «u
TC. 4 — n
TC.5 —H «
TC.6 |— n
Flash ">
lead relay
3 - ! _______ URD 212
] = |
! 2KN
Camera F """ -2
D.C. |
6V {5V
Fig. 2.6 Measurement and recording system of atmospheric pressure loop.
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DINEWHDSIRICRT., LLEOFHEERF— 7BV, Table 2.1 Range of parameters for flow reduction
BBE T N —v7 Wb BoiE, AMNTH, BLUAO transient burnout experiments under

s - [ atmospheric pressure (Tube test section)
TR LT, UMOHRBRONS.
(1) ~N—=v 7Y bEIOBRETHER System pressure (P) Atmospheric pressure

D EIUNS VA (Fig. 2.6 (a), (bDIiTiF, /¥— Heat flux (¢) 1.01~1.93X 10° W/m®

S RASTEAEC E, BEEASZ T o TARICIE T4 5 HIS Inlet temperature (Tin) 30,50,80 C
o ) ~ ; Initial velocity (V,) 0.5~1.1m/s

BRON, COBEBETRREF 2 HBEL XD Eific Initial mass velocity (G,) 500~1100 kg/s-m?

mh - CHEITL, BERIETH#IL Fig.2.6(a) DIHEATH Flow reduction time (4¢) 0.07~70s

15°CThs. REMVENAKEZLNDE, TOXH15EE Flow reduction rate (f) 0.57~1100 %/s

. _ . - I Burnout mass velocity (Gs) 0~556 kg/s-m?

BOZRT v 7Y 1515,

WO AT Wﬂcﬂii‘b“ S Inlet pressure (P 0.25~0.46 MPa
(2) FJHEWEROBEES . Outlet pressure (Pou:) 0.14~0.24 MPa
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NEEAIC X BB ENR S LIS SRicHiRFEIN, £
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Fig. 26 Typical transient histories for flow reduction transient burnout experiments under
atmospheric pressure (Tube test section).
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Fig. 2.7 Comparison of measured burnout heat flux
under atmospheric pressure with Thompson-
Macbeth correlation.
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Fig. 2.8 Comparison of measured burnout heat flux
under atmospheric pressure with Becker

correlation.
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Fig. 29 Increase of inlet pressure just before burnout vs. flow reduction rate.
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.
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.
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Fig. 2.10  Ratio of transient to steady state burnout mass velocities at inlet vs. flow reduction rate
(Tube test section under atmospheric pressure).
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Table 2.2 Range of parameters for flow reduction
transient burnout experiments under
atmospheric pressure (Annular test sec-
tion)

Atmospheric pressure
0.76~1.58X 10® W/m?
30,76 °C

0.66~1.66 m/s
660~1660 kg/s-m?
0.1~68s

0.44~770 %/s
0~797 kg/s-m?
0.14~0.38 MPa
0.10~0.17 MPa

2.0, 1.4 mm

System pressure (P)
Heat flux (¢)

Inlet temperature (Tix)
Initial velocity (V)
Initial mass velocity (G:)
Flow reduction time (4¢)
Flow reduction rate (/)
Burnout mass velocity (Gs,)
Inlet pressure (P;x)
Outlet pressure (Pou: )
Annular gap

i, MEBDESKELLSEE, 72 MEOAD
CHODHEEEEZRIARELLY, B—olOEEEE
tihd A ADERBEEINSKLE1:DTHS.

i, RFFERBEEICLZREE T/ - v 7w Rt
SHOFmICE L T 5 ETHR~NS,

2.5 RUMBICRLIMEBIET/IN—27D b
EER

2.5.1 EBREHLIER

BRIKHRIC K ARMBE T N— 79 P EBRD/ YT X —
5 & A Table 2.2 IT/RT.

72+ EOMEI R A KT 5720, BRKRRE(F+ v
718 2mm LU 1.4 mm) EERNFRE(NE 8 mmDE
A ORBKERE, BROFEMER, KOFWEmERE,
B LUHELDES Table 2.3 iT/R7.

BIRFREET 2 b EERHOIHEBE T -7 Y b ER
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Table 2.3 Flow channel dimensions in tube and annular test sections
Test section : outer diameter = 10mm, inner diameter = 8mm
Shroud  Flow Flow Heated Hydraulic Relative
I.D. channel area equivalent equivalent flow
Geometry Run No A
) gap diameter diameter  velocity
(mm) (mm) (mm2?) (mm) (mm)
530303
Annular ! 14.0 2.0 75.4 9.6 4 0.667
530528
530606
Annular 2 12.8 1.4 50.1 6.38 2.8 1.003
530607
520615
Tube 1 - - 50.3 8 8 1
520720
Run 530306‘- 3 ,
q = 0.90x10° w/m -
_ ok A Run 530306 -2
Z% F Toz 31°C =~ 1OF q = 090x10% w/m?
He | T NN
[ S3E -
* CI oor
" - g LTCH
-] L 5 TCH
5 o 3 13 g o - TC3 1200°C
_z & L 1ca 8 B[
;E TC4 o~ MWL £s &l TCa, /\ -1C4
}E:’O,_ oz ‘gggoz»
NG B TaQ |
k] ﬁ L oo £
£8= Burnout 8387 00 :ddv@:;@:\——ld—
FU B . PR L PR S PE JU PR
0 5 10 15 20 0 5 10
Time (sec) Time  (sec)
(a) =327%/sec (b) f=149%/sec
Run 530306‘- | Run 530306 - 6
o 10r q =090x10°w/m? P q =090x10%w/m?
s .:-'g g - Tin=29°C = § 3 r Tin= 27°C
ETCE + s E 5
= = 00r =7 00F x
£ o B v -19L-»/// 3 200%C
§§ Bl |_1c3 Jﬁi e =§ &l | T1c3 [ ca
M ) S T
g 0.2t s 02+
Cc o = @
$38 [ $2E L—gmon\L
= F 29 ™ rnout
553 00 1 ?unm;"n 1 1 A1 1 1 5§§00 1 1 Wt it |
o+ 2 3 4 5 6 7 8 9 0 I 2 3 4 5 6
Time (sec) Time (sec)
(¢) £=275%/sec (d) f=736%/sec
Fig. 211 Typical transient histories for flow reduction transient burnout experiments under
atmospheric pressure (Annular test section; gap = 2.0 mm).
133F 115 BIERL 72, Fig.2.11(a) ~(d)ic, AERTH FHEKRIVWEETON— 7Y FREEFNIOAOENE

SNTF R MFEER, 7R MFEL, ADFRELEDH
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X DOEER T — ¥ % Fig. 2.6 DERNKBEOEER 7 —
yEHRT B E, N—vT Y N RAI X BBIERZD
BRSEMBBR T X M ThEIRES NS, Ly
LsHss, BRREF X VTR, ~—v7 v rREE
AIDBEHRD 2 7 v 7IRIETFTRZBAE s 09, REMD

FEEARBOBESGREBEETIINRO. TLEAKERTE
AENDERAEIGIV Y, Fig.2.11{a) TR o b &
HI, FEMADEN NS VIGBHICE - T Y MRER
ANCEER OB LU WIREIM R S/,

252 £ B

(1) EHENS=VT Y FBREHEORBIAREEYE
=T b BEOHERBRCIREGHE AL b,
BENEBRRABEACTHEONILERE /N- VT Y b
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2.5
geometry  Tin(°C) gap (mm) 5 530303 Serjes
» ooe Annular 30 20 o 530527 Series
2 ook © Annular 30 14 o 53052 Series
-— : a Annular 76 14 - -
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52 1 o s %
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-~ o= A
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g _
” O 5 1 ) ! ) | I 1 L 1 | ! f
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Inlet mass velocity (kg/s-m?)

