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SUMMARY

I. Project Title

Thermal-Hydraulic Experiments and Modelling for Advanced

Nuclear Reactor Systems

II. Objectives and Importance of the Project

The main objectives of the project are to study thermal hydraulic
characteristics of advanced nuclear reactor system of APR 1400 for
evaluating new thermal-hydraulic phenomena relevant to new safety
concepts of the reactor, Development of high standard measurement
techniques and thermal hydraulic models applicable to the safety
analysis code is also important research scope of this project

When a new design concept is introduced to enhance the safety of
nuclear power plant,the design concept should be evaluated and/or
validated through appropriate experiments. APR1400 has many new design
features such as reactor vessel downcomer injection and IRWST. To
evaluate the contribution to safety enhancements of the new design
features and to understand new thermal hydraulic phenomena in the new
design, a series of thermal-hydraulic experiment and computer code
analysis were performed. Accumulated experimental data base and
thermal hydraulic models developed in this project will be used to
develop a futue LWRs and also to increase safety analysis capabilities

of the safety systems of the existing nuclear power plant in Korea,

[II. Scope and Contents of the Project

- viii —



To meet the above mentioned goals set for this research and
development project, several thermal hydraulic experiments related to
APR1400 were performed and thermal hydraulic models relevant to the
new safety features adopted to the reactor design also were developed
with the experimental data which were produced through the thermal
hydraul ic experiments,

The followings are main research topics;

- Complicated Thermal-hydraulic Phenomena in a RPV Downcomer

- Condensation-induced Thermal Mixing in the IRWST

- Development of Thermal Hydraulic Model for Two-Phase Flow

- Development of Measurement Techniques for Two-Phase Flow

IV. Research Results

1. Boron Dilution Test and Analysis in a Reactor Vessel

In this study, a mixing phenomena of the borated water in the RPV
downcomer and core inlet has been studied. The delayed boron reach and
core bypass phenomena of the borated emergency core cooling(ECC) water
injected by a direct vessel injection (DVI) nozzle during a main steam
line break (MSLB) accident with the reactor coolant pump (RCP) running
mode have been occurred when it compared with CLI injection mode
simulation for a two-channel downcomer model using one-dimensional
system analysis code, The injected ECC water of the DVI mode into the
upper downcomer of reactor vessel has been bypassed into the upper
head by the RCP driving head. However, the ECC water of the 6-channel
downcomer model of 1-dimensional system analysis code has been well
penetrated into the lower downcomer region, The multiple flow channel
of downcomer has a role of bypass flow channel in the downcomer
region, thus the ECC water flows well to the lower downcomer region
through the neighboring downcomer flow channel. The boron
concentration contour of the 6-channel downcomer model shows the

penetration flow pattern of the ECC water into the lower downcomer.



For the plant T/H system analysis, the boron concentration of the CLI
mode and the DVI mode were compared with other T/H parameters. The
borated water does not flow into the core inlet through the lower
downcomer of the reactor vessel due to the high RCP flows during the
HPSI injection phase for the DVI mode while the borated water flows
easily into the lower downcomer from the upper downcomer during the
CLI mode. Also, a three-dimensional computational analysis has been
performed for a 1/5-scale single phase model using CFX code. In the
three-dimensional CFD analysis results, the borated water injected
into the upper downcomer region penetrates easily into the lower
downcomer during the DVI mode. For the CFD analysis, the flow field
was assumed to be a steady-state, incompressible, three-dimensional
flow. The SST model was applied to simulate the turbulence effects.
The CFD analysis result shows that the flow pattern in the downcomer
is a fully three-dimensional behavior. The borated water generally
flows to the lower downcomer. The borated water injected into the
upper downcomer region is ejected effectively into the high flow
region of the cold legs and flows easily into the lower downcomer.
The 1/5-scale single phase test results, to confirm the flow velocity
in the downcomer region, show that the flow pattern is highly varied
on the azimuthal angle from the hot leg. The velocity profile
including boron concentration of the core inlet would be highly
induced by the unbalance ratio of flow velocity between four cold
legs, the inlet velocity profile of cold legs, and the shear stress
model etc. Therefore, the further studies are needed to evaluate these
effects. Also, the single or two-channel downcomer models of the
system analysis codes might need to be re-evaluated to simulate more
accurately the boron feedback phenomena of the main steam line break

with the RCP running mode and DVI ECC system,

2. Experiment for Boiling Phenomena at Heated Downcomer Wall

For the investigation of the downcomer boiling phenomena of the

APR1400 experimentally, a separate effect test program was progressed



in the steady state flow condition, Test was performed in the DOBO
facility which adopts a full-pressure, full-height, and full
downcomer-gap size approach, but with the circumferential length
reduced 47.08-fold. The test was consisted of two phases: (I) visual
observation and acquisition of the global two-phase flow parameters
and (II) measurement of the local two-phase flow parameters, It was
found from the Phase-lI test that there was 1) an occurrence of
countercurrent subcooled boiling flow, 2) the creation of a distinct
bubble boundary layer whose thickness varied dramatically with the
applied heat flux 3) smaller average void fraction and thus the
reduction of the hydrostatic head for a core reflood was not so much
severe as in the prediction of RELAP5, 4) subcooling of 4.3 -5.50C at
the bottom of the test section.

In the Phase-11 test, the local two-phase parameters such as the
void fraction, bubble velocity and liquid temperature were measured on
the 5 measuring planes by using a newly developed 5-conductance probe.
The local distributions of various parameters reflect well the results
from the visualization of Phase-1I, The existing interfacial friction
models of system analysis codes were evaluated against the obtained
data, It showed that most of the models of the interfacial friction
coefficients have a poor prediction capability against the present
data and they should be improved,

The measured two-phase flow data were also compared with the
results obtained using the safety analysis code MARS 2.1b. Three
models were used for the analysis of the downcomer boiling phenomena:
a single-channel model, and a four-pipe model with equilibrium and
nonequilibrium cross flow-velocity options. Although the use of the
single-velocity model in the two-fluid code represents a significant
simplification, the results of the equilibrium cross flow-velocity
model provide important clues for the best direction of code
development for simulating multidimensional two-phase phenomena. By
comparing the results from the three models, we can conclude that 1)
the conventional single-pipe model with a single channel for the

downcomer exhibits large discrepancies from the void-fraction and



liquid-subcooling experimental data, 2) effectively predicting the
downcomer boiling phenomena require an appropriate nodal scheme and
flow regime map on the cross flow junction, and 3) the subcooled
boiling model of MARS 2.1b should be improved in terms of the wall

nucleation and interfacial heat transfer.

3. Condensation-Induced Thermal Mixing in a Water Pool

Steam condensation test has been performed to characterize the
steam condensation phenomenon for the unit cell sparger and to provide
test data for a code development and its verification for an APR1400
reactor. The steam condensation test program consists of 20 steady
state steam condensation tests, The tests were conducted at the B&C
Loop and a simplified I-sparger with a bottom hole has been used for
the steam condensation tests, The main parameters of the steam
~condensation test were pool temperature and steam mass flux.

Thermal mixing phenomena has been studied using the test data
from the steam condensation tests. For this purpose, 64 thermocouples
were installed to measure the local temperature as well as temperature
distribution in a cylindrical tank, The main parameters of the steam
condensation/thermal mixing test were pool temperature and steam mass
flux.

Some verification analyses were conducted to setup the optimized
CFD methodology especially on thermal mixing analysis in a large water
pool. The steam jet condensation phenomena are simulated using the
steam jet condensation model developed within this work, Some
sensitivity studies for temperature field were conducted with respect
to differential method related to convection term, grid number, Solver
algorithm, and parallel calculation scheme, etc,

Steam jet condensation-induced turbulent jet flow has been
studied using the steam jet condensation tests. For this purpose, a
pitot tube with an imbedded thermocouple was designed to measure the
jet velocity and temperature, In addition, some thermocouples were

installed to measure the local temperature as well as temperature
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distribution in a tank. The main parameters of the steam jet
condensation-induced turbulent flow are assumed to be pool temperature

and steam mass flux.

4. Development of Thermal-Hydraulic Models for Two-Phase Flow

The thermal-hydraulic models developed in this study are
interfacial are transport equation, steam jet model, droplet model in
the horizontal pipe. An interfacial area transport equation was
derived with independent manner from the basic balance equation
represented by Boltzmann equation. The derivation has a meaning as a
start point to develop an improved model for interfacial area. The
development of a interfacial area model should be based on appropriate
prediction for the general two-phase parameters. In this study,
multi-dimensional computational fluid dynamics (CFD) code was
developed with the interfacial area transport equation. As benchmark
problems of single-phase flow and two-phase flow, a natural convection
in rectangular cavity and a subcooled boiling in vertical annulus
channel were analyzed, respectively. Consequently, the robustness in
calculation capability of the code has been confirmed for the analysis
of buoyancy-driven flow and void propagation in subcooled boiling.

The steam jet condensation model has been developed to assist the
CFD calculation of a local temperature distribution in the APR1400
IRWST pool. The purpose of this model is to obtain a velocity and a
temperature value of a entrained water and a condensed water by
applying mass, momentum and energy conservation law into a
condensation region which is developed based on the steam penetration
length, The validation of the steam jet condensation model was
performed by a comparison of CFD results using the data of the
entrained water and the condensed water with the experimental results,
The comparison results showed a good agreement of CFD results and
experimental results., Therefore, the steam jet condensation model may
be used to predict the local temperature of APR1400 IRWST pool.

In order to investigate and to predict the characteristic droplet

behavior in a horizontal hotleg during a reflood phase of LBLOCA in
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PWR power plants, droplet diameters and droplet diameter distribution
curves were measured by the Freezing Method using liquid nitrogen with
5% error in annular two-phase flow for a 3.7lcm ID and 1m length
horizontal pipe. The experimental results correspond to that of recent
research by laser scattering method. The correlation about diameter
distribution of measured droplet is suggested by EPF(Extreme Peak
Function),

Data Base was made for the experiments performed in the thermal
hydraulic departments for the enhancement of the reliability of the
experimental results and efficient control of the experimental data.
the Data Base was prepared according to the Data Base documentation
format and reviewed by the cognizant engineers, and the document was

issued and distributed for official use.

5. Development of Measurement Techniques for Two-Phase Flow

By improving the wave-guide design an ultrasonic measurement
technique was developed, which could efficiently identify the flow
patterns for horizontal two-phase plug flow, slug flow, dispersed
annular flow, and stratified flow. By improving the arrangement of the
probes of the previous 5 sensor conductivity probe, an advanced
measurement methodology was developed for more effective measurement
of an interface moving velocity, The effectiveness of the new
methodology was confirmed by comparing with an improved photographic
results, A wire-mesh system was developed to measure a
multi-dimensional single-phase concentration distribution. A real time
response characteristics of the wire-mesh system was analyzed in
accordance with the concentration change of a salt water, A phase
separation algorithm was developed, which could extract each of a
gas-phase signal and a liquid-phase signal from the total measurement
signal of a Hot Film sensor for two-phase flow, and a void-fraction
and a liquid velocity in a bubbly flow could be evaluated based on the
extracted signals. It has been confirmed that a bubble deformation
effect should be compensated for more accurate void-fraction

measurement, By computational fluid dynamic  analysis, the
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applicability of a bi-directional flow tube to single-phase flow was
evaluated and major design parameters were developed, A methodology
was established to measure a liquid velocity in two-phase flow, A
local bi-directional flow tube was developed that minimize the flow
disturbance, and the k value of the bi-directional flow tube was

evaluated,

V. Application Plan of the Research Results

The research results will be used to evaluate the key thermal
hydraulic phenomena of the APR 1400 which has already got the standard
design approval, and also used to confirm the safety concerns of the
reactor,

The experimental database and evaluation technology obtained
‘through this project could be used as basis for the development of a
new reactor and safety evaluation of the reactor, The inherent thermal
hydraulic models developed through this study will contribute to
extend applicability of the new safety analysis computer code under
development in Korea.

The detailed application field of the research results of this
project can be summarized as follows:

- Evaluation of complicated multi-dimensional thermal-hydraulic

phenomena in the RPV downocmer:

- Evaluation of thermal mixing phenomena during discharge of high

pressure steam into a large tank:

- Development of thermal-hydraulic models for new thermal

hydraulic phenomena:

- Construction of experimental data base for later uses.

Because the reactor-specific model experimented and the research
results achieved in this project have their own unique characteristics
in worldwide, we expect advanced counties will develop joint research

programs on specific research fields. And we also expect the thermal



hydraulic database obtained in this project can be merged in the world
class database and KAERI can exchange technological information with

advanced country in equal terms.
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A At Fgsgden, 5 AFAIEY 5ol U BEVhNE
ERE ARFHEF AL AF7Ed AL 4 HE, MEE BY AES
53 erAsly o crpEly iyl Y, dAE GAs|Yof CF7IYE A&
te 5 =¥& FFsinh

AE ATASEL o2 T2 Feje 9, HEEHY, £F FFY
At FRAHFAZIE, BGA, HA)AA AFE Aotk

- 448 A g 29 B 2
- |48 Ay DB: 47z} 4 Data Bank 3} (MARSILE N3] AA)

ox Al

)
7
0

2o ol X
N (e

-

r
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H 2 & HX2EI|olMe S5 HAY A

Ol
—r—
=

A14d M8
1. AY o3 2 53

Al QA BatEy W & EXE F57F mehabaaly
A= 9} Post-LOCA Al2] =AlojlMe] H& W 75
Ao wWE LaloAe] g FI TAtol #Y A
oltl. AloAle] BAtg Eitzp FEAEY EY @42 EF AFYe
o] FQupalz} ZA4Holr2l Ejto] A @S =T APRI4002] MSLBA]
RS FAYE ARARASE ZERolA Upper HeadBOZ §4
= Bypass %3 vt A7|E 7‘-&— t}. o]2]gt APR1400 DVI ®jX] ZZoj
r;ﬂb’]- MSLB 5}])5‘;] RCP7]. xl%.g] A, _I?L }b DVl _;rl_ols] H]ALLAILuyl
47} RCP Forced Flowoel 2]3l ~ 01]*‘] Upper HeadZ 2 ¥ Bypass FlowE
Bgst] BAFIT 2AHLE 3} ! —railxl Rt $4ts x4l Bypass @
Ato] wbA¥El 4= it} Zt4=3ollA] Bypass Channele] ¢l 1-D Nodalization
£ M5} LAsIY Code™ MSLB ALRLE BNoH olddt 93 U wATd
@ @aol Uehdth &, IVIE B3 FUSE AFY4(Hps))Y
TR HAto] WSl A23of HPSIE FYT B-FRET eae] x4
o] 2]l “Delayed Boron Worth Insertion” EA}E -%’—‘?—__}3}12]-[1]
T3, 314 CFD shAlo] lstE VI A%t shE Zarold
71 74 g A Jsirie dato]l #SHTH3L. ol RELAPS/MARS
1-D thxd Zy zde] Azle} wixEls ZAzteltt. AA @A olAME
A AxI2LT] Afold Ha4F-9 GapLﬁoﬂﬁ Rl Ast weol B
Z 51 tidd §5HElE Zton, ogE 8t whet VI 4
Aol A= Upper HeadB Q2 IAFY47F BF —?—3‘45]1] tom, off
FAFLdT= 7""-:-«] Gap ule}l 7244 P2 & =4 Hrh
ou] ZAE AYFe olZ Aol HAIE A HFs Fi glrh
APR14002] 7422 1/5 FRE &% 7445 2uoA HPSIE DVle] ¢
& uj, DC-to-Upper Head bypass H]&o] whE u|y=ildzt4e] i &
3 ASL #BHslo]  DC-to-Upper Head bypass HAto]l A UAsHA] &
& RoF3 gith
YAZEU o2 M uf, A hé:ﬂr

=Fol M2 mAhe 74t Y B4 4AEE7Y ftF

Az
o rtr
Mr oZ - H“

—

-z
do
off
o
g
(e,
2

rJ

L
L
=

=

l-N K

(]

-—



3o XL 4% 5 23 g4Eo0| UAR, ©we3td 5 A
Y HPET AFZ N AEE FE S gt
Tl AAEg71e A2} koM FUH W W Fasv AUy &
& B3 4AE &7
gerlzE 1Y 4 9lrh

- ALY =E Y ALY =EY T ZAF

- Flow Skirt % Core Support Plates % I1RXE

- Fuel Mixing Vane

- Upper Core Structure's

Aew =3 U DLW 39 24¥ LAY 945 Qe =4
9l 72 BHabkswof mli: o] & Q4olct, EZE Flow Skirt W Core
Support PlateS §5% F2REY JFL F4 FAEF nX= 4o A
t}, whHol, Fuel Mixing Vane2 ARBIEHAY 2xo nAles F3o] 2
o ZA4F BEAEcERY Zdoxds 3A 2R Yots HE g4olth
Upper Core Structure?] 3w HAr] LAMSITEITE T HAL 4ol
ollmz 29 o] i oplch uwielA, Fate W B4 {F
Haxoo A Z4E $EEHHEAT Flow Skirto] U B, AR 2] &3
o= SHH-RE F2EY Gl F2 A cyel Bk

2279 shealaale] WSIE Bol FUHE B4l Z4R BE

U, Post-LOCA A8 WztAlEZel Aj7b5o] WE FEAFY EE : A
+¥ moo] oY A% REus UL 27 Ege] WS 2
Rojael Egtiatel wAYTY REREE

7} "t AR 753878

gt Z4E §5 o] A FHLHE 40t Fu 7}°‘7§-’Fi4 B35
OPR10003Z} APR14005-& 2-Loop PlantEA 2] 7]35l8t3 HAEE Z3 9o
4 rrolsith. Zd4Bulof A Loop =9 Aol v T}

ey on e Zzegith, ZAeFuod S Fel uXes 22
| "@A3) ctEn, A2y AEL o] old wiel Wty wiEelth
OPR1000Z} APR14008] =2 o z2#e] 35E: FYUFIR| T YestingHouse
2] AP1000o] M= 22z}t 232 o8] =7} thErh Leopd] AZ i
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Bl 74H ST nxlEe @3] ml$ Arh. DVIWAY F9 vt
2+ B3Le  ZEHoA o]Fojxz|mt, (LI ALE AN
Pre-Mixingo] Z3E] L U Zr5Eo)A 23} EFo] o]Fojzc}. ALHY

}

$50] A Po| AKREY A9 B4 ¥ TP $IYol
289 2471 BT Loopd, WAFYS FAYA3} AR
AW RS Bare] 4EYHE 24 ALY FEER9 ¢AFY AR
utel A AT &, 4 e AL
o 2U&ET} MR BeE FEP
e ABE zds, ALT U7 URAEE FEPolM 2 ALB A
2o TgAUSA A54 BEE 2oste maAly 4o Eahsich we
A, gzt ARY ol AYPeld Z AL % 2dol BYY
298 22 Tho] gou}, wlt¥d A2 RE2e] ©he 4y s
Er, LAYTHY SEEE HES AU thE Bexel grh

=
MLSBALSLA] HPSIO) 2j3) F® Bat4e] Z4% B¥u Wz

B
7NEA Y] Bitg EXSE tfFo s st A BAM, fAIZY 79 32
zoie stof wls] 3zt A7|ns}b 2L Bpolch o] FE Y o F¥
njojsle] BEg AhMS] et A3et 3A tiEA] rh. uwhetAd, 43
Ae ez vz MAZ AP ZHoA Forced Convection Mode2] 73-¢-

Lexjel wE £y e IA 1A otz € 4 QUrh

Hals|d w Al3e] E.8 APRI400 MSLB Ap3lA] RCP7F Ztsshe 27
oA DviZt FQH wf, ¢AFYST} B4R SRR FHUEA A2
Wzbel Atz Esi A EHE BEEshEY SEEEu RH Tl
o 4EEX o] iyt F4E A5 AE] HT oD A dHE +
Bste) Ztzt vl Briske Zelth o3t vl 7} , AE & &
Selde eldAdS AFste], ulA R Al C 611” 2o Ad8S
2% Zlojt}.

¢

_‘

2. B dFER B

Zujol A BargAaiae] gt A7 F2 FLUNTES o83
H*}il’fi*}i'— BEMBo] #y=gon, s FAe ety HEZ I3
AAQ ABL $AHA] okttt FA8 AHEE, FHF YAEE O

2 433 PKL Test%-ol gl o, ROCOM(Resendorf Coolant Mixing Model)
o] <=3E|git}t. ROCOMAI 8L 4-Loopd 1/5-Scale Acryl BX| 2 84}l
Holefofl o] EYAIZES F}stHTi2.1-1]. ol2dol= WHT Ul

Of
F-.-: ElJ

12 ¥ oot (o g

}

0>'
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1/5-Scale Vattenfall Test facility?} VVER-440& TiALEFF 2/5-Scale
FORTUM PTS Test FacilityollA] Slug Mixing ZHo]A@So] S43xjdct.
ROCOM3} Vattenfall AHE FAtAe] 4 Holdele] Bis=Ex W 2=
B slRolNY 4EERSS &ste 2b 2+ CFD(CFX, FLUENT)AAT 2 3pe}
ulZstgch  CRDAlAtlNE «—e REI SST & GFREET o3t H7d
H7F AAFScH2.1-2 & -3].

3. F8 99 ¥

2 d7e 32 @49 WYL FEyAY W £5 ETRYelrt
A ool 3] 34
4287 =AM
Zghagolct.

ot e

4. 3 A

E d7& APRI400S FRUALE ShHe 2-Loopd 'HALolA WZA)
At ZAUF EY 2BE ARAELIY B el
2ob =AYFA G0N FERE 5 JELE AWRIA YTk 2
L aeazt ALy wxo get F4HE A SELEE X
w73 o 272,58 A FellA BFYUTh ol
b 4ol ¥ 45 £XE AZUCE ALY ohxd
3 24 CFDR Y o, AR SHFolA SEREE M
fgoich dAlE 8719 22 U AR BAzAY AW
A2 E3RT AAE FAHE F4Y P =X BTT &
=3 3A Azl etgigol WEH7
T BXE wio% BY g7z 3
w4l FEe] s At ElR

Al B
2 orh R oM 4EEEI FUsE, ALBeR F

4 b o8
& |-
2 fr N

)
o
0 o
W
N
lo
63
iy
Y]

4>
o I A ;[H:
4
N
fn

b & 2
i
)
oy

¢

B ofd [N
o

2!
N

flo of & 4o | 2
o

)
=
N

% off 12
4
n
fijo
o
k)
N
" >
hul
:ﬂv
ol
s
—Hz
:.'[_:'
-z
A
ot s
X,
X
1o
=3
0
S
S
B
2
>,
lo

4 n2 K

ol FUARE ouitith ER, B HFoIN BUAT =R
£ 459 g2l FUUS YuisiE
e Agioliel AW e FAM2
2% F 7 Julg ©a gtk MARS

[ b oY i rlor

HJ'LM
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ol &3 AT ML 22 1Y 2d gAY EAFE miotzt tid 7
2 molo] FLa] 1 x4 2wl Delayed Boron Propagation@ 48] Ay

qHE AZsle UM S Arh weld, MARS Z=F 8 A
ZAAre Algolul, CFD iz B3 waE s ¢or, DVIg CLIY H%
wAWZS el Mo} whE Boron =AAAEY Y Hla Fol ¢I3EH
olth. CFD sjA& CFX AHL3=E 2 g&3lo] $333ln, Single Phase Al
of tigr Z48 U wage A BZAE S¥stgch. (FXe Versionl0
& Apgstgrh oFX Ruodls HE dAYSS 13t dgen, A
o] zAL APl zAI HUA AdAPsidch £ CFXRE2 1/1 Full
ScaleR @] 3|MolE SUsA AL 4 gl weld, 2229 {4}
q 52 7} Scaled] W& BAE Z7 AFH 5 Urh

A=1
2
3
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A 2 2 B AR 25

B A3 B3] 7 BAEY A¥AXE (1) 42 ddLd F
APE)A Atare] ABAES sty A% A AT, (2) SN A
2] 27127 9 AARZAE wmonitoringdlil ALl e wE F2 WY
AES 3317 AT “ASF AZ", (3) ASH T2 H4Y ojd21 A%
£ tiAd A3 " T BY Jhe3t FUY o ua, §F A
22 93 BFREo] A3y 4% “ARIE AT, ez (4) FAHA
2L 2/2A U FARAE Aoty ST “Aof AT L2 T4
t}.

2 Hojd: BAdN APAAE 4% & ATY F& AASFAS
S ARz} 3t}

1. &2 A%

B AFARL SA4 ASL BAEY AaA] FEAb4(unborated
water)?] Zio] UAEHE Az £7)el BERAg FFA ARES 4
M A%, <8 BE, AF B3 o2 ™o

37 2.2-18 B B3y Agax] fAASY 78S YR B
o2, 17 2.2-2& 2 AP G2 &7l dFH T2 vjHe] HH
F4E ot vy a¢ 2.2-32 £ APAAY (AR &VE FHLS
2 3 APE AAES BAET).

Azlz LrloE 4719 A2@I} 271 2, 12| 27H9] DVI )
o] dAEe] glrh. A& ®¥3 (RWT-1, RWT-2, ECCT-1)uie] E2 A tie
B3xo] o3 zZt ALy % VI wjHEE B3 42 &7l FFEH, 2
LTE B3 YAE £7] AR YAt AY FFo gl 22¥E T
3 HEH B2 i Z NAHAR HLE AAEIAU AP JFE

Zct

3
.3

7h. ¥AE 871

B oasabx)e] 212 £7]= APRI400 $IA1E &7]E 1/58 A¥ F&
3te] dABIETE Y2 &1 7 NE W laser light®] F37F &ol¥t
olzdE A 2}s}gict.

a7 2.2-4~2.2-80] AAH uiel Zo], HxE £y YF UMY
U7 2 R At o7 747t 928 ont 828 mmolw 4R S &

flo o
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50 mmojT}, YA LIlole 4748 ALY =23 2y L2 =&, 13
2 2708 DVI =Bo] dAF ] gl 7 =& Arjzt= APRI400 YALE
oMo M) AEE BEsigen, Z = Aol APRI400 HUxZo]
A Att) Hole] 1/50] siwitch EFH AP =&, ALY =&, I3
DVI =22 A E APR1400 HALE A x4 1/50] sfZ3ict.

AT & 2 VI =& 53 F¢E Fodsr B 5
2 87 7}4RE ulel Yxi2 £ I SYHOE o]F¥ F, AR &
7] & Alzlg &L uigl 2e3e B3 JRE YEHch 4R §7]
Zoto= Z4Hy 334 94 (r, 6, z)dAY #F &= FFE& AT
laser transceiverZ} dx|¥ ¢} Qlch

Y 2.2-9~2.2-120]4 R upel Zo], HxE 7] sHY- Sl
= Flow Skirt 2 Ax|7} Fulgo] glojA A¥ FAo] ute} Flow Skirt
9] eh/Bxto] sleslEE stgct. Flow Skirte] A% AA &2 21¥
2.2-113} 2.2-120] A A=} Qlr}.

L e A

QA2 grloj 4718 HL23o] dA= S gt dAE §719 4 A
T 2ol Zo] 900 mne] T ol o]} FE o] AZAEC] 9l
o, ol ¥olZ YA A2H =& UL 152 mojTh

Oy 2.2-1004 BE upeb o, A2#-13t ALH-42 shie] HE
(PP-CLI4)E Ffdle]l f5& FTFien, AL|-28f A2-32 3t
W (PP-CL23)E FHele] /5& FFuLeth I¥ 2.2-2004 R uipet
Zol, Aew-1 W A4 7 wjBolE VVCL-13 VL4 +F &
WHyl dxEe] glom, ALH{-2 U AHLH|-3 7z wjHele V/V-CL-2%
V/V-CL-3 2] =% B wns} dxsoe] gt V/V-CL-13} V/V-CL-48] A=E
ZAst] A1 L ALP-4 Aol /T B v[&e Ao,
V/V-CL-28} V/V-CL-38] 7|=8 ZAste] A2#-2 % ALP-3 Aol /%

ol ¥l &S Aojjich

lo rfo

AT 7] 7 I =FoE 2 Ux FEHo| dAZE] dleH,
DVI-1 & DVI-3 ®j&e 3hitel H(Pp-

t}, DVI-1 @ DVI-3 Z wiFel: fEAe] AHEwiHel FCV-DVI-13
FCV-DVI-30] Adx|¥]e] gltl. FCV-DVI-13} FCV-DVI-32] =& A3t
DVI-1 @ DVI-3 Aol {3 &l w]&S& Alojdich,
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HA2 £7] I2H kFolle= Zo] ¢F 1,500 mme] FEo] dZAE o
gom, L2UST FUHE AL AFEHA wlel AA 3 (RWT-1,
RIT-2)E 3|E AL AEAX Y52 Y&Eo WAk 2231 © 32
232 Zzke] FRole 2708 8" butterfly valveZt AX|Eo] glojA A%
BARL 34 = AF UE FEE A FUcL

th 4% WE W A% 33

F-1 4 ALAAE FFEHE F A A2 © AL2HE-32
HEH= ¥ %2 27 2ue] A2 HZ(PP-CL14 & PP-CL23)¢] A
ZA3%}o] Aojgich, EF DVI-1 U DVI-328 FRHE & {2u+L DI
P-DVI)8] 3AFE 2AESt Aot A2@ FX 9 VI BZE=

2] dwEje] &3t RE] AL AHojsl sHedt AFoln, zt B

O Cold Leg Pump (PP-CL14 & PP-CL23):

- Head : 180 m

- Capacity : 2.67 m3/min
- Revolution : 2180 rpm

- Poles 1 2P

- Frequency : 60 Hz/440 V
- Motor Power 1132 kW

- Type : Centrifugal
- Control Type © VWVF

- Material © SUS304

O DVI Pump (PP-DVI);

- Head © 130 m

- Capacity : 0.247 m3/min
- Revolution : 3600 rpm

- Poles : 2P

- Frequency : 60 Hz/440 V
- Motor Power : 30 kW

- Type . Centrifugal
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- Control Type : VVVF
- Material . SUS304

2 B3N A@Axols 2v)e] FEAbe A AFeFA(RWT-1 & RVT-2) 7}
Axgo] Qtl. AP WX PP-CLI4:= RWT-13} EAF glon, A2
B PP-CL23S RWT-29} dZAE|o] lrh 2zt AA=iae] £3k2 10 n'oln,
WL FRPolt}t, zt A Atel el sHioj= 100 kW &3] H7|3[e 7} HAH
o] gt} A73|ej& PID HYAo] Ao dAN A LEHE 7IEL
2 oF #]1 °C oA A AYe RALEE A AT HA
5 ol

EZ DVI BZof dF® AR B3 (ECCT)S] €L 1 n'oln )
AL FRPo|t}, rAFI4 ei2] HHole 30 kW &3] AVI3IE 7} A
go] gitt, A7|3|el& PID AAe] Axjo] dAS] HF =L V&
o2 oF £] °C HelolA AAAULY FALEE AFA FAIEE A
A= At

=4

AZE A
7}. Laser Doppler Velocimetry

2 Basly Adgaxels Zehu 2Xd 45 §4& JFEs7] S
Laser Doppler VelocimetryZ7} Adx|%|o] ¢lt}, Laser Doppler Velocimetry
ARl F2 At thEat

- #o]A source
o A Z A} : COHERENT
e Model : Innova 90C-5
e Type : Ar ion laser (water cooled)
e Qutput Power : 5 Watt
o I}AF : 488 nm & 514.5 nm
e Beam Divergence : 0,5 mrad
e Beam Diameter (1/e?) : 1.5 mm
- Fiber Optic Probe
o F| ZA}F TSI
e Model : TR260 Transceiver Probe

e Clear Aperture : 61 mm
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e Lens Focal Length @ 762 mm
® Beam Spacing : 50 mm
e Fringe Spacing @ 7.8 um
e Measuring Volume Diameter :188 um
o Measuring Volume Length : 5.7 mm
- Photodetector Module
o HRA} : TSI
e Type : High sensitivity photon counting
¢ Bandwidth @ DC to 300 MHz
e High Pass Filters : 5 or 20 MHz
e Intensity Measurement : 12 bit A/D

. dzxt2 £7]

AT §7lo] AW Fo FPASE The Yok
- 47 §7) B4R U
- gAE 8] B4 eE
- Q7 §7] =4 Y7 2

—

|

Qrz 871 A4F 4d FAE AV U™ =uanE (PT-C-)Y
impulse line2 13 2.2-130]M &t Zo] A 2H-29 At dA|= gl
o, Zi AREEE 110 oo sietoll ¢1X|3tch ojet A 80 mm o] RSl
o fA 2= F3 S 91T thermocoupleo] AA|Fo] Tt
23 fAlol uls) HT} e SEE ZE FRUS EE F47)

AL2H-1 T WVI-IE FYUFE Z¢ 29T SHHE AFss F5ids &
= Barge] B3 B L &A% ¢3te], 3 set?] array ¥ thermocouple
of V-1 %3& 4% st22 dxse] otk zztel 41 x| fAxE 1
2.2-140] #AA}3tect. Z+ array 3 thermocoupledf= 107§&] thermocouple
o] Mx|x]o] 9lem, thermocouple?t ZtZAL 17 2.2-150] AA]stHTE
Thermocouple AFoFE TSz} Zo}.

- A RA}F :© Okazaki Co.

- Al Type-K, unground juction

- &]7 : sheath diameter of 0.5 mm

- L2et &% 0 ¢k 30 ms
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7}aHe| M ® array 8 thermocouple o]l = =4l AFolMe] 2
=By 2HS 98 grid & thermocoupleo] A& gt 3 2.2-162
A 7o] M"Y grid 8 thermocoupled] Wix] TAZolth F 70712
thermocouple©] grid e MHA|E]o] 9lom, array & thermocouple?} %
a3 AFolch

ch. wjBAS

Aee B3 2YFHE B4 = FEASLY 2EEXE F3S
3 ALeP-1 =2 gFolE 2 setd] array ¥ thermocoupleo] A3 5 o]
th Ax ¢ Q Adx e 2y 2.2-170] AxjtEon, FeFe] dA|
¥ array 3 thermocouplez} T3 A|Eolt}.

Ae;-1014 A2H-42] Z} vjTolEe A2 E FUHe A &
T =32 ¢3), S84, ¢ EMAnNE, thermocoupled] oy 2.2-18~
2.2-210] AAY Rzt o] Ax=e] gk # AFIY F2 A2 &
2.2-1~2.2-2¢0] AAsHTL

VI TS B3 YT L7 FUHE BAY 2= FFE 6
DVI-1 @ DVI-3 :Zoll= 27 2.2-133} o] 270¢] thermocoupleo] )gz]za]
o] glt}. E& DVI-1 @ DVI-3& Z3 FYHE /A 4= F3S 98,
L.2¥7, otg E@lAnE], thermocoupleo] 1§ 2.2-22 ¥ 2, 2-23] AAH
Az} ol AAFo] Ak, 2 A&V Fo AL E 2.2-1~2.2-200 A
Al BTt

A2 £718 T 4FASt 54
o] A2z} 127 Atolof 2uhe] AR}

e

S AR $i8, 2% 2.2-24%}
EqAneE ATl

zbzte] AL B o DVl B2 A 2§ Aojsls VWF Y
e zt BEe] HALEEE A3 AT AL &Y UIE AFsia U
om, o] A= B AFAXY zAE A5 U Ao AFTLE YHHEF A4
A=l qlct.

a7l 2.2-25 4 2.2- 2600 A 2t Zho], Z+ Z el (RWT-1 2 RWT-2) %}
NAFQSE BAoE 49 S AT A EdAnEHe I /A &
T 7] W Ho]E 98 270¢] thermocoupleo] AX|E]o] it}

o4
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3. AR HE ¢ Ao AF
7V dA 71

SAE AEAA Y 28 35 W Ao AT AEZANY A= F
ol ALY e PdE FRI] A e 22 dAVNEE 3 &3t
ct.

