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Report on Series 5 Reflood Experiment

Yoshio MURAQ, Tadashi IGUCHI, Takashi SUDOH,
Yukio SUDO, Jun SUGIMOTQO, Yasushi NIITSUMA,
and Kenmei HIRANO

Division of Reactor Safety, Tokai Research Establishment, JAERI

( Received October 21, 1977 )

Series 5 reflood experiment was carried out from March
to April 1977 for the purposes of studying quench characteristics
at low flooding rate by step-wise variable flow rate method,
measuring steady-state differential pressure in the core and
obéerving flow oscillation behavior of the system with low
inlet flow resistance.

| Following are the results:

1) The quench characteristics at low flooding rate are similar
to those in Series 4 system effect test.
2) The void fraction is smaller than predicted by ordinary
two- phase flow correlations. The relation obtained in
differential pressure of the middle of core can predict a steady
state void fraction of the whole region of core.
3) Flow oscillation of the system is caused by fluctuation of
the vapor generation due to inlet flow fluctuation.

Keyword : Reactor Safety, LOCA, Reflood,
ECCS, Heat Transfer, Two-phase Flow
Quenching, Void Fraction, Flow-Oscillation



LRYIIPS RR A

H IR
L JFE B ceeeeseereeeeeeei e e 1
; \ O HEBRTEE cveeeeeeereeeeeete oot e L s 3
'r 2 1 %ﬁ@ﬁ% ........................................................ rEEivesrresrRtTee P T ety 3
* 2 1 1 F x },%B .......................................................................................... 3
S 2012 EEREEIE  ceeeeeeeeeens rer e et eraasera e neraa e ettt ata e eiere e 5
LI 0D EETBDUIAE L cvvvrerrorerrre oo e 8
: 23 HAGROBE I ELE et e tataeretetieeeserseereeereaterar e ennieeneaeineaeaeeaaeanieeeeeiennns g
221 ?—'—ﬂugf; @@t% .................................................................................... 9
2. 3 2 ﬁﬂi& ..................... e et Ea i attETraaeraeaatacreiaeeaneeat e tatas i bbb anana ..... 14
D 4 FRELIFOOBHBE  ooverererrererreea e e 16
2‘ 5 %Eﬁﬁ% ..................... ....-.....--.....-.--.--........L;............' .............................. 20
25 1 —EHEIEAZER (5 AEER) «reorroemreraame oot e 20
2592 LRFLGEEER (5B ER) - SRR PPN e 20
253 FeADOES SIBEEOELAZER e 21
26 EEERGRME  eeeeeeeereereenenee 'mT ....... POT O 29
3, EERREER LJRTE eoeeerreremi e 25
3.1 TEREEIZHBTLEF R FEEFEEBAOREGE e S SR UR 25
3311 A—TEREOREEREEGEOERFLE e e 25
312 THERECBIZFZ MEEFESHOOBE oo U UPORUPPPRY F 08
30 (EFEAKEEICEHIT A 2 T2 FEE oooererrremem e FUPPTER 39
3.3 HFEHAME e e ee e e e teeeee e et den et ea eere e ieaan i an s e e ban 37
¢ 33 1 TEEZEEE creevereesirrarmennirereninie et s e e e e e s 37
@ﬁ 3.3.2 LKA FEOBEEL - reeeeererereeterr e are et aneees lee e e imedoraeataaea s s saas 44
_? 34 VRTFADBEEIE oo [ O PN 51
“‘5 o 3.4 1 REOBEEREETZOMR o 51
- ' 342 FLEBSOREEE L MOREREDREFE OTOT 60
4 FE ED ceeereereeveeesireeinnntienne e s e R0
B OEE  ceeeeieeedieeeeee e e PO O PSP PT 81




1.
Z.

IntroducCtion ..veeessoesacccceassassosnracssssssnsacnsse

Test Descriptien

JAERI-M 7383

Contents

+ e

TR R R R A I I BRI AR N O B LB B LA

2.1 Test Rig DesScription ...vcecceecorsntsssrecacennes

2.2 Test Rig Improvements

IR RN ER]

2.1.1 Test SeCtiON .+veeeecsstrnnansansnsssrssrrssrracsscnnsns

2.1.2 Test RIg +vrreerncnrrrsnrarssanscsonansnsnressanans

2.3 Instrumentation and Calibration ...vecccescenccnse

2.4 Flow Meter Development .....ecerecovonorsacrsossannnrns

2.