Fig. 2.12

Steady state burnout heat flux vs. inlet mass velocity (Tube and annular test sections).
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Fig. 2.13

REEAODEBREESLOCHENO 7 2 )7 0 LOMFE%E
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Steady state burnout heat flux vs. outlet quality (Tube and annular test sections).
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©
o gap = 2mm
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Fig. 2.14 Ratio of transient to steady state burnout mass velocities at inlet vs. flow reduction rate
(Annular test section; gap = 2 mm, under atmospheric pressure).
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Fig. 2.15 Ratio of transient to steady state burnout mass velocities at inlet vs. flow reduction rate
(Annular test section; gap = 1.4 mm, atmospheric pressure).
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(3) =T bFEERADGEERY & RERDED
B

Fig.2.14 & Fig.2.15 Kz N2+ + v 7’1 2 mm,
l.4mm ORBED, ~N— 79 N EEBEOADERE
ELEH -7 NERREDOH(GY /G &, T
R/DR & OBRE/RT.
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MR AT 5E, Go/Gh 1L DETLEDS
FERBLRIE, Fv oy 7B 2mm OB 1%/s T,
Fpy 7B 14mm DFLITIE 3~5%/s Thb. —4H,
Fig.2.10 iR L 7-E RO REBREERIc K2 L, ¢D
FREBLROL FWHEIIKWSHB/s T, F+ v 7B 14
mm OBRIRFABROES EIZIF—HLTwa., LrLigh
5, ¥ v 7F 2 mm OBHRRBE OIS A OFRE/DEL
UL, BRRBOBE XD D/,

LZzATTable2.3 iRtk ST, BREKEKT 2 b
HE¥ vy 718 L4Amm ORKFERT 2 +EE, BEF
LORBHMEEAE LT3, £+ v 7R 2mm O
AOHBMERRIN15ELEB-TVE, ®-T, K
WIS K EWBEICR, I/ hsHEERbRicEL
T, RBET -7 7 M REBADEREESET
— V7Y NERBEHELD SETLED A 80T,

26 £&&

HERGHBV - 7EROICHBRET -7 o bE
BicX 0B OoNIEBELERILTOLEDTH S,

(1) BENEET 2 MBTEONIEE -V T 7 b

WHEDEIZ, Becker O & B —&KL 1.

(2) ERRETE, HEEDBRINSOESIC, 72
b ESH O D SNA & ICEBEB AR 7 o TIRICIET ¢ 2%
MR O, BRABTRCOBRFEIR ALY -
e,

(3) BEWRMEKICBOTIE, HRBRDRIH 10 %/s P b
iZign s, ~N—rv7o MERICANIIE DA LR L.
CORN ERBIEFOERDERBA L HICKE -1z
2, #1100 %/s VI L OFRERBADRTRIZIE—F LI
7.

(4) FERDENSDLESWVEEBALOVEBTE, F
BRLRIFFUAMNFRO E XiT/ N — v 7Y b AR
Licds, MEmDEXHZ L EvEisBAL5L, AO
WEBPER -7y MEBLD b S SIKBLLTH
HN=VT Y RHELK, COUW0EIE, ENEKER
BLU T EE VKRB EREEAE >+ v 718 1.4mm
OBRRFEDOFEBHS%B/s T ¥+ v 718 2 mmdD
RIRBE TR 1B/s &30, TOEEENRHISEL
B U 5 a/ R, REHERES A S VESIE
NS BB ER AR L. F, WFhoOBEESs, ¢
DU & WEE, AREERFIPHN T ORGP A LRI
BIZEAERIELIE D - 1.
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3. BERERRHEREEIC X 5K

31 &

BIE T~ EKRGBRY - Fick 2 BT, &
BET Y= 77 b HEOEANFHISEE T &0,
EBOFiitEF 5 PCM FHEOL I IKEE FTORE
BRx=v7y VERAERIHT 2 o0icid, LVERET
DEBBMKETH L. i, REIBEVIRERRICHE
3 HAEEI NS OO T, EHECESER L BE
ol KBRS S b RFEBEE AL E AR & <
HETXR LV HRENH S, S, ERoN-vT
7 PERRIESLLTEE FTHHONTWEOT, HEIK
HiT 27— s BBEVFIEbH 5.

P EoBELD, BMS3EELD 55EEET, K
ERES 4 MPa O ST RERBAREELAVT, %
THENRS A -5 LT BHRBET -V 7Y FEBREHE
ML 7.

AETHE, AEREBEBICLDEBONHERBEERICD
NWTiRNB.

Deionized

3.2 XREE

BERREIREEOHMEL Fig.3.1I1TRL, AEEBD
FTVEEES Table3.110Rd. ARBR, LBKER, BE
X7, REFFFABXU 7 - V), HEH
fife, AUBEHBEA e -2, 72 MK, KK,
ISR BES v 7 EFE L %), RIS,
MEE(e — 2 NED, %BE18R, BLXUSELS2EZMOH
REnTn3,

PIF, EEEBICOWTHEEARNS.

AEBTHALLF X PEORR LR D A&
% Fig.3.21TR"9. ¥ 2 FEBIEIAZE 10 mm, WE 1
mm, IEE S 800 mm @ SUS304 257 L R MEIER
MEETH O, &E 100kW(50V, 2000 A) D@ 7 B 8
BICKOMAL. 72 MEAEEICIE, @ 1E 0.32 mmD
C-ABERF6ARERR Y MAEL. FHF R RO
ADEHOICE, FEOREAZEE L. Soic, ~—
YTUMCEET R MNIRIEE LT B, T oY
AN—v 7Y MEHBOKRHEER DS Fig. 3.2 ICRITAE
ICHLD P 7z,

woter P e s e e e e e e -
tank é Il""‘*‘ ———————————————————————————————————— ] !
i o0~ g Cond i
|
1 ’ e '
ton Vaceum pump J I SS:‘;’::"(O' Pressure buffer
exchanger N3 Gas [—~—Q—v—1><:— % —- 3 P tonk
Pressurized
Heoter
M P‘E{eclrode
Cooling ;Q__O-——{Z—J g
woter
tank $
Test section
Cooler %
> g Pump
oo M| § =
| o g I Rotor meter