- A7 A3 EREH F A& YF xolR AA

- A& 2 Ao 2ol vhEt calibration 3 U HA

- A FA &} AVNE ALAFTY HA L

- AMERIA Heg AS L Aol ARH A 743

- AR AF 4135 A7 ElY(scan time)S YE 23

- AL dx BFE st ARSAMA HelF e

- A% A7) AFTE ¢r$HI (unit conversion)dto] Al Z-I]O-]
ZAFE Fpdol] AR F, XPE AZ7IAE 4 AYLE 3

v}, sl=9o](Hardware) 723

£ 2R 5 2 Ao AFTY t=Sde] F8E Pz FFHIMA
a7 2.2-273 Al AfA ASFstY 5T ARFAI(E 2.2-7) 4F
A, KA, 9 AAA, ZALGA, dEAE XA, BEIFHIAS A AE
AN FAa AxQ National Instruments X}2] SCXI-1001 Chassis / 1102C 2
Y2270 AFL AZYURAQ TBX-1308& E3l JZAH}E 2EdZE7])¢
ﬁ@%n(mqsos = Aol glol FF JZ™ch E 2.2-7d+ IFY
Aqde AA dENZ, AdFEV]o] dFAEH= d3UE, gz H4Y
o ) HT|E FF A9 UER

&%  AZ7)(thermocouple)oA EHE HYAIZ(E 2.2-8~F
2.2-13)= SCXI-1001 Chassis / 1102C xjdFE7]o] A¢E AZA=RI
TBX-1303L &35} dA"c) 2Id=Z7]2} TBX-13032 A o] L (SHI6-96)L
=3l o1FH T}t SCXI-1001 Chassiso] 2ol AF AYAIE 3 7¢
A o] & (SHC68-68-EPM)S B3t AR 35 4 AHo§ FAFEo HAH dlof
B 4% RE2l NI PCI-62210 SiZAETE X 2.2-8~F 2.2-139= AYY
Y Ade AA d¥HE, AEFT IV ddEH= dHHE Fo] LERt &
T}. SCXI-1001 Chassis / 1102C 2jd=Z 7], dZAd%z} 2 dojy =3 A=
of uigt ZHeF3t Apok2 F 2.2-140] UERYG At =4 HAFE=

e
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grid®  thermocoupled] CTi3jAE calibrationg& 33}t B
2.2-15)& wrEYr}. &% calibration® 2} thermocoupledi ©idste] 20T ~
80TCoH 10C LA S oF 5300 ZAsl, HFUL F3A Azlstgct

2 oAagazold AHogo® AMLEHE Cold Leg/DVI HI, DVI HWH
o RWT 3|Elo] Aol tisted dwshd tha3t Zth. Z 717]¢ digital &
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= 19z e FYEE 24L& AWM, Single Failure 7H8E& 3
£% FdzAdolth. F 718 VI =& 18052 HE npFRe wjxF 4ol
T} &fae] exl oF 8%oA 1252 Hel uJojth.
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LASER Beamo] o] F&= Alolz}g 2x 2} P, thx3t @& BAZE @ e

tanfs=—D—J{—2 (2.3-2)

o714, D& #W= A, f= 27 Lolch
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A
V= fd*df =1 2sink (2' 3_3)

=g QT fdelel 2zt = ch2a o] BAY 4 gt
o A} A= 2AAE L 760mm oL} AA S| &JstH 835mm
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sin[tan™! (—4—)]
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SRk, Sin[tan"l(2j )
_ 50
sin(tan 1(———)]
- 2*57060 = 1.09858 (2.3-5)
sin{tan™!( T35 )]

v, Vy
Vit= o, Vit= 2.3-6
v VCL f VCL ( )
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Axzkol wsh 283k WA A Ushta Qo
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 2.2-1 B3N AgAA] A BE (4Y, 4%, A
No. Tag R 2389 AA 9
1 PT-CL-1 CL1 %A &5
2 PT-CL-2 CL2 %4 &%
3 PT-CL-3 Pressure CL3 434 3%
Transmitter
4 | Pr-cid4 0 ~ 10000 CL4 37 %
(kPa)
Rosemount
5 PT-DVI-1 3051S CG DVI1 #%4 3%
6 PT-DVI-3 DVI3 #%4 ¥+
7 PT-DC-1 i
8 FM-CL-1 Cold Leg 1
Vortex Flowmeter
9 FM-CL-Z (3n) 0 ~3 172 COld Leg 2
CL- (m”/h)
10 FM-CL-3 OVAL Ex-Delta Cold Leg 3
11 FM-CL4 Cold Leg 4
12 FM-DVI-1 Vortex Flowmeter DVI 1
(05" 056
13 | FM-DVI-3 OVAL Ex-Delta (m’/h) DVI 3
14 LT-RWT-1 RWT-1
Differential 0~3
15 | LT-RWT-2 Pressure (mH:0) RWT-2
16 LT-ECCT-1 Transmitter ECCT
17 |DPT-CL1HL1-1 Rosemount CL-1 & HL1 §
3051S CD 0~ 60 37
18 |DPT-CL4HL2-1 (kPa) Cl4 & HL-2 93

_34._




= 2.2-2 BN AP AZ7] BF (LE-1)

No. Tag R =499 HA 94
19 | TF-CL-1 CL-1 #%A ¥+
20 TF-CL-2 CL-2 #3334 7%
21 TF-CL-3 CL-3 434 +7
22 TF-CL-4 CL4 &34 FF7F
23 TE-DVI-1a DVI1 =&
24 TF-DVI-1b DVI-1 §3A &5/
-K T
25 | TE-DVI-3a TypeK TC DVI3 =&
Sheath O.D. : 1/8" -
26 TF-DVI-3b DVI-3 &34 &7
Unground
27 TF-DC-1 DC 2%
28 TF-DC-2 DC 3%
< Okazaki Co. L
29 | TF-RWT141 RWT-1 3}
30 | TF-RWT1-2 RWT-1 A&
31 | TF-RWT2-1 RWT-2 3%
32 | TF-RWT2-1 RWT-2 4%
33 TF-ECCT-1 0.0 ~ 100.0 ECCT 3%
34 | TF-ECCT-2 O ECCT 4%
35 TF-CLL-1 CL-1 Rx Side Array-TC
36 TF-CLL-2 CL-1 Rx Side Array-TC
37 TE-CLL-3 CL-1 Rx Side Array-TC
38 TF-CL14 CL-1 Rx Side Array-TC
39 TF-CLL-5 CL-1 Rx Side Array-TC
-K T
40 | TF-CLL6 Type-k TC CL-1 Rx Side Array-TC
Sheath OD: 0.5mm
41 TF-CLL-7 CL-1 Rx Side Array-TC
Unground
42 TF-CLL-8 CL-1 Rx Side Array-TC
4 TF-CLL- CL-1 Rx Side Array-TC
> i Okazaki Co. X oice ey
44 | TF-CLL-10 CL-1 Rx Side Array-TC
45 TF-CLR-1 CL-1 &7+% % Array-TC
46 TE-CLR-2 CL-1 &7+ Z Array-TC
47 TF-CLR-3 CL-1 &7+ % Array-TC
48 | TF-CLR4 CL-1 27+% % Array-TC
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£2.2-3 AN AEAA A7) B (2=-

)

No. Tag Az $x]

49 | TF-CLR5 3% % Array-TC
50 | TE-CLR-6 2748 % Array-TC
51 | TF-CLR-7 Z# & Array-TC
52 | TF-CLR8 £2+% % Array-TC
53 TE-CLR-9 CL1 57+ & Array-TC
54 | TF-CLR-10 CL-1 7t} & Array-TC
55 TF-DR1-1 25y 39 Array-TC

56 | TF-DR1-2 A48 39 Array-TC
57 TF-DR1-3 28 8t Array-TC

58 TF-DR1-4 B8 3d Array-TC

59 TF-DR1-5 2oy 3l Array-TC
60 TE-DR1-6 258 33 Array-TC

61 TF-DR1-7 B8 3t Array-TC

62 | TF-DR1-8 Type-K TC 4B 5Y Array-TC

o3 TE-DRLY Sheath OD: 0.5mm 00 ~ 1000 Ho5 3 Array-TC
64 TE-DR1-10 ey g Array-TC
65 TF-DR2-1 Okazaki Co. PAS S 3ld Array-TC
66 TF-DR2-2 AS S 3l Array-TC
67 TF-DR2-3 AR &+t Array-TC
68 TF-DR2-4 AR &gk Array-TC
69 TF-DR2-5 AR 3he Array-TC
70 TF-DR2-6 H b Array-TC
71 | TE-DR2-7 eSS st Array-TC
72 TE-DR2-8 PAS-S -3 & Array-TC
73 TF-DR2-9 AR 3} Array-TC
74 | TF-DR2-10 AZ RS 3}k Array-TC
75 TF-DR3-1 PAZ=N S 3t Array-TC
76 | TF-DR3-2 e 3 Array-TC
77 TF-DR3-3 PAREL 3lgt Array-TC
78 TE-DR3-4 AR sl Array-TC




E 2.2-4 BAY AN AZY| FF (2E-3)

No. Tag &4 SAHH 43 A

79 TF-DR3-5 73 DVI-1 3} Array-TC
80 TF-DR3-6 4R DVI-1 33 Array-TC
81 TF-DR3-7 745 DVI-1 st Array-TC
82 TF-DR3-8 748 DVI-1 St Array-TC
83 TE-DR3-9 248 DVI-1 3¢ Array-TC
84 | TF-DR3-10 A543 DVI-1 39 Array-TC
85 TF-CO-A3 Core Inlet Grid-TC

8 | TF-CO-A4 Core Inlet Grid-TC

87 | TF-CO-A5 Core Inlet Grid-TC

88 TF-CO-A6 Core Inlet Grid-TC

89 |TF-CO-AB23 Core Inlet Grid-TC

9 |TF-CO-AB34 Core Inlet Grid-TC

91 |TF-CO-AB45 Core Inlet Grid-TC

92 | TF-CO-B2 Type-K TC Core Inlet Grid-TC

% | TR.cops | “reath OD0Smm o 00|  Core Inlet Grid-TC

94 | TF-CO-B4 Dnground O Core Inlet Grid-TC

95 TF-CO-B5 Okazaki Co. Core Inlet Grid-TC

96 TE-CO-B6 Core Inlet Grid-TC

97 TF-CO-B7 Core Inlet Grid-TC

98 |TF-CO-BC23 Core Inlet Grid-TC

99 | TF-CO-BC34 Core Inlet Grid-TC

100 | TF-CO-BC45 Core Inlet Grid-TC

101 | TE-CO-C1 Core Inlet Grid-TC

102 | TE-CO-C2 Core Inlet Grid-TC

103 | TF-CO-C3 Core Inlet Grid-TC

104 | TF-CO-C4 Core Inlet Grid-TC

105 | TF-CO-C5 Core Inlet Grid-TC

106 | TF-CO-Cé Core Inlet Grid-TC

107 | TF-CO-C7 Core Inlet Grid-TC

108 | TE-CO-C8 Core Inlet Grid-TC
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£ 2.2-5 BN APAA AZY BE (2E4)

No. Tag R 389 Az 943

109 |TF-CO-CD23 Core Inlet Grid-TC
110 |TF-CO-CD34 Core Inlet Grid-TC
111 |TF-CO-CD45 Core Inlet Grid-TC
112 | TF-CO-D1 Core Inlet Grid-TC
113 | TF-CO-D2 Core Inlet Grid-TC
114 | TF-CO-D3 Core Inlet Grid-TC
115 | TF-CO-D4 Core Inlet Grid-TC
116 | TF-CO-D5 Core Inlet Grid-TC
117 | TF-CO-Dé6 Core Inlet Grid-TC
118 | TF-CO-D7 Core Inlet Grid-TC
119 | TF-CO-D8 Core Inlet Grid-TC
120 | TF-CO-E1 Core Inlet Grid-TC
121 | TF-CO-E2 Core Inlet Grid-TC
122 | TF-CO-E3 TypeK TC Core Inlet Grid-TC
125 | TFcoBs | oron OD0smm 00| Core Inlet Grid-TC
124 | TF-CO-E5 Unground ) Core Inlet Grid-TC
125 | TF-CO-Eé6 Okazaki Co. Core Inlet Grid-TC
126 | TF-CO-E7 Core Inlet Grid-TC
127 | TF-CO-E8 Core Inlet Grid-TC
128 | TF-CO-EF23 Core Inlet Grid-TC
129 | TF-CO-EF34 Core Inlet Grid-TC
130 | TF-CO-EF45 Core Inlet Grid-TC
131 TE-CO-F1 Core Inlet Grid-TC
132 | TF-CO-F2 Core Inlet Grid-TC
133 | TF-CO-F3 Core Inlet Grid-TC
134 | TF-CO-F4 Core Inlet Grid-TC
135 | TF-CO-F5 Core Inlet Grid-TC
136 | TF-CO-F6 Core Inlet Grid-TC
137 | TE-CO-F7 Core Inlet Grid-TC
138 TE-CO-F8 Core Inlet Grid-TC
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% 2.2-6 B4y 4PRA AZ7] §F (225

No. | Tag 32 2399 FRIEE
139 | TF-CO-FG23 Core Inlet Grid-TC
140 | TF-CO-FG34 Core Inlet Grid-TC
141 | TF-CO-FG45 Core Inlet Grid-TC
142 TE-CO-G2 Core Inlet Grid-TC
143 TF-CO-G3 Core Inlet Grid-TC
144 | TF-CO-G4 Core Inlet Grid-TC
145 | TF-CO-G5 TypeK TC Core Inlet Grid-TC
Sheath OD: 0.5mm
146 | TF-CO-G6 0.0 ~ 100.0 Core Inlet Grid-TC
Unground oC
147 | TF-CO-G7 (O Core Inlet Grid-TC
1 -CO-GH23 id-TC
48 |TF-CO-G Okazaki Co. Core Inlet Grid-T(
149 |TF-CO-GH34 Core Inlet Grid-TC
150 |TF-CO-GH45 Core Inlet Grid-TC
151 | TF-CO-H3 Core Inlet Grid-TC
152 | TF-CO-H4 Core Inlet Grid-TC
153 | TF-CO-H5 Core Inlet Grid-TC
154 | TE-CO-Hé6 Core Inlet Grid-TC
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" 2.2-7 AFYY Ad FA(SCX1-1001, Slotl)

HE SCXI-1001 | =& DEREAN
eu Tag =8 W AR e wane g
(H IR E) BEEH |Ad No| (A%H)
0 PT-CL-1 0
1 PT-CL-2 1
2 PT-CL-3 2 y=62500*x-250
0~1000.0
3 PT-CL-4 3 (kP2) y : kPa
a
4 PT-DVI-1 4 x : Ampere
5 PT-DVI-3 5
6 PT-DC-1 6
7 FM-CL-1 7
y=10750*x-43
8 FM-CL-2 8 0-1720 | w/h
9 FM-CL-3 9 (m/h) [
x : Ampere
10 FM-CL4 10
11 FM-DVI-1 1 0~6.0 y=3753x-1 5
(m®/h) y :m'/h
12 FM-DVI-3 12 X : Ampere
13 LT-RWT-1 SCXI-1102C 13 4~20 0~3.0° y=187.5*x-0.75
mA y (y:m
14 LT-RWT-2 14 (mA) m | Ampere
0~2.0 y=187.5*x-0.75
15 LT-ECCT-1 15 (m') y:m
x : Ampere
16 DPT-CL1HL1-1 16 0~6.0 y=375*x-1.5
(kPél) y : m’/h
17 DPT-CL4HL2-1 17 x : Ampere
18 FCV-DVI-1p 18 0~100 y=62/50*x-25
0 y: %
19 FCV-DVI-3p 19 (%) x : Ampere
20 PP-CL14-rpm 20 0~1800 y=112500*x-450
(pm) ¥ 0
21 PP-CL23-rpm 21 x : Ampere
. y=225000*x-900
22 | PP-DVIspm 2 O(r?’fl?)o y : rpm
p x_: Ampere
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¥ 2.2-8 A (2=)UH Ad F4(SCX1-1001, Slot2)

dadsz SCXI-1001 | 25 W | dFANE | | CEEERS
(hegws) | 8 esss |AdwE| @) |00 | 2w

23 TF-CL-1 0

24 TF-CL-2 1

25 TF-CL-3 2

26 TF-CL-4 3

27 TE-DVI-1a 4

28 TF-DVI-1b 5

29 TF-DVI-3a 6

30 TF-DVI-3b 7

31 TF-DC-1 8

32 TF-DC-2 9

33 TF-RWT1-1 10

34 TF-RWT1-2 11

35 TF-RWT2-1 12

36 TF-RWT2-2 13

37 TF-ECCT-1 | SCXI-1102C 14 | 0.0~1000.0 | 0.0~1000.0 | TBX-1303
38 TF-ECCT-2 15 (mv) ()
39 TF-CLL-1 16

40 TF-CLL-2 17

41 TF-CLL-3 18

42 TF-CLL4 19

43 TF-CLL-5 20

44 TF-CLL-6 2

45 TF-CLL-7 22

46 TF-CLL-8 23

47 TF-CLL-9 24

48 TF-CLL-10 25

49 TF-CLR-1 26

50 TF-CLR-2 27

51 TF-CLR-3 28

52 TF-CLR-4 29
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¥ 2.2-9 AR2)YY Ad 723(SCX1-1001, Slot3)

ddW s SCXI-1001 | 2§ HERE Huae
(i auz) | 8 2EEF iﬂ‘égﬁmi d(Z%b 2en |° ‘j;a

53 TF-CLR-5 0

54 TF-CLR-6 1

55 TF-CLR-7 2

56 TF-CLR-8 3

57 TF-CLR-9 4

58 TF-CLR-10 5

59 TF-DR1-1 6

60 TF-DR1-2 7

61 TF-DR1-3 8

62 TF-DR1-4 9

63 TF-DR1-5 10

64 TF-DR1-6 11

65 TF-DR1-7 12

66 TF-DR1-8 13

67 TF-DR1-9 SCX1-1102C 14 0.0~1000.0 | 0.0~1000.0 | TBX-1303

68 TF-DR1-10 15 (mv) ()

69 TE-DR2-1 16

70 TF-DR2-2 17

71 TF-DR2-3 18

72 TF-DR2-4 19

73 TF-DR2-5 20

74 TF-DR2-6 21

75 TF-DR2-7 22

76 TF-DR2-8 23

77 TF-DR2-9 24

78 TF-DR2-10 25

79 TF-DR3-1 26

80 TF-DR3-2 27

81 TF-DR3-3 28

82 TF-DR3-4 29
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F 2.2-10 A(=)Y¥ ad F4J(SCX1-1001, Slot4)

dEdi s Tag SCXI-1001 | 28 W | 984z 2R HujdEy
(WELES) EESH (Ad W3] (AD omis

83 TF-DR3-5 0

84 TF-DR3-6 1

85 TF-DR3-7 2

86 TF-DR3-8 3

87 TF-DR3-9 4

88 TE-DR3-10 5

89 TF-CO-A3 6

90 TF-CO-A4 7

91 TF-CO-A5 8

92 TF-CO-A6 9

93 TF-CO-AB23 10

9% TF-CO-AB34 1

95 TF-CO-AB45 12

9% TF-CO-B2 13

97 TF-CO-B3 SCXI-1102C 14 0.0~1000.0 | 0.0~1000.0 | TBX-1303
98 TF-CO-B4 15 (mv) (C)
99 TF-CO-B5 16

100 TF-CO-B6 17

101 TF-CO-B7 18

102 TF-CO-BC23 19

103 TF-CO-BC34 20

104 TF-CO-BC45 21

105 TF-CO-C1 22

106 TF-CO-C2 23

107 TF-CO-C3 24

108 TF-CO-C4 25

109 TF-CO-C5 26

110 TF-CO-Cé 27

111 TF-CO-C7 28

112 TF-CO-C8 29
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R 2.2-11 AH2=)YY Ad 243 (SCXI-1001, Slotb)

¥z SCXI-1001 | =g W | ¢48¥4E | _ Hujgdag
(ngwz) | ® eszs |Avws| @ |07 | zg

83 TF-DR3-5 0

84 TF-DR3-6 1

85 TF-DR3-7 2

86 TF-DR3-8 3

87 TF-DR3-9 4

88 TE-DR3-10 5

89 TF-CO-A3 6

90 TF-CO-A4 7

91 TF-CO-A5 8

2 TF-CO-A6 9

93 TF-CO-AB23 10

94 TF-CO-AB34 11

95 TF-CO-AB45 12

9 TF-CO-B2 13

97 TF-CO-B3 SCXI-1102C 14 0.0~1000.0 | 0.0~1000.0 | TBX-1303
98 TF-CO-B4 15 (mv) (C)
99 TF-CO-B5 16

100 TF-CO-B6 17

101 TF-CO-B7 18

102 TF-CO-BC23 19

103 TF-CO-BC34 20

104 TE-CO-BC45 21

105 TF-CO-C1 22

106 TF-CO-C2 23

107 TF-CO-C3 24

108 TF-CO-C4 25

109 TF-CO-C5 26

110 TF-CO-C6 27

111 TF-CO-C7 28

112 TF-CO-C8 29
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¥ 2.2-12 A(2=2)4¥ Ad 748 (SCX1-1001, Slot6)

ddvs SCXI1-1001 | 28 W | 4YNE | CEEEE]
(R 3) "o sszxs |Auus| @a | 00| 25

113 TF-CO-CD23 0

114 TF-CO-CD34 1

115 TF-CO-CD45 2

116 TF-CO-D1 3

117 TF-CO-D2 4

118 TF-CO-D3 5

119 TF-CO-D4 6

120 TF-CO-D5 7

121 TF-CO-D6 8

122 TF-CO-D7 9

123 TF-CO-D8 10

124 TF-CO-E1 11

125 TF-CO-E2 12

126 TF-CO-E3 13

127 TF-CO-E4 SCX1-1102C 14 0.0~1000.0 | 0.0~1000.0 | TBX-1303
128 TF-CO-E5 15 (mv) (C)
129 TF-CO-E6 16

130 TF-CO-E7 17

131 TF-CO-E8 18

132 TF-CO-EF23 19

133 TF-CO-EF34 20

134 TE-CO-EF45 21

135 TF-CO-F1 22

136 TF-CO-F2 23

137 TF-CO-F3 24

138 TF-CO-F4 25

139 TF-CO-F5 26

140 TF-CO-Fé6 27

141 TF-CO-F7 28

142 TF-CO-F8 29
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F 2.2-13 AHL%)AYF ad LA (SCKI-1001, Slot7)

?:l@?i? Tag SCXI-1001 | & W | 4¥Az I Hojgey
(MEWs) BEZHF (A4 W3] #FHD) =%

143 TF-CO-FG23 0

144 TF-CO-FG34 1

145 TF-CO-FG45 2

146 TF-CO-G2 3

147 TF-CO-G3 4

148 TF-CO-G4 5

149 TF-CO-G5 6

150 TF-CO-G6 SCX1-1102C 7 0.0~1000.0 | 0.0~1000.0 | TBX-1303

151 TF-CO-G7 8 (mv) (C)

152 TF-CO-GH23 9

153 TF-CO-GH34 10

154 TF-CO-GH45 11

155 TF-CO-H3 12

156 TF-CO-H4 13

157 TF-CO-H5 14

158 TF-CO-H6 15

¥ 2.2-14 SCXI-1001/SCXI-1002C/TBX-1303/TBX-1308/PCI-62212] A}eF

SCX1-1001

SCX1-1002C

TBX-1303/-1308

PCl-6221

Slot N4 1271
-AC/DC Power

-Low noise

SAE LT 333 kS/s
-4 9): £100mv ~+10V
-Agd ARa 327

TBX-1303;

-Open TC circuit

TBX-1308;

-PCI {2
- EL&5: 333 k5/s
-3 4 x: 16 bite

-2 Hz lowpass filter
~Cold-junction J&

-9 4~20 mA
A3 249 Q

-Ho) ME 2 409
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X 2.2-15 A9l 2o] HX|¥ Grid Thermocoupled] Tht KA

dasE N E
ol 3) Tag RAY L E) Tag Ay
89 TF-CO-A3 y=(x-3.61007)/0.98284 124 |TF-CO-El y=(x-3.19205)/0.97959
90 |TF-CO-A4 |y=(x-3.82812)/097553| 125 |TF-CO-E2 |y=(x-3.77354)/0.97704
91 |TF-CO-A5 |y=(x-3.72484)/098388| 126 |TF-CO-E3 |y=(x-3.52765)/0.97971
92  |TF-CO-A6 y=(x-3.81680)/0.98135 127 |TF-CO-E4  |y=(x-3.75950)/0.97953
93  |TF-CO-AB23 | y=(x-3.71575)/0.98306 128 |TF-CO-E5  |y=(x-3.40502)/0.97980
94 |TF-CO-AB34 | y=(x-3.74590)/0.98256 | 129 |TF-CO-E6 |y=(x-3.65036)/0.97560
95 |TF-CO-AB45 | y=(x-2.98725)/0.98204 130 [TF-CO-E7  |y=(x-3.21908)/0.98274
9% TF-CO-B2 y=(x-3.03672)/0.98683 131 |TF-CO-E8 y=(x-3.42289)/0.98163
97 TF-CO-B3 y=(x-3.10069)/0.98276 132 |TF-CO-EF23 |y=(x-3.46087)/0.97984
98 |TF-CO-B4 y=(x-3.06928)/0.98274 133  |TF-CO-EF34 |y=(x-3.36958)/0.97585
99 |TF-CO-B5 |y=(x-3.17761)/098399| 134 |TF-CO-EF45 |y=(x-3.17277)/0.98022
100 |TE-CO-B6 y=(x-3.33215)/0.98481 135 {TF-CO-F1 y=(x-3.22866)/0.97933
101 |TF-CO-B7 |y=(x-345032)/098417| 136 |TF-CO-F2 |y=(x-3.39100)/0.97555
102  [TF-CO-BC23 | y=(x-3.64324)/0.98277 137  |TF-CO-F3 y=(x-3.74145)/0.98048
103 |TF-CO-BC34 | y=(x-3.81918)/0.98113 138  |TE-CO-F4 y=(x-3.82244)/0.97578
104 |TF-CO-BC45 | y=(x-3.86530)/0.98044 139 (TF-CO-F5 y=(x-3.80887)/0.97815
105 |TF-CO-Cl |y=(x-3.92833)/098095| 140 |TF-CO-F6 |y=(x-3.42753)/0.98177
106 |TF-CO-C2 y=(x-3.92833)/0.97740 141 |TF-CO-F7 y=(x-3.73495)/0.97283
107 |TF-CO-C3 y=(x-3.02612)/0.98573 142 |TF-CO-F8 y=(x-3.46507)/0.98109
108 |TF-CO-C4 y=(x-3.08528)/0.98133 143  |TF-CO-FG23 |y=(x-3.26939)/0.98176
109 |TF-CO-C5 y=(x-3.32827)/0.97878 144 |TF-CO-FG34 |y=(x-3.37843)/0.97989
110 |TF-CO-Cé6 y=(x-3.28481)/0.98234 145 |TF-CO-FG45 |y=(x-3.70271)/0.97688
111 |TF-CO-C7 y=(x-3.50347)/0.97662 146 |TF-CO-G2  |y=(x-3.48622)/0.98005
112 |TF-CO-C8 y=(x-3.44930)/0.97538 147 |[TF-CO-G3  |y=(x-3.65415)/0.97660
113  [TF-CO-CD23 | y=(x-3.63073)/0.98027 148 |TF-CO-G4  |y=(x-3.50616)/0.98272
114 |TF-CO-CD34 { y=(x-3.56968)/0.97949 149 |TF-CO-G5 |y=(x-3.67518)/0.98449
115 |TF-CO-CD45 | y=(x-3.65933)/0.98045 150 |TF-CO-G6  |y=(x-3.59270)/0.97652
116 [TF-CO-D1 y=(x-3.54312)/0.97945 151 |TF-CO-G7  [y=(x-3.25623)/0.98414
117 [TF-CO-D2 y=(x-3.44931)/0.98380 152  [TF-CO-GH23 ly=(x-3.49135)/0.98256
118 |TF-CO-D3 y=(x-3.67100)/0.97736 153  |TF-CO-GH34 |y=(x-3.53090)/0.98316
119 |TF-CO-D4 y=(x-3.43756)/0.97937 154 |TF-CO-GH45 |y=(x-3.54695)/0.99008
120 |TF-CO-D5 y=(x-3.27051)/0.98521 155 |TE-CO-H3  |y=(x-3.27116)/0.98981
121 |TF-CO-Dé6 y=(x-3.20295)/0.98203 156 |TF-CO-H4 |y=(x-3.51930)/0.98077
122 |TF-CO-D7 y=(x-3.35119)/0.98314 157 {TF-CO-H5 |y=(x-3.63658)/0.98316
123 {TF-CO-D8 y=(x-3.08300)/0.98506 158 [TF-CO-Hé6 |y=(x-3.69315)/0.97627

BYYM xE FHE 2E[C], yE B 2=[C]Y
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X 2.2-16 Digital &3 AYAZT Ad 34

U T
Tag Az )% ELIR T ot
- (2843)
5
PP-CL14-S |CL14 ¥ 7|5 2 %3
PP-CL23-S |CL14 ¥= A% & ZX
PP-DVI-S DVI H= 2% 2 37 NI-6514/ 24 DCV
H-RWTI-MC [RWT-1 &3 #A7)3lg] &% @ =% | SCB-100 (on/ off)
H-RWT1-MC |[RWT-2 ®83 #7535 AT @ FZ
H-ECCT-MC |ECCT &3 A7|3g FAF 2 FA
X 2.2-17 Analog 29 AFAIZ 294 A
=/
Tag Az 7% Hugdy| AzAT B 2899 S9N 4
Fos
PP-CL14-C FM-CL1~4 0~1800rpm |y=(8.88*10*x+4)
PP-CL23-C | BEZIAF FM-CL1~4 0~1800rpm|/10°
= o y=(4.44*10"*x+4)
PP-DVI-C FM-DVI1~2 0~3600rpm 0°
FCV-DVIIC| wuyps | NF6704/ [Em.crLi~4 4-20
FCV-DVI-3C A o] SCB-68 |eM-cLa~4
HRWT1-C | =7]3g TF-RWT1-1/-2 0~100% |y=(0.16*x+4)/10°
H-RWT2-C | =} TF-RWT1-1/-2
H-ECCT-C Al TF-ECCT1-1/-2
X 2.2-18 A A A wpd FA
Time | PT-CL-1 [kPa] | PT-CL-2 [kPa] | ... TE-CO-D7 [C] | TF-CO-D8 [<C]
0.000
0.001
X 2.3-1 Test SectionF QX4
Location Dimension Blank
5B WA 928 mm
Core Barrel 97 828 mm
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Cold Leg W7 152 mm
Hotleg Leg 97 340 mm
DVI W7 43 mm

X 2.3-2 Test Condition
Location Injection or Velocity Blank
Cold Leg-1 1.2 m/s Averaged Bulk Velocity
Cold Leg-2 1.2 m/s Averaged Bulk Velocity
Cold Leg-3 1.2 m/s Averaged Bulk Velocity
Cold Leg-4 1.2 m/s Averaged Bulk Velocity
DVI-1 0.38 kg/s Averaged Mass Flowrate
DVI-2 N/A
DVI-3 0.38 kg/s Averaged Mass Flowrate
DVI-4 N/A
DVI-H1 N/A
DVI-H2 N/A
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to Trench

FM-DVI-3
PT-DVI-3
TF-DVI-3b
N
©r
_‘
Fll
o -1
2 3
2 3
FM-CL-3 ﬁ"— - FM-CL~4
PT-CL-3 PT-CL4
TR-CL-3 TF-CL4
RXx Vessel
CL-1
FM-CL-1
PT-CL-t
FM-CL-2 TF-CL-1
PT-CL-2 -
TFCL-2 do =
2 > 1n
2 = 3l
Dx g 2 |2
P
g -
- O~
FCV-DVI-1 FM-DVI-1
PT-DVI-
TF-DVI-1b
PP-DVI
TF-ECCT-2
ECCT
LT-ECCT-
TF-ECCT-1

to Trench

a7l 2.2-1 BAEA APRA FAASY 78 AHE

- 50



VIV-CL-3

from # “-
PP-CL-23

ViIV-CL-2

FM-CL-2

Inl-E-'-[— .'I |

[\
FM-CL3 (5

DVI-3

1500
HIL-2

HIL-1

M
o
[17]
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to Water Tank

or Trench
A==

2
A

1100

from
PP-CL-14

2>

) FM-CL-1
DVI-1 3" Pipe
82 6" Pipe
Sihipe
a e

to Water Tank
or Trench
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HL2
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/
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]
g
/ CL1
v
; TF-DR3-1~10
/
/
5
/
4
g TF-DR2-1~10
()
TE-DR1-1~10

TF-CO-A3~H8
{T/C Crid at Core Inlet)

1506

Yy I‘—TF-DR?—P—!G
o3 i
i
k h TF-DR3-1~1G

AR AALAE CALR AL R LRGN §
e e e R N A N N e A A N,

32 2.2-14 Array 3 @ Grid & Thermocouple Assembly A *] $]4]
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TF-DR3-1

TF-DR2-1

TF-DR2-1~10

TF-DR1-10

TF-DR1=1~10

)55 5§ 5 5 5 5 5 5 5

Inner Quter
Cylinder Cylinder

% 2.2-15 Z95 Array 8 Thermocouple 4 X%
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HL1
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Tagging Rule : TC
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15
V8]

a8 2.2-16 Y=}EA! 9l Grid 3 Thermocouple X%
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4 &
o ?
CcL1 _Ef_ Cut =
IS ISI SIS LS. VLSS,
L LLLLLLL LT L Ll L L
200 100 100
P 900 .
Rx Vessel
Outer Cylinder
= =
T 2
0 &
o -3
? N
= £
0///% G //f//l/}?] o0 Top

e TE-CLL-10

TF-CLL-9
TF-CLL~8

15
15
18

152

W,W;W 0 Bottem

a7l 2.2-17 A3 Array 8 Thermocouple X%
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To Cold Leg 1

To Cold Leg 4 To Cold Leg 1

From PP-CL14

% 2.2-18 231 A7 A=

To Cold Leg 4

To Cold Leg 4 To Cold Leg 1

From PP-CL14

a8 2.2-19 A23#-4 AF7] AA=
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To Cold Leg 2

To Cold Leg 3 To Cold Leg 2

From PP~-CL23
a8l 2.2-20 AL2H-2 AZ7) AAE

To Cold Leg 3
1000 220 900

270 50

o TF-CL-3

To Cold Leg 3 To Cold Leg 2

From PP-CLZ23
a7 2.2-21 AXH-3 AFT] ARz
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To OVI 1
1130 420 1000

Y

500 100

r- 2“
@ TE-DVi-1b
i
5"

éol

el

PT-DVI-1
FM=-DVI-1
To ECCT
“ " From PP-DVI
FCV~DVI-1
o7 2.2-22 DVI-1 A7) A=
To DVI 3
. 1130 o 420 _ 1000 .
500 100 2
From PP-DVI
2 “ “ 0.5" “
FCV-DVI-3
FM-DVI-3 ET
2"

To ECCT

gl 2,2-23 DVI-3 AZ7] A=
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DPT-CL4HL2

Rx Vessel

DPT-CL1HLI

0%} 2.2-24 A |-27 AYA A=

- 66 -



4>

RWT-1
or
RWT-2
4 (")
L—’ZOO TF—HMX‘:‘-FZ
2200 800 TF-RWT-2-2
F emmt(T)
TF-AWT-1-1
850 or
TF-RWT-1-1
‘
475 ; J
LT-RWT-1
or
LT-RWT-2

a7 2.2-25 AAEA AZY] AA=

/\

ECCT

1000 m—@
L——P TF-ECCT-2

|

300 200
TF-ECCT-1
400
—t—"50 , g
4
LT-ECCT

O3 2.2-26 AR BlA AZY] HAA=
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| Analog Input, TC

SCXI-1001

SHC68-68-EPM

PC

rAnalog Output I

TBX SCB-68

—} SH100-100-F
Digital Qutput l TBX SCB-100

SH68-68-D1

NI 6221

NI 6704

NI 6514

(a) AFE RE/A0E/AF§ T/ AF7IALIY AU E

Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6
SCXi-1102C SCXI-1102C SCXI-1102C SCXI-1102C | SCXI-1102C SCXI-1102C
(Analog Input} | (TC) (TC) (TC) (TC) (1C)
T8X-1308
(Current) SH96-96 SH96-96 SH96-96 SH96-96 SH96-96
TBX-1303 TBX-1303 TBX-1303 TBX-1303 TBX-1303
(Voltage) (Voltage) (Voltage) (Voltage) (Voltage)

(b) 21Z A3} A28 =}
a2 28.2-27 A& 35 g9 Aol AT AtHel st=de] KL
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Axial Velocity/U

-0.2 -

0.4 4

-0.6 4

-0.8 1

-1.0 1

~1.2 5

—0— y/D=2.5

I ' I ' i v

"1 .4 ¥ T T T T T v T T T T
-50 0 50 100 150 200 250 300 350 400

Angle from HL

8 2.3-1 Axial Velocity Profile
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ci180

| l C250

]

L.

K

€220-20

C220-19

C220-3

C220-2

C220-1

| ca10 I

k2

x

L7

% 2.4-1 2-Ch Downcomer Model
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290

A v
270
280
4
3
2
3
1
' 7
o 260
3

20 || 20
19 |i 19

1R
avr avr -1
220 |[230 | |

(=3
I EENE
2 || 2

200

1%l 2.4-2 6-Ch Downcomer Model
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Reactivity

30

APR1400 2 ch Downcomer Model
Moderator -+ -Cu
10 -
0
a0 7 TR
'20 T v ] 1
0 100 200 300 400
Time,sec

7 2.4-3 CLI tj DVIo] whE 2-Ch D/C ModeloflA] 2]
[e]
o

EANEE
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Q

APR1400 2 ch Downcomer Model

“~ 0.84 | ——Core Inlet: DVI —
?E” - ---Core Inlet : CLI //'& —ﬂ
v - &~ - Upper Head : DVI A

o 0.6 | ——UpperHead: CLI 7

:l: /

7] A

% 0.4 /

(= T Borated Water Delay Time

c

o

e 0.2

m

0.0p—= e

o 100 200 300 400
Time, sec

3 2.4-4 CLI tf DVIo] mhE 2-Ch D/C Modelof| M 2] B4k
Az ez
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HPSI Flowrate, Kg/sec
N
o

10- APR1400 2 ch Downcomer Model 'L‘l
—o— HPSI-DVI
0)—o— —eo— HPSI-CLI
T T v T v T T
0 100 200 300 400
Time, sec

718! 2.4-5 CLI tjj DVIo] wh2 2-Ch D/C Modelof A] 2JHPSI

7ol
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(=]
o

8 50
Y
4

- 40

D
- 1
[+

| 9
g 30 APR1400 2 ch Downcomer Model
't 20. —o— milow] (125000000) : DVI
@ - - -mflowj (125000000) : CLI
- —a— mflowj (115000000 : DVI
@ 10- - -4- -mflowj (115000000) : CLI

0 d T v T T T T
0 100 200 300 400

Time, secC

3 2.4-6 CLIT) DVIoj uw}E 2-Ch D/C Modelojj A 2] DC Upper
Head Bypass

APR1400 2 ch Downcomer Model

—o—mflowj (395010000) : DVI
- -~ - mflowj (395010000)
5200 J —o— mflowj (495010000) : DV
| - -A- - mflowj (495010000)

Clod Leg Flowrate, kg/sec
a
8

" 200 300 400
Time,sec

o 100

713 2.4-7 CLITY DVIof whE 2-Ch D/C Modeloll A 8] A2F f&
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24000
APR1400 6 ch Downcomer Model

20000 - [ ——: mflowj (210010000) ]

- .
£ 16000
<
3
3 12000
L.
° .
3 8000
4000-
0 e
0 200 400 600 800 1000

Time(sec)

3% 2.4-8 Core Flowrate of 6-ch D/C model for APR1400 with
LOOP
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20

16 -

12}‘

81

PZR Pressure(MPa)

4-

APR1400 6 ch Downcomer Mode!

[ i : p (510100000 |

300

600 900 1200 1500 1800
Time(sec)

3% 2.4-9 Primary Pressure of 6-ch D/C model for APR1400

with LOOP

APR1400 6 ch Downcomer Model
[ —— mflowj (560000000) |

100
80
@
2 60
7 i
o |
TH
n 404
o
I
20
0

0

300

\ N\

1200 1500 1800

Tnme(sec)

717} 2.4-10 HPSI Flow of 6-ch D/C model for APR1400 with LOOP
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minimum= D000 masimum= 2000, © " minimum=- 0000 maximum=  2000.

(a) t195s (b) t215s

minimum=0.000 maximum= 2000 i i maximum= 2000.