2.

3.

2.3.]1 Instrumentation ..cecesoercerosrsnnassocrrrenanssns

2.3.2 Calibration

5 Test Procedure

P N N N N R RN

LR

e e e

T R I R R R A I R B B

PRI SR SRR R R R I B

2.5.1 Constant Injection Test (5A Experiment) ....

.«

R R NI B R B B

---------

2.5.2 System Effect Test (5B Experiment) ...........

2.5.3 Sequence of

6 Test Conditions

TEEL vt vecsssasssaanssssnnsnsassssssarson

P T E N RN NN R R R R RS

Test Results and DiscusSSions .evesssccseansnvscrssasncasnens

3.1 Relation between Pressure Difference in the Core at Steady

3.3 Characteristics of Pressure Difference in. the Core

State and Power

3.1.1 Calibration of Loop Resistance and Vapor Generation
Rate Calculation

3.1.2 TRelation between Pressure Difference in the Core at

P N R R R R S A IR I 2 B O B B

A NN E

N R R R T I I A A NI N B B B AL N A L A

Steady State and POWEr ....ccisvavavrrecatasaareescacenrs

3.3.1 Steady Pressure Difference in the Core

. 3.2 Quench Characteristics at Low Flooding Rate .....c.eveesn.

»es

3.3.2 Transient Core Void Fraction ..cecciscesvrerscesasnans

3.4 Oscillatory Phenomena of System  ...iveesicvcrcnieeeans

4,

3.4.1 Feature of Oscillation and Analitical Model of

SYSEEM +ivevessoncsovsosssonaransnansrss

3.4.2 Core Inlet Flow Fluctuation and Relation between It and

PR B A R R N

OtheT FACEOTS stersvosrecrsssnsnrsrsnacossssasnssnssanses

Conclusions ....

Acknowledgement

[ N I R TR A IR B AL N B R B S S AL L L

R N N A I I I N B DR N LR AL B

+

ne s e

oW W W

14
16

20
20

"+ 20

21
22
25

25

25

28
32
37
37
44
51

51

60

80
81



e

it

JAERI-M 7383
1. fF B

IMEAREKFE OB M BEEBRIFOBREKBER 2R~ 2810, BM48 £L0, ZHRREY
BWEREUR 4 X 4Ry FAER O NBBREKERITHNTE 12,
INETK Y —X1 o4 FTOERBTONTED, BRERBEOLFNKO LV £~ FCHE
ST Bo | |
¥ —-X1%8B : JAERI -M- 6551
Y —-X2AHE: JAERI-M- 6787
) —-X2B%E: JAERI - M- 6788
v —-xX 3KEE : JAERI-M- 6983 (#F—%%#)
JAERI-M - 6981
Y- ZX4%ER JAERI-M- 7169 (F—4%)
: JAERI-M - 6982
Y -2, 2ERKCIOBEABRZOEENBESL &N, v -X3ERICLD, —kE
MEMEIT DS, MEBAEREOZERHES T3k, |
Y- XAEBRTE, REAAKGEDL CATET T4 M) v 2 KEZ, EFRAIEAEE
L, RMKORAERERFOMBKOATEIGE S, RAKFREES 1000°C £TLY,
MENERE TR EICRTE LERET - e
AFHEFTERRL VY - X EERICBOTR, BICEBIKOYERTT ~72.
L %9y he—72 FEBEOADER OB &, e oS
amm,9—Eyﬁ%%%%m1¢@yﬁv%%xF%%@ﬁ%ﬂﬁ%ﬁqfétﬁ,ﬁmﬁ
@%%?,ﬁ%ﬁﬁ<ﬁ6ntﬁb,k%mﬁ%ﬁﬁ&mqutcz,ﬁ—eyﬁ%%@%ﬁ
£, BEnFBEORBERT, EREHCT X VP HEE/ A XL BB TLEAESD - 1o
Z08, FI7 v 074 R7BERSEHEREL, BBAESTICHENIN LS D THIEHEK 2
i N1 I
(2) REAOZEL
VY - AEBRICBNTIE, BES ¥ 7 OEARBA LT OB LD, RIE 58D ENL
L, #N6i7 R FEAORBEILOFREL - THEIOSEEZONADT, EFELF v 7ICHIT
Ny P T F BV IERG, MEVIBICKDEAN, Ny 77 2y OENEBRE VTP A
fimd s EE Lo CITXD, BESZ ¥ 7 ODELEERIL, L1251
(38 4 v A<k BAIED R EL , _
Eo s hvRKBRUECKES LT3y, Forhvd— =708 7 OMEILFETO,
F—REICNT MBI EARE Lice BMAMELELS, BKEEZHBEL T 5.
) 7= FBEKBORT v 7IRTELE
YY) -X4DOYRTLHRERICLD, v RF LGRS IBEOFLADKRER, REED
SAKMEORLEAHITHLT, 20~ 1 0cmsec ORIKFH LT LR anioT, 20~