o)
Flow

Fig. 3.1

& Turbine control Q080

T flowmeter yaive Quick

} flow
Circuloting pump i:;:esnent

[;:] Control valve
t&a

Quick valve

Electrode
On-off vaive

Non-retum valve

Steam line

Preheater Feed watedine

g

~J
——————  Main loop
——
-——— Secondary coolant line
N2 gos line

Voccum line

Schematic of transient boiling experiment loop.
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Table 3.1 Characteristics of Transient Boiling Experiment Loop
Pressure 4.0 MPa (Max.)
Flow rate 50 %/min (Max.)
Loop Pump head 100 m
Inlet temperature 250 °C (Max.)
Flow transient time 0.5 sec (Min.)
Steam separator 200 £
Pressurizer 300 £ (Heater 22 kW)
Main Condenser 162 2 (Condensing power 150 kW (Max.))
Component Cooler 100 2 (Cooling power 100 kW (Max.))
4 Pressure buffer tank 100 %
Deionized water tank 1200 ¢
Cooling water tank 280 R
Test Heating power 100 kW (Max.)
Section Geometry Tube
Maximum length 2 m
Distance
from
2 QBQD { T.C.No. outlet Steam separater
2
WO {mm)
A U
7% 1 10
# 2 25
TC | — T 3 40
TC?2
T3 4 120
5 200
o)
3 |6 280 |
N
TC4—
8.0.0 1~4 =Burnout Detector 1~4
BO.D?2
TS I Sliding
support
Teflon
TC 6— o
o
N
° Electrode (Cu) =
o T
2 8 8 . o
o8 BOD 3 @ 11l Pressure tap
E —Lvn— v
3 !
o
3
B
TC.
N 10#
_ 12#
2 L
/ I
1 1] sopa
2 é voy Water
7

Fig. 3.2 Test section.
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AERTIE, RHASHLIEETEEE T 5720, H
FRHBIE NP ERTEL L5, ROEBFELEE
LTHhoh Ui L BiE5ic & ik BRI Z(E
i, AGIEARXOBEL, HIEESSHREE/LD
EF% Fig.3.3 IORT. 1, MEMTRERRS 1P
LT oo bofaicd, Lido®stTi
EHRRARETHAERTELBH0T, FHFEE
2R ARV TREA K P I E 1.

AFEBICH T B EER TR & RIE S EE Table
3.2 IoRd. EERAGAED R, KR MBER, A
B/BE, AOEHOFES, 7R MNBERE, MEBEELS
vIES, AOEHOKE, 72 MEEERBLE/ x—v
TYMREBEESETHD.

s LT, F& MRBERMAELTO032¢ C—A
B2 A o FARE), KERE LT 166 FEMEL Y
— 2 MEHAEHIE D, ¥ - ViR, 0FAXE
Hit, oFARET:, B BEEELALL.

5y IR v 2 7 A D E A Fig. 3.4 1TRT. A
V2T LCORNERTF » /2 VI 32T, RRERK

WRIE T OB — v 7 v BT AP

JAERI 1290

11 2~8ms/32¢ch THbH. SHICKMHRICIDAIE
BIOWF R AIT S 120, EBRULERT -5 3BT
— FictE L 7.

Table 3.2 Measuring items

item points

Flow rate
Test section heating voltage
Test section heating current
Inlet pressure
Outlet pressure
Test section differential pressure
Constant pressure tank pressure
Pressurizer pressure
Inlet water temperature
Qutlet water temperature
Test section wall temperature
Burnout detector signal
Load cell
Flow control signal
Spare channels

Total

— e O\ e B e et b e e DD

—

11
32 points

Flow rate

Valve control signat

™~

f(t)

Mini-computer DC-Amp.
(PANAFACOM U-300)

E
positioner

lectro-pneumatic

A

Control valve Turbine
flowmeter
Valve control signat
tsSti
a e

f(t)= 4 b-(b-a)e &f ti<t<tit+gar

b-(b- )" &rh*eer)

~ -2 (1; +0ar)
+d(b-o)zc7e arttt (t-t;gar) t>titgar
(E xample)

a=085, b=0.15, ¢ =2.30259,d=1.2,9=0.6, ti= O.15Ar

aAr=5.0sec Ar=20.0 sec

G ] Jao >
§ 3
= =3

3.0 &
it °
o E
- 20§
3 @
° 2
“ 00 . , , . 10>

o} 5 {0 15 e} 10 20 30
Time (sec) Time (sec)

Fig. 3.3 Control method of flow reduction pattern.
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on-line

Terminal Box

STBEREARERIC L 5K 17

Line printer

FACOM 230/75

-
—{__]

Ees
)
il
"
Ml
n

>

XY Plotter

e vt uns
Interface control Unit

Type Writer

T ffer
Sensor Eu.

. |
Experimenial
Facility L

PANA FACOM U-300
Fig. 3.4 Data processing system.
3.3 EBRAE

AEBERAVEREBET S — v 79 F EBROEHEFI
BRUTOEEDTHS.

(1) FHRISSORIEAITS.

(2) EROWEISLMAZBREL, EEKECRD, ¥l
ZHELTRE, REH, MAEE, MPRESLCT
2 MRAOREND S.

(3) 8.2 TH~LAEICLD, 7R FHATIRES:
BHRICET S5, EECT -5 RELZHET 5.
(4) N—vTw rREIED, FXMERERSREME
P& B E, NRGHERD S OESICRD, MEAH
BEAENTS. 5B, 7R NPYREOI D, N—v
T rNRHEOHRAT 5.

5) EBF—5ODF = 7 AEN%EITS.

(6) EERSRUALELT, (2)~(5) 2B DEKT.

(1) —EDOERKTH®R, 75 EHRT — ik d 5.
(8) ARMHEMICLY, F-/BEIEKET).

3.4 EREHLER

REBDIE N7 A — 7 HifH% Table 3.3 ITRT. K
FERTHE, REH%E 0.5~3.9 MPa EELEH, &R
DERIF1.0%/s LT 5H9 130 %/s OEFATEM L 7<.
F7:, ADBE, 8RE VIBREL Y72 —v &L

AEBRIIRESN 0.5, 1.0, 2.0, 3.0 8LV 3.9 MPa
DEBHICHO>VTEH 381 EIEHK L. Fig. 3.5 (a)~ (d)
iz, XAEBRTEHONLF 2 VIRBER, HOREA, 77X b
WEF, BLUALEREEORIEF%ZRT. [HXa),
(b) I1RF S 1 MPa THERDERZNZEN 5.21 & 35.0
%/s DEBETHO, (¢, (dIFRES 3.9 MPa THER
DREZNFN3.93 & 334%/s DFATHS. 158,

Table 3.3 Range of parameters for flow reduction
transient burnout experiments under
elevated pressure

Pressure (P)
Burnout heat flux (¢)
Inlet temperature (Tin)

0.50~3.9 (MPa)
2.16~3.86X10° (W/m?)
66~201 (°C)

Initial mass velocity (G:) 1240~3050 (kg/s-m?)

Initial outlet quality (X/“) —0.03~0.38
Flow transient time (4¢) 0.35~83 (s)
Flow reduction rate (/) 0.6~160 (%/s)

Fig. 3.5 DRI 4ETHRNBFEICLDBONKET,
HRERIZ(A-4), -5K&D, HUFS FEEIE -
1B)RORKY LD, HOEEEEIZ(4-200X& D, HO
710 F 3@ 2DRE D ZhEnFAEINS.

N Ty P REBEIE -V T Y PREEEES
DELHELIE L, Chid 7 2 MERIBOE K DBHED
& RBSELAIZIE - LTV, Fig.3.51Cid,
— V7 bREELEMATFENELIORLTH S

Fig.3.5 X0, ~— v 7 v rFEERIROES &L ERH
AL TUTOL S BERRMBHE Sz,

ZHEIBEVIR, BHE T R M REFOREEREL
=LY, RIBINESLCHE i, OTHOENTT
b, ~N— 7o P FEERNICEE DRSO REERS/NE
KIS BIEMICH 5.