(c) t244s (d) t267s

minimum=_ 0.000 maxirmum=  2000. minimum= 0.000

(e) t293s () t315s

2% 2.4-11 DVI F4A] 6-Ch 244 o] 4R Fabssiol



minimum= 0D.000 . maximums i’IJOD.

minimum=  0.000 maximum= 2000.

maximum=  2000. minimum=  0.000 maximum= 2000,

(k) t400s () t500s
18 2.4-11 (A1)
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% 2.4-12 Residual convergency for
CFX
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1896

:;//////////////////////7//////////////////////////////////////4

DVI-2
CL-2

A
DV1-3 & 4 » N ID. 43
$ = N s —— DVI-1 & 2
g \ \
i DVI-HLZﬂé" N--1r- N~ P DVI-HLI
< 200 N o \
\ N « g _
i ID 152 o D210 | HL~1
N o -
CL-28& 3 N 1D oos CL-18&2
N
N
N ID.808 N
< Y 0D.828 |
— N
e\
N <630 N
\I
N\ /\\o
\4 ‘/2 (g/ % ?@
AN ;
I\ J/ -
v
ID. 768
-
OD. 778
%) 2.4-13 1/5 Scale CFX 84} 34t
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{ Geometry

2.4-14 CE:

a3

- 83 -



iy oy
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Core
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R

AR s sty

Core

1.2m/s

VCL=

’

I Stream Line

Y 2.4-17 DV
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Velocity (Projection)
(Vector 4 OLIT:Z)

2.122e+000 Coe .
'sﬁmgﬁ"wﬁmnfnﬂ?;ﬂmi
) 1 '
g 5

1.591e+000

1.061e+000

5.304e-001

0.000e+000

Im s*-1] e

3 2.4-18 ZFFRAA Y £5 X, VCL=1.2n/s
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Core
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A14d A8
1. 979 w7z 2 53

2 xpAM] YAFE<Q APR14002 4000 MWthe] H&¥3 2x4 /& T
ZE /e Y ZA4E ¥ dAEE 2013dF0 AY:AE EXE GA
AA A 77t A3 Folrh. APRI400L V&£ =Y EFYH HA
(KSNP)ofl A &} &) ¢td F4 AT Ay 4d F¢ HEZE AASIL
FD(Fludic Device), 7IAHLE 53 H 4719 AZLE 74° dx2 AFP
£ 7] 391(DVI-Direct Vessel Injection) WAlE xjeis}gich. o]g &t A&
2 e dA APE Bt AR I A Al HRFUAFE
LA Wzt =8 BT JAF AEEE FAATILA Sigich O
L 7|29 AN I A H2F F YA GH3Mo] HyYs)
A AgEe], Y2 2AFL7] F4 UAS AT A2 HE&Y B¢
3 A g2gell ool A= YTHI. 1-1].

olgl3t 7|&d & F A4E HlE A APRI4004] JPF ohE ¥zt
2} A ARAL(LBLOCA) dA8A] Abl U 200 ofFd ¥y AU
(Reflood) AlFoA do] AdE = TALLE, APRI4000IA = ZFF-oll A
v dito] WAE0] AT yEAY 2 7HEE HUT 5 AZol WA
th. olo] AHE APRI4008] <lF 7t oA 2002 54 A 203 L=
A U2 E Sl APRI4000] thdt 2AF HA 5A& sy, AMS7 Al 7}
2] Zed vl% QA Y] REE 7St 3.1-2]. A7 By =
22 Aihe #13] A& RELAPES] 23 UdH3H ZE=EF o]&3o
A Hgo] i EFAY 24&, F el A 22
oAl e wE A APE, WF WA dAFLdAE=
DOBO(Downcomer Boiling)&x|& J-&3le] AHAlAJejol e b4 vlE A3
ABES F38stAl Hadek

iy Wzbzl At AfaA] A FEAS4e] Fle] wE =4 jFTE
2 A3} A d¥ato] W WYz elof whE F At os AF
"ok 233 3.1-13F Zo|, A3 42 (APR1400)8] v =4l Bz (A
Fo5)7E VIE B3l =4lo® FUY Z9, WUAE Tdof ofste] U3H
Z719 AR oA EYEEA =ioge] HEI dF WIE LA FH
=

, olel F71el o 7tdH W¥Z42] 347} (subcooled) FE HA] =i
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Wzt U AdE w]Ex]e] HF(Peak Cladding Temperature)
27 Hrh RELAPS ISof 23t A4t Az, UAE §7]0] F¢
F 222 dx1g §7] TREE LE ALY douAddl o3
oA FHT HES dosli, ol BAS4FY JE B8 FAY FE
2HY5A "Hcoh B3, AFEY $£F (head) & TAAFIA, =AY FHE
Hojma] wAle] zjrldo] UoUEF st ki) ¥yd= B9 A
A1zZk3t 93PS dogith. MARSS} TRACS ©]-83% 3|4 Azt gA Fa-Fulel
A2l vl gato]l Al U AR B 2= FUle IA I
=& BoErt

B A7 AEE AUS Boil Y BYel Ju ol FY4
8] ASL AgAos sl AP uyolEHoAE FFULE 3
gAY =2 AZF U Jjdde] B3tz syt

AU
rO
% of
N
oo

2. ¥ g3 8%

Aen uE BHS 712 AT 7 YA AP gz o
SMols A A7 92 eetem(3.1-3], whebA oladt el tiy
A7E 33 AUVIA FUHe Utk YE AAYdPrelAE ml,
o, Qo] os) 2H 20/ TFAT UBOE CTFUEE +4
o, Z4R uSe]l WAHE SE2AN YRS AW SRt dr

S, CCTRe] 743 o SAE oldEel FuTh A dAS
AL, AR I Qoo A F7iHo] APRI00Y FHE HIF &
 olo] AYHez 4] YEch

(o

o it

-

of tigt I AY ATE SUSATHI 5] ok Byl
2 ot fUT AEEN AW ATE, B4F 2F 0.2n ol 6.5n) 7
22 me| RAoA ol WE B4Y £F P4 EAE %
J# Sudod] ML ztrdel ZAAH 48Y Ao, P4 oy T
A7 APRI4002] o]4tRel HE Azttt A AN, olA4E A
I A% 5 243 N AS 2 ABAS GBS FE Fa o4
WaEe) 24 o Foix egieh.

Tujeld 43T AT HIo +UF wIAAI&Ae vSAY o
28 5 4 duh. 5 A7E HAAY ey $UY A7 B4 e
23 dol W2 W FU4e AAY AT S APRI003 FABIA 2o 3}
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A2 &7 Pz 543 FAE 70‘—’?-% 3 SASHA ZAE dA
stgch AldoME fxt2 Huod GAFALE AYFHE eI I
XL, W 24 VT 45 U F WY IF4

Fu Ag AxY Eol7t 2o A ZE

2] ¢tatri(3.1-6, 3.1-7].

A%

il
B oA APRI4009] AA A7} He PR G ARALA
2 F|telA LAY ROE HEHE 4R uE A4S AYH U 30y
2gstaAt stdth A AFE ZEEY ALY Y &old

A Zba 3718 RES A e APRAAN HY 7Hsd DB0 HH
Aol A =RE Yt APAME FgFold U4 F45F e 1= A
B, 7R SR Pzte aea B3 7R FATAN UAHE
AAE npE A4 5 F2 23 7129 Aol BAY €5 T o
AY doly 5L EFo= siorh

A& Phase-1,-112 FEtl. Phase-1 Ao = sgE Fq
Ye me A 74 #F L eE 2T FHYelNY B Sze 2
XE &35} Ago|t}. Phase-11 AP Phase-1 FUL FEZUA
TA oA 85 WA ZHL HMAME o] &3l FF T J|X HH
M 223 B 2% 25 '3""&]°§ 33 Agolth

Phase-11 AWE I3 24% Ueld WATE F2 o485
Aol AH8H 571 A=A %""’i FARE 2/ Z£ 5-FAEH HAS
o3t FIE Qlx} W EL spusidct AR AARAL HH GAINY
F=e A AT 2 =&AL 2 dFold A" dod APAE
L A Ay 3= oldhF dTY 2Yl Fjuto] R-&35HA FEEE
2 stedc), w3t dojA AP ulolelE &l MARS IZES] JEAF T
ge Hrslga, o8 B3 s Ise] AAYRE =E&staxsich

4
gy
29

N
o L
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- -

iRéversé '

> Water Flow
Heat ] .
/—\ “ §Transfer

Ng\z/;le —ﬁ
= N
L]

L ECC bypass L[|

[
Boil T&="—T_ 1 Superheated
Break Steam
Downcomer Flow
Boiling
ECC Water
Penetration

712} 3.1-1 LBLOCA A)T4=2] APR14000jA] WAE L 22 d49 4
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A 2 A S AL AFEAFA
1. AR AA W

Ay Axe A ad @ AF W *% X3 Ay I=E o &T
QHAslA AR =&stgch 3 kA 3y Z=F o] &7 APRI4004]
AVaL siA Ape ARRSH= diA ZEL] AA] wiep goldt FAIE HAE
c}.

TUAY AFLo] 28] $£3H RELAPS-y AAt A= 1™
2.1-10] 418} Zro] APR 1400 Z4HolxE Alaudd F kAR B37 1
2= 2002 Fol W &9 71T FRYE HoETHI.2-1). I,
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ztolof A 7]Ql3l=t], TRAC-ME BaW HA2E Zosle AFE AFHAA
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B dFoE olggt HF A I=o AHLEH EY 7 EFA
He Asy] s B4R vSo] tidt A¥ AFE #3stdch 2 AY
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- 4 Yo RAIR AdEHE d45E 499 o= AHAAY
olo] ¥ WHile] wWE 7 3
APR14002] i34 717+e] d<
4] AL Ae) ABAAEREH =&t 2 A¥Hol g

- ZeE A 9 golE HEII o fFol WAHA JVIRE EF,
JIXEFHY JIZAAE FA, $AY 2= 223 ¢4¥ Fo] REFIA
A

- ZheEa A2 vzt flow skirt7}R]8] EolE REUCEAN &
MoE fYEE oA FUY } YA E HE

- M0 AFLELS AEFX] ol HAXH Ao wWHO o) W3}
£ U= A=A HA.

- AP Zei BRYEE= FEU oJARE TRE BFY + A
A 7 A E FE& A

- e BogRe B4 v JEE, JE & &

A E

5 U¥ P2E delg & Ui T4 JUAT

flo
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2
2
%
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X
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2
4
i)
o
N
>

2. A¥ A AA
7h A=y WHE

DOBO A AXE 7|2FHOZ AFH Ho o 7Nste] HA HAdch Al
F Ao AdAA ] 2%, ¢4¥, &olE Yy FUA fAlst2
chaE o Hweke] Zolg FAFch Ll oA e Hojrt &
AFH, AR AN Fpi HFo] FAE P kT oiy] 7| E 2
71 viZb d=EE:, JIEA 3] FAEEHE= JIE UF FY<A bubbly
boundary layer®] F7&] dFo] WALt o, FAF oA Ex 7l
27k AW oA g AT Al7l= AHE X
DOBOM E Ao A& ol2dt AF H=ge] whyE sjadsts] ¢1s) A
Aoyold FAEHE Tl 3Aust Zo] Az F & kY Zo| H=
Z3le £3E Ay Iz ES =Ystdch & Ay I=ge

| ,
Y HzyolAde 2718 BYY 75 T T e FASIch o2
N WHEY =UE T3 7€ AF H
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4 oA "}

DOBO A AAE ol F=P =& B3l YA wol L #
R S 11E BESE). ol& F AeFolA U= bubbly
boundary layerd] 37| @ 7|X& EXS F9 ol %5 AL HE3=
Zol 73l Atk E 3.2-10& AAE £33 A H=yY HEH|8
DOBO A @ A8 dA H-8H FH=u|7t Fe=sch

U A8

Ag AR 27 3, 2-40] 4} Zo] 4 TR (test section), ¥
7)(preheater), B/%7) a7, 37 37, % =, a7, ¢¥
ZAR Oga $2E FAHC AEFAY AA 4¥2 10 7Y Y
571¢tell M 24 H 4 glth

DOBO #rx|e] Z4i Ro|E= APRI4008] A2 31§ Y
g mojgitt, 1l 3.2-5% APR 14002 {AI2 &7]¢} APAA] ZeF
OJBZ nla EAF Tgolrt, IilolAel o] APR14008] | e
AZtS2 2 noEch Z4E Rl Azt f22] 3FE WS A
3 ZldE L ZldRe] o ¥99 3 % | e stERY iefE A
o= 7x 2 FhestAl 73t fel7 AXE AT FaeF 2R A A
2 =@ O3 3,2-63F Zrl LR BoRY Jlgo] o|Foix= Hd
= 206708 FrER AE7 7 AdEel A=t 23 3.2-72 7Hdy
He] ZRE Roj&r}l DOBO x| wedFo] v d<42 RELAP5 % TRAC-M
o] 3| AE Faste] AT AR F4eP 2R V& HA
Ware ozt ol

- Test section W(m)xD(m)xH(m) : 0.3 x 0.25 x 6.4

-t B o o W(m)xH(m) ¢ 0.3 x 5.1=1.53m’

- o) < 98kw/m’

- Ff d&9 : 150kw
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- QHAFRIS R4 A FeH BN A i DVl R wjd
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- bR 48] B4R Shol AN 4 Aol Urol ) Aol

(2) ol¥7](Pre-heater)

AdrE Aafd] FUPE A 242l £ LEF FojPrh
ABAAS ADlE F29) Ao 23 Jbs K 2N 7.3 0 AYel
AL ARE §Y 2dol 2ce) £28 F7A3 + gk desle
Bego] AN QBFYF 7 AolA 249 exg zos AdE
t}.
(3) E/371 &7

E/27] Berle #4548 oY Yo dZAd wiHoeR E-F7)

o ojARAIZt fUE S B3 F7=2 EsA "ok =/57 227
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(4) 371 8571
Z7] ¢&7)E 313 daBIE 5P BN Y wjdo= whA
e Y 37 mE E/F7] “5-317101]*‘] 2aH F7E $HAA
mixing tanko] $&4E FYHA ¥l F 200kwd] 71EHES AASE &
a0z MAFEGLh Z7] &% AL F7| 57 22 AT 7Y
= W42 {3 -] o3| o] Fojrh

5) €|
R 27 S&7e U FHejo Yy daBIE FeR
T SUE AU HEE AR HAH F/E 2ol ¥ I
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o} 100kwd] EAA ¥ Zeth 9 AA F 2P F7 SHTl6AM
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=
2)S
r i
e,
I

SHPTE 74T 2F e bl Fos FAF Wi 2B B
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A Fod4 o sHEY = uE B3 =dd He dF FA4Y
&3he gutslA "Hrh AN 7 £BEIZE P Ao 2YxoE
eAFEY, 3¢ EE =¥ He f32 BT Foio A" Ao MHY



<35 wjde] o3 AlojHch B L A7 40m U 30wolm Hrj

(7) &Y AAF
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2 B 3 Ao"ch Iy mAFE Y 2E2 I2EY
accunulatoro]] ]3] oJHch MEAX|] HAH accumulator= A Fo
100 literE AF Yol 1.57]UA ¢ ATYHY 156H oA nlA] H]of
7} 7Vs st

Ao E Zed ZFY o &7 oA /A 25, ¢,

5 Aol 8] ey Ay Atsiar of
% 2 duA wWHZE SFsA =
B 71ZE £ E ) A 2%
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3l LTiz} LT78] 4¥&3 =ddE& FAstA "Hcoh 71dFe] 33 712&
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InstrumentAtoll A A F3H= PXIAARS 2 dAEe] glct, Zaef AXE2H
H 353 4F AF7] A3 U AE g8 $&3e A3 wd AF
EHE B3 olFAAH, A W AHJE A= AFE vde chud &
e A% 35 4 $E8 4T = YA gl 2E 5SS 43
A&7 28 wolEol: AT 4-20 mAgt 0-5V F71x1e] HefE spch
AFA, FFALY AAE 93] AEEe dF dAUERE F 19719 4-20
mA2] HFAZTE SCXI-11000] ulE ol He|E Fic), olgd 74L& AF
& AYLE HHIY AIE & TS FAFH UE TFE 3t AFY
& H23 ¥ 5 de FEE 7 AR O vl dEYARE
TelHElS B gdom AlF L RS232C Bz} SCKI-1000] SAjo] WU E
st glrh. dAc)e} Zo] nmjekdt AlFE SCXI-11028 A& i) & &
Aoll= & 53702 dAuirt dAIFHe 3, oF Fre I A&
= HE317] 93 IsolatatorE HA 4-20mA HEH AT E 9A Hi Uy
A= FIHY SCXI-1102& &3t 3 ZA fAlY 228 &3]
% gxof HHEEE A3}y f3 52 FEHY &= uiel E=
o] JFtEojAM AEHEE =F 3t 55 AN HUA= ZRHE F3I)
BolRE AlZE F 2670y 23 AMEREE F 12718 et} ol =
RHZEHE doja|:= A13F Hel: -10-10Ve] H¢E 7HAH PXI-6071&
o]-&3to] 353ttt

2 AR = B2 E AL A FA] Aodx FAld £3Y 4
A=E Ftgch &, EE AAYE FTEIRA] 3, DAS AlAEoA
0-20mAE $EY + A& JI=EE o]g3t A WH, SR FL FZAAE
gt o] 7% PXI-67047F @it #o]E ¢3] DAS/Alo] AARlogH
B $&%s AT At I7loly olet HEE 7/HY 0-20mAEE Ao
thdo] $&3tq A& BUEHY ELIHEF SIHch EI F4 ZT2H
& o]$317] I3 AXE Holsly] ¢ls] FAHe AJRE, PXI-7334E o|&
3t ZhZh2 470 AAZE & 4t AR FEFH FeE AR
A HolE 25 % AHolE ¢3 F AIE 1337]0ln, o|F 1097lE oldE
2 JA¥E, UHAlE ofdE 1 &30 3iEditt. ¥l DAS/Ao-& AFH
oA APk AAE YT =of 33, PIDH7F B 3= cf3)
A side] A7IE HAst EPHoE Y 4+ J=FE stgct sid
of AX|¥ A7l 371EA ofefel Zrh

- 7348 9l 2w o] (Pre-Heater 2| o])

._98..



Aol (74
2= ()

1=
T
A
-

SH- W H A o])
2 ol o]akE WEA o)

_99_



¥ 3.2-1 DOBO A2 A=

Parameter ; - Scalin
Scaling Ratio DOBO
Elevation 1 1
Gap Size Ratio 1 1
Width Ratio ln 1/47.08
Area Ratio ag 1/47.08
Volume Ratio ap 1/47.08
Velocity Ratio 1 1
Flow Rate Ratio ag 1/47.08
Gravity Ratio 1 1
Pressure Ratio 1 1
Temperature Ratio 1 1
X 3.2-2 A& HS5, AZV7], FFLA
Measurement Parameter Instrumentation Uncertainty
Heat Flux Power Meter, Wall Temperature 0.35% of ES
Average Void Fraction | Differential Pressure Transmitter 01% of FS
Fluid Temperature TC(Thermocouple) 2.2 °C
Local Void Fraction 7% of Rdg

Bubble Velocity

5-Conductance Probe Method

Degree of Subcooling

TC, Pressure Transmitter

3.5% of Rdg
=

Pressure

Pressure Transmitter

0.1% of FS

Water Level

Differential Pressure Transmitter

0.1% of FS

Mass Flow Rate

Coriolis Mass Flow Meter

0.3% of Rdg
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A" g3 inal rl‘ - iag

LT : Level Transmitter
PT : Pressure Transmitter
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LO : Local Probes
- 5-Conductance Probe
@ 15 - Thermocouple tor Fluid Temperature
TW : Thermocouple for Wall Temperature
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A3 A AHE 4 A% 24
1. A =22 o E8x

oy W@z A AR F7] s 71t ¢ EdEHE AR
v 2 4493 A% £ F3uel gl & AEE oy 7
TR 498 AFY BG4S UFgstd FYE 20A A=A A
d 222 RELAPS & A4t Afo] ZASIY +=3F A =S H-E3}o
E&stdh. 28 3.3-12 4AE kA FUHE ABFES RHAAETH
T3lol Ao} Zo] RELAPSO] 2]3) o &E & AUsES 62.5kg 22 DOBO |
dNE A=yl g3 A FY57 1.33ke/sE T slojof Hrh Id
3.3-2 @ 17 3.3-32 FF U 4 AT U A2# oM FUE <
AT 25 HIE RojErh JddA F7] A 73F FeF
Fo] ¥ 160-170 kPa?] Feloll girh olul, ¢ FY4 FHEFE A

ui

b

of We WL of 2459 FYARE BETh APIH BEF 4R
A @ W FIEle B =& RELAPSY AuA3te} SUSHA f3

AL B 74y ARo X" 1719 VI=EE F3
g Fgshe APYLE olul, Z4¥ U FedE 24
Tyel G ZAH3le RA-o] i3t APNAM Y=
o] gy Ao EEF FAY #=27 BEEHA At dA2EI] F

g8 R3l= wdPE i 2R U HHF st
Hol] A" 71Ez|R] 3|E s RejHcrt A¥EolA FIEEA] 3|E o
AVMElE FAYE 23l FAE AFHE d4& 2Esidnh & A3
AHE 4 471X 2702 ¥H3 A7IH AEBE Fysigch. A =24
2 tho) ® 3.3-10] Fa FAch
AL Phase-1, 112 UHpo] AMW3Igc) Phase-lojH+= B 71§
oty ela ZteE BoRolMe Y & 5 W4l BFECl &
Ax]glu}, Phase-11 A¥ o] Phase-12} U3t 5 R0 2Z4 7|X &
FE 4 I &5 £XF5 F4 7|ZJIARS] A o] o]Fo] Hr} Phase-II
A E L Phase-1 A¥o] BF ATH F o|Fo{FHOn, Phase-1,1I ZHe] b
By g QP BF 1E], 25, 48 T BT doleHd vaE §
st A Z-st ek
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2. A8 A3

7} Phase-1 A3

Phase-1 A@OJA 45 BejRo] MXH 8712 XYAZTE tha
(3.3-1)o] o3l Zuwiste] B /| X& EXE AT

_._4p
a=1 p_1$77l— (3.3-1)
7] A2 gAY =71 F83] Wol A npEe] ¥ oY
#57F BAl € 4 = AL §5F5 JYdAnt 3§ sHssich
23 3.3-4% A% Wstel wet A(3.3-1)e] &3) Fol H4F 4
HojAe LAFHE JX ASS HAEth. 1§ 3.3-5& #FH AFHY
F0 949 g4 AE 23 agolth. I8} Zo] FgF sl

HE 3dzt 8jSo], 78 ARodd:s E3f 7128 AP Y /50l

WA Ao BEEH Fo A4y A4S th3 2t
- a7lo)A 3.3-40lA 2} o] d&o] FUt st VX BET FUIE
712 7 A% (bubbly boundary layer)o] %¥o] yeolitt 71X F7

28 82 Yo 7127 UAH X g9 it oY
NNE AASL Pz uls Ao FAY oy Exo] o) veht
L AP uvj B dMo=, B A Zol &3 F7I
9] wako] MZ uitjel tiFH(count-current) o= FHE
NN AASo] BHEES ¢ 4 drh

-z} Ao §E SHEAN ARE JhH R ATt FIHEh o]

B, 2L 2 7HdE ¥ AN BT AFdA FUd
A FULTt ZpF sHelde W golo 7dT 7
Z7t2 23t F71ddel F7HEol A3z FEl= wi 7] wieelch =
Agold ZE uitteld 7o 3] FIlEE dHS 40kPa B
olm ol RAle HIA=E ¢ 6.7=4 FIMII= EAE ETh
- bR A W SRR ¢y EEE O 3.3-60] 12 B
g5 9 el W¥se 2= BEE Y H¥Es IR
3-7 9 1% 3.3-80 Zz} EA|E|glch
- Oelaet Zo] ZaR ARl FAH Y4 HEHETL 35
EE /A ZF ZeY vtdeAdE 4.3-5.552 AIHETE 73]

r

puy
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3§ 3.3-90A 2} o] FAjY mi3ic.
Bto A= 71 H{HelN AEEEe 7Y ZeF SRR
= 71258 YA Aol 3l X = =T} St
ol AA FIHdrtt. #Fol YItA IHFoA FYEH= 72
ABo g 27 4 cnol 3PS Y HEC] BEH}. F
o] JIX BASS 459 F7lod uwiel 43 St
ol 7€ BIF &G 75 XA JIE FHAS 444 F7t
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22] 3A §S(swirling flow)2] Z7lo]A 7]Q1% Ao = Relt),

B RoAE 71X ALY F713 WY Kol YAk
3% 3.3-99] WY B V| EE EXojAMet Zo] & Ao] o]F
olF <4 oM HF J|E L] WE IS HE 2 Y
T frEol g3l 71X BAFY HAol = < FAE FriHoh
HGof ostd, stdd uirhEol] X3 FAIY IANALE 3133}
t E f5l «]5}1 7122 BA freel YRAHAY F= M2 §

e A& JIX R0l FUIHLE WAHE ¢ 5 dith
3% 3.3-9o0M 2} Zo] 71E YoM e JIEELS FoiX g4 24
old F JF == Z¢ Hul 207t §2 Halch olw] 7tdo] o

foidl 2 AANAAY BF AZEE Hr) a4 2ANA Holch
olu), o2t 71X ube] WE 4F¢] il wA0T FUHL
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(1}) Phase-11 A%

2R MBA o ARE WAl g3 BETA WAL Fo Fa
g B3 olgaEne UE 72 ol#sis] 9
MA 222 GAUE THY FL AN BES ol§3H

B4R BNl HYYOE 549 F4 W4 Fyudel drh 2
ZRYEolE 5 ASA oARE AE &3 W47 kY A"t 2 A
At 2% DEe FLAYN JJAHE e S0l ASEHA 21 3.2-9

o] 231l o|&AAo] AE) 7 3.3-100E FF THAA Y oA
ol 72 L EHAHo] o]FojA FHF Yool EAFLALE FF X 19
o A8} o] K2 A FAHME J|E0E whe] Aito] 57§] &3 path
7t A=A olg dEol 4 FFZRY tiBEES HASH] s 1742
Z4 path7} WHE S AN A =lgich Z &3 patholle lom T2
2 25709 &3 A|"o] wrEolA, zt whHelAM F 150748 & x]HMo] rt
Eo] Ar,

o|A-{5 W4 AZo] o]FolF Phase-1l HBPL X 2.2-14¢ RZ #F
ZZAeA A¥o] syt AN GHFASE FJRYL2 R2-10JR2K
T} 10% A FU=Ach H =34 Aol &3t R2-10] o] o2 B
gojof H& A% ol sked, olmf RKEoA F/EH HA K=
1, 7om/sec® Ht) Zteg2E of$ L Zrolth R2-1 oA fof A
A= o3 2
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uot
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L Eoa Rt Aoz zo} o) 1= FEE, ZeF el
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Ao LExH= 1R YE 2= A7 2#] Yt
02 3.3-14= 71329 3x1 VX L5 BXE RoET)
frs WBA A3t ¥ kE

th wl¢ 3A FPES BoAEh IdeAet &oj
ol M= ZIX &%7} Aol 1.50/s 7HA] F71%kch A wiciHo

- 115 -



A oM BAHAY s¥she 71X f50] JUEHM, of
= ol LA™ 7|27} swirling G50 &3] WoiH ¥uA|
ARt 31t & A5 2" 8] I A%l 9% Ue
Phase-12] 7}A3} #& AT AX[TTE 4.8n &o] ojidAE
3 HE 9Y92= 3.8 gololA Er} 7|2 £=7 AH, VX &
= X7} 71EE 22 FAR BYE gttt

th F AW ohE A4 87t

B4Aze] Ad uhg A4 £ ABoN @ 32 H4F s
& Iz}olt} Agold BF A= n}
HeEE 28 + Aok 2 AN 2

ollx
o] 2] (3.3-3), (3.2-4)3} Zo}Rr}
_ ép _ Pir;  PugTug -
aaz—pgga+ I + Y (3.2-3)
(1 0D _ _ Pr,  PyTu _

21(3.2-3) 2} Al(3.2-4)0 A &¥A3} 31 4£ASPH thae] 2(3.2-5)
7} dojRic}
P PwlTwl P,

y =a(l-a)(p—p,)g+a 1 —(1—04)—%15’i (3.2-5)
o 7] ofl A
F;
it
C —_
S i s

A7l A 5ol sl Aol WAHE nte Ralsty 7E
0 Bel 144 R52 VTR JHYSHE AW nhE A4s thest Zoturh

Ve Cp a;p
c

=1 g A= 0—8—=a(1—a)(pl—pg)g/@;—;t—l)2 (3.2-6)
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c,(= CD . : interfacial drag coefficient (kg/m4)

(3.2-6)% A1Z A%, FAY U=, 72 L Be} S8 F3H
H b A4S @e 4+ 28 HolETh

APoINE ol YHOE JANY 5742 TEeN T2 s|EE3
AE 4% PEE 245D o8 247 9By 32 L JE Asd 1 2
9 71ES4EE ddrh olul, 71Z&ol
9% grold F3E AYRY ° B

Hd

rlmgm

_&3.3—2011 3]31 ﬁ_sﬂf\q I =0l RELAP58} TRAC-Moll AMREHE= AW
b Al 2dg Fe|sledth. RELAPSO AMLEE REL |2 TN A
B 9 A7 &5 EXE 388 drift-flux 2o ZAE Ro|th
TRAC-Mol| AMEE|E= 7|E W2 7ig 7132 F7|o] wiel H3te A opi
AFE o83l 47 &= BXE este] Pt Edolth. v F
Aoz Pzl 20/3D 4 =29 F s UPTF AE] i3
oA 7]& TRAC-MS] AW upALrt AP ZAfE & &Y 5 glZol §
A 9 upEASs 2dE de] AMHEEE Blasius REE 3T £33
Blasius Bdo] A glr}. o]23t 2z} DOBOA HollA Aol AE dlo]
el ele] vz E Fsled 7|E AW opE Al4E Hubsta A WIS =43}
A shedct

3 3.3-15& AP dojz BF AW Ao} A= AMEH
t B¢ o Af 2EE vag O lt} a9} o] RELAP5S] A
o b A4 22 DoBO A EolAM FolX grol wlsh tih wWE & Hol
H, o]& B3| RELAPSOM = AFHZIRT 238 22 AW npig oS3t
Aeg BEA¥Hch TRACY 712 AW opEAs-EdS dEZAzEct 3-4u) =2}
Z35tA o&3ta k. =3 ¥ Blasius BEE2 APgLol vid) UF E2 3%
S o &3, & ujaoMqel Zo] JE ¢t Y ITof AMEE = AE ul
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¥ 3.3-1 A48 =37 A

Parameter Tece(°C) P,(kPa) | Wecc(kg/s) | q (kW/m®)
R1(Phase-I) 110.14 162.8 1.22 50.2
R2(Phase-I) 110.16 161.42 1.16 69.7
R3(Phase-I) 109.64 166.47 1.2 82.1
R4(Phase-I) 109.52 170.78 1.20 91.1
R2-1(Phase-II) 110.7 158.5 1.33 70.5

¥ 3.3-2 ¢Asly Z=of A EE AW uEASs BY

Model Remark
¢ = 0.5-C, 6,0, F,
Dl‘
-Bubble size m
D =20 Q-X)rmndol 09D WY, L = <
; Vet =0)
bubbly flow
bubbly slug transition
_ : bubbly stug flow For the
-Profile slip factor bubbly-slug
Wi -cry 5 _1e=Caq
TRAC- 13 =——~"'Vf Lo arze0n {i: Y-y flow
ol -Bubble drag coefficient
orlglnal i T4 Re « {107t
¢ 1L8-6.15 Re*™) 010831 Re, <987 .
i [ Re, 2389 o=
Modified | . o0 p, Recommend
Blasius Re;™ D, for the UPTF
PG LU R A “ra
! V. ’__
‘Vul v 14 -2
D' = Dig(p, - p)/ol” .
., Drift-flux
. A | 088, - P
RELAP5 | 2's% #=00%0™ N:[—T—]. based model
. oxoms By \-a157 ppesat ag(p‘_pl) "
D'>30 ¥, =0.0019(D" (7) N, —F
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Axial Dimension (m)
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Axial Dimension (m)
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Axial Dimension (m)
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Axial Dimension (m)
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L ower Head Subcooling
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Downcomer Water Level (m)
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M4 d SxYE 725 2 S8 MY L o)A

A 7 2
1. ¥z 535 HA¥

APR1400 ol WUAIZQRZAA AT HURZE, F5HY, L FAYER
Z (Feed and Bleed Operation) & ¢35t tAZFeul7|AE (SDVS:
Safety Depressurization and Vent System) o] MX|Em, o] AFos=
POSRV (Pilot Operated Safety Relief Valve) 7} AXx]E]o] gt} [4.2-1].
POSRV 7} 2}53td d=t27147] viFe ¥ZAale F71/01072l/22 Fel
2 Sparger& £35}o] IRWST (In-containment Refueling Water Storage
Tank) |2 W&HTl

W& 2Ulole 7YY FTl4 &3t wEud o 3], A4, 9
277} W&AC} (Air Clearing). Z7)d W&dHE F7U F4&E v]-&34
714l0)7] wjEoll IRWST Uf EolAN FZ4FHLE FHHA dow o 7|A7L
el h&3PHA IRWST U] A= ZEFo| Drag Load & ©F7|AZItt. F7
7} £&H tlZol= %77t Sparger & F3to] IRWST UF 8% E&Hrh

g+l POSRV 2tGof wE Sparger A%} WSt dtFol tidd 343

B2 oby A FyEel oA Ytk ERE o] w UAgSh= IRWST oA
3152 Sparger FEfL} FARE Z7] W wixof wet eepzich whebA )
A 2dg Jpdsty] At ARE @il Sparger AAE ASIH] Aol

AHE T JF7F "as3it). Air Clearing A] Sparger 52 ZF3laL
LR3I REE dU] 93 AL FIFPAH A7 48] B&C Loop oA 33
gom, o]& B3l Air Clearing A] 3130 FFE nA = AAY F274
o] ujetE|glem, WHA POSRV 2FA] Sparger & ZiZ/do] B7HH ut 3l
T} [4.2-2].

Air Clearing o]%oj WA= F7/IWEHEAAE AAZHL 571 &
Zo]| ooji} IRWST Ui B2 2%/t &efzith o] F7igtel wel §5
HAato] ZbAEW, Z-fol wel, §F53Bol E¢HE3tA F AL Bubble of
53l 23" 4 glon, olgjgt dA2 IRIST A& W ZAAH A7
3t ¢lEmlE S <= 9lr}. NUREG-0783 2, BWR ol tfsted ofg gt
B g2 Aol wslx] AEE, 28 200 F oJ3lE fAY A& &F
st glch [4.2-3].

dutx o2 QrF-SHP oM AFu] FJ|e= vay ey, $F
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2 u)-¢ ZE3A IBHC} [4.2-4]. F7]-SFoA UAsE dHyty 3F
I Foe F71H453 Pool U B2 ¥4E AdiA 9on, Eab
Nozzle oA F7-§HFHAE7l A AFREN 23t AHAH v} 9t}
[4.2-4~9]. ¥H APR1400 o] AME-X]+= Sparger ol &= %771 UL Z7]
WE 7HE 531 Pool U EE WEF o] $&FH olufe F7&EYE
+ Nozzle ©Ji} Hole & &% T F7] Jet o SF5FeN} xpol7} 2dr}
[4.2-10].