JAERI-M 7383

L0cm,sec O—TMEBELEKEROT —4 LEETILENE DL, BRETIE, FLOTEH
ﬁﬁmf%iﬁm,¢%%@ﬁ§tﬁ@kb,%ﬁ%ﬂ@ﬁﬁﬁﬁu,%%#Eﬁﬁ%@ifb
FHDT, FARKRMOFRSBRTGEENDE S e FCT, BHO 0B 6cmSec T
EKL, 208, HLEOMEITREL 8 RLTLEEL 2. £ LT, 20k bOREUERERS
EHRE L.

KL, v 27 aRERTC BT 2 RLREND B OPE TIHEATEE, BB
LI 6 EEAMSELNBL T 5 LEBE T2 R TS o

(5) WS DE FERIE DR

YU —X4ERE, PLARLFLHR—TED ZEOZERZRE Lich, FLRNORS FE
OEEFM A 0IC, dEOERSFT, FORBREATHSS L0m, L8m, 28m, 44moD
KEOEFREFAETL2CEE L. ZREHTEDEONAT — 4 OEFICKD, FEBILEHRA F
oA T s OBBRSEBONARTTH L.

CDEHIRHEDS ET, ROMEB DERET ~ 120

(U -7 (RREEBHUEH) ORTE

2 ERAEETO s T F

3 FLoETSEHE

4] 27 sHOREEEE

CNGOREERLE, v XARRORHILE, KEO )~ X 6EROTFHERE 0 25
OWERF - T b

ThbL, (id, vV - XAFERT, v FHREEEEL T2 15mme ©F ) T 4 AWD
EARHBAEETOEH - 2 KE ST T, hoFEAC»e TR IS L T
10T, AERICEOTE, ASED» S 4ETF ToORMBREMNE L, BEOB O ASRES
HELEETZB D DObDTH L.

ELSRERSEIUARE EOBGRE, v AT LBREFOIATERELLOTHD, HICAOR
KENKESEBLEEZL2H0OTHS.

202, iR ~fe 2SI, Y- R4 DV ARTF LHRORPCIADERTH 5o

313, FLOZETFOEEICLD, FLNEA FREEQD, #4 FEE740 7 40 L 0BER
HRHNBIPDOERTH Bo

Wi, Fyvhe—72 t BEOKBBROBMPIC LY, HBRRSFEFEICE SO &S
@Mﬁﬁ%%@%%mi@ﬁ@kmﬁﬁ@ﬁ@@ﬂﬁﬁ@%mﬁot@f,m@ﬂﬁgwﬁﬁ&
DEGERIT L, RBOREFERF B HDERTH 5o



v

JAERI-M 7383
2. EBGIL

21 EROHE

AREFPWR OB KBERICEIFREAEET 2L OB IN T 2. ARBRROBRE
o En, Fig. 21 KRTE S ICEREIATO o _

(1) 72 M REDFOEERT 5o BEFLO LRIV PEICE 4 LB L+ 4, T3
T F ARG ONTI B

@) ¥y rhe— EHFEOEI v H v — AR,

(3) —WAHBIEIEET  FFO LR T L+ oo bBE O E TORBBHAEET 2,

4) &Y EMBEERET L. EE2 v o NOEISHENOTES LTERT 50

5) ECCKRIEAT: %‘EGDE CCAREARETHRET I HAORBKRD 2RI H S
® #Fovhv—TES |
® TPETLFa
LCT, Foya=—AREKIEFOI -V FL o VEAZEET 5.