N—v T NRARROBRESICOVTIE, REN
OEBRIFICGEDONLE P -1, KB —BOERTI,
N—vT Y NRAEBNCERSH 10 CREEX 7 v 7K
KK FT3EENRON. CORZORERRE I
BREETAHAITH - 72,
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Tempercture (°C)

Pressure {MPo}

Mass Velocity (kg/.m?)

Temperature (°C)

Pressure (MPo!

Maoss Velocily (kg/s.m2}

MR TR OWE N~ v 7o MY 5878

Boiling Boundary {mm)

Boiling Boundary {mm)

Run 541210-8
System Pressure =07 MPa , Heat Flux =379x10° Wm?
Intet Temperoture =140 °C, Flow Reduction Rate = 5.21% /sec
Steady State Burnout Mass Velocity = 1180 kg/s.m?
[ Woll Temperature ‘
400 1Omm from outlet
\ jf)mm from outlet
3001111111. P R VY
&
14§ ~—Qutlet Pressure =
[
j0.4.§
| «
12 1 &
02 8
] §
10 4 g
008
300
: _‘)—‘t_,g},_f,_“ggn____..l o g 00
| ] %
2000 : 1 ‘E
" Boiling Boung S /l’ 105 8 Jaco
R - 1 =
1000} s {\_; 8
-———ag\m ! 1 =
;Outlet W l 4003 0
ol A A - L A
0 5 0 i 15 20
Time (sec) :“--Power off
~---Burnout
Experimental data
-——- Colculated volue
(a)
Run 550122-9
System Pressure =383 MPa , Heat Flux = 369x10° Wm?
Inlet Temperature =200 °C, Flow Reduction Rate = 393 %/sec
Steady State Burnout Mass Velocity = 949 kg/s.m?
r Wall Temperature ”
4001 10mm from outlet 1
1 j {40mm from outlet !
000, 1
[ £
; ! S
a0l — Outtet Pressure ” P02 g
o 5 4
[ &
38t Differential Pressure — . 0.1 g
‘ { &
3
3A‘||AAIAAAA1AJKI‘ALI llAlO_OE
3000y -
C Void F«o&‘ﬂ"—-———"“'] 110 g 800
o V 1 .g
2000+ { =
H 1 :g
i 4058 {400
1000 P 1 E
[Outlet Quatity -\\-\ =
Joo§ -0
ol Lo aa ol | S
0 5 10 15 120 25
Time (sec) i Power off
t---Burnout

——— Esxperimental dota
-——— Calculoted volue

(c)

Temperoture (°C)

Pressure (MPa)

Mass Velocity (kg/s.m2)

Temperoture (°C)

Pressure {MPa)

Mass Velocity (kgA.m2|

Run 541210-13

System Pressure =1.08 MPa , Heat Flux = 380x10° Wn?

JAERI 1290

Inlet Temperature =142 °C, Flow Reduction Rate = 35.0% /sec
Steady State Burnout Mass Velocity = 1180 kg/s.m?

4001 10mm from outlet
[ \ \40mm from outlet

300

Wall Temperature |
400 10mm from outlet P ——
40mm from outlet
3"”....‘[..”“.l. A\

04

Differentiol Pressure (MPg)

—— Experimental doto
———- Colculated valve

(b)

Run 550122-6

0.0

1
oA Fader 1] ] °§
b 1o 1 =

L % \%/' 4 1
2000 ’g’\(@,‘ I/ ] &
C N los 3
ha“l"‘_?.a‘l“@w, A &, 5L
1000 >4l 1 8
r s ~42 {1 =
[Outiet Quality J{ ' *00‘5
o"“l; lAillLllAlA‘ o

0 1 2 T3 4 S

Time (sec) - -Power off
b Burnout

400

System Pressure = 3.86 MPq , Heat Flux = 365x10% Wm?
Inlet Temperature =202 °C, Flow Reduction Rate =334 % /sec

Steady State Burnout Mass Velocity = 949 kg/s.m?

I Woll Temperoture

I 1

P EEa it i L

: | g
40: ~ Quttet Pressure , : 402 %
[ [
3.8— Differentiol Pressure — . 0.1 E
[
H
008
10g
£
&
0s 3
=
P Joo 8
ol - sl g L . 005

0 T 2 LR ry [

Time (sec)! ——Power off
L~ - —Burnout

——— Experimentol dota
Calculated value

(d)

Fig. 3.6 Typical transient histories for flow reduction transient burnout experiments at elevated

pressures.
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Fig. 3.6 Comparison of measured burnout heat flux
under elevated pressure with Thompson-
Macbeth correlation.
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Fig. 3.7 Comparison of measured burnout heat flux

under elevated pressure with Becker correla-
tion.
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with flow reduction rate as a parameter.

JAERI 1290
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Fig. 3.8 Ratio of transient to steady state burnout mass velocities at inlet vs. flow reduction rate,
with system pressure as a parameter.
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Fig. 3.9 Ratio of transient to steady state burnout mass velocities at inlet vs. system pressure,
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Fig. 3.10 Effects of inlet subcooling and initial mass
velocity on ratio of transient to steady
state burnout mass velocities vs. flow reduc-
tion rate.
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(4) BEEEEFREHEO -7 Y VREBADERE
BH(Gn/ Go ), MERLPENSHS L EVEEBI
5&, 1E0EDLI.
(5) READERE, RERDLERED G/ G,
D& FRIPNE 8D, Gr/ G SR LIEYD 5
ERPEOL EWVELRENPEVEREL L
CDLHIBRENOMBIIEEIZEEET, 2MPa
PkogETR/NE -1,
(6) RENHHKI1MPa LLETIE, BfiHR, AQY 7
7 —VE, WIBRBHED/ Y5 x — 505, FiERDRE
KEED G/ Gh DIETRICKIZTHEITIZ L AL
H oI -1,
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4. REAKTBIEROBEK_I0HKLEE

4.1 &

MERE T -7 0 VREEFTT 2120103, HE
& M TOMRE T HRER, HIORTEREEOBE
ZALERD L L ENH S, KETR, KbgHiEIcED
% BHif & bR RAIIC 3510 B MR OB OB &,
FREMIARIEIC X BTV TN B, & SICHEBAK
RARBETOHEDHEHEREACT, REETEFOH
R HRBEAEICE S 2 RE T 2 — 5, HICRHES
LREE FREHD, ARFERICRETEEBICOVLTE
PRI TSP AR %18 5.

4.2 HEELORE

FEGHEAERT IE I, DLFOWEERVE.
(a) BAEEER—FhrOo>—ELT 5.

(b) AOTvorid—ELT 5.

(c) 77— LIS Z LW,

(d 9#ERE T VERA.

le) EKEKEFBEIIENEHEICH S,

(f)

(g)

(h)

a

b

f) FREJNCs U THREEIHRKAEHET 5.
g
h =)o 7id—ELT 5.