2] APR1400 o] A}-2¥ Hole Pattern & Zt&= th& 7w Sparger of
3t $F55EE BRIt 22N EUF-EFHol ozt Unit Cell
Sparger & ZAG T& HUst= ABFH AFIL o]FojI wp 9rt
[4.2-11]. o] Ao 2J3tH ThF Sparger oA AL, AFE ZAoA
AT SEHH o] UABY JHedo] k. Iy o] Sparger o= U¥
Sparger o = FAIPYFY F71-§Fol BAFA] ot B dFoAE
TASHYFRL F71§Fo] A= thE 9 Sparger oA §F 54L& Wil
3l APRI400 A4 MA A AFo Wy (8 E Aatsts] 93t 71§
SAHEE +3tgct

2. ¥R $2AF AY

LAt 43 Ql APRI400 2 PR S AL Fuala tiH &
Eol7] $ste] o8 7HA] GAEE A A=t o] gt AW <t
AZE F hud A8V FARAFAGLZY (IRWST) & FAA-SAA
PAZNFAE A3 +=U 9TE gufsta LocA 9F 72 Alay} Uy
@3kct, o] IRWST &= EZF Al3A] ¢

%

}5& X3 (Scrubbing) 3h=

e,
o
rie,
lo
a2,
A
o
P
oZ
_(')l_:'
A,
ok
i
An
ok
>
o[
oo

N

715 % gt

ARSLAL 7HQE7] POSRV & B3l WEEHE F7]18 $£RA $5A1Z
o) Mgste ofe] @AM APRI400 IRWST & A U FH ATHA] gof
A FQ3lch, & IRIST AL AaA] E83F08 F71E SHAFIHA
IRWST ] 257} QAsIA 2EHEES MAF o} g} ol 27L&
4 dEY S wofsly] fstods F718A7] (Sparger) & B3 F719

$Hl 4T WAL FP L2 oldet oY FRuNY dEY 54
2 3% 4 9t siN7lEel Wasith AA BIR UHULINE Sparger
of BAY /W& 27 [4.2-3] dldE 42U AEY B2Y) Ay 2
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Horol £ BFLre B4 0 Ao oigt 2 FE AT gict
IRWST AZMEAE ¢3tds FZUoA 2] Sparger o ¥ =Y &
e olFsta 1 BAEE NY =7 Add 27 AF Lad Y
A7t Wasich ol WA uwiEtd IFHAFATLE UIT
oMo 2% W JdEF Pt Uiyt APY dAXE +3Y vl
[4.3-1]. ©o] Al¥A ddFojA= APRI400 oA AMEE Sparger & X
Simplified I-Sparger 7} AM&E%lth. et} o] Sparger ol &% &4l
2% 2 shuel Bottom Hole o] REA] ¢girh & dFolAM= Bottom
Hole & R&J& A2 Sparger & A3l 53T 4 TYALEE +
833} 3L Bottom Hole o] d& ol m|x& 3 ZAPHATh

x> N
S

o
O
-

¢

w
e

3 "4 CFD 3

E CFD 3L tg 4R 3 dEY AN £3T A FY i
Z7] blowdown A®e uidte] AZshM & stgrh. CFD AFHHE +3T
o]-g-= APRI400 IRWST 4+ S=EX Mo &Y 4 & HHY CD 3)
Mut 2 ¥ylsty] slsidoln, APRI400 IRWST =2 ¢4d4 BF7HE 4
AME AAVE Az B F718E5S UAS A BT £
LEEYE Bysjof gt} ol& flsiAE E}AQ CFD siAbgo] Lad}
b 2 ool ZIUIAES 71871 145709 2 P& F3te] IRWST
4z Y2 4&Y g Z%(choking)o] WS, FIAET}L B2t
o] AFHZH] 3 $EHE ul¢ BT EFHU FAbo] LA Aol
FPoT o A& Aol Hr| wEolrt, uteld £ CFD 3fH A=
Z71AEL] AFFE AL ALF oz BAY 5 3e FVAHE IF
oul(H5%, A5d)S spuet the, I BUoA Agigt 54 AE W #
Qlazse] exot £ & A8 CFD ZEQ AARALE &3 P+
Z e 43 8L Atk ®£3 CFD N A}E &Y AEZH
o} mjm3 &, FHAL sHHUpHES A ¢EiM AR, AR
W Solver Algorithm WZIE A4S 435tk EF APRI400 IRWST 43
B s Azt HEAte] M-S +8L sjof stRE, 7 = At
A ALFEE Haksld Azte AESIGTh wietd & CFD sjAolM 4%
g Tizts AAAIE LS, APRI400 IRWST & 228X #H ¢
3 Bote @ 8ol H ZoF oaHch
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4. 2¥$2 SHIYIY BY A

APR14002] SDVSolA ¥t&® Z7|7} 1-Spargers E3lo] IRWSTO) HA}
o] $&%r} I-Sparger= A AHHEELE o|FojA glct F7[WE 3]
& Hask) ddstl 4AE AW $£Yshd PYEES o] Fofd
LRR(Load Reduction Ring), I-Sparger Lo 9t Wy F£IHIPHE, 1
213 1-Sparger ulTho] ol WY 4FshY THOE o FolA Yok £2

%o A= Sparger FHES %EH A 37l 744 B $50l
o| AR HA §F 2 WE F5E& d27A Hrh

4Z& olA I-SpargerE %5}01 28 37171 $5HTA aishe
F5L FVAE $FATY GEY ¥E wAA el &, A T
AE EFo YJsiA FEE +2U 52 FVAE I35 %‘ & FA
HE 5§ F7AE 54 28 A3 fUE £2U 730 AME dREE
Zbs gich ol dAFe &UAdl sle P FIAE —8—‘?%*01] it Ad
2] %

ox,
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2
ok
3
gt‘
1
b
o
(o
%,

dTE FAAE S5 el VAW &
shol W4 A7t & 4 Ak,
Eet Ay AT BAY £z FAE A dFE oA
Q43 4 ZEQ X AN A8 FAZAL ANRE o] FHE ¥
ofopgith. Thtd @49 =7t A sidsE] Qold chkgEl ta
HE WA oA 42U FAAEY $& ¥ae Reste de oldg
L 31

o] qltt, x| tiald d4¥ IE7 713 chitRE A 22 chEAn
A (Porous Media)l} VOF(Volume Of Fluid) =7} Hrh £2U JF7AHE
SEHA ol FI%t B Aol FEE o &zt xF 1 FAdAE

ol ARAE At Tatol chalA Al ThAY Y IEEE fHt
71 ol3& tirtolch oledt Aoty FAIAA H2 WYPLEAM FIAE
o gJte] WAL F5Y 54 APES B3] volHE €3 21 4
olHE BN wiedt AERT RYS AIY F ol A dY &2
Eajdel FAZALE g, A ol& Folo] thAd d4Y I

23t dE3 &Y BT I FAo] risl stzlct,
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H2A gy =2 535 A¥
1. AR 1 AE Matrix

%7]7} Sprager & F3lo] IRWST UF EZ Y&Fo 5= IS
AH3L F AR o] FAel nXE= FYS AL $i3ted= 3
A3t APA 7} glojof gtct EZF Zpzhe] QA}J} Sparger 8] §5F 8%
njXEe G ZAIY F UEF HAPEC] F4F o o Ik

A= ZEFHOT SAZZ] Wdiel Z2 7147, ¥,
Sparger, 22| IRWST ¢} 7]} WlH To8 Y fAAT 45 dAE
AZ/A st APARE 3, AAsHe AF2E 5o ), ¥A
Sparger &A%< Halsly] ¢5tode HAE YAz AH8H Sparger
o} S Igt MA 9 Sparger 7 Ao AMEE= Zo] ulgha]sich

BAxe] F7]EEAEE U] st S48 &3] I
FHoF gt &t IRWST R £Z9 Eiso|: APRI400 WH 48] IRWST &
ojg} Ztolol dh, A AL 2 4F 1.5 m o]Ate] Fojof 3It}. Sparger +
AxFog AP} HZLL Full Scale Sparger 7} AREEojof 3t} F7]4
A U7 AL FUMATFE ddde =7 JleER F4H RY
Sparger & AME¥ "R} dth

Sparger & FHLES RASH7] $%todE &AW Sparger 2] Hole
Pattern ©] AlA| Sparger ¢] Hole Pattern I} Zolol 3ttt %3t Z7]8F
Fef7l Hels F7R5S 3] stode IRIST B2t 37lfS0] AA
stA Mg ook 3trl, §hH Sparger M7 Zo] W £ A UH A
A} SAsHA FRAISIdor gct weld ABAHAE ol AAE 4P ES
etofl i ZAT = QEE AdAF oo s, o]Ee P3| ZtZ FEelE o]
AA3E =8 AEPAYo| g3x]ojo} Tt}

2

7h AEAA e

APR1400 oj|A] 2] Sparger &AM %S RAIS}7] ¢35l 7]£2] B&C Loop
E o] &3}adr}t. B&C Loop = 7}¢}7|, wr& Wy ol w3, Sparger, IRWST
2 mejsts fAARI AZ, A, L AEYSAT o8 4= 9
c (39 4.2-1).

SAAZL 7iety], wr&uiB o} wj#, Sparger, W IRWST RJFEET
A= glth Zid7lE fAE d W AR A 2AS BRAY + UESH
32 (350 T), 3¢t (17.0 MPa) 28 SAFEEF MdAEHZOH, Wads
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371%3e YA FANL 4
. [«]
T~ U

Q=8 FojEirl WrO MA oty
2 17.3 MPa, 372 C ojH, Y

A gY@ 2=& 15.5 MPa, 345 T

oo

ot}

FAAIES ] =7 dAA RRFES HEE JtEEdeHy
gt o Fo drdA it F7)-&FAH = AA Sparger 2| Hole Pattern
& RFAIBAAN W Hole o] vjdo] 9 oM 4 2 F4F I uido] 3}
1}2] Bottom Hole ©] A X|¥® Simplified I-Sparger 7} AREE <t (¢
4,2-2). o] Sparger & Foll +H FI7-&F5AHA AHEH A FUTH F
el ¥ =Jjojc}, clut o]Me] Sparger 2}:= 2] Sparger H}Eloj Bottom
Hole o] 3l © 715 glvl. Sparger 37 Aol 2.6 m o|B, 9= 3.5
n & FAEct E3 Sparger & E&| IRWST B¢z Foo HAE L
o H3} Azle 1.5 n o[glrl. IRWST o2 S+ F7UA71Y F
NE FRol W&t 2E3HALL

i

L A, Ao, E AEA A
(1) A& Hs

Zt Aol Sparger ARAAL Zb FEoAY Tiefdt N8It &
Fx]ojof gl 7it7], v, W Sparger M F71Y 2%, 4¥Y U+
%50 EFEH, FIYEeBolE Venturi & X3 FIRFE F
sttt (2% 4.2-1 =), g9 IRWST Ro$Ro= 27]2%02 Q3
JutE SF37] A FYACE 9 Jf AAEAT (27 4.2-3), =T &
o= Local Temperature & Z3#35}7] $]38}o] Sparger W& Hole H-Zoj 10
2] dAYE HAstgd (Y 4.2-2) Thermal Mixing FEE ZA 3|7
213t 54 Jje] AAcirt R0 HEE AXFATY (A 3 4 #FR)., FH
BEZoHe] &4 WS¢} Sampling Frequency = Tth3} Zt}

(7}) 71471
- 7R W 2
- 77 W
- 7R U 37 oY
(W) HEse
- afFo Y fAl =
- B A Y Al e

- 37 7%

PN o2

H =

T 357 ==
H =

F E2E

3

T—
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- Sparger %]
(t}) IRWST Ro]4==

- BATY R 42

- o) 22U £2

-2 U, ¥, 2 kel S
- %)

- o+ 8 Hz

- 25 8 Hz

- 2=9] (IRWST B2]42Z): 8 Hz

- w3 8 Hz

- wjrete: 8 Hz

- Y 8,333 Hz
(2) Ao 234

fRA AU EE AL SIS wE Al FEstA 23H
= Aoj=gch Wa s, s, 9 fA P2 st Control

Panel ol 434 glch,

(3) A=A 2] ZA|

AtgA el &2 (DAS) & 4% AZVIEREH ¥ AEE +3
AR AARA A ARFH/AY @ SALNE A T 2P
A8 AT &AAF = ASCII Data Format 28 7]EFH 34t
A A E e W4yt B2 AfUF o EAEST

DAS = High Speed Scanning Module & A}&3le] 28 & AL3iH,
DAS B ¥EE BE A3E S YA st SE3s] Azl A,
W AAE g5, P& IEEE 1050 LA HEAIIEE A= et

o Ay MEya

%71-¢&4¥L Bottom Hole ©] gl t©hF Sparger of tidd
Condensation Regime & At L&A 515 W Fu BEXE 331
93le] A UTE o] APUL Y3 st IV YRELE
712t BAFE 4= glofop gtk @} B&C Loop o] ZI7lE &%l =31
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] Belo] 284 2 oy Z7|del 23 AL HF 0] E7be

sit}, uletd $&%% Y AAE TEY 7 e AES AFE s H 10

2 A% 71920 YAsIA FZTHEF AY Matrix § FHskACh
AYA] Sparger & IRWST B2 Fo AAHcL F4 A@E

o} 27124 ofefet Lrh (27 4.2-4 F=x)

- Sparger A7 Zlol: 2.6m
- IRWST R&J&7] 20, 40, 60, 80, 90, 95 T
- 7S 200 - 600 kg/m’-s
olgdt AP FHL Ho] 3" F7SHAUHMY HE F UF¢
271270 Ptk mhebd o AR A} Hel +WH e 272l
tist A8 v|23PA UvhE Sparger oA Bottom Hole & ¥3& &

it

2. AWAI} ° B

AR $2U 2271 AR =Hsta 7tg7ldl S8 48 F
717 BREH UL W) FRA YRS MUAFIEA Az Tt 717 F
7= Z71uj#3} Sparger & B3l £ (IRWST Eel£7]: Quench Tank)
2 BE&Ey f3¥zdwEs JUNRS 115'}“ Az Feg §A3=
2 zAgddrt 0¥ 4.2-5 & £ B2 40 °C, F/|H% 2.6 kg/s B A
23 Ao SZE FIREFALE ’ﬂ’é“l %"“b‘ﬁﬂ —57]%‘%“% Niza

shAle Estdout o AE YAY Al FYAZ FAY AL Rel &
o B RINN dFHE FYE 3718F E L Fuss Hay
2 A% ol FRR0 AASH BT 12 e YaAslel SIS

10
T3 S48 gSelch

7} B718588 S

Z7183 0 Qle] WAE 5UTY Bele 2= L f&ol uiel
A NE ciEr) [4.2-4]. 28 4.2-6 2 7 &, 2 E2=®7 40 T o2
Z71H4r0] 190 B 480 keg/m’-s Q1 ZAA, ‘1‘1 (DPT3) oflA &3 Bz
g Roj&Erl. 3o HE upe} Zo] 2T FIIHHO] e w ﬂv
o we APHT WS Ak VH YT Fn4E F718G0] HE
o7} 2 f4uT B oz 2AHL

o|&|3t A3k EQtulE FFT (Fast Fourier Transform) ¥} 4] 3}H

F
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HA¥ 4 gth. 23 4.2-8 ¥ 9 £ o]E Fulol] ¥t FFT +3 A2
otez}e] Zup4 BEXE HoFa gt f&o] A2 F o8 AY uf¢
=313} Dominant Frequency 7} WA 2 F3pEL Y2 Helo X3
3 glch oo uiste o] 2 A9 F3¥ Dominant Frequency &= &)
32| ¢t glrh

O 4,2-10 2 11 & 2 2E7H 90 T oz %% & 35 (480
kg/m’-s) of thgt tFmie} Frlg EXE HojF3 gt ¢¥ue] AJE
HrjHeg zom Zuifl ufg gkl wlglM Single Bottom Hole g_,
Zt= THE Hole Sparger oA 9 &% 54 & 53154 7% FI+
2z 2ol 27842 4g AN, $554% Bottom Hole 0]
Aot FARE Ao A

rlr rlr

xz
14
. $53F
IRWST 242 U ¢ 3te] S¢t Amplitude & W]23}7] $)3te] IRWST
2ol4z ulcte] MA® DPT8 3} Sparger EAF T3} ¥ wold Hol 4
A" DPT3 oA FotulE Mgsigich =& ole¥ JISFHLE YAt
= 3% 54 Bl st HRoFE Peak 313 AdE AHESHAT,
o] 53¢ B+ oh2t trh
| mEetE: QAT §T zAselN FeERY EL LatFwe A
=B
2. Peak 313 4BT Y 2AstlA FFE ) 3tF
BFoIES ST Wik shFe WE A¥E UehiFH Peak
5152 A i FaAER AHE 4 AT

24

gl 4.2-12 & £ E2x 40 T 2AA FFH FI7HSd wE
MF5}2 W Peak 3138 HIE Ho FEr} (£2Z uldod 31F). I
A BE uig} gol ¥ aFe wz AL vkdty F71HEe] FIHH
ujz} d1Fo] ZtA3t= AFo] it L} Peak 31FY A= FEIHFE

I

1

E3t £ uletol e HE (DPT8) 2 =X ¥ (DPT3) oA o] stF Rt
Ar} (Y 4.2-13). Side Hole oA £&% 719 $Fue= +
Q13 Side Hole oA ¢vtel H=E wkggich ey 523
Q1A% Hole & &&3}e] H3S Avjydos AA UE Zez FHHTL
o]} ZL o] fZ ulete A 31Fo] HolAY sFRTL AAA Hcl
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tial Nozzle ©|L} Bottom Hole ©] ¢l tTlE Sparger & F% 3714
S A2 3122 F78 HGol 1 uel BT LA
U Z7kste A%E 2Arh 28y F78%0] o] =g AU A% I
shH 12 HAEVIA] 7AAY F AT PSS AR} [4.2-4, 11,
12]. o] 2} u]<:3t Z3o] Bottom Hole o] 9li= THE Sparger oA F71-&
X0 wWAE G I 4.2-14 = 7% ST & FH5kE v
2 Ro&tr}, aPolA RBE uid} Yol 3o 3FL F7] FHol FISHA
47 43T s [AFA Yok

Z712%1 ZAH Peak 3132 250 wE W3yt 17 4.2-15 of U}
¢} gity. 4= w9 Peak 3FL 42 E2=7F F715HE 90 T 714
Z71sithrl FAsHA 43T olo] uiste] Moy 332 60 T 7HA
Z7lsicl $20] o o] FIhA AA3] Usdte FFE Bdch T
apetol| A 2] $1E At YoM sFRETE 3An 90 T oAE 10 ¥i7iA =
3h5o| AZtt

4z B25 90 C oM $= uios FHE Peak 31F
Bl Aws] 3m (O 4.2-16 ZR) 71558 4%& Wl
AT RO}, ZF £ BEL2% 95 T M2 Peak 3152 TE 4
o) uldte] BA] Frl BXE7} EIZo 7HYAIE &531A
auE $dog AsdtA =Ho uleld sh5e A7 Hadte AL
Ztg

B

A=

o

o

2 (o

rlo
ft g N s

ok [ Mo rlr o

th. 37165 «stel Fybe

Z7]1¢&A o] WS gty Fube EAS 471 $5ke] FFT )
M & 43stgrt. Fo] 438H Bottom Hole o] ¢li= Sparger & T 571
S&AHN ZHY odYvioldE E e Dominant Frequency 7} &2is}
3 9= Zo] wEgom, o= EA} Hole of ¢IFT 71 Jet & ¥
n]Rof HEAEE Ho g 2AHC) (4.2-11]. ol¢} {Ak3t At B AYolA
= 2l 13 4.2-8 & £ B2E 40 C, F71%% 190 kg/n’-s 2
Ao EAHH 27152 FYu FFT Azojrt. oA He b} Zol
3 7)¢] u]$ A} Dominant Frequency & 3 712 Ao 22 A7)
Dominant Frequency 7} l-%- W& Fubpof ZAA Eafsta gich

2z Bewyl A48 ZZAA Dominant Frequency & URI F7]+
sz A2 WASHETH 1Y 4217 & 4% BELE 40 T 9 23
o] A3 3 72l uwp-$& Hcizt Dominant Frequency (F1, F2, ¥ F3

<
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Frequency) & BX & Ro &t}l. Z7]8<%0] 190 oA 420 kg/n*-s Alo]o
9l A% 3 7§¢] Dominant Frequency & A2 «Asich gL} 0] H
o]A} Z 7151 Frequency & FZ43HAl Z4she A4S Hdrh

ourzog R wHx| Dominant Frequency (F1) ¥+ <J@ Dominant
Frequency 2 A|Y 37|77} A, Condensation Regime & ZAFst= F82 ¢
2% SHUE d3lA oot [4.2-11,12]. 1% 4.2-18 o= ©] F1 Frequency
o] W3yt Z7] 7458 U4E FAFE gt F718F0 g ofute
Dominant Frequency = E&% 60 C 7Hx EL%7 £718PH F7k8hy
3 ojare] EAME F43] A= F¥E Bt Fl Frequency & 5
3 42 BLE 2 A¥ F/HS53 REsA 43T 3 HAIsk ¢

=2

—

2}, £7]8% Regime

W}&7 52 Bottom Hole ©] §li&= ThHE Sparger oA F718%F TN
& {AIL vk B2 BHAAE EUE F7]8F Regine & AAT ul
oicth [4.2-11].

1) Condensation Oscillation (CO) Regime oA Z7]-&&3IE2 F7|+
%o '6—7}5'}““‘ o dF R&IA %‘-ﬂﬂﬂb} ‘?—J_*‘ g k& zterh

) SE3FL FU|FS0] T B RS olFeE Fulstd FF3s
A 3L’ﬁ§lﬂ*l At F 43T o= -11-7‘]5“3}

3) SC (Stable Condensation) Regime ©] HAZEH -§FIFS #H4A7}
H 3133} g o] 2@ 712] Dominant Frequency 7} £xj3ict.

4) CO Regime o= @ 7§& ©j-2 #AHctlgl Peak Dominant Frequency 7}
zg,

5) CO Regime oA Fl Frequency & Z7|-f<o] ZF71std F718tAY
A3 7S FASIH e fE5EHYLE E°/714H Fl Frequency 7} Z4d
=3

2 Ao S s8H AHAAE ’51"8 Z 2} Bottom Hole o] 3= 7
2] 541 3}e] 143} Frequency M3} Z3FE Bottom Hole ©o] ¢le A9
o] GApStg Tt whelaA Ao AAEH Condensatmn Regime Map ©] (%
4.2-19) Bottom Hole ©] ¢l tT}& Sparger 2] F7]-¢Fox IHELH 4 9l
= YR A e )

—

o}, Bottom Hole o] Z7]-&& & Ato] njx|&= o3t
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Ay Azte] &J5hA th Sparger o] %= Bottom Hole & §53}135
FA A LA T G At O 4.2-20 & X ELE 60 T &
oM 2 72| Sparger o 23 7] &4 FIH 535S H2¥
ojt}. Bottom Hole ©] gl 7ZA-$-2] 3132 QI Sparger oA8 StFHT}
Abers] ZiT}, Bottom HoleolA] £&¥H £7] Jet o SHYYuet 5L +
W 22} Hole of &% A3y @ £33y AutE A7 ANz
138 ZdaA)7]e ZLeE gk

Bottom Hole ©] ¢l -8 thd Sparger o T F7|SFHA &2 =
=7} 90 C Q1 A% Peak 3F2 7|45 718t F43HA F7Iste
g ot U £ Ao £3H AgdAMEs 28T Fo] 54
=] okelr} (2@ 4.2-21). Stable Condensation FHoA ZF7|-8% F7}
3t st2o] FA5A F7Isle AL Unstable F71-358 Y2

E 4 3lom Bottom Hole 2 ©|g& 7H6d& Slolde 9ES
ZtHrt.

Bottom Hole ©] 3}%& ZtAAFlE JEYL 3= u ubste &=ue] F
2 Biojs ¥ gL A R ZAoE AZdch 23l 4.2-22
X 7}#] Sparger o) th¥t ZF7]-8< W3le] ulE Fl Dominant Frequency
H
=2

¢

M oox rfo

z3e
lge e

ok HI

38 HolETh ol B uksh go] T Fuk Abole] Arket
4AY 4 ek

Lo loqr B

3. A&

APR1400 o] AF2¥ Hole Pattern & Zt:= thd 9 Sparger of ©igt &
ZEANS B oA B8 -3FHo] thit Unit Cell Sparger 2}
AXEL FHesly] 5t 271 $SAHE +Astgon APAINS 46l
t}. Bottom Hole ©] 9l Simplified 1-Sparger & AF&3le] BAAtEl F
71228 L s AEHTE /)RS5 E2 =0T

ARAINE sIHT A3 o3t 22 ZES 4k

1. Bottom Hole & -2&3}3& ZLATE 71%50] o &N &
A2 HA o] UAEE AL A3t L& T}

9. Z7]-LZ0] &% Peak 312 & BELE 90 T 7iX= E2EJ} &7
Z7 s} 2 o] e 2EAME F43] A4St
3. 27]-¢&0) 2% ¢4 ute] Dominant Frequency & &% 60 C 7}
A BELE7l F7IPE F7Ish O o4 2xAdAME FF3

t}.

ol

3}
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4. Bottom Hole ¢l Z-$-ol tisto] 2Hd¥ Condensation Regime Map
2 Bottom Hole ©] ¢l& T}E Sparger o= It J-E£H 4= git},
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Satety
Valve

Pressurizer
PT101 =g}
TC101
L7101
X HV-MG-01
PZR Venturl Meter
Heater HV-201 PT203 Hv-202  PT205 TC250
i , FE201 TC203 a TC204
TC201 o e T - T
PT201 PT202
TC220 TC202 Tene M -';(T;g??
Quench o
Tank
Simplified
1-Sparger
er207 ||
DPT(9) Jo
201 | TC217
LT60
= [ 25 S v
a3 4.2-1 271 ¢34 FA 7= (B&C Loop)

Side Hole

1st Row

2nd Row

3rd Row

4th Row

7%l 4.2-2 Simplified I-Sparger 7| W FHIT 7

25mm 50mm
—

LSOT\'\H’\
® o ¢ o oEmm
o ¢ o 0

__25mm
® & o o 50mm
oo oo 2omm

\ Bottom Hole
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Temperature (°C)

100

80

60

40

20

Quench

Tank
DPT3, 4
DPTS
Sight
Glass
300
DPT7, 8
opTS. opT1.2
32ﬂ DPTE DPT3 125 DPT1
— [ »
225
opr7 [OPTO
900 + 1,000
6o0of | DPT4 DPT2
A B L
‘DPT8 {25

3 4,2-3 IRWST B4Z U FYEA A

© $
S o ®
N N S
4 N
N N N
¥ P @
.............. ‘E; 4%; g$> g%}
&
v
I
. , | . .
200 400 600 800

Steam Mass Flow Rate (kg/s)

% 4.2-4 Test Matrix
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3.0

25

20

Flow Rate (kg/s)

10

0.5

0.0 i " i A 1 i I
0 10 20 30 40 50 60
Time (s)

33 4.2-5 27|8% AYPA F7]53 HEL (40 °C, 2.6 keg/s &)

0.8

S
S—

Dimensionless Pressure

Wi

-0.8 i ;i i . ;
42.30 4232 42.34 42.36 42.38 42.40
Time (s)

7 4.2-6 BE2% 40 T, 190 kg/n*-s ZAAAN Y St nt F4t
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Dimensionless Pressure

0.8

o
~

g
o

sy

04
-0.8 L . . .
25.10 25.12 25.14 25.16 25.18 25.20
Time (s)

O 4.2-7T BELE 40 C, 480 kg/n*-s ZAGANL Sdn 4

0
2000
1000

o hilisahen ikt et
-1000

Angle(deg)

Amplitude

Dimensionless Frequency

05
04

03

02}

10 20 30
Dimensionless Frequency

T, 190 kg/n-s ZANNS FA} Fo4RE
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Dimensicnless Frequency
0 10 20 30
2000 — T v —r

1000 ~

-1000 | -

Angle(deg)
[=)

Amplitude
o
T
i

Dimensionless Frequency

a2l 4.2-9 E2% 90 C, 480 kg/n*-s ZAN L] v} FufEE

0.8
© 04
3
n
7]
9 -
s s V)
2 00 N\{\;\ V) M\“I\UWLLU e V
5 W W
[2)
(=
Q
£
o -04
-0.8 A —_— i " N
25.10 25.12 2514 25.16 2518 25.20

Time (s)

3 4.2-10 BE2% 90 C, 480 kg/m’-s XA 2] SotEu} At
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2000
1000

-1000

Angle(deg)

04

Amplitude

10

Dimensionless Frequency

20

T .

o MNPt g o

-

T

T

TP

20

Dimensionless Frequency

T2l 4.2-11 E&% 90 T, 480 kg/m’-s Z 7oA 2] ¢t n} FAt

Dimensionless Pressure

3 1
—B— Average (-)
2 A —O—Average (+) |__|
—A&— PeaKk (-)
—&—Peak (+)
1 . R
0 e o o
- O]
I n -
-1
A
2
-3
100 200 300 400 500
Steam Mass Flux (kg/m’-s)
1212 #Z2E 40 °C ol HFF uictoli 2] $5313 W3
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25 i

[ I
i —&— Averaga Load at Bottom
—A— Peak Load at Bottom

o 20 —0O— Averaga Load at Wall ]
2 ! —A— Peak Load at Wall
8
a 15
0
0 |
2
S
g 1.0 \‘
£ 1 IN \‘\
B s \\ :

- 4‘\-—&\

uf
0.0 o
100 200 300 400 500 600

Steam Mass Flux (kg/m’-s)

O 4,2-13 FREE 40 °C oM SFH ¥ U vigo]Me 5315 H|A

0.4
l
i —m—20°C
—~0—40°C
o) N -
5 03 A ~A—60°C
& a
a) | -A— 80 C
j =
o —e—90°C
ﬁ 0.2 o, —%x—95°C | |
C
S
2
) L
§ A * —e
a5 01 & = .
/A MK
00 - N F Y A A —
100 200 300 400 500 600 700

Steam Mass Flux (kg/mz-s)

g

a9 4.2-14 SxHAL 27144 Wil niE BREF A
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Dimensionless Pressure

Dimensionless Pressure

4 //i
2 » —— — \h
[ A A
0
A—48
T
_2 \\\ﬁ/ JT
—A—Wall (-)
-4 —A—Wall (+) |
—0—Bottom (-)
—a— Bottom (+)
-6 A A n n " e I " I .
10 20 30 40 50 60 70 80 90 100
Pool Temperature (°C)
% 4.2-15 X220 )3t Peak 35 W3}
6
4
/
“/ \r‘/__ A
2
ob——8 n .
s Pp————————2
-2
-0O-— Average (-)
-4 --B— Average (+)
—A— Peak (-)
—A— Peak (+)
_6 L i i I 1 1 I
100 200 300 400 500 600 700

I3 4.2-16 &

Steam Mass Flux (kg/m’-s)
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14
—=—F1
12 —0—F2 |
> —A—F3
g | . N
o 10 3
-
o L
® \
§ .
i 8
n
U) e
8 &
£ 6
0
[75] L
5 \
— O
g * ° X
D L
2 = L\.
0 A A eerrem— 2 L
100 200 300 400 500 600

Steam Mass Flux (kg/m’-s)

T8l 4.2-17 £Z L5 40 °C o2 52 Dominant Frequency ‘H¥}

4 T

- —m—20°C
‘>5. —0—40°C
g 3 —4a—60°C []
3 "‘\ - o,
o A L —v—80°C
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#3H 3y FRoAe dTY 5 4 AE
1. A8 2 A Matrix

E A5 9 Y A2 4R #YPFHAE st & uIs
R $EA5 AYE Y3 Y AF (8 PaEY o] ARE A
st} JE3} FAato] izt dFE £AY 4 ok wely 2 Aol dF
HEe AgAAE d¥sz $5AF AFAA AHEE AR Zen
(4.2 A %ZR), Test Matrix & FYs3}c}.

dZ 3"6"% A317] ¢13te] Quench Tank LjF-ol 3 64 7je] €4
o (TC: Thermocouple) & wix|stct. FAF & dAécls HF2E 7*"5"1—‘%
4 dEF A4S dAUE FE"ch §5o AHEHEe /AY &2 (FF
L) E &A37] ¢35t 10 718 GAUE EAFY 7ol "éxl?’}ﬁt}
(2% 4.2-2 #F2), FHELE=E ddue 2 719 @A-c] Column (#1 X #2)
2 FEEH 7 doje 5 7Y Edchrt wixEHACh A1 Y A
Sparger WO X E 25 mn "olA AHXFglom #2 g2 HAve YLoER
B 75 m "ol AAHYr) FHLEE Jdviet SrATEI A
H 9AE 18 431 of FolA Qr}.

Quench Tank 3¢ SAL=EXE Z4317] ¢3sto 2 78] TC Rig
(Rig 1 & Rig 2) & Ax|slgc} (¥ 4.3-2). Z TC Rig o= 3 78] TC
Column (Sparger HE] 7}17h8 €2 % CL1, CL2, ¥ CL3) o] dA|x¢len
Z} Column ofl= Ztzt 9 78] A7t 2o Z wix|=E gt (23 4.3-3).

APzAL, P4z SHATHAEAA AFF vt} Zo], $59Y

BAE FTEY + IEF sUHILeH F 20 FHY AdHo] A A
i“,%] Sparger + Quench Tank £¢tof Mo Fo AFH,L} IR
A& th2y Zrh (2™ 4.2-4 =)

- Sparger AZZlo]: 2.6 m

- 2] 3.6 m

- Quench Tank E&-&%: 20, 40, 60, 80, 90, 95 °C

- Z27]18<%: 200 - 600 kg/m’-s

2. A@A3} L 24
¥ 2 Quench Tank ( U E2=2 77V E/YHE0] A
Az dAsiele o & “21101@ % AgEtE A A RE Qe 719t 8l



gA| 9t Sparger & F3to] F2 UFY == -?'—*}51 o fEEEY

7l 7%
HE 27838 Y3l= to® 2AJrE I¥ 4.2-5 & 2 E2E 40
°C, 2714 2.6 kg/s B AT AN FHH I°E*21 Halg A

l

2.
B 371f8E A Zetdeu °1—‘: FE AR 78S
& B33 gt & BRIaMo] AFH dI3 A2 ol
el 7172 B¢ 23Y 5O ARE V2B sl MY UEol

%
oX
ok

l‘

M Jo oX
N oo
i

7}, 222 % (Local Temperature)

Fremt 27193 33 Bolste AA LE2 YUY 1 4
Aol B3 A= @ustA Aol 9l etk ol BIR & Suppression
Poolof A} A2l¥ Local Temperature = 53 Sparger 2] 73-F Sparger Arm
A ox AT dojA Ao fAXE=E FoHch [4.2-3]. A
APR1400 &} 79 Sparger ol Arm o] Ex|3}x] ¢17] wiEel o[2|¥ =
12" 4 ¢lth Local Temperature £ 37|58 Mt o 2%
2 oohel B¢y 3713534 UAE AdAste ZIEel HI i ol
of izt A% gl d3vt Bag Axo|rt

APR1400 2] IRWST oA A}&E& Sparger of FL{¥ 4 Q& Local
Temperature & R &J3t7] ¢jsto] £ Aol F 10 71 )& HA 54
t}. GATfE Sparger HojlA Z}z} 25 (#1 Column) W 75 mm (#2 Column)
ol o] AaFglon BEAEE F7] Jet o FHL2E FUAA] U=
2 wixEgc (218 4.3-1 F=z), £3 dAhE Sparger o = FHsitt
o] Side Hole &H28} Hole A}o] Le|al FAlg Hole o] Abgtoll Ztzh MdA|H|
arct.

Z719% (2= 3718%) o A2 BF F7I& Side Hole oflX £&
F 24 E&Ha o]Fo= Plume o] Fo] FFE el 13 4.3-4
FZLE 40 °C 2o FHEEE A (A @) 7 ST /A

=9} 42 FAY BLE BEUE 42 wold YT EAY otk
oA B ule} o] RKako] 2&45F Sparger Side Hole |30 A2
P2

b HaREc dokth JEu fel AW Al 4
3o

o mo o {4t rr e

=7} H3pRNY SAILERT} oAl A4S Rtk olRd NS
zezol Afgol UASA wAsHch it £ FLEIF woA™
o] 2718 ¢&A7= S3o] Wojx|il EZ! Condensation Regime o]
7] wj o] &% EX7} HstA "l (2§ 4.3-5, 1.6 ke/s £3).
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IR FRYIFLENS Aol L}E}‘—H“ O3] 1% 4.3-6 o
EAIE] gt} =2 %%E 40 °C & 7%, F7Irsol Arhd, SAREAL
olol ¢Ix]3t dA) (TC711) 7} Y Erh “’Eib} fr<po] SIS TC711
3} TC712 & &7t Zolch ol FFL 2 ELET} FIISIAE ¥
s51A LAgstgich

dyrg e g 42 ELE7 W2 FF 107 o 2E= fFo] F71st

A 4 F oo FUkte ZA¥e Hdoh 2y 2 S2E7 SR
QA FAHAY Frtste F¥E Rt (3 4.3-7). FFLE8
BFE 2 BLEoe) ok TC711 W TC712 & B¢ ¢ 12 °C ojm, Hu)
L& ol FIfEel A #2 ELET & (80 °C) 2444 7152

18 °C o|t}.

L d&3 8y

A& vt o] FRojE ¥ 2 Train & HAr| Rig (TC Rig 1 &
Rig 2) 7} Axggen zt Rig o= 3 7§¢] TC Column (CL1, CLZ, & CL3)
o] AX|Fct (O¥ 4.3-2). E3ZL Z} Column o= 3T 9 718 G4y
7t Aol glo] 2 U ZJ|EAE AT 42U AR XS &3
I E wix|gdct (2> 4.3-3). 3t TC Rig 1 & ZF Column 2 Sparger
2 2oz ¥ wWxYPoezr M glo] Al Hole oA ZEol
Sparger oA RWMHE 7}7EE TC Column (CL1) Z HFYlx]H Jet 2] Wko]
==l 24 glom walA L2 % CL3 oA dAYE ol Y=2H BE
o &gt =& AAIY 4= 9lr}. oo Wiste] TC Rig 2 o d*|¥ Column
L Eajo]l o3t Jet o] ZEI HFH FEFZ3I] wfFEol Jet o EEF AlF
3 A F3Y + ot

33 4,3-8 & 2 BL&E 20 °C, &7 % 0.9 kg/s ZAA &F
H ZHEL2T9 TC Rig 1 o] AX™ TC Column SN2 LEFEEE HAFI
glth, oA Ri= nie} o] FHLEE dAtfoA e FA =7 A

=9It} Side Hole AHoAe X U LEEXE & CL1 €9 %71 A
A =7 CL2 @ W HZEL (L3 g «£207 257 X3 gltt. {30l
2Le o] ALY FRU 2EE $Z S 2= AFEC] ygtoen

\—_.‘ T
AP A Q A Al L% LEEXE HoFTh
gt¥ TC Rig 2 oA Y == '5’_— C Rig 1 oA g &% X2} t}
UArS Kol 9t O7 4,39 &= ig 2 oA 2= EX

A =
m H#&e] (CL3) =7t F8] CL2 TC Column oM Q] 2EHTE A U3k

nrlr
= 3
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A& R go] TC Rig 1 A8 &= EXE CL1 TC Column of &f3}e
=g 4 9} wekA TC Rig 2 AN &= 2X7 dAlet 7Hgria 3
"ol 424 RALEEZE $£2 go] & 2 n TN o 3R &
o] 91L& BAZrL CLI Ao SAILEE 2 n ZAHAN FH3A A4
st 23)8 HZel CL3 oMl A 227t FEA Moste TS B
o Zc}, olof uksl S F7t (CL2) oA £ olF oA o
971 EolAFE FIsle AYE BAErh

33 4.3-10 & £ BL&% 40 °C, &7 §% 2.2 kg/s RZojA &
AE ZLH L9l TC Rig 2 of AX|H TC Column o8] LEZEE B F
3 itk o] & 92}l nladto] Sparger dHEolAM L f-Fol uif ¥
whslo] TC Column 1 oA 8] £%7} AY &3 1 thd H¥HY 2271 w4
ZAxlolct. EE Side Hole ARoMe 2% HFo] Al wUYL A 1
g TC Column of]4¢] §A 2271 AU ket olay L2 {Ho] &
7% Side Hole oA E2% Jet 7} 42 H7A] 7t ¥zt 2gbd F 9)-
ole]E T EJ] wjFo] U= Zes AHc H¥& wel AFE Lol
L $As AL 93 29FY A AAEA 227 HASH B3I
ZMZ02 und I Eo] YaltA Side Hole oM L= F718 WHE

of N kgl

—

E7F =3 (80 °C) Aol w2 A-$ (2.1 keg/s) ol tiyt

1% 4.3-11 o EAE] gt B 257 ¥ B¢
tlet xjolrt g AdITUAFLE B Fo, £ P02
A ARoM e FA LEHT} &2 A% Bt

APR1400 o] A% Hole Pattern & Zt= T}HE W Sparger o &gt &
=3 HAre metsty] ¢t F7185AY AREE BAstdrh. AdA
Bottom Hole ©] 9l T} Sparger 7} AM&Eglen £ APHFE= F7]
&3 B2 =it

AP AAE M 23 o2 22 FES At
1. 37)-8% AEEHE fAY 25 (FF2E)
detA e ol oy 2 &Y izt 24L& Bl 8l
2. Z7]%o] 22 Z9 Sparger ML FRLEE AFHETE de
o, f&o] FUtshd AR =7t sHEETE Yl
3. LR2cE= B} Hole o] Athd ¢xlof wizt @i, EAb

= %71

o
Y

o et
ol

-

ofN
(i,

o
rflo
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Hole Alo]8] ZH L= £Z AN FHAL2=HC] FHof 18 C 712 & +
4, Z7)G8ko] FAL £z ELxE 2deF diabe] st AAH
7}t

A fAVE 2 Q3 BUAA F4E=
tr}, B3 8ol 2 AL Bottom Hole of &3t Jet
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2nd Row 712 _ 718
3rd Row ™o_n7

[}

4th Row 40z 403

¢ 1-e 1CT11

=]

TCcT?