6 ECC KT  ECCKOEA, BEETNS.

(7) RIESNES : ZIE4 v o ORENEHB LT, —EENIZTEFED.

(8] fGVﬁv—¢—~—7n—&Vﬁ:¥¢VW7—K§ﬁén,F@yﬁv—m%mgﬁ
KTZECCKEHET 3.

9 K- F7 7 Ay HFLLEEEIOMRBEREE LTHE TS+ + ) — A — = KA EE
LT, 08ZAFET2picHn5b.

KEEWR, WMOLHSLBFELF THE s,

(1) EREEI, BEFA -t L-b0Ed 5.

2 Forivw—, PFLOERFAMNOITHIER LT 5.

(3) @y —T L -TEREEH T DO—RRIFEHKGE oS 2. EEOLHE,
A —4L R ORGP R R RS R RN - — KRR TE T 2 ZEENEF O
e —7, BhV -7 TCHESEEREEHE UL AL Y- RERBERERANET 2H
ML Do —IRBMEBIEIAE L, EMLOROAY 74 REMNB LTI HED,

M) govhe—, L=TEBD (Fv Ly, BIRER, ~REEVT) OHEHE-2
CRFBOBRMFESAMET B,

) BTV L DERE, BFFO LB L AERICKA L, 2o, PORKEEIT
BrictobH s

211 FzME
TAMEOBMBAE Fig. 22I12RT. ¥R FBIT4 X 4 FHFB TR ORME Ny FLE2_lF
AEROMBAB I L EBE L L - T B,

_3_




JAERI-M 7383

Ven?!
Primary Loop Pressure Regulating
| | Flow Reslistance System
Constant Pressure
x Vapor Tonk
&5 |[E
& R s
E £ a —.—
g s |18} |§
ARERIEE
a & L ®
-
Coclant Makesup

System
va é ;\H
Pump

Fig. 2.1 Conceptual Diagram of Reflood Test Rig
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Table 2~2 Main Characteristic of Reflooding Test Rig

Loop section
Max. pressure
Max. temperature
Water storage capacity
Vapor tank capacity
Heater capacity/cooler capacity
Material

Test Section
Max. pressure/temperature
Heating rod

Quter channel box
Material
Spacer grid

2.2 EBORES

5 atg.

water : 150°C, vapor: 350°C
0.5m?

1.0m3

30 kKW/3 kW

AIST Type 304

5 atg./1000°C

0,0 : 10,5mm, Heater length : 3.6m

type : D.C. direct heating, step cosine
T/C : 0.5mm sheathed C-A

Flow Area Ceometry : bHcmxbcm square
AIST Type 304

4x4 square lattice of 13.8mm pitch
Hastelloy metal egg crate
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Table 2.3 List of Measuring Points and Symbols (Series 5A)

Egannel Symbol Item ! Measuring Point
1 TC3U
2 TC3M |
3 TC3L {
4 TC4 Heater Rod Surface
5 TC5
? ggé Temperature
8 . TD3M |

¥ 9 TD3L
10 TDS
11 TCST .
12 TSGG Primary Loop
« 13 TUL Temperature Upper Plenum (Liguid Phase)
14 - e | TUpper Plenum (Gas Phase)}
15 PPT : Containment
Pressure

17 PLP i Lower Plenum
18 PUP Upper Plenum

21 DPT3 Differential Core Pressure Difference (0-1.0m)
22 DPTH " " (0-1.8m)
23 DPTY . " " (0-2.8m)
24 DPTS | Pressure Full Core Pressure Difference
25 DPPM, Orifice Pressure Difference
26 DPL ‘. Loop " " ‘
27 DPHT Hold up Tank " "
28 ™ Flow Rate " Supplied Water
LB el e rover

Table 2.4 List of Measuring Points and Symbols (Series 5B)