N=vT Y FEETTREBROZ(LIINSVLODT, (a)
DIREREMTHA. FLEBRRIAODEBELHOES—
FEDOEH T TIT-1:DOTh) DIRESMILL TS, (ehd
AHOBMILOLHELHVLNARETH S, (dikD
WTE, N=v Ty NRECBERT 3REEESEXRBT
FHVRAES B, W VHIEREEOHEIIEEL
T3, (e)DREL/N—YT v b FEAE TORENKEEC
BOTRKRTIT3EELONS. (f), (g), (h DREDE
HiconTiR, TR ATHMY 5.

HE, Mo iAvF-FERA-DITEFEAENIR
BEENTVED, AEBRO LS CSRKEHE T TOHbE
EROBAICE, 13 A1 THET L5, EHEAL
HOHNGRMARIILRTH/NE L, FIEEDHA
KEENEVEORSR B EALERTEREEION
5.

—7, NEREEFAVTMREERERDBBICE, &
WRERORFREM L LB H D, TOMFBRE LTI
EHBFHEKXL AT I2HELS, 2) v 7RRRERA
THHEENH D, EERTE NI ZHREE BRI D
HWEENTW B0, EROEFERBRTHONA IR

TAWF-RICBOTIINF - RBIAE BN T 5.

EEIEIFSERADHRE T REKEC & B ARED
ESDRAETHS. &5icr) o TRZRRIC2VTH
B D REEWBIFEET S, - T, REBETHERD
KT AR HBIC, 430 bBESMLE FTHRIESH
TORWEBRICHERRMBKRES 5 & 0BT,
EEBEPENXE R ) » THRRRESTH 3.

AR TE, DL >OREE BRI U R, &t
HoOMEx2ZREL TR v 7EFRLERBELE. 4B
FEBICEMTFR A3 THMTELDIE, X)) v F7EFLD
FED I TVE BT R RIC RIS RISV OT,
2y THIRREADH OB TERFII—F LKEL
7.

4.3 HREROHE

KBRS O L 3 vF-RERATERETE 3.
oh dh _ Pegq
;OW ﬂUE*_A—
AHX% Table 4.1 ITRTHRIL/ ST 2 — 5 #BHOTE
KofbkTsE, DRNFROL ST B,
oH oH

(4-1)

¥+ u(z) 7 =¢(n, ) (4-2)
CORD OFHREI LD RREE 5.

ﬂ,:

dr u()

JH (4-3)

Fra (g, o)

L, E@) &N ¢=1ThH5b. £, 1 <0TRulr)
=1Th5.
BICREOMIICB VT, FE 4 2R DEES
Aiick, RO2EBYDDEANEZSNE.
(1) z=0T7= MBABBREESICHEET 5 RERS
iZ>W\WTig,
=0T H-H;, n=9i&35&E4-3)RXLD H; =9,
t=tsat C H=Hoar (AR v o 0N B LTS
&, W3R EHEALT, KA%B5.

Tsat=Hsar — Hi
} (4-4)

H - Hg
Nsat — ‘jo‘ ! ‘um(f) dr+ H;

(2) > 0TFR MERITHA TS FAFL DT DONVTH,
=1, Tnp=0, H=0&,95&, (4-3) XEBEHLT
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Table 4.1 Dimensionless parameters used in analysis

b : Flow reduction rate =L|4v/4t| /v?
G*  : Mass velocity =G/G;
H : Enthalpy =(h; hin)/(qi P. L/ Apv,)

H; . Initial enthalpy

Hsa: : Enthalpy at saturation point
u : Velocity =v/u;

uin  Inlet velocity =wv,,/v,

Ug : Vapor velocity =wv,/v;

u; : Liquid velocity =uv,/v,

) : Final velocity =uv,/v,

(linear flow reduction)

8 : Final velocity =v/v:
(exponential flow reduction)

1/f. : Flow decay constant

7 : Height =Z/L
7i : Initial height
7set  : Height of saturation point
v : Density ratio =p,./0;
4 : Time =tv;/L
T : Time when a fluid particle enters into
test section
rsa¢ . Time when a fluid particle reaches saturation
) : Heat flux =¢/q;
Subscripts
f : Final
g : Vapor
i : Initial
in : Inlet
! : Liquid
out : Outlet
sat  : Saturation
KAEF5

Tsat —Hsar T 7i

. (4-5)
ﬂsnt__f satum(f)d‘f
Ty

P4~ Fi3@-5K&0, HREADOEH s
t°7{)§ﬁﬂ*[]l VS }VE°6C% L < f&%H#ZU t{_\ilﬁ (Tsat » Nsat ),
TRHLLBEEROBEELIKDONS.

4.4 HE_HEROERN SEHHREICSK

5iE
4.2 HIDMRE) ~ (g k0, R KD — KL
HEFVICEHSCEBRIRDOL S ICET S.
R
%(pgd+pl(1'd>)+%(pg(ﬂ}g+pl(l a)v;)—0
(4-6)

T R VF —RERX

TR T R O HhE s E) 23

(pgathrp,(l adh, )+ (pgahgvg
+p(1=adhin)) — P/"l" 47
i, Ry THE—RRICEA FROMMET DL,
£ = Sa) (4-8)
L15B,

22T, (U-DRI—BOTFAVF-FERKBOT,
FEAELIEE = fovF —@EIA% M L o Ricding
3. ZOWRTEDERMICHVTIE, (i A. 1 TS,

wiT, (4-6), (A—-DRITH W TYMER O E KLY
EEALT, (WDX-4-6) Xh)/(hp,) BXY
((4-DX-4-6)X xh,)/Qp) &0, ENTHIRRE
B5.

da 0 - Peg _
52—4 P (avg) T A 4-9
Qa0 _ Peq _

2t 92 (A-a)v)= Ao A (4-10)
133, YHEDOTENELENEEEL L5503 5iC>

WTId, {18k A2 TEHET 5.

VIE, (4-9), (4-10)B LU U-8) XMARMBHTIC I 1T
LERBATHS. s 3% Table 4, 11CRTHEKT
G A= EROTERELTSE, UTD3REES.

o a  —Xin _
6—4 577 (dug) Vv Hou [/ (4-11)
R G S (4-12)
a'l.' sat

ug/u;r =Sa) (4-13)

(4-11)-(4-12), BLUVU-1REHVTHRAEE
5.

—Xin  1—w
Hsat 14

EﬁZIJ t IKBG LENGIEE 756 () ELTERERE

nY5HL,
Xin . 1—v 7
Hiat 14 ‘fﬂ‘ ¢d77

sat!t)

- [u/(l—(1+dS)] = o

u(1—a+aS) —uin(r) =

(4-14)
(410X % (4-12)RUITRA L TR 218 5.

A e WL

sarlt

oa [S+d(1 a) “]

+
T (1—ag+aS)?