2! 4,3-1 Arrangement of TCs for the Measurement of the

Flow Dirction

Flow Dirction

Flow Dirctlon

Temperature in the Quench Tank

Flow Direction

TC Rig 1
7 o
40
— TC63)
)
| ]
'
| 6541
1
)
l 59.2
h
! tcess W4
0.4

13 4.3-2 TC Rig Arrangement in the Quench
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50 5 |10 | 75 | se2 ]
R Y
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l708 N728 38 J639 647 3 1656
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2
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2 3 g a
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X 704 724 34 125 4 643 652
35
703 723 33 33 642 651
8 35
M2> 32 g 650
7ol 721 31 }g sﬁf 649
TC-Rig 1 (27ea) TCRig 2 {27ea)

1% 4,3-3 Thermocouple Arrangement in the Quench Tank

1200 |
—m—1.0kg’s
1150 A o tm —o— 1.6kg's |
S / O/'// ..... A—22kgls
A2 N —o—26kg's
1100 S
E o \ ~
~ L S
[ e \ X N
% 1050 < S
3 T e S
2 |
W 4000 /P
| g y &
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gm 1 N i N " " L 1 L L
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Temperature (°C)

%! 4.3-4 Local Temperature Distribution at the Local TC #1 Location
(40 °C Pool Temperature Condition)
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1200

i i
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1450 S P — —0— 1.8 kgls -
A ; —A—22kgls
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Temperature ('C)

a2l 4,3-5 Local Temperature Distribution at the Local TC #1 Location
(60 °C Pool Temperature Condition)
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713 4,3-6 Local to Bulk Temperature Difference at the Local TC #1

Location (40 °C Pool Temperature Condition)
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Steam Mass Flux (kg/m>-s)

18! 4,3-7 Local to Bulk Temperature Difference at the Local TC #1

Location (40 °C Pool Temperature Condition)

3600 — ! |
0o AR —o—Local #1 |
3000 |- ,[ " : —e—Local#2 [—
2700 | 4 'y : —+—Rig1-CL1 |-—

2 200 — \/ K 4 —+—Rig1-CL2 |._|
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S 1800 |— /‘ D"

3 1500

o i i R = =
000 [ E R =
600 _/j
L

0 i
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Time (s)

%) 4,3-8 Temperature Distribution in the Quench Tank (TC Rig 1,
20 °C Pool Temperature, 0.9 kg/s Flow Rate Condition)
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3600, ; : T 7

. v,:.. T G ‘;\ "G ~ S P — o Local #1 _, -
3000 — 1 ~—Local#2 [
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3% 4.3-9 Temperature Distribution in the Quench Tank (TC Rig 2,
20 °C Pool Temperature, 0.9 kg/s Flow Rate Condition)
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1% 4.3-10 Temperature Distribution in the Quench Tank (TC Rig 2,
40 °C Pool Temperature, 2.2 kg/s Flow Rate Condition)
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% 4,3-11 Temperature Distribution in the Quench Tank (TC Rig 2,
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A 48 923 ¥ CFD 3
1. CFD 34 w7 4 53

B CFD ML 4R & dEY HH(A4%, A3F)dAM 3T
% 3‘—4 siLbel  Z7] blowdown Aol ctisted HIFMHE  StAct
[4.4-1,4.4-2,4.4-3]. CFD ZAZ3|AM& <33t olf+= APRI400 IRWST =
SR Mo LY 4 & 232 CFD PP ES HYstr] 3ol
T}. APR1400 IRWST $=Z2] ¢HAA H/LE $sidE HAAZIE AlaA S¢3
Z71-¢&L WA HsN AU 2 LEZEE —-—*EIGHOF gtch
[4.4-4,4.4-5]). °o|& 93 A3t¥d CFD sﬂ&lﬁ“ﬂﬂ "asieh, 1 olf
L Z7AES FI1EA718) 145708 2 FEE T3] IRIST 2 =2
H&" s 27 (choking)o] ¥2dslaL, %‘—7121157} i Aaete] AFPS
of 23l ZHE= n)$ B Eje o] WSl Ho|RPLE 2
W A ZHS M Elol F U EH*O]E}H 4-6,4.4-7,4.4-8]. ulgls £ CFD 3j
ol Z71AEL] JF3AE $2ANE ALFd2E 2AY  dde F7]
AE &5 2A(AE, lSé)—"— Mgt oS, 3 BdolAM At S5
HE W §UF2RSY 259 $EE AHE CFD 3 =[4.4-8,4.4-9]8] HAZ
Aoz &gt  u¥ex Uy EEY  AFE  BEAsiGi
[4,4-10,4.4-11,4.4-12]. X3} CFD s ZAE g3 AgAze} vay
= Ao MU ES Hylsly] siH FAARYE, FXE"W % Solver
Algorithm W1ZtE A2LE 433t4r}[4.4-13,4.4-14]. =¥t APR1400 IRWST
GAEMNE A F=AE] HHE £AE sk 2R, 7 UPE.
AN ALES MY A7tE ZESIGTHA4. 4-13,4.4-14]. wheld 2
CFD 3jAolA 48 og = AAAINE FLSPH, APRI400 IRWST <

Z LEEIHAI AN Al W =30 H o= oAHTL

2. AAA S (CFD) 34
7t F7AE $% Y

F7AEF JE7 R 27 33
Aoz A M3ty Y W A7t R i 4-
2L} APRI400 IRWST 2 = EX 4o L 4 ss I
o ol siuw]x] okateh, w3t @A Y FA A1 )

4

ole
g
i)
rlr
o
12y
o,
5
£ o{o

ZI|AHEo] 2%k 3+ Holetr, APRI400 FZI7|RAIAE ThE2
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S&HAd it AP AL FANH S F &= A2 A2
2 wmivtEch mepd £ dFdAe IR AgIbed
% 2l Ui $&F AELY F7 AER Erte /Y
Z4 LEY 4E& 92 AEZAAE &St Usidct. o] EY
i e A4, AsHo] M3 7le=o ATt

2 A o me

. AArd 9@ ZAzA

dE&3 CFD S 93 FAARYLS CFX-Build[4.4-9]F AH&3lA F
IR FAAE Ve 231d FUY, FPHAE BPsgh o B
oA FI1EA] FHE FIAE §F Ro] Ax|ste F92 AAHIA
th 2xd Foi ARE ARERE ol CFD Mo 22+ AE T
3t Zojof 3ta, YFYPoT FUSA AT WEFTHE T F7
AE fPo] 27 TALE AY FUY Zo= 4iFH7] wioltt =EF
CFD 34 i A 7] blowdown Ao, tPFZ U] €I 5ol
L3 YPols RBY o2 veidy] o 22kl StiR e g2 EY
gt Ao uichHTH4.4-2]. FAREL ®A 9588708 A= A= 4%
the, 23,835709f 31,020709] A=t A2= Fgsiglct. & +HY A3}E
d7] s AxE f5 2o W] FAI] WE £ A FIEA]
FETY P ez 9d A L V) 2 FAE Bl |
ol ExAlZch 1% 4.4-1 o FAEE U] AMT A} A £E7} Ve
U gtk 2 AxRAoME ez el $Rshe 371998 AER
x Bt AEZ 0.5 o ©f FZAZCL oA CFD 3MeA &FF A=A
AZE ol 5] AU sHArhs 7P A= Ev4.4-9], AA &
SaAE TE 5 7] wiiel ol& RFF7] fjtolth

$& AEE BAH] Y 43 ZAzALS S71EA] @

=

FAAE ¢& BY 7ol AW e, $34Y =0 &

)
2,
\J ;3
fr

|
>,
2
2

utel chE2A A A Fech dFBAZRANNAN A Bste dRBES F717
BEIHS S o 2 FEI AR S A= dqAdEe Fd4E
o] 10 %2 3}glrH4.4-9]. UJHEFZUL Neumann RU-E AMESIY H4
2o AR HRUHE AHIA FIUI RFEEHES 3ttt 7Y 2
F $247 ZIAHER E e A& EASio 3tEE, CFD AXtY ool
A wMAUZIES 517 $isiA T BARATE S SEE F (5) ¢

FX A x|l F2FY RIS

#E At FdrERTYd 25
=& A3, A=AZE AxdFols

A3} CFD 3N A}E FZ35t A



4 A=Ay,

Cl. CFD 75 2Y W 3|54 YyHE

2 CFD & H3iN diF42 U S5 Y A4S vdEd &
T, 3718 BY AEHe] EA%tE 24 fF ¥ FYEI de ¢FR
LR JHEstdch o8t L FEFE 7] SsiM 94, SIMPLE
AlgorithmE AN23l:= CFX4.40] JAE o] Q)= Navier-Stokes &Z&F utA
A(A (4.4-1)2F A (4.4-2))3F oidA] HBA(A (4.4-3))& AHE3td,
R A5 EE BARH] $3iA+E standard k-e WE O RR(A 4.4-5~
4.4-7)& A-&3t9rt4.4-9]. 323 AL |AHE AT FIRIE RBAS}
7] 1344 Boussinesq 7}¥E& AM&3Es F719 244 2A4Ed AFS
2517 913 multi-fluid homogeneous RW (2] 4,4-8)& AI&-3}9ch
[4.4-9]. o] RN F7I8t 25 Al ddd ¢ 5% Ad2 2
B31x] o FUlel =249 AU ST AMFAYFAE o83t Ayt
AAYFAE EV930A4 Bag, FUet =24 7] MFW LY P2
User Routine & *H&3lAM Fgch =3 £ CFD A2 A=Ade) Airtez
o} 30 FEE AAstH, AARAZL 7P 0.001~0.005 =2 FE== A,
Zt A 2bzbA mieh ¢F 1000 A= dtgith. Z 42 residualo] 10°~10"
o|312 HWo|X| =& 3t}

o
—oU+V - URU)=
ot” (v (4.4-1)

B—VP+V - (uy (VU+ (VD)D)

. 2 — 2
P :P+ E_pk—pog T, l‘l’effziu'_*_“T s P = Cup-k;_ (44—2)
o X A L BT - _
S pH+ v (pUH (q) + GHJVH) 0 (4.4-3)
Lokt v - (pUK)=

(4.4-4)

P+ Gy +V - ((u+—@Jij—pe
O

P=p;vU- (VU+(vU)T) (4.4-5)
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— P71 4, B}
Gbouy— O'TIB VT (44 6)

ipe-i- V + (pUe)=

ot
. (4.4-7)
C'I—Z— (P+ Cymaz (G,0))+ Vv - ((u + M—T)Vk)— Cyps—
O k
N, 1 N, N,
pP= Zrapa ’ U:;Zraana ! I'= E’ra‘ra (44—8)
a=1 a=1 a=1

2z} Ao] 9,58871Q1 AR} thR3} X2 QA Upwind 1X}, AJZ
xHE W e 2 Backward Euler 1X}1E AME-3te] A4t AAE A A}
v R [4.4-12], F718A7] f1X & FARE &ololA= CFD iy A7)
APANE & &3 gt 24450 = CFD A A7 AP AR}
2] L&} 53t AE 4 F 9t o|RE CFD YA SF4 AET]
FZ o] FEY ¥ HES el =2 AFE A5 4ol AEEL
A=5HA A= gl7] dELE sichHCTE uietA] ol BAAE FHSIA o
&3 4= 9l& CFD S EYE 7] S3lAM U7 AXRA(RE 4.4-1)& A
A3} CFD sjA& $=33lgt}4.4-15,4.4-16]. ®=F+ SIMPLE Algorithm&
AH&sHe CFX-4.4= HEAILE 730l $X] ot CFD 3o W2 Aol
29 HrH4.4-9]. uwiehq EEAAE BHo] A HdAEo] U Coupled
Algorithm®] CFX-10.0[4.4-10]& AFL3jA AALE £33 TR, LE2X
Azt £ 9% CFD 3iA AjZhE vl2std, Fg FEE E& & e
ol 4-rct.

2}, CFD 3|4 ZAz} +4
dEY 54 Ay tiste] D 2= FIIAE §F REAS F-L3

A BF S 83 A 228 45 3= 19 4.4-2~11% 4.4-4
of el Qlch. Zgla & U LEAST] Ao Azt mE &%
M3} ZH3rol chsl AP A28} CFD i ZAE vag Zlo] Oyl 4.4-5~1
¥ 4.4-7 of Yeht Qlch

Z} casel] LEEX AN 4.4-2~1% 4.4-3)0A FI7|AE U=
Al A Zho]] wlE =2 U9 AMFHA dEY HFE ¢ = Atk AqIIA &
=227 283 492 2 Y AXFYer, FriYY 2=EXs 2¥
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4 Lxi¥gt TP QT o] A2 CFD 3] Fr|et =
S 23] multi-fluid homogeneous X4[4.4-91& A}
o] MFEL o= FI £2LT FY AN E S
A, /AT $2454 LEEE Ast B wEolth. FIE
A7) wEE 2 FUIME ¢4 BRY 27ENH YEHe 1LY §
224 ZAEL 4% ¢ 5~6 /s o] WjEo] W& FA 52 HH FH
e, d¥E fFoE, UnmAl: old&LE gedch HdEE uzl HE

[
Ast] FE7BAP] Bog thA] vl oldE FEThe 5T
wulet Hol Fuldl the, FVAEZR F3e FYFRTY G Y3
71 8A7] B2 tiA Absdith olel T REE wiet ¢ 3BT 9 &7
7} 42 UE EY7EAM ¢ 26T ¢ 25 93} dovdN 227
Zragict, EZE $240 o] FUEA] BRI ofefFo] I wWlE
o] @EFoE AN YZAHE $&55Y =7 1B R oleFo] o
A Uehdeh olet e AAAA dEY HHL case 1~case 6 EF
Afstct,
£z U 4¥Y A% HAL =92 BH 3 Fo] 13 4.4-49
UEI} it o] 2@ case 18] 8x%} 3bRoML HEHEo[Ag, EZ
3t A% A¥H SEHeE A I QU HHEAEY SEEZOA,
278 4242 ZAADRE /L2 £EWEI ¥HEIA tlEA Uehts
AE & 4 Ut AAW ZAHY F24 49 T2 SEHEHI AN F)

2aly] wary Foz Pk B 24 I U A, S 999 &

do ey

TEIL RE ZIEA] HETY FO8 AIste S50l BHSIA UE
gl olRe 4z HHe 43I FVAE $F 2 ¢, ok FE
SFAgRSTL AL dGolA mMAUNES She ZARAE & 3¥Y AL
2 ziasich, mE 2718 ofg]BolM AMFE §52 SIS F
oA WEHLE $348 TES o7t HE s Ttk o8 B2 A
Al &WE HAL case | ~case 6] BF {ASICH

A W FNED 7% Arrdzte] cisiad s okt Zth
Az} A 471 oF 2.8 FE xjo]7} U case 13} 29] A3 AFHH (L

Y 4.4-2) BlASIRA, case 19] FEY 2ol case 2 HT} o7 He

3 e 27 234 AE FHY LEEEE 4 U
AL o 4 it} Case 13} 2= AARY Qo= BE ZZo] U3 uj
o, Azt A B2yt &3 Amel %L nixEe FAeF o
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Case 22} 38| AE B EH, LEEX (1Y 4.4-2) HLe=2E A &
ApstR|gt, FEAH oz ofk ]‘ tl. o8} Zo] Hz} A o wiely LEF
2 At cfE2A viehd 7/*\% o F3 xFEwdo] Upwind 9 die F5%
33t A2 wjge] AXSHA] QL Az} A 47 oW AHA 27 U
A 4 9] "Ed 7,i°§ thehEiTH 4. 4-17]. whebA] Upwind W& AR
& o= wtea] FAzlrdy gzs sjMg sPsljor ¥ Ao giciHct
Case 4o]ME case 18] ZAARYWE A&3t iRy xwHqt
Upwind 1x}ollA] QUICKS.E HIE ZQldl, case 1~33E= 47 o8 EEX
7} Uelydth B3] AlA Z7)(6X)0A 54 AE HFEY 2=(2
4.4-3,A)7} v BAH o7 Abgstgirt. EF CFX4.48] thE O RHAEY
ol Upwind 2x}, Hybrid[4.4-9], CCCT[4.4-9]1& »}&3]A AL $+33o
U, 38" 23S g2 E3tsct. Coupled Algorithm3} X]ZHe} X
2x}[4.4-10]1S A3t case 5~62] A= SIMPLE Algorithmz} 1X} A]ZF
g RS A3 case 1~4YE= £ AR LEEEIF 47t tiETh
I3} case 59} case 6 &4 AE FHIY £ AAEL] L= FII} &7
ttEA4 Uelgtsd, o|RL tiF¥ xEWAlo] High Resolution[4.4-10]2}
Upwind 12}2 T2 Zz} A £ tl27] gged ALE et
FAZ4z U 223 33 548 F g 4 A Y 2=
Z7] ¢ixlolA CFD siMAztel MEAJE vt 27 4.4-5~2"
4.4-80 VEllth AAH oL CFD N A AEAY 2283 3F
S o 7~8% oA & oEFdle ALE UEiylth °]“ﬂ ol F7IAE

, GEY Ao FHHY AN 2EE %’gf&
@3] 2t ez vk FU|EA] HEFEe s
AAA T e 4 & TC718 Ao A HlaL
7V AgAZNE 2 o &R, Af 2719 FEY =N
B3lal gl o)A Ayoly 27 2ALE WEEHE FIAE FAito| uf
Q- H2R B0l 917 wjEQY RoE L fYeRT F
4 9l TC720 $X|olME case 47} APAARE & AFst= A
th o]HRL case 1~32 54 HEJ HHo| & T 5]
=7t AR wE AL n|si= 2202 itk
Z718A17) wE&EFY ZHA FARRE golo] XY 2EAZY
TC7052F TC70601A 2] L= EX (2% 4.4-6)8 w23 A= &3 Zth
TC7050 M= case 1~62] CFD sj¥ A7} A FUT ZA¥PLE & &3}

Y odoox [

offt

of,

%

o

N
X
olN
N
2
[t

>4
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Ak AP 102 BEo|H L=} ZAaste LS T RAjsir] Rkt
o] AL TC7057} F7|EA] W&ETE FAEE FE o 30cn FE Fol
Fof] AxIFolM 27 RALE WEEHE FI/|AHEY B} 75Y F¥%S
iy, HAPE AGL AHRE FUAE $F BEUE BARBIE o ©
AZb 97 B Aoz sl F718A] 19 $EFPET] Sen $e
ARE TCT060 M= AEAA F £Agos o 32CT7A F718t4ntst,
Z4 27125 26TE 74T the, T oF 26R0M AHAgste 2R
Uebstch, A@e] o 5ReMe £7HQd EEFVME FUIHE W& Al
UER}E water clearing 2] Azl AU, &5 AEI 2 YEFL
2 APsitirt Axkgog A7 A3 wE HYof 3| BT Ay
g3 of Aog uitiEt), X3 of 262N 2T AFe AL $&ES
HEZ} Hdo] FE ¢ F, FVNEA] FLE FHEoles HIRE ded
Ao zichAT) HEL old ZH¥PE case 1~62] CFD sfiHo] w23y #
&5l AOE UEINE, case 4= AA|FU 2EWE FE H o35}
A, 2718 LEZVH= F HZIAE Bie AR UEiych 2y
case 5~6& %7]8] LEHIHAAE A d&3t= AL2E eyt CFD 3
Ao] ulzF Z7|Y EZJIE I BARBLE olfE &5+ AEJ FAH
£245 g o WPt Ao QsjA, $H4 AEL Byl B}
Ago] HEA 22 34 AEV} A, IE FAHY] ded Ae= B
ghsich,

ga% AEY £2EPE FEL ¥, FBUFE UIR Fo Aurke
olxo] Mx|® 4z¥w 22 TC733, TC736¢] 2=EXE uvlwshd chzt
2l TC7330ll &= case 4%} case 60] AU H BASl= A2 Uelklil,
o3t xHEHbAlo] Upwind 1S AFRStE case 1~32 AAL A 71 W
4= B A@Aato] FABHA dl&stgith. TC73600A AP Az} CFD )M A
& | ABET, case 49} case 60] AP HAHQ 2= FFPE A
o @ &3t RoE Uelyr) Case 1~33} case 5= Aoz AfA
I B} o7t A d&sta, x7)8 REZVIE AEIA AdFde Ao
Ut TC736 $iRloA AP AHPE 10~15% Apojo] 2&71 F7HRIThAL,
Zraste 3ol UEhJTE, Case 1~60] o|d ZF3g oFsA, HPA}
BT} oz we] o &dte Hez uUehyth Adzez AF FHo T

T

)22

TC728, TC7292] L =83of tfsjr] ulzsdld, case 1~60] BF 2=F7}
AEE wi2A o&3stan g ZoF Uk, case 1~32 223 B
& AEAe} e A HFo ZFmt 3l Ao o FFch a2y o™

- 198 -



xto] CFD sfAo] 231 &Y Rz FUdF SFTAEY 29 &5
2 2 U2 3xid d&3 dAAS BAlR, £ sidolA g3 EF k¢
GREEZ YA (4(4.4-3))-  AE3H=  Reynolds Analogy
[4.4-18] 71d uwj&ol YEld & &= A o= kLt

olAte] H|ZEAML A s}H, CFD sfdo] $Z¥HH Ach x| &
EAZ7](TC705, TC706) o = case 1~68] A7t BT FA3HA A@Az)
g o&3ixqt, $&4 AEJ ¥Hdo FEY F AUste HW 2H
(TC733,TC736) &} 2 ARl x| 2= A F7](TC728, TC729) o M= case
43} case 68 A7t ARAAE AY F oSF3te= A= Uiyttt wel
A tFY xHEA L% Uprind WHE AHEE o 7153 FA A 5 @
o] X7 AANZAE A4t wiTA] #=3sof ¢ o 4 vt EZ
Coupled Algorithm& AH&3}:= CFX-108] AxtFdze AEAMNE I A5H
L o 4 g3, HIAARA] A FFEo0] ojM CFD Mo L8 =
HAAAZHE 4.4-2)0] o] HAFE A2E ekt

3. ZE

=
.
-
=3
=
4
s

N
rfo
t
A
td
Ae
1%
2
2
ofo
sk
&
3o
(r

A2 CFD sjA
M ES sty sty TR & &Y A sty AFHNES
aasielrt. F7AET} 37 » s ¥, szt
A& 23] EEHE 42 FVAE &5 BES JUste] I
FAA EASIGETE £ o s ArkE £33, A2 A+ d
thF3 2283t Solver Algorithmo] =23 CFD ¥ Aol nxle 9
ke Hrbstgla, WAL B0l HABIMAIZHCPU Time)ol wlX&= F%

e o
>
N
E)l&,
Y
o%,
e
of
+
(o
a

AE Ayl tigk CFD WPE YAt s, $H4+ AE o

o 2E ¥ ¥ d2¢ AS AL OFY A2PEA 43 A 47 4
ge nAE e Uehth 53 Ry A

PO T Upvind WHE AT Wt A A Sof mehy LERE A3
A dEFE A @ 4 UTh EW L D NS ABHUE 53
sjof B A Lasid, AANHANE B AA F 4 U FEAR
] ] Ho3re o 4 glt) 2FAHOF, APRI400 IRWST =R &
Bx djdg 49 o HAY AP FAE $5 2US A
0 USRSl T 2EY HEel U FRE T TR,

BFA sl%Fo] Sl OFD ZE=E AR Upvind WE3t A 471 B 3

ol

ok N
(o
bt
Mo
Hd
2
e
K-
(U ¢
of,
o
ifo
=
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9,588 ot Backward | Standard
CFX-4.4 Upwind 1 o
(63 x 160) Euler 1 k-¢
23,835 ot Backward Standard
CFX-4.4 Upwind 1 R
(103 x 263) Euler 1° k-¢
31,020 ot Backward | Standard
CFX-4.4 Upwind 1 .t
(113 x 273) Euler 1 k-¢
9, 588 Backward Standard
CFX-4.4 QUICK iy
(63 x 160) Euler 1 k-e
CFX-10.0 9,588 High Backward Standard
) (63 x 160) Resolution Euler 2™ k-¢
23,835 R Backward Standard
CFX-10.0 Upwind 1° o
x uler -
(103 x 263) Euler 2 k
X 4.4-2 7= sj RAo wE CPU Time B

Pentium IV 3.0 GHz/1CPU
9,588
(Windows 2000)
Pentium IV 3.0 GHz/1CPU
23,835 4.13
(Windows 2000)
Pentium IV 3.0 GHz/1CPU
31,020 5.46
(Windows 2000)
Pentium IV 3.4 GHz/1CPU
9,588 1.04
(Linux)
Intel Zeon 2.4 GHz/2CPUs
9,588 0.97
(Linux)
Pentium IV 3.0 GHz/4CPUs
23,835 1.25
(Linux)
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37 = BU1EA) SN
{
29 i 40 |
i
= Azl cm
4 | b 20
: 709 729 730y
. 4
i
i
i 70
!
| I
i 728 738 _
i —
i
! 7
i 0
i
i 707 727 L 757 y
_)]:}-—/I': i y | 3
|
3 |
o '
! 75
|
i
i
! 472 736 _y
{ 4?25 Y has ] 125
] 724 734 | 125
i ik
! 35
it ! 723 733 Y
i 'y
{ 35
i 722 732 4
v ; gr2i 731 10
: i \& Y [ 1o

23 4.4-1 FAA Y 4 Ax} A &2 % (Case 1)
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[C] 6sec, 8sec, 15sec.,  20sec. 25sec.  30sec. 35sec

NP ANPOPRAINBDAINON WD O WO

[C] 6sec, 8sec. 15sec. 20sec. 25sec. 30sec. 35sec

O NBALANPLNRUNBUNGOAWD O WS

[T] 6sec. 8sec. 1bsec. 20sec. 2bsec. 30sec. 35sec

NP LANPLBUNRBVINVBOIWOAWD

- 203 -



6sec. 8sec. 15sec. 20sec. 25sec, 30sec, 35sec

ovba\tnammwwwww‘mwwmub\—l

8sec. 15sec, 20sec. 25sec. 30sec. 35sec

ONB MNP ENNOIINOAN WD D WO

6sec. 8sec. 15sec. 20sec, 25sec, 30sec. 35sec

O NDBAUNDC D VNRNINOPWON WS

(c) Case 6

27 4.4-3 CFD 3jA &2 8BX ZH3} (Case 4~Case 6)
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Interface between

Air and Water

[m/s]

5.5

(a) 8 sec. (b) 35 sec.
12 4.4-4 CFD 3 &2 A} (Case 1)

24
TC718 —-— Tes
2.2 . casel
. case2
- i « - cased
8 2.0 ot
2 18]
t
8 164 Tes
g 14
1.4
2 M’-‘ﬂ«m a-,--'w'u‘lm-mlﬂmw 25mmy 50mm
12 B i A
104 —I
0.8 T T T T T T T 25mmL
0 5 10 15 20 25 30 35 40 [ ]
Time (sec.)
[ N J
' TC720
_.:_2;1 o O
1.34 case2
— case3
O 1.2 case4 L
- 1.
O 114 :
~ LAY
a -3 =) -3 >
E 10 st Z718A 7] FH TC $A|
. case3  Test
0.9
0.8+ T

0 5 10 15 20 25 30 35 40
Time (sec.)

3 4.4-5 ZI|HE FH L RBX A3 8]l (Case 1 ~Case 4)
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J% 4.4-6

1.4
1.3
6.: |
< 1.2
=
O 1.1+
;-'_ 1 —-—Test
—o—casel
g 1.0 - --case2
= ] —v—case3
0.9- case4
—-—caseb
TC705 - caseb
0.8 +—>4—r——"1—-—r"—1—"—"r——T—""T" T
0 10 15 20 25 30 35 40
Time (sec.)
1.4
] —-—Test
—=— casel
1.3 -~ case2
08 12< f ‘“'722222 case2
E ) — h | —— case5 case3“z_‘ casel
S 11-
g- -
o 1.01
= ]
0.9
1TC70
0.8 T ¥ T L T T T T T T T —
0 0 15 20 25 30 35 40
Time (sec.)
Z715EA7] WETEI RAE gold 2EEE 2
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1.4

1.3

Temp. (°C) / T(°C).

Temp. (°C) / T(°C),

1.2+

{TC736

0O 5 10 15 20 25 30 35 40
Time (sec.)

1.4
|TC733
1.3
1.2

1.1

1.0

0.9+

0-8 7 T v T T T T T T T T i v T T
0 5 10 15 20 25 30 35 40

Time (sec.)
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-
s

-
w
1 i

—_
[jN}
1 "

-

1.0

Temp. (°C) / T(°C)

0.94
0.8 . . ' . . .
0 5 10 15 20 25 30 35 40
Time (sec.)
14
{] — —Test
—-— caset
,\-—1'3- ------ case?
(&) 1| — - — case3
e ~ case4
t 1.2 - cased
ey case6
£ 114
g
o 1.04 o
I.__
+ ,, \
0.9 caset Test
TC729
0.8 - T T T T T T T T T T M T T 1 T
0 5 10 15 20 25 30 35 40
Time (sec.)
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A58 2P &5 ATY 54 AY

1. 4 &5 A9 WA

APR14002] SDVSojjA w&¥ Z7|7t 1-SpargerE ST3}o] IRWSTo] A}
go] &%t} I-Spargers IA AEELE o]Folx gitl. FIVIYE 3}
2 Al siste] MA"Y ALY FAPY FIYHEER o] FA
LRR(Load Reduction Ring), I- Spar‘ger‘ LEB gl 3 £33YE, O
2|31 1-Sparger dltto] 9l 3 A Lo o|Fo|A gl =2
&of] ZAUE Sparger %”’ég:—-': 23] BEAE ZU|E F909 Eo $F0]
o]l FolAHA & R wE {FFE oA Lk

42z oA I-SpargerE F3lo] £&H F7171 $FHEA FUste
4Ee ZIHE 25 g F¥L nxA Hch &, A F
NAE SFo A FUH £2U f52 FIAE SH %'%*% FA
e 5 Z/AE &3 0= g3 U 2 50l AR d¥
2t gt old AWEY &uFd dE ©d FNAE §Fo Ui
A dle ZIIAE & dato] BHH 54 ol Y RIS
ff}‘“tﬂ U4l d3et & 4 Atk

ZU| Sparger AdAe} B3l Tl FIAEL §EFHFo thslA
°l"*°ﬂ e A 2 o273 dFEel £3H vl drh uFFY AFE
o] 27|82 dAY I FHAF FFo] FHE /AL o]Foizlen

E3 ZI|HE L& L o]&3l= ZF715¢ 7] (Steam Injector) A SHOA
BAYE ENo sty @77} o]FofFrh tiEEe dFoN Ry o
Ag AW Azl t3t ¢e3td 23S A AU FVAE $5ITF

0% $uUElE o1F BHE dFsE 7T 2l AAstgch +2u)
Spargero] 7o) lojN ZVIAE $&ol d%S AL ATY BAY
FE51,212 @EY Aol A8l WAYel sk o= v

I‘_?.

th wiebd, &3 SN B FVAE §F5 S8 iy a7t ¥
f31c}

423 M3} BHY 2 FVAHE $5H5FE dTe oA €
F oy 2= CFK ANE % FAZAL At Aol FHE Folof

v} TR 949 2= R s el el Rl teis
A7 Yold 42U B71A=Y 2
w3 oY @4 2o A

) 1{»
e
>,
[o
b
le
o
fr
)
r’ll‘
2
&
u{o
2.
s
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(Porous Media)L} VOF(Volume Of Fluid) X7} Hc}. =24 F7|AHE &
ZEAA ol F71¢ B Yol TEE 0 &3t EI 1 FAAME ol
A2 Zasts Ao tisiA Bzl Tl 448 A=EE A5
ol8]-& thitoltt. ojggt Al¥oly] dAAHL FHT WHLEAN FIAE &
Zof oJste] U= F52 S4E AYE B3l dolEHE 32 2 b0
HE M3l el AERS B¥E AT F o] A €49 3=
BN AAZALE BEIE= kg AyIA HAATH

2 dos Z7AEL 3554 w3ty st F4& HAERA
E Azt FIIAER sl URHE AERFY $=294 25 X F
& ZA31 olE ulgew AERFY RFYL HdAFsted 2 SXE FA
th ol AP THL EH AMYdolEHE LY A d49
T =e] BNz} At AEIGen FIAE $FY FEE olHs]
7] giste] FIAE SHEZAY oA dolelx 353t

2. 24 85 AY

F4£EE AHL FVAE 35 54& wYsts] st #=2u nB
Bl A Bajoll oiste] 433ttt +BEAY B¢ 4B F2
Uolld 52 nlth¥do] Existe] chxtd A4y sjMa=e] dA gl d
ojZ|A|7t 1-Spargerd] tiF2e F7IEE0l FHYVLE olFjAcie &
o4 I E2d E4L vhoisted T&o] ¥ ZAoR uutsigr. =R 4
At Batel T3t REE AXE5E HEY APdEHE FFAERE ¥
£ T 49 AT} AAPE VELE o] FojFTh

7h EWY F4£5E5 AY
(1) A8 ZA
U 22U Bd PEAN $BeE BEHE S/AEY 3
A¥E 915t GIRLS #2E ¥-&3tgrt GIRLS Hx|&= IA F71RYe
4z, vd Z718A 74, 283 F8 ASV] U AR AHAR o] Fof
A oltt,
23 4.5-16]% GIRLS #x]2] MA=g Uehfigden Igloe EAH
o] A AT F7] A RdHE E 2=E A3 M
TC(Thermocouple) S (6EAs)E 4of wix|Elgltt. 7 4.5-200& A&
ALH w1 W Spargerd} AE §4 W 25 & AAE Uehd Zojrl

—;
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451 ApolL S Ase] AriHoz 3
Holt WAA4 Fe2A 1.0 AHstaiTh

F/NAE §&5FE GRAE
z

ol Z7AET SHEHA FAA5= AFHA dRAE &
5& O 4.5-33 o] NdHo8 A £ Utk F, EARHAAN &
23 Z71E= B3 AAV 45RYE ¥ $FEHL, g 1 o F
L ity HEE P45 f-5ol FZEHA Hcoth F2ud FA1 37171
E2te] AAE olFHA $HEHE d9L2 Initial Region®® gl &F
o] ¢TE o thog UFAEI FAEE P92 Main Region2 2 T
=3

2 =R FI/AESY $Ho] $8H o|F ¥/dF & Main Region
oA GRAEE APAHOE AFslal o]& o|EF U BEHI} Hjaste 1
ENS AE3GTL O3 4.5-30= £ =FoA AEH HEFE] AEY
7h3&del Pole 5& ob&d A3t

(3) 435 AE 9 24
FZUoA F7AES SHHEA FEHE F¥HY HRAE F

EENS 1tetsly] %t F718249 9% Are] SC(Stable Condensation) %
dol WA & 5290l ThT Aol susion ztzte AWzAL
15-13 Pt} +9E APELS BF 4225 wad g ey 4
PE e ol FIAE §F gl FPHe IRAESN HHT 5
ol V=S 3] #lsiAolTh.

27t Y Aol DY GRAS §5 FEAE SEB
A3E 33 4.5-4~8¢] Uehigich 13 4.5-4~80]N RFRo
E Z&o] o3l FAERY T IRAEY FEEEs 4ty
GRAS 534 A9 fAt YUE neln A g
ZAAES 250 sjo] WA GRAZS 54
% X ARE HELE FL -’—'3;—"5‘ AARE =&319ch. ¥ 4.5-2
S =29 7o B4 ARE FaW Aotk WA u=05u,2 +A(EE
RS %"3740] v & AANstal, 1ela 544dolE AAste weold
E Ray® WRAEL] st} £UAA Poled] $XE AAtstsrt.
%‘71%%‘)1] 213t UFAEL] st 2UH(Pole)2 Ty GRAELY 7

A
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o0} |2 B uw) wit)e AL Holx Ytk FFHE ZAZY ARE F
ste] GRAEY E4Zold izt HZ A4 (Angular Coefficient) y./z
0.10~0.12 H3jol S42om o] Axially Symmetric Submerged AE Z-¢
ol 0.0970] A3 £x8 Rolz UL & + gtk F¥Aold Uiy 7]
&7 el ¥elE RAY ZUAHE $3o 3o FAHH IHRAES |4
o] Axially Symmetric Submerged M E} v]d ZH3 ZFFE Rola )
Aok ANF O T 27| FPOT GFAEL Zo] YT AR U
chech

Ageld 23" JYFAEL 4L & o ztsts] #3te Axially
Symmetric Submerged HES] o]EF HE5EX9 wlzstdct4.5-3]. 7IE
o] ¥ AL Tollmien's Axially Symmetric Source2A u/u,2| o]l &3¢
X2 UEATHSE Ad(c) dAY AxE Uepd A& o]-834rt.

p=-L T, o=V (4.5-1)

ar

23 AyAztel vlasty] #Aste] Source AESY HETES HFE
F1RSPE 6=0.076E H-EE 4 glth o|REE 0] &3lo] o] EF E
2] BEXE Aalsia o] A@Aze} vagy A}E 19 4.5-99
Tl aeld RFI JFo] FUAE $Ho 3l FHH AERTH
s1Ef7} Axially Symmetric Submerged AES] o]l fFE3Xo uls &
3l Qe A& HU¥ 4 qUrh

B3 LEEX sl E o2 AERF 2=t HEEH
2 92y 2 2% 4.5-100] Uehjgch 23oN BAFa glRel F71
FE Lo o3t FAHH AHESFY Helsb Axially Symmetric
Submerged A EL] o] FHEZo mj¢ st drks A& HAL
%= Ut

27]¢F0] 23 AEL S vl ol HUH upe} Zo] &
A UGEHE 2do] IrjE FLH 4 9 Aoz wuych oy, IFR
ZIHEY GEANE HUJAE = A2 "Ly A Zrh Tin et
al.[4.5-310]] &3l Z7]¢Zof 23l FAHH GFAES TH &=

£ oe BAY 3

Ao

He
1]

du; »
u,, = 1.367 42 (4.5-2)
Ye o

& meot sidch ¢ BANE 33
S0l S3ted YHY IRAS S42ol
=
=

=2l
Agvolel & At vehd Zojr}. 19

Z7IAE RHY FIAE
Auie] RUR ] AFUUA
=

I 2 AY dolE ke vl
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oA AP Aol Lhe AL Fastgch
Z7AEs GRAES 54 Folu EAY BAE R0z ¥ FA
4% u, HVNES 2 4P Aol A8 23

du, 3
u,, =0.95 L2 (4.5-3)
Ye P

o} ol Aziziglen oo oyt FF dlolEe UA= W
4.5-110] Yehigich. 2oy HofFRo] 10% HelolA HEA3fe] T

HBUAE F UEpiE odoke R ¢ 4 ok

L AR FA8F Y

(1) A=A

Z7IHEL] S5EAHS sty g 24 ABAX dA SojA
FEEojol & Fo AL AXZHY 42 AYPYolHE AFARE &
g chagd 449 M A=) dAE ARNA FIAE &5 Yol 23
AR E AL 4 UEF 3= Zo] ulghAsicks Aot HFH +2
8] Z4oq ZINAEI 43 UL E PHEEEF h= Test Sectiond A
Astdch olE thald sl a=e AZALE feldt BF Y #5 oh
gt 2 ZI|AE i3t J]Ee AE d3vt AY EAA derhe
RoE E TR o|fE zeth £ dFdMe £34Y IVAE AEES
213t AR EAAE FRAsIP e F&z &8, e JIEEE FHI] A
g A&y AA 2 A dFE £3ysict. 23 4.5-1200= F4& AP
18] MEEE ALt

GIRLS Ax|+&= A 7|83 330kWe] A7jRdgolN F7|71 FFEH AHE
o}d 10.3bar ZZoA Hu] Z7]2Z 0.lkg/secE AJAbslo] Test
Section®] NozzleZ Z&stA ®Hrh +£Z(F7: 1.8y, %ol: 1.5m)fF-o
AXH Nozzled F3dlo] 3 e s FAH
29128 23le we] AHEREES FAHsHA
913t LA AZ/ES AASIACHE 4.5-3 ER).