SE?HHEI Symbol Item ' Measuring Point
1 TC4 -
2 TGS
3 TD2 Temperature Heater Rod Surface
4 TD3M
5 TD4
6 TDS
7 TH2
8 TH3U
. 9 TH3L | Temperature Flow Housing
10 TH4 |
11 THS
. i% ggi Temperature Upper Plenum ggizuggagﬁise)
14 FDN2 Flow Rate Core Inlet Flow
15 PPT2 Containment 2
16 PPTI1 Pressure Containment 1
17 PLP i Lower Plenum
18 PUP ‘ Upper Plenum
19 DPDN Downcomer Pressure Difference
20 DPDO Downcomer Overflow Tank
%i‘ ggig Differential Core Preﬁsure D1ffﬁrence Eg-i:gﬁg
23 DPT9 " " - (0-2.8m)
24 - DPTS | Pressure Full Core Pressure Difference
25 DFPM Orifice Pressure Difference
26 DPIL, Loop " "
27 DPHT Hold up Tank " "
28 M Flow Rate Supplied Water te Downcomer
gg ? gﬁi::ﬁi Supplied Power
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Table 2.7 Summary of 5A (Low Flooding) Test Run Conditions

Peak System Inlet 'initial | Flow. Inlet
Run | Power | Pressure | Water Rod Housing | Water | Run Date
(kW/m) | (kg/em?a)! Velocity | Temp. Temp. Temp.
| (cm/sec) | (°C) ) (°c)

5301 1.7 1 6-+3 400 100 80 1 520318-1- 5
5302 1.7 1 6+2 400 100 80 ! 520318-1- 6
5303 1.7 1 6+2 . 335 100 80 | 520318-1- 7
5304 1.7 1 62 400 100 80 | 520318-1- 8
5305 0.8 1 62 400 100 80 :520318-1- 9
3306 0.4 1 62 400 100 80 | 520318-1-10
5307 0.0 1 62 o220 100 80 | 520318-1-12
5308 1.4 1 61 400 100 80 | 520318-2- 3
5309 1.7 1 61 400 100 80 | 520318-2- 4
3310 2.2 1 63 400 ~100 80 [-520318-2- 5
5311 2.2 2 63 400 120 100 | 520318-2- 7
5312 1.7 2 643 400 120 100 | 520138-2- 8
5313 1.7 2 62 400 120 100 { 520138-2- 9
5314 2.2 2 6+2 400 . 120 100 | 520138-2-10
5315 1.7 2 61 400 120 100 | 520138-2-11
5316 2.2 2 61 400 120 100 | 520138-2-12
5317 2.2 &4 63 400 140 120 | 520138-1- 4
5318 1.7 4 63 400 140 120 | 520138-1- 5
5319 1.7 4 63 400 140 120 | 520138-1- 6
5320 1.7 4 62 400 140 120 | 520138-1- 7
5321 2.2 4 62 400 140 120 | 520138-1- §
5322 2,2 4 61 400 140 120 | 520138-1- 9
5323 1.7 4 61 400 140 1206 | 520138-1-10
5324 1.4 1 >3 400 100 75 | 520323-1- 3
5325 0.8 1 6+3 400 100 75 | 520323-1- 4
5326 0.4 1 6-+3 400 100 75 | 520323-1- 5
5327 1.7 4 62 400 140 120 | 520323-1- 6
5328 2.2 ¢ 4 62 400 140 120 ; 520323-1- 8
5329 1.4 4 62 400 140 120 | 520323-1-11
5330 0.8 4 6-+2 400 140 120 | 520323-1-12
5331 L 0.4 4 62 400 140 120 | 520323-1-13

Table 2.8 Summary of 5B (System Effect) Test Run Conditions

Peak |System |Supply |Initial |[Flow Jinlet
Run |Power |Pressure Water Rod Housing|Water Mode| Run Date
(kW/m) | (kg/cm?) |Velocity| Temp. Temp. Temp.
{em/sec)| (°C) °c) °0)

5501 0 1 5 20 20 95- | B2 [520316-1- 3
5502 O 1 10 70 70 95 | B2 |520316-1- 4
55031 o 1 5 90 90 80 | B2 |520324-1- 5
5504 1.7 1 5 270 90 80 | BZ |520324-1- 6
5505| O 1 5 100 120 | 80 | B2 520324-1- 7
5506 1.7 1 5 170 120 80 ‘| B2 [520324-1~ 8
5507 1.7 1 5 270 120 80 | Bl {520324-1- 9
5508, 0 1 5 300 300 | 80 | B2 |520324-1-10
5509 1.7 1 5 450 300 80 | BZ |520324-1-11
5510 © 1 5 270 200 80 | B2 |520324-1-12
5511 1.7 1 5 330 200 80 B2 |520328-1- 4
5512| 1.7 1 5 320 200 80 | B1 |520328-1- 5
5513 © 4 5 160 160 120 | B2 [520328-1- 6
5514 1.7 4 5 200 160 120 | B2 520328-1- 7
3515 0 - 4 5 200 200 120 | B2 (520328-1- 8
5516 1.7 4 5 330 200 120 | B2 (520328~1- 9
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Fig. 3.1 Schematic Flow Sheet for Determination
of the Orifice Flow Characteristics
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Fig. 3.2 Orifice Flow Characteristics
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Wy: Steam Generation in the Core 34: Downcomer Flow Area
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of Flow Resistance Simulator §: Connecting Line Flow Area
As: Orifice Flow Area y: Density