_ (17(},)(1_7’/_)~
( Xm) 1+ 14 ¢

Hsat 1+a+Sa

+ () | g—j ;

(4-15)
AXDHEREHR, 1—ta T a0, 7=95 T a=0
L1735,
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(- 15) X i3FtkdhigEic k b, LUFOL 515 2B & T,
WA ARERICERTX S,

(1—v)

—a)
da  (—Xin) v
B + —
dr  How |V Ioatas | % W“1©
S+a(l— a)—
d_.[ l:( Xin)(1-v) 6d
dr (1 ataS)? Ha 14 Nsgr(T) "
+*um(r)J (4-17)

(4-16), (4—1DKIE 7 > 1.0 THRILL, PHHZHEE

EFNEFh T= T C =0, T=Tsqt C 7= Nsat & L'C%“
Aohb.
biEla), (h&kD ¢=1, S=—E&ET5&, (4-16)

EU-1DROBFREFNEFNIRD L S ICHE{LE N 3.

da _ —Xin <l+ v 1 «a >
dr Hsat v l—a+aS

dn _ S { —Xin
dr N (1 U+US) u;n(f) “H, Hsat

(4-18)

11—y
: '7 (77 ﬁsal(T))}

(4-19)
ERIZXVESNIZB|EROLADFEEAL win(c) %M
WaE, (4-18)EU-19)8Lk D, BH it 3 a,
7 HURE D, MROTEREE G dxickokE 5.

¥ l—a+vSa Xin 1—v

GF= TS o+ e I (g () |
(4-20)

7, 71 ) FB3RATHALGNS.

_ vSa _
L (4-21)
4.5 BHEAYKKRRBETOBEEOHE_1E
MBEBOE
AHEITE, RBETROWHE RO BEES IS

BRI, REETRER, R YU v TH, RERES &
UV HEDEEL <5100, REBEEIKREET

DIEEHIT 4.3, 4 AW THRXIFABEAERAL, Wi
HEROHEAITS.
4.5.1 HEHE
A D(&(m@%(kfhf '?Z_ 5.
uin(t)=p+ A —pg, ) e Per (4-22)

ZnEx, (4-4), (45X, HBEEFOBHI
kA THZ LN 5.

JAERIT 1290

Toar = Hyar— (1= ) {x ~—uf¢%0}

1< Hsar

BrHsar + (1—¢ Petisat ) o Palt=Hsap) )

Nsat

a gy
B2

t>H

sat )

(4-23)

(42K % U 1D RA L THERES %75 &,
TS DB, OIBEON, COMBEETOFRL K
ROZLRU-1)ROBA LD RATEKD LB,

(1} ;=0 THMINICH 2 MELDDIBE (a=a;)

7VHsat
s [ D)

RGN 1 -0—vS)a _

aos 1~{14v8)ai} (4-24)

(2) ;>0 THBBERIOET 2 HEARDOBE

o VHae o
T (1*VS)(*XM)[<S De
S(1—v)
B 8)1{1fuvymuﬂ (4-25)

VIEDAHEITX D, &DHBITH - 1ot A4 FRE(LAH
xéﬂét,ﬁﬁ?%ﬁ;%ﬁ@ﬁzU74@£ﬁ%ﬁ
BTX3.

4.5.2 EE#R

Table 4.2 ic, AFEHD/ N5 4 — 4 —BERE KT,
F&RT, p S&EREE, f. IFEEDEEHOW
HEZNZTHRT. 4, MEEKIH 800mm TH) I iRE
M 1m/s OEAERBEST B &, m=01110u%n
ZTNELN 0ICEBNT, 6, 60, 600%/s Difi ik /D
WIEd 5. £CDBAED ¢ — 111, %ﬁﬁfos%&
55,

REF1H50.25 MPa DA DH EHEL % Fig. 4.1~
4.5ic, REFD15 MPa DIES D IELER % Fig. 4.6
& Fig.4.71TRL, I SHICRES% 0.25~15MPa & &
b & &7 & =Dt RESRA Fig. 4.8 1TRT.

DT THHBEEROBELELZ 5 2 -7 DHRIZHL
THh~NB,

(1) FRHEF70.25 MPa DIg&E DS — 2 (Fig. 4.1)
Fig. 4.1 KR oI B L Hic, HEREEANOBERSRT
HEAFERBAODEEEE ERE(E-TW3, #Z,
WMOHEEE L r =05 TIREAEETLTE ST,
VIR BEREER(y = 0.4, 0.3 75 E)MHME AT 5 &,
FTEREE A ER L, HOHEBREEOMIGIMANT
W5,

W72V F 13 ¢ =05FETEW-L DML, 20
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Table 4.2 Parameters for calculation of exponential flow reduction
Parameters
Objective Fig. No. Variables P
(MPa) S n ﬁl 61 Hgat Xin
4-1 (a) G* X, nar 0.25 2 03~10 0.5 10 05 -0.1
Base case [/ 0.25 MPa
/ 4-1 (b) G a 0.25 2 03~1.0 0.5 10 05 -0.1
) 4-2(a) Grut, Xout, Nsat 025 1,25 1.0 0.5 10 05 -0.1
Effects of slip ratio
4-2 (b) Ut out, @ 025 12,55 05,1.0 0.5 10 0.5 -0.1
4-3 (a) Gout, Xout 0.25 2 1.0 0.5 1,2,5,10 0.5 —0.1
gg‘;;tscglfm‘tl;’r‘l’: 43 (M)  G* 7w 0.25 2 04 0.5 05 —0.1
4-3 (c) Gaut /Gl Uin Tsat 0.25 2 1.0 0.5 0.1,1,10 05 —0.1
Effects of final 44 (a) G* Xou 0.25 2 03,1 8%5,0-3333, 10 05 0.1
C .
flow velocit
y 44 (b)  Gri/Ghy Uin 7sat 0.25 2 1 8%5’0-3333, 10 0.5 0.1
o 0.25 —0.05
Effects of initial *
enthalpy 45 Gonts Xout: Heet 025 2 ! 0.5 10 os0 {709
4-6 (a) G* X, nsat 15 2 03~1.0 0.5 10 0.5 -0.1
Base case /15 MPa
4-6 (b) Uy a 15 2 03~1.0 0.5 10 05 -—0.1
4-7 (a) Gouty Xout, Nsar 15 1,23 1 0.5 10 05 -0.1
Effects of slip ratio
4-7 (b) Ubvouts Qout 15 1,23 1 0.5 10 05 -0.1
4-8 (a) Gouts Xout 0.25~15 2 1 0.5 10 05 -0.1
4.8 (b) G* 0.25~15 2 04,06 0.5 10 0.5 —0.1
ggsscﬁffsymm 4-8()  Unow 0.25~15 2 1.0 0.5 10 0.5 0.1
48(d)  dour, Gouw /Gy 0.25~15 2 1.0 0.5 10 05 -0.1
#wEERLTVA. HOEREICOOTIERR ) v THOEE M B oh,

WREEADREE T ICE-THENL T3

¥4 VR, MBSO TRBERRbOZE
b3/ D, BRI S R A BE T2 &2k
HLTW3,

(2) FREF 15 MPa D& 0 £# 7 — = (Fig. 4.6)

FH 19515 MPa DA &, BilD 0.25 MPa D54
DiBHRL ALK T L, RNEREE, 74 )74,
FA FRELEOEROTNGB O LD, REEKR
B4 2R 60 165 M- TV, Hic e
BB LG L o & 2 OBRREREE OMINDIL,
HORFREEIAEL D /NS ->TH 5,

(3) =Yy 7HOEE(Fig.4.2 & Fig. 4.7)

Fig. 4.2 & Fig. 4.7 2H& 4 5 &, 0.25 MPa DS
KBVWTE, HOEBEECHOZ 2 U F 432 o 7
Wi 1~5 EB(LLTHRELERFA TV, 15MPa
DEETI, 2o TILOEEBBRENT LD 5.
HiCEETIE, =Yy 7HAREVIISBEFOHD 7
) F A WRELLYD, BEEDFESEFEOMRIE LS.