Ao g HalgEls ZU|HE0 2l FH oA fYEHE 2%
BEY g $&FL ZUAE RIAY E2=E FAI] st 2
4.5-13%} Zo] AETY Fo] FHLEE 5§ dANES HA3H3ch

E2AFQ Afax A 9@ AL 913 FIUAE SFol uE= A
ESEe] Al E4& metsty] 43t AHAAE HAFoA FUIAE (5

E

ox
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of thdt AET} o]FojA el 74BN £ BAANE A5 A
& AYstdrt. F3FE dRAE 242 %I 4.5-148} Zo] oo 4 9l
th. "%011*1 ZEQIYo] oF 7. 0barZ FAEHE AFA A 7 1cnd &
ARLEE B3l £HoR A JFUANE FH5LE FUH AERT &%
EXE ez gt F7] EATHoE2RY $HYYOZT §enm R A
FHollA el 45+ 17. 4n/secolr] IAPUFFO T 7iHAN = YofA|X|R &
53 FAEE AFPHA AERSE Boja Ar} %—712115 °‘?‘%~°ﬂ 9] 3}
o FUH HERT 54 gotRy] flste ZF (AN F
A A (oHEANES AAsTE. 2PN FAL 12-AFES
A ANERFY 7P 4ol FAMEY ubge] ¢Xde 54 7R 3
& Ro 3 gl o|g¥t £HAEo] ci3t Hdy 54
gt A E AL 2Ex WEE J|E0 3t £ F3I 5& 23
&4 XE 2d HA AdS 23 4.5-150] vepfglch =3 2ol
FAE 24 At 8 A= g FY= =@t

A Bl AP ¢siA 5H3] ZEH A2 Pitot FHY (A
2= & dAc, 2 JIZATE FAN SBE 5 = 4AY
Probe AAE A =3ttt Pitot FE A= &SP RLEA 2z
JNZEAS AF7e 5 /NZAFE S35 fsiAoltt. ojef Zo] o
# 7% ©Y ProbeE AA Y wil §4F5EE 13 Pitot Tubed] FA4
Aol BAo] HFH Apgtolty. FAMAlT ke thE ol FeHrh

=
1

(£ J

p= Y24p/p. (4.5-4)

ot ¥l 4.5-160l& UAFP Probed] ol thdt FAAG kol thd 2
BANE A SE Reol thst] B3t oA 2 AN AHEH ¢
A& Probe?] FAgE= 0.9744E Holil T}

(2) 24 &5 AY 4 &4

HE FR2Y £33 AU ZIHE Fo] &3l FUH FHFAES
S 3mestr] 23t chatdt FUIRSG W 2T thste] A Yol 4
NS A CHIE 4.5-4 FR). 18 4.5-17, 1soﬂt £2z2% 30Ce 75T #
2 URAEL YUY LHHEHES }E}Lﬂ Zioltlh, 7oA ixOl Z

Fgoll Ft7hE oA HolA4E SEZR7L |A HAs AR

& o oo ©
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548 ot slste] 37
gdch ¥ 4.5-59= SFHE 9
]( )2} AE2L] JHtEtd (Pole)
e, 3‘“‘5—4 HAEE Bl Z4=A ]-r dyc/dx)oll tigt Frt AZE 2
okstgirt. HollA RHojF3 gEo] GFAES] Pole2 YAFE Holil 3
2] ke Aoz Uelyrl, F7IAE $Fo 3t FAEH= HFRAEY 2
So] mj¢ A3l SidZolo] &3t Al Poled] #X|of ti3t BFrl=
oa@lg 2 Zrh twl, F7IAE FAEE 7 2ol Poleo] #IA[dIAL
gt AL FgY FEOE viviHLE WURAES] ZAEAsY FXE 0.08
1~0.154 Alo]& Hoja glrh dutzyo g chuhRAES Z-% 0.097¢d
Boled ZAAE SFo] 3tol FHIE FRAY Fo VL FVE
Holi USE & 4 AUrh

Agold EAE JFAES 54& & o b3ty #I8le] Axially
Symmetric Submerged AH|E2] o] &3¢l RFEX ujaslgrt. 7[Fo] H=
ALE= £EAEN ozt ZA# EAolM AUE&F Tollmien’s Axially
Symmetr'ic Source[4.5-312A4 u/u,8] °]E3Q] EXE JIHFALGLYH A<a

)t AAHE ARE Uehd AL oLt Source AESY HELEX

ldvi 1R 3t a=0.076E L3l o]EFQ AE[FL EXE AL
o] Z7]9%0] 450kg/m-s¢l B9 AFApel vz AJE 2
4.5-19o] Uehigict IdolA RoFa Qo] FVIAE FFo| 2l
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FEEXo] IA Blojux] ¢dx ke AE & 4 Jrh o, $£2I2E
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23t HrIgoH FIIAE §Fo 23l
o]ZF el thRF URAES vaY o F
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X 4.5-1 Test

Matrix for the Steam Condensation Induced Turbulent Jet

Flow
Al 1.D. F225 14 Z71z23" 2R3 3Y H] 3L
agd G~1,000kg/n’-sec

Case 1 31~36TC T ~166C 8,12,16cm

Case 2 36~41T i i

Case 3 15~22TC i i

Case 4 27~35TC " i

Case 5 39~48C i 8,12,16, 20cn

2 1) Z7)AE FF(ELH)A LEHE HETY Alojo] Ayt A=Atefrt FAIH A=

ol& R el(Quasi-Equilibriun) 8 ZH43

) FINAE

7% &F2RE YA

¥ 4.5-2 Characteristic Height, Pole, and Angular Coefficient of the

Turbulent Jet

. y(HETYH Ay ZF24E) (cm) 1
AHI.D. e dy. |3l
¥ 8 12 16 20 Xoote (cm) | dye/dx ‘
Case 1 0.73 1,28 1.61 - +1.25 0.11
Case 2 0.76 1.20 1.69 - +1,54 0.12
Case 3 0.83 1.27 1.60 - -0.73 0.10
Case 4 0.80 1.29 1.70 - +0., 80 0.11
Case 9 0,82 1,20 1,62 1,99 -0.32 0.10
) MEFE 231 E J|ELE AEEAMISS +F FA
I 4.5-3 GIRLS A =8 AZ7]
34 AEZEX| b
LM g A K-type T/C 06°C
ec +Z2EFIH107 2 K—type T/C 06°C
- EFQ 9A K—type T/C 06° C
Pitot Tube 17l & K—type T/C 06° C
e Rosemount 3051P 0.0005 MPa
Rosemount 8800A
e (Vortex Meter) 1.35
75 Pitot Tube +2%
Traverse System Resolution 0.01 mm
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X 4.5-4 =24 AE Test Matrix

U} = EX{U} == o2y -] =)
Testip | SicamMass | PoolTemp. | S&3 = | Asngsdasssd UEuer 312
0.8, ’ s
SHN 150 75,90 20 0-120(200m)
25 0~120(25¢m)
10
SHJ2 300 i he i NE
25
30, 45, 60, 12
SHJ3 450 .;5,9‘0 ’ 20 oS
25
30, 456,60 1
SH 800 75,90 % u8
75
30, 45, 60 12
SHJ5 750 helbe B 4%
25
1. 50| R2UU0/E £ AL 2HE 0.984m2)
2 ZIIHE B2(R ) HHEC = HE Y A0)0l STHE US MBI RACINEC 018 EFHALEN(Quasi-Steady State)2 U5 &
£ 455 37183 ORAE 54 23
AEID yefmm] Xpole™ fem] | dycfdx
x=10cm x=15cm x=20cm x=25cm
T30M150 19.17263 19.67021 29.82821 38.96693 -0.07847 0.138082
T45M150 16.71877 19.39868 2683581 33.03812 -3.14208 0.112788
TEOM150 17.21825 16.51507 24.52964 34.89858 1.269819 0.122093
T76M150 16.959 20.38261 27.83056 37 47401 -0.35894 0.137986
TI0M 150 17.57604 16.36471 23.19645 33.8482 0.924298 0.111296
T30M300 16.63294 1955395 26.99166 37 68545 0.495807 0.14519
T45M300 16.20387 18.57488 2733131 7773 -0.47071 0.128853
T6OM300 16.16612 18.64537 236443 3477625 0.157200 0.121859
T75M300 17.75012 20 44591 26.20878 3471988 -3.2695 0.113344
T9OM300 17.52942 18.60379 2275881 31.68545 -3.65651 0.093326
T30M450 16.41988 18.57653 29.2746 35 49362 0.093753 0.135875
T45M450 15.90565 20.09965 26.32841 32 84065 -3.07177 0.11467
TBOM450 1643387 17.36937 26.15936 30.21264 -3.27437 0.100253
T75M450 17.35417 17.12045 28.84585 32 56696 -14021 | 0.110728
T30MB00 15.60124 28.71907 25.83281 35 96565 -0.5612 0.116414
T45MB00 16.03082 17.63714 26.30004 33.34088 -0.64893 0.121186
TBOMB00 1582182 18.1345 24 53709 32.05542 -3.13185 0.107607
T75MB00 16.96418 18.67802 25.81009 28.16365 -8.35086 0.081461
T30M750 15.11638 19.60724 28.01657 35.95587 0.374215 0.141856
T45M750 15.1292 17.36103 353176 34.74888 3.655546 0.153631
TBOM750 1561253 17.85298 239679 306212 -3.16527 0.102282
T76M750 17.23115 13 48059 25 48459 28.72384 -8.78502 0.080964

FDHEDPY STE IECZ NEZMYTYE (MNE BA
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I

=L - l\
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GIRLS Tank
T
;ES g
Over v 1
Flow
Feed
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13! 4,5-1 Schematic Diagram of the GIRLS Facility

T unit:mm
Single—Hole
Sparger$25)
37
$10 TC3 ©
X Pitot Tube ~
2 85.6 TC1,2
#0.5)

%l 4.5-2 Single-Hole Sparger and Pitot Tube/Thermocouples
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¥ Initial Region | Main Region __]

.

Jet Hole

N

Steam Flow

Steam-Water
Interface

%, Jet Velocity
” \  Profile

Steam Plume

23 4.5-3 Steam Jet Condensation-Induced Turbulent Jet Model and

Coordinates
201 2.01 2.04
4 L 4 —»
154 1.5 154 —=
— ] | )
£ { — { —=
8
§ 104 —» 104 ~—» 104 —»
g | * ]
o
] q — — —_—
& | ;
©
S 054 —— 054 —» 054 —
} —_— - —— q ——
004 ——» 00 ~—» 0.0-1 —_—
T L s e T T T
0 5101520 0 5101520 0 5101520
u {m/s)
X =8cm x =12cm X = 16¢m

%) 4.5-4 Turbulent Jet Flow Distribution for Case 1
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2.0+ 2.0 5 2.0+

< 4 —
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K2
- |
g 1.04 —» 1.04 — 104 —
8 ) 1
@
a ] —e {—» {—»
©
S 054 — 054 —» 054 —»
— ——e —_—
004 ——» 004 — 004 —»
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u (m/s)
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3 4.5-5 Turbulent Jet Flow Distribution for Case 2

2.51 254 2.5
4 E 4 »
2.0 - 2.0 204 -
E 4 = { -
£ | | ]
S 154 154 — 15 —»
[0 4 4 4
Q
c - — - .
g ] ]
A 104 — 1,04 —» 1.04 —»
= ,
c(\:“ . .
054 ——» 054 — 054 —
44— —- 4 —»
00 ——» 0.0 —» 004 —
T JENL BLE L e o 35 L L L e
0 5101520 0 5 101520 0 5101520
u (m/s)
X = 8cm x =12cm x = 16cm

2! 4.5-6 Turbulent Jet Flow Distribution for Case 3
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KA 1.5-1 154 —» 164 —»
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% 4,5-7 Turbulent Jet Flow Distribution for Case 4
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% 4,5-8 Turbulent Jet Flow Distribution for Case 5
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1.26
Theoretical
» Casel
1.00 e (Case?2
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*« Case5
075 |-
&
o
] *
0.50 |-
*
N
ok - - - - - - - - - L L= A..*._ e e e e
0'00 M [ " L " 1 A I n
0.0 0.5 1.0 15 2.0 25
vy,

1% 4,5-9 Comparison of Dimensionless Velocities with the

Theoretical Result

1.25
Theoretical
m Case1
1.00 e (Case2
2 (Case3
+ Case4
* Caseb
£ 075 |-
|.—
S
= , , |
0_50 b - e R SO . N e i - e e -
025 F -
0.00 N i N i " I N ] N
0.0 0.5 1.0 1.5 2.0 25

yly,

1% 4.5-10 Comparison of Dimensionless Temperatures with the

Theoretical Result
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72 4.5-11 Comparison of u, -measured with u,, -predicted Using the

Correlation
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Vertical Position [cm]

Jet Hol
/e ole )

20
Pressure =
Sensor ~a
T/C ™ &
2
a7 4.5-13 FR2E AZE Ay
3.0
| | Test Condition: 20m/sec R
25| | Ty =165°C :
L | T, =43 C R ;
2.0 | | G=1,000kg/m*-sec R .
i . N 0
O
15 - | . 2 )
I . .. s )
-0
1.0 - . A R .
.07
-0 . R .
03 Water Flow . . A .
I \_4 . . R .
00 L . . R N
Steam Plume x=8cm  x=12cm  x=16cm  x=20cm
a7 4.5-14 Aglo] W2 £ Z7)2& YESEL SEEX
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k(=(21P/p)v)

(=(2\Phv)

) _ = = BaA]o ol F raKe)
73 4.5-15 GRAE 224& 93 Fadxt F
1.20 - . . - 129
114 ARE X
1l ¢ - . 1149 P
109 . . . . 1.4
104- & Lo vodf L3 ) 2%
09d % o )
083 - i & pa
=28, = ;
osq  Pm"28mm . S gey O =28mm ’
» a st .'L it :
07§ o 2nd - ¥ 075 m 1st :
A ard @ 2
064 [ s o8y A 39
664 a6 k=0,57¢ H
089 - : . P
O'% o5 TU T.5 7T i KR 3. 05 1] TT LB TS5 T il By *j‘ﬁ
v{mis) . P,
v&} k-factor vims)
1.2G— - 120
119 114
110 17
1,08 .05
- 104 &, o . .‘2%
“ R s«
o g °9 2%
0 3 o
f a ¢.84 !
L & D =2.8mm i
o8 i % .
e.74 074 @ 2nd :
a7 ord & 3 :
059 o84 H
2.0 9% k=0.574 ;
0.54 054
0.5¢ 0 TR TR ERT R TR
Re{=; g - . ey =] ™
S Re 22} k-factor 24| Ra(=iD, )
1 _ 2 BJo o Q0o Ao
7] 4,5-16 HAE E4& T Fadx BY
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Pool Temperature = 30°C

nm“’l“u“ 2504
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0 50 100
() G=750 kg/m’

250-“”“4““““ 250 -
32200_ nﬂte;...,.‘,A 200 - nﬁ1ffoA.,““
ST
5150— w“’“u“ 150 4 ““‘““
:::% - | |
Q
: |
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% 4,5-17
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o
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Pool Temperature = 75°C
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L N ¥ M 1 v
0 50 1Q0
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0 50 100
(b) G=450 kg/m’
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150 4

100 -

| hﬁm
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0 50 100
(c) G=750 kg/m

Radial Distance from Nozzle (mm)
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1.25

I —— Theoretical
: : : ® Case 30-450
1.00 P % o o e o e e ] @ Case 45-450
. : : A Case 60-450
- h‘ . . @ Case 75450
075 | —
13
=3
|
0.50 |
0.25 |-
0.00
0.0

yly,

R 4.5-19 UYEAE o]E3} Bxld £ T B u (6G=450kg/m’-s)

P

1.25
— Theoretical
m Case 30-450
1.00 ®* 9 : ® Case 45-450
. . . { @ Case60-450
T e . ﬁ & Case 75-450
R N :
€ P 4 : * T
= 075 : . ~ .
é . 4 .. te .OI N . 4
: :
050k - - - -k L) ’A' P .
: '3
025+ - -
0.00 N l N i N l N l "
0.0 0.5 1.0 1.5 2.0 25

02 4.5-20 GRAE o] Ry LB H|Z (6=450kg/m’-s)
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AA QP2 505 4E, UdF2 $F d=¢ A
3 A¥FZ 5 dEY 548 AE S

=)

842 $2AE AgoA = APRI4000] AHER Hole Patterng Zi:
t}2 79 Spargero] Uit SEHSAHL AFIStL LN ELF ISl
th &t Unit Cell Spargerd] AAY 5& A3y 93t F718F3HELS &
gstgor APAINES EA3tett. Bottom Holeo] gl Simplified
I-Sparger& AMgste] AAAE] F71¢HAULE YPsiden Fo A@EHE
2= 27847 ELoltl. AEAINE M F3 o B2 FES
dalct.
- Bottom Hole & €&31F S #ALAFE 7l&0] Jdom A2oA &
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ol ARE FOlRE I=¢ EL FH3t F2 HXuta EA ¥ Y

< B9l siHs S FASstaAt Ak
2. 3t Az

7h A wigE A

Two-fluid R g4zt 7148 §5& 24249 AR, 5, AduA
PR s, AdolA UAdshs BT 2% FFE HAS
it = glrhe Aol glth Ishiid] AFEFEH =EH T
[5.3-4]0 &3td 2z} Abe] AgRE YL vh3 3} Lol JleHr}

o
il

6(akpk)
- +V - (apivi) =T (5.3-1)
A7IM i 7 ) A B udth ER $5F YIML of
et ol FHHATL
a =
—(ak—afkﬂ(l-l-v'(akpkvkuk):_v(akp)'i_v '[ak (Tk +T[)}

+akpkg+uk,-rk +Mik—vak-’l'ki+pvak (5-3—2)

2wl M, 3L AW npE Wall lubrication force, Lift force,
Virtual mass force AR 53 Ayt qulsict [5.3-5]. A3 A
Wel QHHE fAstel ot W slael £5 YA U AR uhE ¥ w
Virtual mass force 3-& Implicit procedured F3| AYA|F|A Hcl &

Al (5.3-2)2] $Ho = FAPYUE F AW wpE W Virtual mass force

20
T
| o
o
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38 A3 UnA] FEE Explicit term 2 A 3JItt. o|& oE ¥
st vIgtEd FAIYE 7P ol i3] 7lestd A 1(5.3-3), (5.3-4)
ot g},

Dy | . D4, D¢,
2%g :Fn = -Uu had 24 .

a,p, = F ~2praColu, (1 -47) ( 1Pm g~ %aPom Dt] (5.3-3)
Du; . n . D¢. D¢f

@, —EE = Fy +< paColu|(u; -up)+ (afp”"' Dr "Dl ) (5.3-4)

ol st au.olW tiF 3} D/Dt 3lo] EFEF S ct 2l (5.3-3)
g (5.3-4)8 ¥ F Ha g3 A Ha] 3} Z7 AE npEat Virtual
mass force 3o sjwgict ¢ F AoA HA} ‘n’ o]A Time stepd
wje] FHE uishy ‘¥’ & ThE Time stepoll tid] AAMH k& ojmjgch
a2 A (5.3-3)3 (5.3-4)E B3 AXEH «, o uiE A (5.3-1)8] A
RES TtEAF|R] B3 wlelA] ‘n+l’ Time stepd iy FE3 £=8
T3H7] $lEiAE RAZRJol WastA o ol HolM SMAC dielEE
53 A3 Rojrt

Two-fluid Relo] 23 oUx] WAL olzje} o] zH Aol <iety

(#,) #5334 Fe2 Uepd 4 gt
a(akPka)

o

- D
—V'[ak(qk"'(lk):l*‘ak Dktp

¢l oAl WRAE 23 ulE 75 &Y BF, AdRdAd ¥
A H H gy a; B2 HHAA WS vlE(1,)3} BulkollA] s &
F(,)& 242 Eelste Axtsiet [5.3-6].

(H,T,+qza)=-T Hy~T H, +ha (T~

(Hgil“g+q;l. ()

A7IM T, Hy, Hov 23 Feld] 2= A dYvE ujgict. 4443}

71%48] oiyz] Wl e¥ox Fojzl= 7|3 A (g)0] BREHE
7 spastare ohest gol ANY 4 Atk

+V- (akPkaVk) =

+HyLy +q;iai+q)k (5.3-5)

)
[ H, +T H,+ha(T,~T,) (5.3-7)

i
i
i

fd
i
_9'{_(’
rL

g "4y (5.3-8)
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' H -H, (5.3-9)

ouz] WAz Fa YA npEUAE AW Y ¥S

Implicit procedure® A A4 4= Qlth 2] (5.3-5)8] FHoA AH 4
g S A3 WEUES EEIAL 3HE oleig}t Zo] JleHrTh

D, H}"

Qp Pr =Ey; +hiai(Tsk —Tkm) (5.3-10)

v AEE g 2 e M8

2 QTIME, Twofluid Edol &Y AU SuAAY
(Finite Volume Method)E& E3] x}E3lstadct. o] ¥ 2R7 ¥H$To] =}
5291 Grid smoothnessol Aok wz] ¢e=ths AFo] glch ol &
A Yo A= Gauss Feloll o3l 2zt Al e uF ¥ES v
3 o] ARz HHY £ glch oluf A AFPE ¢8| Upwind
schemeS AH2-3}A] =l

_ ;gac;r

J-V-(akvk)dV=;ak_,-,up(Vk'S)j (5.3-11)
- 25

IV-(akuka)dV=;(au)kj,up(vk S), (5.3-12)
- oy R

IV (akH,cvk)dV=;(0!H),g,p(Vk'S) (5.3-13)

o E WA W=l WS 188l7] #l8l, Boussinesq 7}
BE A3t FYsiGE & A "ol [6.3-7]. o] MRS A
o2, Zt g AR UEE A4E AHEshs Zo] Al 2
=2

1 1
——Vp+g=—-——Vp+g(l+ BAT
P PTE o prg(i+paT) (5.3-14)
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t}. SMAC &2 &e] F&

njel&d K52 43 & T3] sA, A RS S
Q): Semi-implicit methodo] T3 @7 B HRo] NAFLE ulo] o]F
A gl che¥ Semi-implicit method F, £ dAFolMde WEIHe
Iterationg ¥ & <= ol AL 7}z SMAC (Simplified Marker And Cell)
G2 AHgstdct [6.3-8]. o] ¢REL BN FIREDN ¥FF
WAL Exo BEAL £ e =233 GHFES 7Y + A "ol

SMAC LFE|EE old-RSol H&3517] ¢lsiM thE Time step AF
RES BEAFE $E(uT) L (Pl ois] EF WS 2¥
sm tre3} 2} [5.3-9).

D u™! D"

g f f n+l n n+l
o, (P 40, Py, === 9P+ ] = Co i -4]") (5. 315)

9

D n+l D u"‘”
f f - n+ n n+
@, (p;+a,Pm) D %% Pom gD: =-a,Vp™' + F] +C (0" - 5") (5.3-16)

A7NH  Cp =pa,Cfu)/8 ©lTh A (5.3-15)2F (5.3-16)0A 4]
(5.3-3)3 (5.3-0)F WA Hd, v/ =u' w2 ZAHe FEIY US
AP RA p =p" ' — "3} Time step At VAN LE LFEGITE

u, P+ Py + G M vp
At PPy PuPum + Cin Pl (5.3-17)
_If'L:_ pg +pvm +CmtAt Vp’
At pfpg+pmpvm CintpmAt (53—18)

JE¥RA ke 87 8 A (5.3-17) W (5.3-18)0 ZZt Jg
ol A}o] Phase fraction® &3}iL Divergences 213t 5| ostA = otefet

2 Poisson equation?] HEJL] A& 4L = rh

V(g +4) -V (4 +4;) =0tV {(_‘”ﬁ_Jr_f‘_‘f_JVp'}

Peer  Preg (5.3-19)
= P1Pe Pl + G2 A
ST P+ Py + Cin (5.3-20)
p =pfpg+pmpvm+cmtpmAt
el Py + Pum + CiiAt (5.3-21)

AL Qe gAY f5e Ao V- (¢ 6ol 0017
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o, vlSely §& 5 APHIIL A Aol o] & 383y Poisson
equation?] Source term® % 8|3} Fojo} Ftrl Zt Al HHURHE Ao =T
3E ol A,

(¢n+l+¢n+l)= r_f+£ _ ﬁf_Dpf +&_ng
Fh\pr P )\ Dtopy D (5.3-22)

Zt 2ol oha vlEEEE 78S A (5.3-22)= thE3t o] XX

9 4 gk,

VAT ( ] (5.3-23)
e 4 (53298 dUshl 4 (53192 TEY HIE Aol
A B AN W SERPS AU T Tive stepd] YA} SEE

+& = 97 "rh

AL F=o Adste] sAsr] o] Hel, Two-fluid 24
2 z]”“”o‘%’-‘-} L SMAC &arz|Foll 713t = Aol AHthE o] FojA gl
=AE 23Y "art gk ol ¢l Zeitound] 1X}3 IAC RHo] A=
of AtelElglrt [5.3-10]. Zeitound AHEE F3 n X3} v]E5R5AAE
Sauter-mean diameterol ti3t vz} T2 RHE A A]StAch,

0.55 0.1
p, =185z 2| |C
gAp I (5.3-24)

2] (5.3-24)ollA o A ta] BRT 7IZES nlshy AA Y
a,=60/D,& o]&3te] 1ACE AANY + QA Hrh

2](5.3-3)3} (5.3-4)9] ¥ F WA ol Ueh} s A npEFo
M, o3} e Ishiid] AW opdAS 2 AHgch '
24 pD. v Y7,

1+0.1NY) N, =27 =L
NRe( e ), e TR # l-a, (5.3-25)

EZ 71X ik Fed EXE BHEIA dASs] fIsiA Wall
lubrication force®} Lift forceE 5% WAA 1]2] Non-drag forceZ A
23 3%ch Wall lubrication force:= ¥ A oAl YAMY] SE=E 3o 9

\‘1

C,=
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2ds Fgstylcl

T

3 72 B= PosA, B dAFZdAE Antald

[5.3-11].

2
Fglub = _FflUb - agpf|vll| C‘w1 +Cw2 (i) nw
7 YVow (5.3-26)
"u:("g“'f)‘[“w°("g“'f)]“w (5.3-27)
Lift forced] 7§ Yo S=AY FFz HAH TL=2A, 2
(5.3-28)3} Zo] HHr}
(5.3-28)

FY =-F} :waprL(vg ——vf)x(vaf)
Wall lubrication force} Lift forceo] ctj3j
258 C, =—0.104—006l,), C,=0147, C,=0.010|c}.
S5 #FEH AW dALAFTE Zeitound] A Aoz HE L
5.3-29) %} o] Nusselt —,—.4 e XHHC} [5.3-10].

TFoll A ARERE Al

si=m A (
Nu = hl"Ds = 204 ch.ﬂ 6—r0.328Ja—0.308
& (5.3-29)
© e nE3E

A7 A B2l Rey= 7]32] Reynolds 4=°]il, Ja

Uzt o] njof 3|3t= Jacob olT},

U Hd dfs 58 24
F4& Surface quenching, 7]3tdAd, Tt tf

HHo A 71| R] =
L 3 FAo] ALFCE Yeoh & Tui= o]

A 5 A A=A wAUE
chsl z+zh okt 22 BYS %%6}933} [5.3-12].

2 D,
qqz(_ﬁm\/?jw —=(r.-1)) (5.3-30)

Nf( Dgw)pghfg

(5.3-31)

zD},
4 (5.3-32)

q.=58t-p,C,u, (T, —Tf)[lmNn
A A AelN Ueld ol BHEI ¥W d{E FEE A=
o|%’ A7|(D,,), 7|Eo|¥ NE(S)

9 olget 2

Active nucleate site density(N,), 7|X
7} "ot B dFolM= Yeoh & Tu®] Ad-Fol|A ARE3IE
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& nlEg FEo st [5.3-12].
N

,=[210(7,-7,,)]™ (5.3-33)
0.9 0.5
D,,w=2.496x10‘59{pf_ng ( g ]
P, ghp (5.3-34)
_ 4g(pf-pg)
/= 3D,,p, (5.3-35)

Al (5.3-30)%€ A (5.3-35)7kA] UEld H4ES AR f3iAM=
HLE(T,)7t AATojof rh ol nAdy WP 2A Fed 5
omg E 3t 7lu FAHoAE= Newton-Rhapson methodZE A-g35}%rt.
= 27 A" Ud 4] (5.3-30)8 Surface quenchingz} (5.3-32)¢]
A RdAY e dx ouz] WA AAYFeR EREIL, A
(5.3-31)2] 7]z Ad ok Al (5.3-8)0A AHE okE Aalbste dlo o]
£Hc}

4, Axuia 4 (1) - 13} 1AC B9
7t @RE A
(1) A rd U by
919} o] U :I=st BAZ olA(F dFE
2] B 7l 171 oldoll, 7+ Ao AH, 5, duA
& A3t o] JEAE FYFHLE Z :
G.de Vahl Dav1s7]- A A3 cHAS-E dixnta EAE st I= 4
Az} wlzstgct [5.3-13]. ol Mxnta ExE 17 5.3-10] UeRt
So] F¢ 2= W whd wdo] EA FAMZ Ad e 2Ad AR
HALE O A e ® 3t gt
TASS wixuta BAe) sid AL A (5.3-36)3} Zol FAH
Rayleigh 42 ®HEfR FojAm, Ra=10%10%10%10%] cfzt ai7b =i~

2 3
T, -T-)L
Ra:P gﬂ( H2 C) Pr
U (5.3-36)

2 a7e AL trigtel B tges 2& Hust e ¥n

- 251 -



LSR8 80T 30CE AL wetd Foj3 Ra 8 UEAL 5 ¢
£ Aade] Zel(L)E AFY 4 A3 olF 4040 Fie) AR YT
Structured Grid& AHg-stiTh oleld 3iy =AL X 5.3-10] 2oF o
e},

(2) A3} 24

a8 5.3-29 5.3-32 7 sz wE 2= U =X ZAYE
B2 glth, Az Ueht gl%o] W2 Ra 8 F9oMe A= 4
3t dAdo] =ujFolz|Yt, Ra 7} Eold4F FHol «l?’} Ao 3
3to] ARHA LEER} £Augos HEISE AL & 4 oot ol
3t A= 2 Ao AUE Z=7 AAFY 22X H AFES HAESHA
o

Zst2 oleg vehdTh

B vlaE 93 HdoqY FAd 2 -":“W% =4 Nusselt

F(Nu)) 2 B o3tH o] & HFT Nusselt 2(Mu)e The} o] A4t
A

o\ ), Ty-T.\ox), (5.3-37)

(5.3-38)
¥ 5325 4 (5.3-38)2 HoJH H Nusselt 8 £ dA7A4

718 B Aol ois) ulasta orh o] EollA BXe] Ra 7t S713t

AA Adchfol o3 dAde] FAUHL Nu 71 F7kk= 2Ae

oo, Jdg et o2y FA3E BXHLE A 53

ik,

0
tfo

. ol4RE o4

(1) 3y 2 2wy

o] A5 ALY ASZL o3 AYH Wxnta EAe AeU¥a
(SNU)o| A =3% u]SAldolt} [5.3-14]. o] AP By £3a0d oA
NES} NS U $5 e ATl AT BHex 4+9W Foz, AY
Axe] MAMSE X 5.3-3004 Fe[d ui} At FL 711% Hr2e =
2 7|28, Sauter-mean diameter, IAC o] ¢glem wWkE WgoF 13 ]
A Zuksko 2 L/Dh=71.4, 80.1, 90.52 A A|ZelA 7‘1]%01 o] Fo]A t}
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AQH olAFE FAE Y F YEF Farh 2 ATl WAnA
e sl gl ABRAS ¥ 5.3-40] R, 45T 2AEA
QAT 5(MHA WE)X500(S Y)Y CellE T3l Aldbe +33tATh

% 5.3-4= Hxuiz sMojA ¥d sido] Fike AH(L=1.87m)
2xe] J|XE BE A}E RAFI gl $Fo XT JHoAM diF
o] FHAH d8& By 2y w0 ApHzler A 2o M F7]7F A
HqElz 9l A Lol File A& B 4 gl TE Vall

| gl A7 7127 HA
Usl ub7 wske] B E gAste o 9% 7Xe ZeE ukdHnh &
A7t FHEEE 29e wAUZL Hee o olaY 7yt dgstA] o
S0l 23] 7IEgo] o=t A& E 4 dlrh

a8l 5.3-59} 5.3-62 L/Dh=71.47} H& &oloA 7/|Z& ¢ 1ACE
2} vjz3ta glch, 3 23 5.3-72) 5.3-8& L/Dh=80.1¢1 =ol8 Z
Uehia gith, 7 ZelZofa REo] F4 7| XL W U F YR
2o AL B Aol MuH 3=st AP AARE FJAFSHA «Ssta
o] Felitl. 3L} 1ACe] B¢ do] JIEix= HH AN AA AL
BRTH WA d&ste AL 2 4 gl olHT oyt WAsE WS
(5.3-24)8} 2 1x}93 ¢l Sauter-mean diameter RHEE AHE-3}47 wj
ojt}h, & 5.3-9¢8} 5.3-1004 Z golo] t§3t Sauter-mean diameter?]
A Wl BExoA e} gl%o], ZEV} Sauter-mean diameter& A g of| A
AZH Rt 3A ADSAAM, o, =6a/D,2] BA &3 IACE HA oAF
= AIE ook Al (5.3-24)0] UERG 1xpdF AL WY EHF
Sauter-mean diameter® W32 FF J|ZTE U AVFHY TLE Ul
goemg [Act 7|X 27| T thAgH BEXE oFshe Ao E7bs3t
th AA o]A-§-FolA & Breakupo|L} Coalescence®t Z2 7|2 Zte] 42
g W 7|3le} $23 P AHHIIE QA 1AC7 BHLE WHile AL ¢
2 oIt} [5.3-15]. walA o]ggr 1ACY] thxdd AEE& FHSIA A3
7l Yl 1AC 4R AIE Bl 1xd BHe TAE IFE3
of & Weio] qlrh

lubrication force, Lift force W &F B©°

-

Ow

C

e ¥
(oo 2 ot odo o omn &N
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—I

5. Hx|n}3 34 (I1) - IAC F=5 A2
7 1AC S48 14

sl S £ 2438 Aldabl . Ishiis) @7 )
X2 Boltzman F=SWAA o 2RY 3 2 IAC ££UAAE F

stdch [5.3-16].

2
| 7
+§vj[; ;Rﬁ”waRph (5.3-39)
A714 wel WAl P LHo|U gy WHE s sIEe 37|
7F Migsle A3 #EH oln, T Hal ¥} X 78 FE U A3z

€02 Q% IACY HEE U Hv": ol Al HA 2 Hdo A WA= v
22 Q3 AME BEE = 7|E7} 1AC] F7toll 7]tk AE on]jict

Yao & Morel (CEA, EEJZ:)SL] AL AE Liouvlle ¥AAlS x}-L23}o
that 22 IAC 5B A S FE314T} [5.3-17].

o
=
. . d
?-‘-’L+v-(a,.V)=3 4 \r P
ot &/ 3
a

® dt

Eiofiere o

A (5.3-39)0 $H A MM ool sl FARE wANA A
5.3-1)& iy 3}5L, Bubbly flowo] th3t 7| 32| shape factor@l ¢=1/367
S Z&shd A (5.3-40)3 FYI AE ¢ 4 Ut

5 do ZIE Zte] AFAE Ee I K5 Y TLoE U3
IACo]| W 3}7} A7]+&= Breakup?} CoalescenceE RHEEISZ] $3lA & A
olAdE CEAollA 7PUE EdE& AHYsisirh. ol 7]=2] Breakupo|l}
Coalescence”} UA3t= o] Al A ZHE 7]122] Free traveling timez}
Interaction time®E H|ste] 2 E RIS Z N Ishii & Kim®] 7]
& rdalg J)dstedci= AAo] glth. Breakup?] Z-$ Bubbly flowolA:
LSl HF A& 2}e] 25 (Turbulent impact)o] &J3F d38kS T & st T}
23} ge meo] syt

—
Sy
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s Lfa) mn_1(a) mn_
T o3yle) T, g Ty + T

1({a &"a(l-a) 1 We
=] =1 . Kbl e . exp| ———
3y a D, 1+K,, (1-a)We/We, We,

2pf(a”3D,',/3)2D
o
We, =124, K, =16, K,=042 (5.3-41)
3t3 Coalescence oAl 7] 78] Random collisionof 2j¥F g3F

& ket o] RYERFAC
lazlcn lazlncn
¢RC=_§_ Bl (Rl SRR BB G
vla, ) 2T, 3wl\a,) 2T,+T;

__1[a) g & 1 oxp| k., 72
3w\ a; l D,l,”3 g(a)+Kcza\fWe/Wec e We,

We =

a? —a?
a — max
Ble)==am
K, =286, K,=1922, K,=1017, a,, =052 (5.3-42)

Hol A B S 23] AL 7]Xo] 23 IAC 5 YA B
Al (5.3-43)2} Zro] Active nucleate site density, 7|xol’t A7), 7]
1% Wl YT AAY 4 ool AT IS TYAoIA A8
4] (5.3-33), (5.3-34), (5.3-35)& TUstA HEch o] Yel=
23 zA189 2UEE 747t ¥ 5.3-5, 5.3-6, 5.3-7¢ Felstyct.