Fig. 3.5 Test Rig Diagram for Analyzing the Steady State Conditions
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Fig. 3.7 Effect of Flooding Rate on Quench Behavior
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Fig. 3.12 Pressure Differences Behavior
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Table 3.1 Summary of Oscillatry Behavior appeared in
Series 5B Experiment

Date P/Injection E Housing _ _
Run No.  52-03 Mode (V) | Temp. Oscillation
: (kg/cm?a) °c

5503 24—1:- 5 1/B2 0 90 | negligible
5504 1 6 1/B2 22 | 90 | small

5505 | 1- 7 1/B2 0 | 120 | neglibible
5506 1- 8 1/B2 | 22 120 small

5507 1- 9 1/B1 22 120 | small

5508 1-10 1/B2 0 300 | large

5509 1-11 1/B2 22 300 large

5510 1-12 1/B2 0 200 | large

5511 28-1- 4 1/B2 22 200 | large

5512 1- 5 1/31 22 | 200 | large

5513 | 1- 6 4/B2 0 | 160 negligible
5514 | 1- 7 4/B2 22 160 | large

5515 1- 8 4/B2 0 200 negligible
5516 1- 9 4/B2 22 | 200 large

THROHE, BELSRDE, RKETE, Frrvx - vABRES 200CLLEOES, 0
AARICERE AL, 120°CUTTE, Fotihds 22V OB Ta UMEETH 4 pIKET
3, FROH e 22VORICHE LD TV A,

R&UE T, Run 5510 25T, ESMEEMEEL S FICRTFICRENE LT bo
(Run 5510 TiF, Eiko &) , WKL TR, EXERENEOSRESAE L T %0

21 RERZOEAL

#RiF Fig- 3 30 WORT IS ITHARTRINA LT 20 4
3 FEEMSE 4O EEFC7EH CRIIENS.

FHWERE S EERTOAT,

i DFLE Dy s

ﬁ;\l

min = %Az Xe + 71 As Us (3 16)

reAsvs =71 A Xo + Mou (3.17)
RN oOES AR T,

— (— X X1):P13*PI“Tf Xy =Ky — X5 Xy (3 18)
dt g ge 28c

d s . g Tr . .

— — X, Xz):PQS"PZ_Tf‘—'XZ*Kz’ [ X2 ] X5 {319)
dt g¢ gc 2g¢
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LI P, ~ P, Ks— vy | (3 20)
e — — e 1] 4] .
dt g s 0 * o 3ch ’ :

(316) ~ {3200 KLY CED R

rf A;

1 .. Tf 2 -2 rf - . . .
_"(Xl'l"""XE +— L) X1+"“"(XI—X~2)+7 (K1|X1|X1*K2|X2IX2
gec A A L 2g ¢ :

g
+K3!u3iua)+ Fe— (X~ X2 )

gc

D 1 X, d “ o 1 L d . ) (3 21)
= - — — —(mijp—m - — — {m . 21
2 1 2. A2 dat n onut g As dt cut

2L, LEOEKEZ

A, Koo 0 SHCERHESMIER, EE
Ae, Ko @ &0 v < iR MR, HSHIARE
As,Ls, Ks: HEEMMER, G408, BIGRK
My, : £92H<BAOKOTHEBEE
Moy 0D 50RO E

T KoOHEER
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g . BEhmEE

gc 1 B AILEEEHER
BOICERAVF L8, EFEEZVIE, Fo ) —F — v kEE 4 v 7 EE OB AT
LT A,

Mout = Mgout + Mipyt (3 22)
1 m z
Pi— P, = KL+ — -( “m) (3.23)

fzt2L, Ap, Kp @ w— 7B, HEEERK
Mgout , Miou: LHS LAl SOBEGM, KOS ERME
Tg | AR OLEE