WITERERREIEETESHEL O K&, ST
RARE L D&,

RAFRERY » THBNSORERE L, FFIERE
BERY v THORENEE LS.

(4)  FoklE T ORER DB (Fig. 4.3)

Fig. 4.3 iLBWT #, EREETRHRERDOFEKTSHS.

HOHRE#E(Fig. 4.3(a)id, t L 05 TR EILT
WIS, 05T B, WREVEZETLTHVS,

VIHAFEFRBE S 7 — 0.4 1T B 1) 2 RFTH EEE (Fig. 4.3
(bDid, HESHELT 5L —BHKEERL, ZOLR
Bl AP REVERENEY, £,=0.25TRIZEA
EERAERLTHEL.

HOE AOOBE#EEH(Fig. 4.3(c)) i3, g HRED
BERESHE-VHEIGELTEY, REBETHEROE
AiREIERIZ . DBEDOAR/NRFEST B L ERLTY
5.

(5) B HEDEB(Fig.4.4)

Fig. 4.4 ICB VT ) ERRFE L YIHRE L D%
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RBETHOBE ~— v 79 M icBd 5015

P = 0.25 Mpa
Ss2
Uin=0.5(1+¢7°7)

7). dimensionless height

1.0 1.5

dimensionless time T

(a)
Fig. 4.1

P =0.25 MPa
Uiy=0.5(1+67%")

1.5

0, 1 L i
0 Qs T 1.0 15

i 1 J
00 05 1.0 1.5

dimensionless time T

(a)

50

40

N

30

JAERI 1290
M=1.0
P = 0.25 MPa
0.8 §=2 )
Uin=0.5(14€"°")
0.6 7:dimensionless

height

100
[
80F
60

Ug cut
40

05

1.0

dimensionless time T

(b)

Calculated results under exponential flow reduction condition (1)
(Base case/0.25 MPa).

P = 0.25 MPa
u;,.-O.5(1+e"°')

i J

0.5

1.0 15

dimensionless time T

(b)

Fig. 4.2 Calculated results under exponential flow reduction condition (2)

(Effects of slip ratio/0.25 MPa).
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10 \ 1.0 704 P.= 0.25 Mpa

N ‘ u=05(1+e&")
09 /i P = 0.25 MPa 09
Sl |\

o P N Ujn*O5(1+ -4 T)

o8 1‘ v Ss2 [oX:}

l\ \\\ N (O * IV VI N\ = Tt

N

07} \ 4 07

\'p' \\ \\(i'i , ‘%‘,

\ \\ \\\
06 y . » \\—\- e 06

\ €S | s N R B R NV e
gL Lo __TF o= P Y Ny e s
° ~o 1 2 3
T
03
Xout 05
02 3
P 25
o Msat t
A 1 2 1 i 1
00 " 3 3 0% ] 2 3
dimensionless time T Dimensionless time T
(a) (b)
20
»
Gout
P = 0.25 Mpa
Gin B,*10 Se2

Uine0.5(14e™7)

05 By=0.1
R &
nsat !
L\ &+ 10
1

Q2

dimensionless time T
(c)

Fig. 4.3 Calculated results under exponential flow reduction condition 3)
(Effects of flow decay constant/0.25 MPa).

Y.

R R o5 L Hic, PIHAFERRIICE T 2FHmE
BEEO LARP, HOLADOHEREEIE, REKKHK
BOWNEVWREREL - IKELTVS. ZHRER
WEP/NSWIRE, BREROKRSPRCLED, BEX
{LDBENKELLLBELDTHA.

(6) #1x v 5 vEDEE(Fig. 4.5)

IR & & DSIREE DR (Ho, = 0.5) DB, ALZ 4

D7 4 Xia =01 DIBBE-0.05 DIBAEHET S &,
HOEREREOZIINS VD, HOZ s V574 RADOY
A VT 4D Xin =005 DEEDEIIBEL LTS,
AOZ 20540 X;n=-0.05T Hx=0.5 DIFAH L
Ha=0.25 DIGEAEWIKRT D &, Hi=0.25 D35 55
RO BAVNES W, HOEESE EADER
BEDOERNEL LTS,
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10 1.0, e
P = 0.25 MPa PS ’=20.25 MPa
s=2 08 Uin=Bi+(1-8E T
u=B+01-8,)e'°%
0.6
" Uin y=0.5
¢ 04t 0.3333
0.25
0.2
0.5
______ 4.0
- B,=0.5
| Meat 0.3333
_______ - 025
Q0
3.0
Gout :
2.0
!
00y o5 o Ts 055 o5 1o 5
Dimensionless time T dimensioniess time T
(a) {b)
Fig. 4.4 Calculated results under exponential flow reduction condition (4)
(Effects of final flow velocity/0.25 MPa).
1.0 b = 0.25 MPa (7) RIESHDF#(Fig.4.8)

) b =05 (1+6707) Fig. 4.8(a)icRd & S, HOHREEEXRENORH
e X MEFICNE < 1555, BIEICHT 4 5BIEE < 72
sl HTW0B, W7 4 U7 4 bICEREABENES

‘\‘ MAELH-TVBY, RBMHEICENLIT 28E&REN

OTF \e BEVREE(E-TVS.
\ -
ok \ Fig.4.8(blicR oSN 5 Lk Hic, BRI (7=0.6) D
* \
™ BREEEZCREOEEEEZ{LLR UHRIZRL TH
R | . = .

°i D, ORISR 0.4) Tk EAATHC EATE B
*r L0282 Xin == 005 ERLERLTOEY, FORKNEIREANGOVEN

{1E->TW5.

Fig. 4.8(c)DHOEMEIRE /ML D FEL KB
L, BETRREBEREGSTIHELID bRELE-T
WBEDIK LT, BETEE L ARBEREIVITES
DHENELIE->TVB.

Fig.4.8(dlicRon3 L Hic, HOKRS FREIREN
wmEtic/ha gy, HOEAODOEREEH & RT
FEmE I PE 1> T3S,

00 ' 1 B 4.6 &0

] 05 1.0 1.5
Dimentionless time T

Fio A5 Calculated results und ential flow ARTE, WNBRETEERO HREREZIRERET

ig. 4. alculated results under exponenti - N R . e g e o

reduction condition (5) (Effects of initial & DFES 57, B K UIEHBIBIRIRIET OB
enthalpy/0.25 MPa). SO EERICOV TR,
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10
P=15M .