2 _ 2 'Nn'f'AH
rD, R, = zD,, —————Vol (5.3-43)

tlo Hﬂ rlo

Al (5.3-41), (5. 3—42) (5.3-43)2 2] (5.3-40)0] thdsled IAC &

WS A EHE RUAAYE AHEste] Cellol thal FHEste{of &
o ol w4 (5.340)8 el ole 7 BELS celle) Falol A
7| Z&olu}t IACe] whel AxtElE FhelBE Celld] F¥E F3tA "ok &
gt zbHe] e A (5.3-11)2} nb#R IR Upwind schemed AH-8-3pd
olzfo} Zo| ArtHch.

IV'(ang)dV:zj:aij,up(vg'S)j (5.3-44)

- 255 -



Lh SNU HISAE iy

ol HUH IAC =LA HYste, wAuta 3jy (1) B¢
o opx7Ix]| 2 SNU vl SAEe gt AALE 33t £ 5.3-804 RE
ui} o] & 3 nEHEF delske F 7R FFE Y o=
sledch Cell 10(¥HA Wl )x100( &) /N2 A= gt

a3 5.3-11, 5.3-12 2 & 5,3-13, 5.3-14= 27} Test case 13} 2
of thsiA, 7FEH7t Sihe A Fo #@Est= L/Dh=90.5¢ &old 7|2&3}
IAC X & Uvehyx gitt, 2% 5.3-113 5.3-130]4] BXo] df%o] t}

23517 9 HAE o 4 grt. ¥ 1ace] ALol: 1 5.3-12¢f 5.3-14
of Ueht} & ZAANH 71 HE ZA AN A tEc) &2 S oS3t
3 glth 23y A (5.3-40)0l ZlgE o] ARo], 7|27 HE2E W A
W 3lo] 2Jgt 1ACe] WHEE 7} Cellof th3) Tl A o2 Axgto=y 7l
5.3-62} 5.3-80] Ulelt Wix|ni3 (1) Z-9-HcTh IACY] Alat s¥o] A
HSS A9 4 gch

4
NAFo] Energy dissipationg &u]dlE eo] ik & o
dissipationo] 7|XZ2] %5 E= 7| 3 FE nlXE& G| HtEE]
= Zlojtl. o] & riAYFH T A4St ¢l8Al+= Standard k-¢ model
I} 22 RF 2dE FL&slool gttt LU x| I=d= WF 2H
glol ¥ nopae 3133t Energy dissipation?] 1X}13 WA HIHE of
Astd AAStL gleng, IAC ¢35 HF2 el BYsiA tixd ez 74
Sz 23k Afefoic}. uhelr ¥F Standard k-¢ model AYHTHA ol
23t §5 Hatd U 7|38 Breakupd} Coalescence ¥tof th¥ Ait 59

F3E 71tY 5 & Zoth
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¥ 5.3-1 Al W

EERRES]

Ra L(m) Cell size (=L/40, m)
10° 9.910 x 10™ 2.478 x 107
10* 2.135 x 107 5.338 x 107°
10° 4.600 x 10 1.150 x 10
10° 9,910 x 107 2.478 x 107

X 5.3-2 ¥ HF Nusselt g~ H|ZL
Ra 34 G. de Vahl Davis |2 X}%)
10° 1.125 1.118 0.63
10* 2.296 2.243 2.31
10° 4.868 4.519 7.17
10° 10.06 8.8 12.5

¥ 5.3-3 SNU Rl SHERA] dAES

Flow area 9.72615cn’
Heating length 1870mm
Hydraulic diameter 21mm
Outer diameter of heater 19mm
Inner diameter of channel 40mm

¥ 5.3-4 Wixuta-(1) v]|EAIRA

Mass flux 342.207 kg/n’s

Heat flux 212.706 kW/m’
Inlet pressure 1. 21bar
Inlet subcooling 21.695K
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R 5.3-5 Active Nucleate Site density 2W %

Author Madel

-44
Kocamustafaogullari & . - . 20T
. N =flo R = flp | =T
Ishii (1983) ph AT,

S

N,=F,[ J%Eexp(“(ﬂ‘ﬁj ]dﬂ-exp(—l&)

Yang & Kim (1988) 2s?
=Cexp(-K/AT,,,)

Wang & Dhir (1993) N, =7.81x10(1-cosO)R**

Benjamin & Balakrishnan N, =218.8Pr"63(l)®’°"‘ATj

(1997) 4

Basu, Warrier & Dhir N,, =0.34x10*(1-cosO)AT>® AT,,, <AT, <15K

(2002) N,, =0.34x10*(1-cos@)AT." 15K <AT,

Hibiki & Ishii (2003) N,,=1—V_n(l—exp[—§0‘uiz)J(exp( f(p*)%)—l)

Lemmert & Chwala (1977) | N, =[210(Tw_]:'al):ll‘805
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¥ 5.3-6 7|Xo|& 7] B2Y HFF

Author

Model

Levenspiel (1959)

242x107° p*™(g -1, (T, -T,)} kY,

max 2C’4”3Pgh/g(7m)”2(b,,¢,,)”2

Farajisarir (1993)

-1.62
DT _ 10.02x10° Ja 7' (MJ

plaz Tw_r\'

Kocamustafaogullari
and Ishii (1983)

0.9
D, =264x1076 22| | &
Py gAp

Unal(1976)

_242x107”° p*”a

" Jbd

D,

Fritz (1935)

D,, =0.2080 /i
gAp

Tolubinskiy and
Kostanchuk (1970)

D,, =min[0.0006exp(~ AT, /45),0.0014]

Cole (1967)

D, =ax10? |2 2w T
bw
gAp  p.hy

Cole and Rosenhow

(1968)

5/4
D,, =15x10"* |-< PrCy AT
) AP\ Pehy

¥ 5.3-7 7|2ole ¥lx Yl 3}

Author Model
4 —
Cole (1960) e g(pi=r)
3D,,p
_ g
Ivey (1967) f=09 | =
wa
1 4o )7
g c
Steph 1992 =— 1+
ep o ( ) f 41 2wa DprgJ

Zuber (1963)
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¥ 5.3-8 Wixuf3a-(11) v|SAF=A

Test Case 1 Test Case 2
Mass flux 339,637 kg/n’s 342,207 kg/n’s
Heat flux 96. 701 kW/m’ 212.706 kW/m’
Inlet pressure 1.30 bar 1.21bar
Inlet subcooling 12. 404K 21, 695K
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Adiabatic

T,=80C | T=R0'C

Adiabatic
L /

J% 5.3-1 AduhF WAt £

0.001

0.0009 ‘
75

0.0008 725
70
67.5

0.0007 85
825
60

0.0006
0.0005
0.0004

0.0003

0.0002

| EENINNENEEERRE RN

0.0001
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0.002

0.0015

0.001

0.0005 7

Lol -

RS S i
0.0015 0.002

o L T owd sl Sl W S T I |

ol
0 0.0005 0.001

33 5.3-2(b) Ra=10%e] £ 2%

0.0045

0.004 {=

0.0035

0.003

0>9025

0.002

0.0015

T LTI Es

0.001

0.0005

Tf
80
775

725
70
67.5
65
62.5
80
578
55
52.5
50
475
45
425
40
375
35
325
30

I S e m s St S S

) S et SV S e O A s I

0.001 0.002 0.003 0.004 0.005
X

[=}

33 5.3-2(c) Ra=10°2] xR
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- 0.001m/s
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3L
s ol
I
0.001

RN
PSSt e NN S A A
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et N NENENENN
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A
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)
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e sy
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\
\
\
~
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5.3-2(d) Ra

al
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a
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- ® © N~ © !w T o o <« o - ® K~ © v T o [=)
S 6 © o © 9 o 29 9 @ o S © © © o o
S & 9 & & o & & o e s) S & & & & o
o o (= =} =} =1 =} [} =1 [ < < o < = <
c o o © o o

-
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——» 0.005mis

R NS NEE P
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o s et e e e 1<
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LR P P, 7
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o e ma NN Ay e
L LR N N P { =)
e I Y 1
_“ e NN 438
PPN Sa vy .
P e s it 1
e, S .
P e NN B
Ceoe e BN .
Cre e Cr g bt R
Ca e =3
Ve Ceaay 1<
Vs Ve e, :: 1°
L L i
T Ve e P ]
[ERTRY Ve e e, s is s B
FIEYR Ne e, s :
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0.01
0.009 -/
0.008 f
0.007 |
0.006
0.005
0.004 f

0.003

0.002

0.001 f
1 - 0.005m/s

3 5 3-3(d) Ra=10°¢] &S =E3

1.975

1.95

1.925

H(m)

1.9 Unheated

Wall

1.8756 Quter

wall

i
i
i
H
H
i
i

Heated
Wall

1.85

;\lllllililllllllolnlililllt‘ll

o
o
o
o
o
N

% 5.3-4 7GR &3 A 72

o
He
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Void fraction

IAC(1/m)

¥ Analysis

0207 —&— Experiment

0.15 1 ™ ’
0.10 -

0.05 S

0.004 oMo 00 m0—0_—90-nme

T Y T T T v T d 1
0.0 0.2 04 0.6 08 1.0
R* [ (R-Ri)/(Ro-Ri) ]

a8l 5,3-5 L/Dh=71.4 $1x]2] 7|28 &

500 - B Analysis
1 —a— Experimen

e \.\
0 4 ~g-lle _9—0-HO—0 -0 RO
v - T - v

0.0 ' 0.2 Ol.4 0.6 078 1.0
R* [ (R-Ri)/(Ro-Ri) ]

3 5.3-6 L/D=71.4 $x]2] IAC X
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Void fraction

IAC(1/m)

0.25 4

0.20

0.15

0.10

0.05

0.00

B Analysis

—— Experiment

o
L) 0 po—s—ouno

0.0

0.2 ' 0?4 ' 0?6 ' 0!8
R* [ (R-Ri)/(Ro-Ri) ]

3 5.3-7 L/D=80.1 $|X] 8] 7| =& &

500 -
450 -
400
350-
300-
250
200
150-
100

50 +

m  Analysis
° —&— Experiment

= >‘o—o—o-|-o

0.0

0.2 ’ 0?4 ' 016 018
R* [ (R-Ri)/(Ro-Ri) ]

3 53-8 L/Dy=80.1 $1x]¢8] IAC &%
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Sauter-mean Diameter(mm)

Sauter-mean Diameter(mm)

6~ B Analysis
—8— Experiment
5
[ ] | |} ]
4
34
.—‘—.\».\
~o_
2+ ¢
04 . ' o—o~o'—o—0—o—o——o
LS R E— |
0.0 0.2 0.4 0.6 0.8 1.0
R* [ (R-Ri)/(Ro-Ri) ]
37 5.3-9 L/Dy=71.4 ¢]*]2] Sauter-mean diameter £33
6 T .
B Apalysis
_|—*— Experiment
54
» n n a n
4
3 L.
o \0‘
\\
\
2 \
\\
\.\
14 e
N
~
0 T T T \'. -__......I._ oy 1
0.0 0.2 0.4 06 0.8 1.0

R* [ (R-Ri)/(Ro-Ri) ]

3% 5.3-10 L/Dy=80.1 $]%]2] Sauter-mean diameter

=M

LI 2
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0.4T
—nr— Experiment
—e&— Analysis
0.3 1
c
£ 02- ®—u-0,
o
w
- \l\
(=]
> 0414 N
™~
[ ]
~
.\ .\.\._.\ m
0.0 r—@—-O0——9——0
d T v T d T T T Y 1
0.0 0.2 0.4 0.6 038 1.0

R* [ (R-Ri)/(Ro-Ri) ]

% 5.3-11 L/Dy=90.5 $]x]1&] 7]Z& X (Test Case 1)

800

—u— Experiment
—e— Analysis

700

600

o @ __ °

» [4)]
[=3 [=]
o [=]
] 1

~,

®
- \\
— \
o4 " \. \
- \. \\

200 - ~g
i \ P
100 4 "\\.
] . B
0 *—o—0 *

IAC(1/m)

0.0 ' 0.2 0.4 ' OTS ' 0.8 1.0
R* [ (R-Ri)/(Ro-Ri) ]

3 5,3-12 L/Dy=90.5 ¢]*]&] IAC &2 (Test Case 1)
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0.4 -

—m— Experiment
—o— Analysis
0.3 ""4\
S '\
= 02
g 027 \
o
W ) N
B
<]
> 014
N
0.0 - et N SV SEN
T T v T ' 1 4 ¥ v I
0.0 0.2 0.4 0.6 0.8 1.0

R* [ (R-Ri)/(Ro-Ri) |

% 5.3-13 L/Dy=90.5 ¢]x]28] 71X & EX (Test Case 2)

800

—nm— Experiment

700 - .
—o— Analysis

600 - N
500 -
400 -

300

IAC(1/m)

200

100

0 RNy u-e

T T T T T T T v 1

0.0 ' 0.2 0.4 0.6 0.8 1.0
R* [ (R-Ri)/(Ro-Ri) ]

% 5.3-14 L/Dy=90.5 ¢J2]2] IAC £ (Test Case 2)
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A 43 FNAE E5EE MY

1 71 a3 2 53

Z71HE & R MAJE AFSLA] APRI400 IRWST ~Z¢] =4
Q LEEXE AHAFANYGI(CD)2E b, FEHHU AHANN =&
271918 Zpd=i gt APRI400o] A= Atxa] 1438 JAxt2y2=|7t 18 F
71 8A}7] (sparger) ¥Ho 9l& 14470 A% len FE3 uietdo] 3+ 170
A7 2.5m THE 24 SA ZAE HelE BAshA IRIST £2 Y2
gt WaH ZUAEE APzl AHFSFZ S5 Yl &
HH o2 2&Fol UARYLANATY o] A AYUEL ALUAEC] 7}

sl o] WAIEEE HAFACHS.4-11. F7|AEI} WE 27| ¢
Aoz 2 LEEAG, WUE FIE A4LE SSFA AL EUF A
HolA IRWST FREe] 3FE & Jtsdel de ALE UEehyrt
[5.4-2,5.4-3]. ©]8} Zo] $&Fgo] EgHsAE o]+ IRWST +2
o LEEXE, E3] ZVAEER EYstE 2T 22 Ao Wed AR
oA Qlti5.4-2]. 1 olfE ZIUIAHES 73 SFHOE U FIAE
Zo7 MNe¥H 222 FYULZERLI SR §Fo] W= FU4 2
40] ZAARo] AASA FAEHA i oA HEA SFHAL AAIL
EogsiAl H7| Wi RLeE gictHTi[5.4-2~5.4-4].

Z71HE HEA IRIST £2 Uy AAHA 2% ASH FIIAE

e FRAA LE=EXE HAE AAE] vetd 4 girhd EUAF &5Y
& BAshed =8l € o2 el old AAR IRWST o2 2=
EX ARE @71 siMe CFD siMo] Hosith U F7IAET F7I
219 22 e B el ool &7 (choking)o] WAL &5
dges ¥ B4 FAT W wife] FAFLE Y EAete A
2 A BrNsd ZoE HRHYTHS.4-5,5.4-6]. A o] AHEFVY
& A%, 25, ouA] EESUHE FE3t] FHAY BHAM EARHA
$549 FY4R,Y 25 W &5 HFHE Y 5 e FVHE &5
2Eg ez §F Y APAMAR, A3H)E ¥E3td AMdsig
th o] &= 2= FRES CFD si42] FARALE FE3td, IRWST
2 U9 433 A% A¥S dA AdE £ gE 2LoE ot
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2. 2o A

ZI|AE && RYL Z7EA] $EFEE 54 FVIAHET F
Z} 2z oA APzszse AFFH sl §FHE S ¢ARE
(critical flow) RW[5.4-713 Z7)2FAz2|(steam penetration length)
(22 5.4-1)[5.4-8,5.4-91& AH&siA RAStE Zojtl. EART EYE2
Z718A7] URet 33 42008 ¢rextol s} 2bar o] AElolM F7
A7l 3dolA e 27149 Fihed AHEYR, FU1EFAeE 718
Q! ZAAMET YA SE4AER A AhHBs Y Loy AE T
sl AHSE AT

Z7185A2 e AgATAA A (5.4-1)F u¥eE, AERFTY F
o] él (5.4-2)[5.4-10]1% Zo] Azl we}l F7iske A& st 27
5.4-2 3} o] Z712FRH S MASATHS.4-11,5.4-12]. H&F 189
1%, 442 ol BN $2F7t FVAE {22 £AINAN FYHT
3 7pR st E=3 FIAET F7RFAY 2l B%%“”«l 1~4§94
Y x|o] A@Qlo] BUPoT FUWN FEFF L= 2EE TR FAHE
2 Wy spgstgoh dA7A4 dE BETEY AR, G Jéﬂ—t— 3
Jle] AL G2 tiZlgRAA WEEE FUI dAEIRRS, T4
hes Z7|AEL] 259 ey, Tee} hes $242 L2 ddyolrh

L o7 G\ C(T,—T;) ,
= =0518"'|— B At f (5.4-1)
d, &) =S

jet width _ .. 130 (5.4-2)

T

Z271¢24d 279 &5 =9 42§ T3] S8 71
zododo] tisha Al (5.4-3)~(5.4-5)8] A%, &5, oy EEHHS
HLs 2719 &5 U7t 8As] ST 1-1%15101 Ag¥cin
7Agstach d71A v‘i—%% RE A 27 gsie YETEE 5
3= FAEY £2(Vs)e 4H(P)E %}0}01: 3ttt o] UES AF AH
(4%, A3A)olA AZH 27 KFZ(m )3 FN2A7 el FUAF(Po)
S ol g3, wEFTHeN ZF o] wAgi HEsL o]7IAE A
Egy] oA Z7o] WAL uwje] AMEEE HAAU A (5.4-6)[5.4-7]
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& FLsled Fatdnh. AR AY Tl FUIEA] U, 5] U¥A}o]
7} 2 bar o]3}E Holx|H, Al (5.4-7)& AFESle] W7o 7] ¢S
A3Y 4 glrh.

$a4AEY 450} LEE Tohs AP the3t Tk

7]' '6‘%‘1"-’] 'ﬁ' Vcon :17'6}7‘ gliﬂkl }'4 (54'4)0“ %7] ?J‘Q(Ps).
%7 $&31y d3(A), 371 $E(V), 37 L=(p), F2U F71EA]
A Zolo) sHse +F(P,) W 3718599 BE(I¥ 5.4-2)8 %9
(H), AR (D), EHH(Acon)& ThATTL

th. 4 (5.4-5)o] F7] €y (h) $FT AL (hew) E F¢
4 e (hen) S ThYSIS, 298] Xfo]7t 5% o]3}1A] FHlsdte] 7}
L& 222 ElYAYE AFIch A7 F7] A€ (h)= HWETH
o] Z7] ¢geM E3patele] 7|4 dYIE A3, RYeRe o
(heon) = 25 UFH(P,)3 AHPolA FAZ F/AE IFES 25

ms+ment=mcon (5.4‘3)

PA + P (nDH— A)+ p,VFA, = PoA + Pon VorAen (5.4-4)

m h +menth‘ent mconhccm (5-4_5)

P, 9\ k=1)

P, :(k+1) (5.4-6)
. 1 2

Po—Ps+—2—st (5.4-7)
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A5 MY FolA F71 blowdowndd H-Pol chste] adolM 7l&dt 7p~
T & HEste] AL Axps 39 5.4-3% 23 5.4-40] UEht 9
cl. |

3. 2d AF W & ¢

ALt FI7HE §F5 S AF 2 ¥z &5 43 A48 Fd
Al F7] blowdown@! Z-%oll iy &I FIAE Y&A] FidzteRe]
225X th3te FIIAHE §F RIS AHEE CFD M-S $33le] Ay
Azt wjastgct, vlaAzto] &3pd, CFD siN A3 AEAAE & o
%= 222 Ueluth ol H|HH ARMIRE AR A4, A4 Je
ol gl HAFH JFIAE &F R APRI400 IRVST =X LEEXE
BA|Zve] AA A BItsol 317] wiEol] FE e BHA EFI mU=
AHEE Ao wikHnh du $EFAEL] 229 58 ZUsHA 7t
H3 AL Eo] RYFojol & Zow uinhHc)
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08l 5. 4-

Units : cm 152
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>

radius of condensation
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Y 5.4-2 7] €599 =Y
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45

—u— Condensed Water

4 J —e— Entrained Water(Top)
0 —a - Entrained Water(Bottom)
~ 354
é:— n----’-.\-------—"r..'...—.\'-'_"\--—--/.
d s T
E 30 FYY PP e A A& A
]
= A * ,o-r.—"““""‘ """ *e—e?
25 ] S8 0208000086
20 L L T T T T
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Time(sec.)

U543 334 2 fQYeEsd 2E

Velocity(m/s)
l; -t

—=— Condensed Water
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—

U544 $54 4 RYFEFI

5
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A 5 A FPUAAN JHAF 2D A
1. A8 w3 4 534
7b Ad i

A=Y A oMol tidE WdZx] AbA Al (Large-Break Loss-of-
Coolant Accident, LBLOCA)®] 7} £83t Al 7|& Alie AR ¥Ex]
2571 ¢HAVE Bt A4 Asshe Alatelth o] P Alade =4 W St
BZgdel oxdzde] wlzl Alx AN 54 4FHE £&(Blowdown), =
%4(Refill), =JH4=(Reflood) 717+ Al 7}x] A7t P2 I
It 2% 5.5-1).

2Z 7172 ¥4 ATY metFE BEA 4 Wi wigEHe

Agoln, B4 717l HARARAAS(ECS)0] Ml WS

p-s

E3
4 7|17t vl A W4Tt SHEEYE S 843 34T oRE =49
= 222 ddwI Y4 E 71HE Eii)

2 SRS E o] ¥A3] EE YA u AFAEH, o
B kAol 24E7] A3t ZIlde ¥AEEY 227 £ " =
AR dF AEe O A f5oA eiE A ¥Huls, o] v,
2He]S, d {5 (Churn Two-Phase Flow), 4t¥3 /&5 4 o 714 5
22 W= AYEYHS B Fd, of of A53te ST o3 WS
oro] MFo| AQI(Entrain)E &= Aol WLt

Z7)o] 93] AUE = YHe AP YdE FEoAe] dF Bz a3t
E 1A ey, Tie Plate®} Grid Spacerof| A 8] 3 ZAQCZE Qlslo] AHE
&% (Top Quenching) Ex 4§ JZjo] WA 4= gt F7] {5 &3
A

o
L
AH Ao dRE A Tie Plateolr] FE(De-entrain)E AL AF-&
Hog ol5d F FEFY o -5 4+Z(Two-Phase Pool)E&E =
g, olFold Ul dF dAle F Tie Plated TSt F71 SE7}
< =4 A&YRE ARy "Hoh olgdt AAUE =4 R FE2 A
Yo 2EFYHE Fg3he= XM /5ol Ho, FFEHEdAY /%
32 olg} vithth AF-EFHUE ol T FRAAM o] A" AA=
23T $FHLH

ol =4l ¢tA EAE sfAstr] S8, A AFeA AF EHd
o 2] Water Accumulationz} CCFL (Countercurrent Flow Limitation), #4F

FEUHLERE LEHOCF Carry-over rate, FFEFHYE FRENAY

&

¢

2 rlo

[l of
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qF Fa 5L, 23 ABNY d4F FA T g d¥7t 73
HArk

A SRARE WHE gaol AYHAA u& WS ¥4 A
7t FREYYOR $$EIL o) EXSY £t T2 =ddnt. 7t
A $4% W47 $3 22H/E FI FUAVC =LA, S L
A7) olxE o REe] Ao o) nEsA € Zolth oA FFHE
dduiel o) 718 Zestn &7 o4F ZL3HStean Binding)E UL,
A2 QBFEE A2AINA HER QBT A $Y 22H A 43
AS it that 54& wostn FYs] oshs A2 =Y WAL
tHd FHAA T8I

F]
g S AR

G d7oE g 2 e

el 2 @7 BHE 7] 499 Aol olo], LBLOCAA +3 e

B B3 Z/VE AYEHE 943 S35kn, 1 BEES 4US

Box ZAShe Aolth okgd cthEA TN 44d 4R 48U
4 ol oF 27 RS AT Holth

2. FUY 7& AL E A7 IR
7h A4 37 4 BEE 53 WY

oz 2718 EAY 4 o WP nfg chadt WY EESC] EAEA

gH1l, 2 2 71 ol 2ol W A ARE o83 ¥ (Photo-

graphic Methods), &% W (Thermal Methods), 2|l et wby

(Optical Methods)o] Sitt.

APRE o] £3 wbHE 97 2AE AL} d=2(FHHE &3t

st g og  de|oh x|t nf- Teksial fAe B

o WIS F=A| o wholth U o] WYL 24w izt &

I SAlof, dolelE A - P50 glojd At =¥, i V=
7} Waste, A ATt TEE £ s EARC] sirh

Q3 Yo AL oA AFHo] FUFE AL FFsl] 10-300

microns AZA 3A7]8 YHFE A} £ = FU WY (Evaporation
e 12N
—1
3

F\F
ok

—

-

lethod)3f, A5 ZALolH 3% BAAA A4 AASE VEol 3 2
71 (40- 2000 microns )= A st= Wiz *’J‘i'j(Fr‘eezmg Method)o] <lt}.
a3 A “o“ﬁ% nj& 7ichgh el E wiEte R HAF JgF AVE
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24517 wRo] FRFLANE a3 ¥ 4 k. Akt oE &3 Y
uls)] Ax] FAo] v Zetsia wgo] Atk il 43 AW EE Al
£3}17) YN E Aol AY Ao} T HARLO] glon, w2 57
=2 "o gl AT e APE vld @@L AA F5e] shest
7] wj2o] 2 AderMe A3 Ay PES AHEsidch

Baby wyog AFe AJE FHY 4 Ade WHIE FAard W
(Laser Diffraction Method)z} #o]#]-=&&](Laser-Doppler) x
Ho|m, Malvern AloAlL Fatgt WAE o]&3t nAl YAt ASFIE Al
2. xlmbsta gich kARt WA wpHL YolAE o]&T TFAA 93
a7 &3 wdes, AF 2o Aejst T 2 %
Aol wet 1 YA &3 At 4L UEs ARl Tt

w9y 27 4 EEE 5% 47

433 BY {FEOIA-AA)A 4 A L 7o) iyt JE
dFE E 5.5-19 FeE Yot |

¥ 5518 B3l 7129 47 AAE A¥E", 4 A¥e 99 3%
Az slue BUE AW HolA e 2L HA ¥ 4 ok ole A
AolA 3% AZolv Y, AP 23 9 3 ¥uel thE] gL
2 shepdrh

3. AdggAe] dA o Ax
U7 3.7lcm, Zo] 1n®] BHolM 43 7] & FEEE FHT
23 5.5-29F 2 5.5-33 o] MHURPAE AA - At +EHL
WA ol LBLOCA Al AT Al-eMe] 43 22N F7EE
(eF 40-50 m/s)9} AH o] Z4A = FE AIZbE areiste] HA= T

7h AR ASE L e 4
1) AR 4A U A
B oARdA P4 3A 37 4% FF-2F AN, B BARA,
Sul, out AARA, 4F WA L 2 4 ARG 2L A
4 27 53 A2 FYFIA UH2d 5.5-2).
+

F7] FE2 APA RN FFIHE AN IV ALE olEsEe

W
N
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o, 7] ZRNEE(j) 7IELE, & 60 w/s A=Y S d £ qch
Z7)68e 228 WBE B3 AY £3 Ho 5o AHHLL

B EARAE 43S B3 YL /Y 1y Evase &
Zgo] =32 FAd=o] ot i e E T3 A4E 2 1Y EX
o AFEAXH, ol 1Y AALRIE T3 374 7Y JQMdeh &
Bas Ay X e Axolet do] Hof ddon, AY A E FUL
Eeia9] Axgo] oo dFH & WHE 53] 522 XHHAL}, AX
glo]= SSCO-KOREA A}] FULLJET E}Y] 22X o] &2 {3l g YA
ZFHEE E 5.5-20] Fe|o] glth

+HBL AXYo] LFo| Y T AZE em, A
3.7lcm, Zo] 1m8] AE|Qlal& #2E, 1 B A9 AAY2G d4FH
o gitt.

ot A FAxle £HuHEIR, UF 2.3 cnd] 2HUHL o] FFHL
2 AZFo], 4z dupg LA stadch Feld o ulz g9 A
Z HAE B3 ¥ wiEEHI, 93 937 I FAE T UHF
2.3cm, Zo] 2o YZhiwE T3l Z¥Hch

A% 93 A= 7R 170mn, A= 120mn, ¥°] 80mm, F7 10 mm
(LR A2 FA)olA 20mm(LH F2)A &elol=F FAS Ad AU
2 wAg Jd%ae RyEe] A A AW 43S A8 2IY

A& 715 FHTh

A9 am 27 23 AEHOT WAL TN BEUCH An)A
3 @AY sheel AFHEE Sa) B2 olulxE At vhA(jpg WY
AgAr. AR 2y o S F ojujx ZeMAe E

A oluxs A¥ I8
3 A2 AA AVNE AL 95 AHLEHAH, ol AY A7 24 7
ol M5 A= it

(2) Ag 27 9 dAx

£ AY A2ty 2804 o]Fejzien, HdEE 33 <
of & APMALEE F7I B 2E7] &= 9 +H UZF 37k 0|tk

Z718l ZB7] $%i= LBLOCA Al Al % A28 Y 242 E
HE 3 60 ws7tA] @ & JUEF sigen, xR 22 FRI] &
5 olg} Z2 JIELE 0.025 wsE AFSHATE +HFAL AP 2 FoA
TEEE AR 3V ALY &3¥E 2t AU 3V BRI §=29] &%
& AZY 5 UEF o] 2.3 e A& wjFE 28t AHESHA
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t}.

AL #HA F7) WMEE Hu=E Q&I wjug FE3] A=A
ER 7] BRIV §=2 37 WRE 2Asdcl o] ¥ Hel¥ 5
& A5A ¥, ANALE £HE UE FY3to] vjHS HAY 2=
120004 -80C Alo])E Wzttt W@ 2= B3 s WZEHH
30 B AW 97 THJE 3T Ae viE SAsA
* ES B 27| 428 FAYLL

¢

o o«
f

Jd

s
=
3

(% of

ARe} wjBelA U
= _

—
o)
FUe Fusts

ot 2719 4ol HelE B ¥, wjT A e
SAo] AWAH BHS o 52 7 $PY}

=478 Bo 43" 2 4HL Wue B BH- ARy
jog THIE ARY AL ojulx] TA2E B3 4¥2sE SPyT

U A9ds By 3

(1) A% AW 93 o]u]x|(Raw picture) ¥5

2P/ 23 43" AW 9xe ojmxL COD(Charge Coupled
Device) Fhwistel BFeIet AT @nl7 (Nikon SMZ-800)E B3l o B
2 9 A"t AR oulxl= BEY 2 AFe Zy|et 47t 4
of AT BxEE T sbY AP e AU 29 5.5-4%
a3 5.5-55 AR AW 9 ol of& Roln Utk

(post process) 3%

A9 9 A7 U BEXE 332, APES I Aol AW 4
olu]x]& AXZEYo] E(Image-Pro Plus)E T3l SFHTh WA 218
5.5-4¢} 123 5.5-52} 2 AY AW dF ouAE AZEY E3} nlE
A4 " olulr] A o A ui& BFEE o] &3t 7 A A3 AR &
ZA% (¥ 5.5-6) S 4] A% & EAS 4 HF X
=& stk

(2) Image Process

(3) B-9¢ BA 5 98 473 33 % 23

T8 RS 7 Hu2 MAIZZ2 vyttt FAF¥E d-3(Amorphous
Ice)2] WS 0.94:0.02 g/cm3o]3[2], 171 20°CollA] ddutAQ Ee] e
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£ 0.998 g/cm3o]2E2[3], 3¥ d& AR} 7F &4 A we
1:0.98024 & wHdt ANkE B3l & 4 olch wEbd O3 HP2S AY
& T3 AW AW 4F2] Fof 0.98024u)5t FF = et

(4) do; d32, dMax, dMost
Z2R% A3 AL HF o4F 2 H(do), Sauter Mean NI A
(d32 7}78' A a3 AA(dMax), 2e]i 71 WU 48 9F 27 (dMost)
I Ao uiel 471X v:EI - Fe|gj g}, Sauter Mean 3 2 H

(d32 sWD)= M AUY EE =78 UxTEO| ois] 4 5.5-12 Lol
Bt
_ Zd*N(d) )
%= TANG) 2] 5,5-1

where, N(d) = # of droplet with d(diameter)

R ICEEEREE L E

RN 24 BAF 59 dHFFE 4 X FFE AT 2 4
", géiﬂ—ﬁ:— 7b e 0 o & 40
m/s, 50 m/s 5 7}A] ALE o] 35 o)

o

jg = 40 m/s & uwj AEE B3 oW AY YA ojnjA|= ujEol
wiel oS3} gol FEF I Y 5.5-7, 5.5-8). AP % 23] P4
o, ztzte] Ayold YEF AYNY oju|x|9} A7) Jledt ojnjx] =2
AAE Bl Z7h 542709 436708 93 2Feo] FHEATE ¥ 5.5-9¢=
Zhzte] AR 9y JRP EXTE uR TAPHY, o] AXE O T2 =
AolA 3E F Algo] zjAAAo] e 2 HUY 4 Adrh olF vy
o2 O3 55-10= F AR AARE TSI A7 EREE AT 2
g X33 Urh

2% 5.5-11, 5.5-12& ZtZh, jg = 50 m/s € wfj APE T Lo
A el 108, 63u) ojujxjojtt, AP F 53 IyEIAon, zt A
S =3] 71, 41, 125, 143, 109702 43 AHAHo] A=t ¢} mpxr}
A2 2% 5.5-13 °] F 3] Ay 9 FZ7] BEEE vlaste Ko
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32 glen, 2 AMHo] ajMatgde] de AE A(UYY
5.5-14= 570 ’éﬁ—»\ A3 A3 dHolHE %2}3}0‘1 7R 2EEE E*lf’\l
Azlolojt}. £ MM FEH qF A H}e §£ 5.5-30] Fe|¥ ]
it

2 dPoA 93 A EXEE jgol wel A Hile A& FAE
4= 9lth. ol& jg7t F7htol uwet Aol HW3] Bag—type—-i MR &
o] AtjFog 7] wlie] qFH HF HZ(Ei= SMD)o] Fofx|a, O
X7} FolA 4],

E Ao jgo =7t F7ige] uwrel A AFY A7|7F 2
3 BEXETl Folrle A HFYd AF EE= svpe] Az ¥ 5.5-13
E 5.5-300A4 ¥ 4 glKEo], I o]FoH 7|EY dAF ZHAI}(Ribeiro
et al.(1995), Hanratty et al. (2001, 2002))&} -FAIS HUE 4+ Qe
1}, Namie et al(1972), Tatterson et al.(1977), Zhang et al.(1995)z2}2]
A7 Ao} xo|7l &S Heldtgrt ol ¥ dF Wy V& a7 A
d AX, $EY AR 2 PFA, A4F 37 FF Pyl ti2r] wiEelel A
=¥}

A

U A4 exkey

HH L deA 1 AVE FFshs WES e ALY deE uige
2 AP I3 771 FF Wolr] Wi 3 A kel uy A=
£ ¢ EUH5). 2y 2 43 27 53 P THFHIL A5 2
Aol Fyolels 7MY StollA o] Folxl Zeol7] wiEel, olo] Uiyt ik
AL Eojo} Rt

A% 93 YFejle uiFE 7¥Y EYE A dxw HE AW
A2 etdP e RGS 7HHT o] F¥ & AA A2 HA Aol FI
ARE 3 AU o Ao FAsioct. P BeFAd BHA,
ERdAl ZF 21 Fol 3, 4, 5¢0 Bl Bt AA, FEH HA Aol 23
£ o %E YA deth ZAY 9F ouAY HPEE AT, FEH

Aol A7 A MAHOE of by Hel olth

ch o4 2P Ix= 29

]

ol A R U ETEX=E AF ZF

2 d4E % S %
Y A3 2 EIXT = EPF(Extreme Peak

1
B S 33 FEHYA,

- off

r J
A e
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Function, 4] 5.5-2)& &3l 243 ¥ c).

y=yp+ Aezp(—exp”" ) —z+1) 2l 5,5-2
(z—zx,)
z:
w
Nstep .
where, y = —=% (Droplet size frequency)

]Vtot

Droplet Size (step)

X
Nstep = # of droplet in a diameter step
Niot = Total # of droplets

rlr
L

B (Peak)E Zte BE=E EHEIY 4 dt BF  (Peak
function)&<2 EPF2]o]l Area version of Gaussian function, Amplitude
version of Gaussian peak function, Gram-Charlier peak function & T}
9 3W Wa4Bol gou, thrie W YHELS F$ R P4T o
AU, B 4¥e 97 27 BEE AU TRASE UL R4EE 2d
T} olo] ®l3f, EPFE A3 =7 2% Ao} {ARSHA ¥so] JlmlEn

Edo] YT Feho] FH o2 & AYold A4 JF Exz &
g = AEEHACH

2% 5.5-1500 Felgoel Qo] 9 M7 EEE Uy 3o} pre
o &3t FEE A (4] 5.5-2)8 AL o3t 2ok

i

Jjg=40m/s: y=0,04447, x.=110.6, w=61,58
jg=b0m/s: y=0,1713, x.=31, 35, w=9.808

a9 5.5—1501]*1 AAE BEY EXZ=+ UAFoE AY EX=Y 7
e ”*}3}"} H 2= o8W FFEdM AVl FH(Peak)E
2d Ex=oAE ‘”""U}Xl X8 =23l st ole "—‘}’—‘:IOI 7Hol 2=