1 - ERFEU FEIRE

EEIRENEE
B O HIC, TEOEMELISIKKDOEASNTVEOEREL THERESMARD 2.
(3.21) R,

Ki: =K: =K, =10
lri'linzniloutzo
P, = P,

sl &,

A1 A.l . .2 -2
(X1+XX2+"L3)XI+(X1_X2)+g (X:—X2) =10 (3.24)

2 3

Tol (3163, (317) &b

ArXi+AsXs = M/ 7y — AsL: (Const) (3.25)
(3.24), (325) X0
X+ o?xe(XX+X) =0 (3.26)
7277 L,
X = X — X

Xo = (I\fl"rf AS Ls.)/rf (A:+A2)
v = g (1+A1/A2)/L* (3.27)
& = {1_ (A]/Az)z}/L*

L*

(1+A1/A.2) X0+A1L3/A3

AREBEEICETIE ATA, THEZODT, (326) T ex~0LLTEOELUOEA
HiREH e, Z2RXHBECLEMNTE L.
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2g

w, = (3.28)
2X0 + A]Ls/AH
2Xo =&, ALy  As = £% EHEFEIEETIE
2(E+€7%) ‘
-z (3 29)
g

THZ 615
KEBSBICETE €% iR
22.15

£¥= - X
6. 16

N

32 = 11L5 (m)
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FERF — 2 L oG
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iy (NOMBEOFMT T, 4B ~6PRETH D, (IOHEBRDO LI 5m~SmBETH 2.

W REORBICEZ L, REH, BHOISORE I HERDT O,

(VI (ISR TE (329) RT £7~10 L3t F—2-3iF—FKT 5. (NTE%E LD
i £¥=11.5 £70u LT 2. )

2} iuEHoERED

(3 18)~(320) RiILHWT 2, WHEH K., K., Ks BENThOTROERIES 4P 1T

G=1~3
SHLTHRAKTEZE SN T Do :
rf . .
APfIZKl' "‘““IX]’Xl
2g
T . .
4Py, = Ky« —— I X, | X, (3 30)
2g _
Ty
dPf, = Kz o —— | u3 ] vs
2g

7, FLETORE X; (~X) ORZNLEEHR S cm.sec THY, 32 Fifscsm
TOHE v TEW 20cm sec WHIEL T B LT, BWTHLA /LW ZH Re; 13
OkiE%E 80 CE LT

0.05 x 0.0126

Re, = = ~ L7 x 10°
0.37 x 10
0.05 X 0.0535

Re, = - ~ 72 x10°
0.37 x 10
0.2 X 0.028

Res = —— ~ 15 x 10
.37 X 10

L0, £ OBATHRE L TR - TE T & D5/ o
LR, & < HER |
KIS B ST 27 S EBEAT, L4/ A KA LT Rey, Res BEDE X,

APf —_ /1 .
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ThbHo (t=07T V5 =B

FREARIC, PEYD (321) REOVAUOBRE TR -7 Ks OBICHL BESO2 b0
AT o

Ik EhiF, FIEETOY ) - XRBRTOATHERER OEIT

Ks; = 120

BETHY, SANCENTI~4EEREb 2 Etbh b

LDZER, FEETOYRATANEEY ) —X5ERTO Y X7 AICH~NT, REDHE L
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KEDPWR T, COALBROEHNEOBRETH 2,13, EBOBTABESCRIZTEER
FTHAIEBDNS

342 FOLESHOFEEZRHEMOREREOBFR

1 oM

AEFTOEMNZ, COEBEDISN, Furav—, EAHOEBEREEET L VR 7T AICED
B5ET N7 —HETFTRA I BEOMIENOUEZEREB A4 T IEREHONEC LS B0
THHS, BOORED, BEEBSCII A AFBEC LTRE « HET 2720,
IR T S0 _

LT, MUREBEEI LTS E, ENFHRORBICHET IEHFERL, Kok
KHRHENGo

mX +cX+kX=-F (3 31)

T, X2, B, midBHEE, o IRHEIE, k 28EIE, FRIMESLL, XOoFmEN

M&Et 5. (331) Ric, XERL, BHO—H A 7 VK> TRAT S L,

1 . 1 .2 )
E;nnf+3-kx] + chdt==—§Fth (3 32)

E%mf-%%kXﬂ DHI, BERBT—ELEL NN, UBEE 0T 2L, &
EhsfRikt T 2R ET, RATHRINS.
fcx dt = — §Fth (3.33)

—fRIC, i3, BRESKIZZAVFERTHD, FBICIBRED I, ﬁﬁmm%btw
HZERBOROOT, TANVFEKEIT, BiCEELL L.