0.9 pa 13 P =15 MPa
5°2 s=2
Uin=05(1+6"")
- Uin=0.5(14€™'°%)

0.5 Q)i/,'
o
Nsat 2
l 1 I —J
o‘%.o 05 1.0 1.5
dimensionless time T dimensionless time T
(a) (b)
Fig. 4.6 Calculated results under exponential flow reduction condition (6)
(Base case/15 MPa).
1.0 P = 15 MPa
'-5; Uiax0.5 (1467 )
0. P =15 MPa \
! Uips 0.5(14€"°7)
0.8
*
Gout
0.7
0.6
0. 5
00 05 | L |
~
00 0.5 1.0 1.5

0.2

xouf

0.1

0Q L . L . [
00 05 T 1.0 1.5 .
0.5—%n, —

0.2 | | 1 00 1 | 1
0.0 05 1.0 .5 [e10] 05 1.0 1.5
dimensionless time T dimensioniess time T
(a) (b)

Fig. 4.7 Calculated results under exponential flow reduction condition (7)
(Effects of slip ratio/15 MPa).
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S=2
Uin*0.5(1+€'°")

Xout

[¢]¢] . 1.0
dimensionless time T

(a)

100 -
Pressure 0-25 MPa

velocity Uy, out

dimensionless liqutd
T T
‘ |

Un *05(1+ €77 )

S =2
01 ! . )
o] 05 1.0 1.5
dimensionless time T
(c)

JAERI 1290

P=0.25 MpPa

-

1.0

s=2
Ujn=0.5(1+e7"%)

0.9

dimensionless time T

(b)
P=0.25 MPa e 2,5(106°°%)

1.0 -

2
0. 4

7

Aout 10

o \3
0.2

dimensionless tme T

(d)

Fig. 4.8 Calculated results under exponential flow reduction condition (8)

(Effects of system pressure).

FEGHBEILTOELDTH S,
(1) REETIGORE _HREELHETS00, 2
BtmEe T VIC K BETHAEERBH U, REHEREIC
BOTE, zarF—RER, #EREONX, BLU=RY)
y 7TEGRR AR LE LT, Hihdhigk ickoital
7-.

$ 1, AEBRATE, REAEAZIEE 2 v F
—REIAAEBL, PEEE R Y v THIE—E & IKE
L.

(2) FFFEHREEHEARRARE T OHAIKO0T
BHL, REJL, REREETHER 2V v 7H, B&
Tk, AQT s e —%n:,7 2 — 50, REET
B ARSI RETEE RO MIC LT, B
ICAMBRBETOSEAIE, HEHOELADDHR
EEZIEAL, REABBEVEZOZEREALKL
% 72, RICHDBEVESICE, HRIETICX 2ikkHkE
TRESICRBR AR O SR E BORE A —FFNIC LRI A
RBED LT,
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5. MBET -7 P REFRA
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Fig. 5.3 Ratio of transient to steady state burnout mass velocities at outlet of test section vs
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. Flow area
a(v) : Gradient of

n/G% defined
by Eq. (5-2)

: Inner diameter
. Energy dissipation rate

AE'., AE%, AE}, AE}

f

. Pressure dependent terms in

energy equations (A-8) and
(A-9)

. Flow reduction rate

f.(w): Threshold flow reduction rate

s RO

Lg
P
P,

q
S
T
14
4t

v
4v

defined by Eq. (5-3)

. Mass velocity

. Acceleration due to gravity
: Enthalpy

: Heated length

. Boiling length

: Pressure

: Perimeter

: Heat flux

: Slip ratio

. Temperature

: Time

. Flow transient time

: Velocity

- Velocity reduction range

tc'"ﬂ
Jjo

(m?)

(m)
(W/m?)

(%/s)

(kg/s-m?)
(m/s?)
(J/kg)
(m)

(m)

(Pa)

(m)
(W/m?)

(°C)
(s)
(s)
(m/s)
(m/s)

3
X . Quality
z . Axial distance
o . Void fraction
2 . Latent heat of evaporation
0 . Density
Subscripts
B : Boiling boundary
Bo  : Burnout
S : Final
g . Vapor
i : Initial
in : Inlet
/ : Liquid
out . Outlet
sat . Saturation
Superscripts
n : Inlet
out . OQOutlet
s . Steady state
t : Time
2 : Axial location

JAERI 1290

(m)

(J/ke)
(kg/m®)
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fit->TA-3KX&LD,

|E;] <16x10° W/m® (A-5)
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o--P-IN A--P-OUT  +---DIF.PRES
—— ——Trrr1 0.6
= to4 =
g 1§
.3} ] )
bt 0.2 =
< 1 @8
& osf WU 0.0 &
‘ : a8
035 5" "% 8 1002
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5k i
B 0.90
" i
s i
€ 0.60 N
3 i H§9§
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S 030 &&-
S
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() L1t [ PEES I I ple 1 PR T |
0‘000 2 4 6 10
Time (SEC) Burnout
0--- QUALITY & ---VOID  +--- SAT.LINE
- A“A'—
2 0% |l
g | / 1
g 0.60 P = 0.53MPa )
= - 1 q4=2.71x1° Wm
g - ™~ C/ °
S 030 N Tin = 120°C
£ i ! {1 f =14 %/sec
S o M ]
0.004 2 2 10
Time (SEC) Burnout
Fig. A.1 Example of experimental data and calculated results at 0.53 MPa.

Ao A ~=0.025~0.061

(2) HOE 3.1 MPa @354 (Fig. A.2)

(4EL+ AE;)/( P,

A 0g
P,
(dEHAEf)/(m‘%)S 0.003~0.009

(AEHAE,Z)/(ﬁ)

q \._.__ ~
; ) ~- 0.003~0.023

PLEDKERED, (A-8), (A-THBWTHYMEED
k% £ L ICIHDR 513, 0.8 MPa DELETIE
BAN1L2BIBELEH, .IMPaOHE/ITHER2%
RELOBEVCENDNPS. E-T, tBEOBIIMTE
HOFEMREHEZE L b7, Chick2BERE
[EDBERLT L HEETELVY, EAVGVERE
B+R/NLKBBEERD.
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D I M’A’Aﬂay ]
2 090 —4 s
= I f{ ]
(723
g osop 1 P=3.0 MP
s [T / q = 3.67 x 10° W/n
S 0.30 Tin = 180 °C
g _4}__’/y/~ +\hw4 "
0 -u A L1 L1 L [ 1- f = 32‘8 %/%c
0 1 2 3 5
Time (sec) Burnout

Fig. A.2 Example of experimental data and calculated results at 3.0 MPa.
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ANE, 750574, BREEEFZHEL/A. Table
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RAERO _MHREROFEERICHTE2R ) 7TEF N
DEEL, K4 FELAIC OO TR NE 0T Epis
n5.

U ELOWKGHERAEZRL T, MBET -7 9 +E
RO oL, Btz » FH—F & L.
2y ZFHOfEIE Thom kB2 & 7FHEFEHDRE
%2 S E, REH05, 1, 2, 3, 3.9 MPa D&
alc, Zh¥h 3.0, 2.8, 2.2, 2.0, 1.9 & L 7.
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Table A.1 Effects of slip ratio on calculated results

Type of transient Slow Fast
Run No. 541206-16 541206-19
Flow reduction rate 3.94 %/s 14.5 %/s
Flow reduction time 16.8s 425s
Constant slip
Slip model Mod, Mod.
S=1 S=3 S=5 Bankoff S=3 Bankoff

asy 0.995 0.98 0.977 0.958 0.991 0.968
X5 0.489 0483 0.485 0.485 0.589 0.589
G%' (kg/s-m?) 899 914 906 909 797 795
G4t/ Ghn 1.067 1.085 1.076 1.080 1.172 1.170
G /Gée 0.914 0.930 0.922 0.925 0.810 0.809

Experimental condition : P=0.51MPa,, Ti»=1207C, ¢2—=2.67X10°w/m?,
Gi=1740 kg/s -m?