BB, MRACEBZZ~NOZFAFEBERL T B

~ FthﬂEfé%%#%ﬁzéC&mféa

9 X= Asm wt, LT X=Aw cos wt = Awsin (ot +-—)

Fh, F=Adn (ot +¢) EF2&

—fFth=—AA % sin >0 E (3.34)
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Fig. 3.37 Definition of Some Variables for System Effect Study
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Fig. 3.38(a) Block Diagram of Data Processing (X-Y Plot)
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Fig. 3.38(b) Block Diagram of Data Processing (X-Y Plot)
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Fig. 3.39(1)

RUN NO. 5503

Av,: Inlet Velocity
Fluctuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
(Orifice for Vapor Flow
Measurement)} and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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Fig. 3.39(2)

RUN NO. 55304

Av,: Inlet Velocity
Fluctuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank

* for Entrainment Rate

Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5505

SPPHT

Av : Inlet Velocity
Flictuation

' aVg ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
#' {(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold=-up Tank

E for Entrainment Rate
Q~ Measurement
Qo
\ Units: Arbitrary
s
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Fig. 3.39(3) Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5506

Av_ : Inlet Velocity
Flictuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
{Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Fig. 3.39(4) Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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AVR: Inlet Velocity
- Fluctuation
B [
2V ADPTS, ADPPM and ADPHT:

bifferential Pressure
Fluctuation of Test
Section, Pump Simulator
A (Orifice for Vapor Flow
Measurement} and Liquid

3 Level of Hold-up Tank
g—_ for Entrainment Rate
a Meagsurement
q Units: Arbitrary
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Fig. 3.39(5) Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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A RUN NO. 5508
Av,: Inlet Velocity
Flictuation
aV ADPTS, ADPPM and ADPHT:

Differential Pressure
Fluctuation of Test
Section, Pump Simulator
A (Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

App PM

Units: Arbitrary

vV

Y

Fig. 3.39(6)
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Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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Fig. 3.39(7)

RUN NO. 5509

Av @ Inlet Velocity
Flictuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5510

Fig. 3.39(8)

Av_: Inlet Velocity
Flactuation

- ADPTS, ADPPM and ADPHT:

Differential Pressure
Fluctuation of Test
Section, Pump Simulator
(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5511

Fig. 3.39(9)

Av_: Inlet Velocity
Fluctuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator .
(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO., 5512

Av_: Inlet Velocity
e Flidctuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulater
{(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Meagurement

Units: Arbitrary

sy

Fig. 3.39(10) Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN XO. 5513

Fig. 3.39(11)

Av_: Inlet Velocity
Fluctuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
{Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5514

A PPHT

Av : Inlet Velocity

! Fluctuation
. >
A(V:E ADPTS, ADPPM and ADPHT:

» ' Differential Pressure
Fluctuation of Test
* Section, Pump Simulator

(Orifice for Vapor Flow
3 Measurement) and Liquid
Q. Level of Hold-up Tank
EQL for Entraimment Rate

q Mea_t’surement

Units: Arbitrary

Fig. 3.39(12) Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5515

Av_: Inlet Velocity
Flictuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test
Section, Pump Simulator
(Orifice for Vapor Flow
Measurement) and Liquid
Level of Hold-up Tank
for Entrainment Rate
Measurement

Units: Arbitrary

Fig. 3.39(13) Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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RUN NO. 5516

Fig. 3.39(14)

Av,: Inlet Velocity
Fluctuation

ADPTS, ADPPM and ADPHT:
Differential Pressure
Fluctuation of Test Sectio
Section, Pump Simulator
{(Orifice for Vapor Flow
Measurement)} and Liquid
Level of Hold-up Tank

for Entrainment Rate
Measurement

Units: Arbitrary

Lissajous's Figures for Some Differential Pressure
Fluctuations and Inlet Velocity Fluctuation
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