ARolN BEAZ He AF3} A WE Aole] EEE BA, ®t 97 3
Az AP 2Fol YA e4S BT 4 gon, o WL
olsisty] flslE #7H4Q A77t 27Wch

& S8 LBLOCAA] % iL2Ho|A2] NHAF A& ols}
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7] 9131 THB BAFAAL d9F IV EX=E A ZAY P& F
3 2AEgen, 93 A EXx A[ALS A3 Aq7NEe 3
o] ZZA(3.7lcm)zt Aol(im)7} ZBH AHE FAE A7t +3=HA=H,
Ag 430 A, 7€ G B dF AAE Hrl a3 4 -4y
3171 ¢3lME Hoh ohedt EE AR} P iy A3t Hasiy,
gy AAL ST oA £ dFolN AEE AW 943 FF i
TE &4 93l v|ashes AFIt 38E oo it

RELAPS =8} 7+ rAH FTofr], Bt} BH3ZE Interfacial Area
Axe 3] 93 27 BEEEVF HRIEE, 2 AFE HIYE A&H
= AL 43 A7 a+Hr)
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E 5.5-1 33BN 7|& 4F HF FF AT

D or hxXw i (m/s) i (m/s) dtum) Working |Measurement
(cm) . Jo ' Fluids methods
Droplet
Namie and 0.01 - 27 - 40 collection by
1 X6 34 — 58 Air — Water
Ueda (1972) 0.063 {(Mean) immiscible
liquid
Tatterson et 0.004 - 460 - 720 Electric
2.5 X 3.05 26 — 59 Air — Water
al. (1977) 0.018 (VMD) probe
49.3 - 73.4 Air —- Droplet
Rao (1978) | 7.5 x 7.5 - 19 - 33 ' P
(SMD) Kerosene freezing
Ribeiro et al. 60 - 119 Laser
3.2 0.02 - 0.11 33 - 57 Air - Water
(1995) (SMD) diffraction
Droplet
Zhang and 123- - 460 collection by
2.5 0.04 35, 60, 93 Air - Water
Ishii (1995) {VMD) immiscible
liquid
Azzopardi et about Laser
6.5 0.11 - 0.16 18 - 25 Air - Water
al. (1996) 200 - 350 | " diffraction
Simmons 9 0.016 - 51.9 - 134 Laser
nd Hanrat ) 30 - 50 ) Air - Water
and Ranratty] = g4 0.09 sMp) | diffraction
(2001)
43 - 98.3
Al=Sarkhi
and H r a't 2.54 0.041 = 1 5 _ 50 (SMD) 1 i — water | 25
(20:';') b4 ' 0.125 71.1-163.6 diffraction
{(VMD)
D t
Present 371 |0.01-013| 40, 50 Air — Water | DOP®
Experiment freezing
X 5.5-2 AXo] =& HA
ol X} & (microns)
LE WHS ot (kg/em2) | R (liter/2)
2% 50% (M.V.D) 98%
0.7 3.8 700 2910 5500
1 —
/4 G-10 2.8 7.2 400 2040 3900
Full cone
7.0 11.4 200 1240 2750
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% 5.5-3 93 47 2z

ke joc = 40 m/s jo = 50 m/s
(W),
{microns) test 1 | test 2 A test 1 | test 2 | test 3 | test 4 | test 5 A
HE Il 542 436 978 71 41 125 143 109 489
do 126 124 124 31.8 39.1 48.7 39.0 40.4 40.7
ds2 160 156 158 53.2 49.1 57.1 67.8 61.5 60.1
dimost 122 127.5 123 23 28 43 28 28 28
dmax 273 283 283 108 77.5 83 182.5 123 183
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Water Entrainment
out of Core

l - e - e
Ve

Break
wold ."4;_.
i
Broken Y
Loop

ECC Entrainment and
Level Reduction

«weved»  Steam Flow
—p  Water Flow

7 water

Two—-phase
Mixture

Control Rod
Guide Tube

Hot—leL

S/G

%

‘ . "“Cold—leL
7 ;‘. “ < e O)
% /// LPCI

. _

5554%%%4

‘.'..

ey,

Intact
Loop(s)

23 5.5-1 {9y wbA 4o A 2] LBLOCA Al A¥=
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= Shutter

Liquid film I

Air-Water 7
Separator Yem
line

Frozen droplet
confainer

EEE

Ice vessel

Water tank Cd
nitrogen tank

Image processing

160
- 100 it o
e | —
A la&es —
Arand = 7.05% = SR SN | N o
ir, Frozen Drople
[ 10
37.1 23 d=5{9x10) '—b
= e — and N2
84

N

Cold nitrogen gas
Water film

3% 553 A AARA W o4n Yzt P
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E=3

olml=] (x63 wj

JEE

.5-4 4

5

i

a
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gllmage-Fra Pls - [5-800 (1f1) - - j ‘
HbEthcq.teEﬂﬂa'lcaErocessuamMag-oW%
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N g By 3t
et 42
L e IR

L e

e s
oy w g A W

et W
v ad P e
= LI

% 5.5-8 A% 43 o[n]=] (x 63)
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0.10 ————————————————————
Atj, =40 s
0.08 - B Test 1: d =126, d,,=160 [um] (# of data = 542)
Test2:d =124, d ;=156 [um] (# of data = 436)
>
%)
[ o
g 0.06
o ]
i)
j
-
o)
N
o) 0.04 S
et
Q
a
g
0.02
0.00 - ¥ y

Droplet Size [um]

33 559 jg =40 m/s 4 u] T Testo] & F7] X A
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=978)

Accumulation Data (# of data

B = 40 s : d =41.5, d,,=61.3 [um]

T

300

0.05

]
S
o

Aousnbai4 az1g j91do.q

0.03 -
0.02

0.01

500

400

200

100

Droplet Size [um]

%! 5.5-10 jg = 40 n/s o uw] &9 37| BExX A3}
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0.4 r 1 : T r T T
J . At j9 =50 m/s 4
S Test 1:d=39.1, d,;=49.1 [um] (# of data = 41)
0.3 4 ] Test2: d0=39.0, daz=67'8 [um] (# of data = 143)
o) I Test 3 : d=40.4, d_=61.5 [um] (# of data = 109)
c
() - 4
S
o
D
| .
L. 0.2~ -
o
N
n ] ]
@
&
5 0.1+ —
0.0 4 I 0

1
0 50 100 150 200
Droplet Size [um]

23 5.5-13 jg = 50 m/s & uwl] A Testd] o4 =7 B3 Az}
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0.25 . , . , : , -
. R Accumulation Data at j, = 50 m/s (# of data = 489) | 1
0.20 B ¢ =41.5, d,,=61.3 [um) i
S ]
o
S
3 0.15 i
()
—_
. . J
(O]
N
0 0.10 7 4
ke
Q. e .
5
0.05 -
0.00 . T —
0 50 100 150 200

Droplet Size [um]

0% 55-14 jg =50 m/s & wj 3 Z7] X A3}
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0.25 T T v J 7 T T T T T T ]

Accumulation Data

0.20 W j_ = 40 m/s : d =124, d,,=158 [um]
- - - Suggested Distribution function

>
2 \ y=0.04447exp(-exp(-z)-z+1); z=(x-110.6)/61.58
S 0.15 ‘

. -1 )
g I | i, =50mis : d,=40.7, d,,=60.1 [um]
- | - - - Suggested Distribution function
8 e y=0.1713exp(-exp(-z)-z+1); z=(x-31.35)/9.808
» 0104 |
kS
Q
2
O 0054

0 50 100 150 200 250 300

Droplet Size [um]

a8l 5.5-15 A A BEXTel A AT
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A 63 AH DB IH
1. A3 DB 759 wi7

4 Ad TN E F7HATANL FH7 Ad3 TR o
g 33lo] AYAAE s gtk APAA FREE A+EAE F
3ste] dFAA HFRIME Pl A7y Fo YET SHN dF
Mdziet AY Jlgo diside ZEEINE Fgstodct. d1AA HF
RIME AZAYE 337 FARIAL] ol F&sle At THel
oax ZPEoR siM ALY AB AT YT = AW Data o HH
A EAFsPlolE FEAT "ol At 53] dAPAFTLNN £FH
FAzA Y AL dFold JAY AY Data o AFA2AIL 4
AUALY HAATY HA HAY ZAANEREA HEEHE AxHUA
£2] otdsH e Y A F FAIIHY U] AREAME o] &
ool FriEo= iy AEA ol Patd Hd¥Hdatad] AFHE Friet
Aol BArd Hd¥datad] £&F He|E fs)A dHData Bases +
F3tA = gich

Al¥ Data Base: FYAAAFTolA +3H AFAA 443 A

F3hollA A 7)eEAet MY Datad] I EE FFE AEIN

Data BaseE& T&Y HY vid& AdFstach AE DB AAe o] €4E
olgste @4y HEsISo] A Data AFR-E HeldtA st7] f1std b
3t DB A ulolxd A Datas} BAY 27 F AR 7=, 53714
Ao W Mx9)x B8 423t DB U Jhsd we "ot FRE A
& 4 UES gt =Y AE B SFHHIE=S A EHe B
& st A7 U A= ARVt YelE Fok E 5.6.1%%
Zro]l DB Z}AA]l DB AMEA FdoA el 2FAIYE vldste] #HFH2E DB
2bd & e =& g3t

A DB FEWek2 IA DB £A49 e Wt DBEAMY 24
¢te 2 Uxich DBEAY #egetols EATEol H&=He &4,
A Wze] Bo gy, BAL A Y & P, EAsU, MG
Sol T=EW, AN S5 dedy= ZyHch DBEAMY A9yt
EAE WA Raxe Az ExE FUste d4-PGAFATF AEB
+5d UEEC TLE & UolA J&ES syl thElEs A4
Bx & 7470e] gEo Jlgsolor & uge] APAPEES NELATE 59
AHDBFoNE A AP} A FH BIAY LS JVISES 3t 4 B

N

lo 1= Mo o%
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7}. DBEA et

AEBEA Ay W Bl e ARAAY 4A3 AW FAeld A
AR F&BASH AY Datad] Vel BE FHS PEst] WEACh EA
o 9T FoAAAL cheat 2k,

KAERI/THETA-AA, Rev. x
. KAERI : #F4aA4d74
. THETA : Thermal-Hydraulic Evaluation by the Testing and Analysis of
nuclear System and Components 9} o]
. AA : Data Base /9 2]
. Rev. x : 7IB¥ME

/Lh] 1
A0 QB AP AP Bao] RUsD

L. DBEA Zget

AWBEH Bxjol 714 7 ¥BY ALFS vhey Prh ARl
A AEERE, A/AY wWE, 48R, Auds, BAsL R2AY
e, Y data 5o B slA sl&sin Bax) BaE ARsisiel

AY B dutged ULE Je=53t AEER § Test &
o] IA TIE APEo] Y HPole & AEFFo tiste] EAE A
235t Jled 4 st

Ay Ao AR AbAQ] &S WA Jesta oo
apelad AR A, AZAAHE, FAU)7], data acquisition

L=



system @ test section & MEExIA sl&tich HEFAY F8 A
2 (Zeo], A, wHAy )7 23 =d U FE £t AR Y
237]712] X BRE @I Y& general ¢ =F ¥ EE 55 A&
dxog 3zitl, Wao] wetd FAHA AFVIEHAE FEY Az, i
ZAugre] ¢x 5)7 BU1E EHE $2 4 9o}, 53T AP A&
s ZAAQ data 7} ¥7]¥9 AEE 7Hs¥ Measurement Plano] 45t
T}. Test sectionol] THAH T-AIZ U VE2-740] 7]&3tn, Test section
of TAH 2771 Y FAFHA E2-8F] et}

A Ygolds AMstA dWeta test matrix & X2 2P,
Ay 38 7te] xlo]d Ho] & Uehd 4 YEF Jleith

AP zhddAE AEY 27243 AAZD 5& ZAE Bt
71&st Ay 2AL Yoty dA et

A" Axjode A Ago] LY ¢ g Uit AF FAE 8A
Jl&sta, SR Ao FLH FAE "o uletd HE FFEE JF
stch, Al@ Aol A conditioning phase?l test phase® UpolA Aast
I, event sequence’® ZtAJ3te] Mg gt}

Al@ kx| 8] A (Test Facility Configuration)oll &= EA A#HoA
249 A@AH 2] 7]7] vix|(Arrangement of loop)e} MiEe] P2 ¥ 5%
& 27} test BF M2 7|43l §F A¥E 5 A& 5 e APRAA
I test section 52| geometryE Ul =d, ¥ 5& METh E} A
Harx]o] Aol st AR wol= Azl FHE nlA= gl
AL w3oly Jig¥rh

Al&712] 74 (Measurement Plan)olx AF7] ¢1X& A2 7|
T £ glE UG YR $E313, FFH HY dataE FHEU BE R
A AE7I2 Y& FAFeR AL 5 de =&, F A7t SASH
A" 5d o ¥ 5& 423t 2AH¥FEL flow, level, pressure,

=]

P

B

differential pressure, temperature measurement 5 A Ho|A HFFH EE

HW2oln], A7l ¢Ix18 £ ¢ F2 UEhAL sub-systen M2 23}
L A YFos ), =T MPatast AP VI AZ7Y A
Ao #HH Y&& 7t

A Data oM APold HLHE BE 7 data YHE $73}
3, okAle Aaste Ztzte] £A3E &, neasurement No, Channel No,
Plot sheet, Instrument location (system, component, elevation),

Measurement (measurand, dim, measurement range), Code designation, Al
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et 5& FEAFof Tt

Measurement List oMt A¥ ZHMZ BEF3to AFEF3 UelA 7]
&3, M tiEFQ datad IHPOET M3, A A data = CD-ROM
2 fEolA HFo] FHIrh

28 oxplML AlY datad] FFoxte] sHAHol tiste HBE}
3, ztzh gl tigt expislE B WHLE USHA yEhdch 7
Y o Axbd S Ay datad] FFeA AE T A (o, 8
BaM)E A8

oto] ol AlY datad] E7] Ale] Uels EE dol& B3}
of At

3. A% DB A4S

AY DB & ARS $UY dFdo] AEE s AFHLAATF &
¢ AES7 7143 ULS AESER, 0 E9AL R M
Az, oAl W S AEsGen AF A YUzrt AF SAsHA
Tl welE AEDBY A2, EAHZ 9 R U§L ohgat 2

7}. Spager Z71-¢& 3% 548 A¥E1) [KAERI/THETA-SH1, Rev, 0]

% I

B DR ‘YUAEAT HA A4y 54 AP AAolM APRI400 IRWST
271 $&HAS A2 E BAC Facility old £ F74&A] e
U Z7]1¢28A AFSAHEY Test Matrix, AlEL] 8 W Test Data & 7]
3t Zolr}, B Z7]¢HAPL APRIM00 o xIA] HAAsHE 717t 1
3 CpRZ7|EAl7l (I-Type Sparger) & B8l IRUST $2E Y&4],
IRWST 42 o] 271e3a4e R, tFEAEE Zte F7124
FlolMe Z7¢&EA4LE wela T Axdzse AUz AF AHEEHe
APARE QYarstel APRI400 & A 2 Ed HEol Floiste o} alch.
zyleaaAye 24N AR FEAE] AP 2 FFHRE FEEHY s
ZHAE AT 42 BAC FX| oM ST

2 4 NS

L}. APR1400 Spager Z7|W& 3% E A A # [KAERI/THETA-AHL, Rev. 0]

E DB EAE YARAT Uy 454 54 48 FACIA APRIA00
IRWST Wi Air Clearing ¥42& ti’d22 BC AP AAA 434 ZI|WE
A tjEez O 27Ue AS AZAPY Test Matrix, APE, B Test
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Data & 7|23 Holrl. E Air Clearingd@S APRI400 oA A}3LA]
Safety Depressurization System of ¢l 277t I-¥ c}E371&E417]
(I-Type Sparger) & E8)A] IRWST 422 W&A], IRWST X vjolA F7]
7} WH-£23EA V)2 PEEE ASE BYdte, o] o Uske 3§t
ZEHS Win B AI=e] AUzt AJo] AGEHE AFEAEE At
slo] APR1400 2] AA o &AM HRo] 7l9s= dl glth Air Clearing
AP TAAP A4 BC FxoA +¥F Ut BC FA = ALUFT]
2 Aaksis 719t7], IRWST & 23t tld X, $7]&AH7] (Sparger),
g L e Sog AEH wi@ siYgrlele FU1R%, dE, % 2=
g &A3: A&V AxE gk 2T dEszele $718FA ¢4
e BUL A AT YA £2U 2LEEXE FFS] AT 2
A7} dx=o] . Ao A& Sparger &= ¥ Sparger & T2 2
A BAMHE zbe 1-3 Sparger o[t}

th OiEez Uy dE8EAL A8 (Y ¥E) [KAERI/THETA-TM, Rev. 0]

2 BEAL YAEAT HA @a" 54 A@IAold APRI00
IRIST o) 9EY V48 ten DIUAYATLI AT Gk B
AXE o]Lstd 3 FIAE Y& UFFR U dEY Y ASA
Ho] Test Matrix, AE U-& 4 AHZAINTest Data)E 7]FT Zojrt. &
3 A APRI4000] A At wdske 717t 18 Z7I2A71E S3A
IRWST $=Z 2 W&, IRWST 42 U2 d&3 ASE BYstd, I IS
Basta o|sjst=nl BAo] girh. ER Test data= F71SFIAEE AN
sty B3 852 ELY Zoltl B Facility:s F71E Hatste 71
¢t7], Wiy 4z, Z7]18A7)(Sparger), WMT W Pr Foz FPATE A
271712 27183 2 g€z 2543771 gl High steam mass flux
7} &Y ol g4z e SRR HEFHE 719 dEH A
ajE won, LEEXJ} ch¥ Aot Low steam mass flix7} W&H wjjoff
 Eaz e LSRR AP 2718 22400 SEAold o
Bl AujE wcirt BP Y] AujE gon, LEREZLE [t Folrh

2. orAFUL L3FA E-F7] A3 (APR1400/UPTF) [KAERL/THETA-

DIVA (Direct Vessel Injection Visualization and Analysis) A3
APR1400 (Advanced Power Reactor 1400)% UPTF (Upper Plenum Test
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Facility) Z}<=Hofx] LBLOCA &4 (Reflood) 717t H-¢t WA= ¢t
S A8 fste $£3qH E-F7] Aot 7R A¥H

3l A= el AFQ wrAjQl DVI YA A" A, 7[E9 A2
T HALS A3 &Y = UdsAY ARE HIRP] AT AE ARE
Astazt stgeh B RaAee o3t 5FHoE 4£3Y DIvA A€AI
& dlolg] wjoj23} 17| $i3) =gt DIVA AP FX| oA +H U
74 252 AP, & JA 93 A4, void height AE, ANAL A2p3H
2% AY 283 sweep-out W AFLI FA AP AFAAE A el
B 20 ARstgem, Z AE g, Al B, AR AR d &
A 7 5 2 AZAAE M3 g 27HE ARES 29, e}
drh =T A¥AI AP wde 7 Ago] e ulE J&dto,
¥ 2 DIVA AEL ¥Y B¢ ZA 24 9 27 274 28 3= A
Z AE2EA LY 4 UA stach

o}, QtAFQl QHE})I-H‘:} A+ Al¥ (APR1400/UPTF ) [KAERI/THETA-LF1,
Rev, 0}

LFS (Liquid Film Spreading Width) AI®& DVI (Direct Vessel
Injection) WAL AHY Y22 B4Ry QAR5 Fol el A
AEE dute] AR {A3L, I FAES FAHIY] A AL
DVI utAl ¢1zxj29] 79 LBLOCA (Large Break Loss of Cooling Accident)
A7 (Reflood) A], QtAFYS7L FUR|0] Aute] FPEfZ core barrel S
uhe}l sp7gich ojwf FsHe Yute] HAF mivhA23I gute] $13]
o QuE B8 W4TN, GAFYS P 2 UL FE AT B
Fj¢ict. whelA] APR1400 (Advanced Power Reactor 1400)% UPTF (Upper
Plenum Test Facility) Z}=olld jf< 717 ko] qupnaZ g &3
371 13 APAF7 =Tt $3E AP vhekdt 7ty F4 W
Zaulo) ME AuEgEe] NS vosa AN Toe AZAEE
kst Zo] O FBAolglr

A}, Fluidic Device 7id & A%53E7F 438 [KAERI/THETA-FDI, Rev.0]

‘Fluidic Device 7jut & Axm 7 Al§’ & APR14008] XA H%
S0 HE¥Ys}= Fluidic Deviced] AA Al =&317] 9% Zog
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full-scale full-pressure AlZAI¥Arx]el VAPER (VAlve Performance
Evaluation Rig)& o[-&35te] 2000d%E 2002972 tigdt dA B8& %
L Fluidic Device?] 4% H7l W AF37] A% AES +IHsiych
£ BaxedE ‘Fluidic Device /Y W 5B/t AP F& AH4E
dlolel wojAEsts] ¢}3) 2AgEgich. Fluidic Device 7 W 3537}
AEL B8] 38 6 setd APZAAE AxpUE Hesto H=2 75
o2 FApsigen, E BuMoe # AEY =d, 49 A, BAY +
3, AZ7e 1A, AEds} g EF 9 format, Y HA3} U FIL
aeln &3 ox 5 Ed Az Fejo] AFARE M) 8 e
¢ 8-S 2o, Festgch

o}. Fluidic Device 4%57Z % A3 [KAERI/THETA-FD2,Rev.0]

“Fluidic Device 7t W ALyl AFE"E 200095E 20023 71X
485l om, ol ulyoZ APRI4008] EEHEA Helo FHste
Fluidic Device?] MA A}er& T &3}gth “Fluidic Device 5 F A
#”& APR14008] EEAHA Hs8do] F¥ste Fluidic Deviced] FHF 4
5 FAL 9T AFATS 48 £33 23} APRI00 T 7] AlaLE
3, 43718 AA 9 Az xGE =&Y 3 APARE Aatstr] %
Rogy, 2003d%E 2005¢7x] SEATE, & HIAoA= APR1400
Fluidic Device & Hua AFBAze} Aae] 3, 437 A ¢ A zha}
¢ =& APAIE doly wiolAs3lr] fl3] AA/dH At Fluidic Device
A2z APE B +UH 14 setd APAINE AAUE Besto
stgon, B Huxoe zZh A¥e A, AY A

e

R} MIDAS &-%3-7]A ¥ (KNGR) [KAERI/THETA-ML1, Rev, 0]

E Data Base: APR1400 th¥3zzjuictrlzre]l F7] S 71E
et QIS (HPST) o] 4 A H L3 &(Direct bypass)S thFLo=
IE MIDAS B-Z71432 A A3E 2ok Zolrh. AFAA], Al
$]x], Data Base T45S AHMISIA Fel fofstdct. MIDAS Ad2 7
ol o] HlAteAlWBztse] ZeR $3HEA W Sweep-Out@ TS i

she, F4RE =Rl 833 A =4 % SITe 23A deth

(U S Vs

(o -{1; N\
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k4l Abold] E4¥ A AY W JUAIY, T3 YAEE
= £ A8 ZAuidolA viAE At
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¥ 6.5.1 3= AR B3E Y F& HBAE

L 4% 24 % 78

II. 283x 718183 2 €49 Description
A. Heater & 99
i AA=E"
ii. Power
iii, Power distribution
iv. Bill of Materials
B. Piping, heat exchanger, pressure vessel, & T8 nz
i. A =9 (8F / isometric)
ii.  Fluid Volume
iii. Length
iv. Elevation change/height
v. Flow area
vi. Loss coefficients or pressure drops (forward/reverse)
vii. Hydraulic diameters (if available)
viii. Surface roughness
ix. Pipe/vessel thickness
Xx. Pipe/Vessel materials
xi. Bill of Materials
xii, Heat exchanger : heat transfer area
C. Pump
i. A 9% F4Y
ii, Pump characteristic curves
D. 7]} d58 BRE

i. A ¢ ¥
ii. B4 FE B U# 7le
E. #Aol7}7}

i Al =9 ¢ ==
ii. Gain factor, constants, minimum/maximum values 5

iii. Integrator differentiator 5 controller?] A5

1. A%7)17] Description
A. Description of Instrumentation Location
i A X E
B. A&¥Y 2 AS Bddx=

Iv.

A W4 Description
g z7|&34

N
>

i, E.g. 2y Js % 55
C. 2% sequence of events

V. Reference List
A. 71EF #2288 ¢ e BuXY §F
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Gl e o] &3t AWAUE FHAUYPYEL /&Y FFAEE
223t Aal 7ol vl Z A FIAEES AEFF A7l i
3 £3Q Azt A5zE RYURS ¥ 5 A= AFE 7R
FolA = B} AAYe AMAY £5o|E2 NS A
AMog RIEHE 71239 FYPFAXLR st x4
A WHEog Sun W AWHE £HUYFAE FEstddch oy AX
2 BF AdAAF N whHEL ExF o sty 9T SUF BN
oJujz} gl AdEF BYUL oH{T AN st Fo¥ FEH
A2l uE 7hAY, & RYE Qe olRFY dwtd H
2] AAZ iAol LA Fojof 3yl o]E 3] CFDE °|-&3 TAIY
1445 MIEE S2dA JeE AUstda, 7IEd LH A2 A
A SEUAAS Aldsidnt w9 o Rl ot NS F
7¥3t71 13 Arzaid uie] Ao 9 =Y AQd U ux3 vlE
Hapoll izt Wixula NS 2t st o, 1 A3} FYo &3t A}
AuiF 45 ¢ unx3 vlE U] Jxo g At Z2 NS 3
3 BaAlshe Ao HIiEdch

X

o
l

2,

1)

ZE HAARAGI(CD) 7P Fited, IHHL AN =58 F
7191814 AgE et SUIHE WEA] AEAeRe EIZR Tt S
NHE & RUL A& CFD 3j ZAAE APZ4e} vluE F8i Mg
H Z/NAE 529 FAFE st en, oo wE CFD i A7}
APAARE F A&t 2oz syl & F7AE 35 RS F3A
AMNE &2 25 FEES CFD 349 FAARACE Esd FFo
APR1400 IRWST 2 o] &Y A% HES 4A AN 5 & A=
ofl ¥t

LBLOCAA] =% Z-2qofA e HHAF dAE olsisty] $iste] =3
BRI 93 ZVg FXEE 44 2 PEe T8 FEHIeH,
A A ERET FTAE AT AT Me sEBL] A (3. Tien) 3t
Zol(1m)7} 2AH AY A= 417 +¥HA=, AY +98 23, 7
Z A3 2 dF AE Bk aRHeE B4 - AWEsh] slEiMe Rt
Chodst =R # AZY FAdol tiyg A7/t Bestd, fF HPFE S
ool £ dFolN AM® AW 43 & U oE 53 Py 6l
3He 77t s E ook FTh RELAPS IE=9t U2 AJAF] FEojA, Wt}
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RAEE Interfacial Area |4t 3 ¥4 AR BExery} Hdesiezg, &
ATE uieE A& 1= QS Y 771 23-4do)

A ATFolM +BH HfAA B MdFdatad] AUHY F
tiel Felet E&F o8& #slAH A¥ DBE +&shA Hoch AE DBY
A& f3td A Y JIEH AAE wEUL, TE AYY A&V}
FA A2 ey &S B3t AR DBE Ut
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H 6 & 2475 AS7=s
A13 0L

19789 312 13717F BGER e AL o] F, ety 42 o
2 HF Jle2 g BBE olFsiATh FYEEAAS A
@3la glom, AHZALT(APRI400)S] EFAHAU]L U AL H47)

gich. EIF AR U FAGol FHY AAT ¥A= Tt
2743 dFE $3Y AYolrh o2 A, AAd ¥ HE d
tAHH =] AYe AT AT AYE Yt Ytk

AMEE dANE DGRl AE APAxt2 Fhge] slelA
71 3o AL dA HS 9 HEY dBolta ¥ 4 glod,
ol HsiME ¥ AIUELS T FL ¥ FAo] o=Hx
EY 3 Iy 2o AUe I AMeHo] HESooF Ut =Y
AT ey L A BrhE T AARE o Ay 229 AU
ojME A4 AFAES T AL BTl Hasith

A5y AFAELS Filol BHY T2 QS Hr} o] st 2
B Z=2 37t 9 AFE Hrp ARFHLER £y e, oeD
g8 Y Bt FUsiA 53 F e ASTIe HEIL AYE=
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FE AN 71ZEd A
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2 zte 43 BV E8Eo] FE317) 91T dFE sYssch

O F4& 7|ZH4 FF ZEHY

- J1Z2) tE AN AR §E T2 By sj4iste], LBLOCA @S
717 Zete] 742 ulSEA Zo] thd *F 54& Hole
24 §EA] 71X d4YF 4L ol FUsHA &35 4
ATE

o

nU)

o,

do

off

o B

%

I 38
9

- BB AAIDA] 4RIE A4 W QA2 el Holdel
AR BLEEREY &
O Hot Film Anemometry& o] &3} 2495 54 ZA7|Y
RS olgtel 24 $54 JZRET oplzh e S5 % W

T
5 B54e 23S A¢ 978 Fyshan
F
[
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2 2 8 2E9 ol & 78 24 YA WEIH
1 7t 227

2% 7352 71 8% 54 F shie % U F A A
Ade] tigt Fel2 EAshY, FAH 5“"“’] 33 EA/RFF/AY
2 Ao & d¥S uAle A d Aolth. &, 24 fFAAY tfF-E2

AFES 5Tl whel 2 5780] A HdstA Hrt

utetd, 2455 Al W/ U] Ade] B UF-EY AH A
2 53 F5SY 2AdAMR F& Jhssie, fFdA ol tE 2
BHEZ A Dol A vl RELAP Z2 @A {IEE o
o Folzl ATAY 5F 24#F VL Y= o=, WA
AU 28 F5BHE XY F, ool HU AHduy 2 8y
dE& ol&ste] 4 +AsA Hrh
Th3t &2 Zofoll Qo] 24 Aol tid FRe e FE3HA
28&E 4 drh (1) 2475 Fis Eh75 338 &4, A ¢ 2
A, (2) APAY HA BN 2 3= s¥A3e] HopAS, (3) 49
iMzd Jid Fd JE WY 4F T

24 TEBAE XUt JIE thE 24 % "8
X 9 94 AF 54, 2 ZUE 94, 24 TUE =T
JY A7 ALHoE £YFH| JArh o] FoME 24

AT Trerdt AEvIYe] Ausglen, w2 F-fol oA

FAbd (XM e Zupd) 53 F3HL 24 5S TR YA
A 717} T3} f1x|ollM e 24 -r"r% dzof utet A ¢HFHOE ZH 3
d& ol-gstH, Azt wE 24 fE UE HIHFHLERH 2% %
of gt FRE L& < Ut} [6.2-1]. FHZol= Heloy o]dte] XR43
vl A&7 £ E dE 8 wdit linear array X-ray detector W 2
2} o7 ujg3dt flat panel X-ray detector 52&] 7WUE ¢lsle] digital
radiography 71&o] FHEE AUEL 7] oo, WA ol &7 24
5HEsY FFL ufe Aol 8% Wyel E 4 lth SHAEE o]
W2 WAl Zidof] ofe AT F7F a4EY, AL FHo) W
&S o= gl

gt

03
o 4> Jm o
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AT 2 3y, dudA EE suiEs FEYLS I4 B3 7
A o) A7) A=RE, gyds, ssiadast 34 e HE o8 ¥
o224, Az ulE &3 A

H : Agke] Wzt BgogyE 24 £F 71EE |
fFEao] AL FRE AL F At [6.2-2~4]. AR oY FFINY
e n2/aeke] AY 20 A HE3H] oz Wil AUtk

olloE ZEUE o]8¥ 24 F5UA FFS AT AF /HE A
aeleict [6.2-56~7]. 2&¥ ZA/YS Ag&std ot AEY 2w
EWNASA o pulser-receiverd &£4A FUY £ AU wfel, HEY
A7) zre] WRaglo]l HAEIIL AME317] 390, wave-guideE o] &3P
2&/3¢k] A 2Aos L 7Hsd FHo| arh AR, &= o
A7) A& AAHNME Wit} (random reflection)”} uf-¢- 7] wig
o, 71&o] /YUY &3 SAHNHLE £ AFTYY F A9EILs

(interfacial area concentration)7} uj-¢ 2 FAWXZ R/ (dispersed
bubbly flow)ols E3}H o2 H8al7] ode we] ook

2 dTeldE 28 A S4 BEel moh QMY +3 24
g a3, A5 AL B3 H8Aol Uy B

o] A EAo ule} 2&3= Z3H(longitudinal wave), 3 I}(transverse
wave), 2Al1&¥}(extensional wave) % B]E% I}(torsional wave), 18] F
Hu}(Rayleigh wave) S8 EFE 4 rh du 54 4 24 F5%H
ZR Ao Fulghg AT uwheld 2 Aol Fute] AnpSdol =
3t3to] AW Bzt girl

2837t zjAo] thE F mjAL] FAH Uistd FAHANA dF-
L oukapsla dBE BsiA "ol oolof WA W FIste &I 24
HlgS 2237t st F oAy 33 dud2e] Aojof ubel @2id
th 2gus A 1 miEelA A 2 mjEE T oofY FAHA £3HL
et 73, Qabmre] Sgtel] wigh At 9 Rapwie] Jeke W], &
HIARS(R) I S FE&(T)S thazt #rh

- 319 -



P, _ Py —pi6 _ Z—2,
Pi DIC1+D2C2 ZI+ZZ

fi _ 2926'2 _ ZZZ
P, ~ bt oy, Zi+2, (6.2-2)

A7IM, Pi, P, Peie 237} JALEE, itabm}, 2ela F3hwpe] 23 o
ERfE, pe wiAY dWx, 123 ok mAUAN L] S&oltt. ol#i¥A} 1
& QA TidS, MR 25 B34 1S Uerdt, E8 po whEe &
% A4y A(Z)elal ER1ch

2l (6.2-1) R (6.2-2)0l4 XHZo] At mjAZ} R ojAE] F¥
AL zloj7t HE wolls, YA 2SI ALY WAEZA] gdon R
220 SUS JAF 2] A3t AL [AEHA Hrlh st g
ozyy AAene] 283 Frjel gol F v} £ Anus ol

7t & B, 3¢ A2 19 A g1 S FEE v o}
AN Qb 28T WA AN AL 100x WAH D FHHE 28
2 ¢ ALY 0ol 7HA Hrl.

AA-71Ae] A BAHA olet L Ryl A HErL (total
reflection) VA4E XEIE o|&F At T &F o 24 F5 U4
& 7Hs3HA sk 7123 A Bido] Hrt

23 6.2-12 2L31} EIH(Through-Transmission Method)& ©]-&3%}
24 #5437 QolE noiFe, F3} 2278 3¢ U F3} U} 2
A o] o3 g Tk

283 Rabgel 29 U7 wues T e 287 SUAFAS} o
AEHE, o|F shts 2IIE WaAIIE 9E8S X
WA ol RithHe] st T3 XIFWE &X3te 4 (receiving)
WAFA 7} At

i dA (-5 ZE, JA/IA Ee 2A/IAL] FARI 2o
28718 B3} A2ae] JUY 2F AvEA Holg Ushle & 24
Hol] Ex|stA] d=th weld A ERAFMolA H8T =Sy ¢
W oz HHzt YN FAAWRAN A5 FAFEIE AR, 4l EN

X
I
I

(6.2-1)

-

AfAo] Tsl E9sA ®rh of W ARW T3} 283 UL Fo
2§29 24 §F 2A0H AZ 7bed Aol 2ol Hh @ WA o

A SEURINE 4 Aol EAeix o7l wEel, 23 A} B4
MEel 47} gtk wlebd 44 EAARANN A RE X
gt 29t ZoWA BE 42 ERAFMe @A HUch F, AP



718 AZ(Zel 3% 5}% A7t d4%F e P AL
76-] [e]

g S, JdAet AN 4 7
AR Fedol TGt z:s% £ 30T 2% AsEas Aol o 4 7
ARg Pl & Brh el £4) SUAFAG EUSE 2830 &
ghe T A $EolA Z3Y Sfol uisl Zaspl Hn, 281} v
zolel g WAo) F4F &Y BaFo) 374 Tk

mrebd |ER(ubly flon)s) 3, 441 EdAFAAE ¥ *

I Ho 29 o3ty xLut AL 0E ASH ALE AHHTL 2F
vje] Aul AZAb &8 2 4 BAFY $% FE(annluar core)t
o] zgut W A Rl & JAAo] £ Ffde, A 25¥
W oY 24T S dudae] xolof i A4 FAARE FH
1A 2 3tch uwleld Al ERARAC st B 223 4

S5 A =t}

L 53 Ase 74

283 A7t B4E ol8T 24 AEYH 33 ABolE, 223 =d
A%, Pulser-Receiver, High Speed Analog-to-Digital Converter(ADC),
a3 AR AR A So] Wit I 6.2-2= 22T &3 A
‘-T-L"g-li:—e Eo:“"‘tl'

QA A2LE 0|83 XZI EWNAFTANI} SR EEFOR ALEHTE

253 ERAFTAE ¢ Ao o3 °ﬂ}— dow EE= AYS ‘i:“ﬁ]'
2 HBsE S gith od Tels AL ¢A 4l oF §9,
T He 58 drishd 2 &9l A *137} st A 4 ‘?J%l &

Aol GETHE Aee VAT Y L3t AAH AF WS
Rk B AFel AEE 223 EdsFAE
Panametrics Inc.2] BE4W A133SEH, A% Fuja4= 2.25 MHz ©]31 element
sizex= 6.0 mmo|T},

33 6,238 712 Aol AHET 2T EvaRAe 42 W
B Q7old AbgE Z28% Suswde 4N WHE ustd Rezch
AEol AU 283 HRAU6.271S 47 24RFEN F AREIY
% (interfacial area concentration)”} uj-¢- & FA7/|EZ-RF (dispersed
bubbly flow)ol ZIHH 02 M85y olele wao] olrk. webd, & @
AL 4% Wyozel 233 A ATS tAsld K2 ATl 41

e,
(o]
N
”
rsx
01*~
mlo
nL‘E.
i

¢
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ko 2ol xoyl Ayl AEE |3ttt E3FH stainless steel wave
guideg FEURE A3l &3 Ant A=E ﬂ—éi}ﬁii)ﬂ , &au}
F&s& AR

Pulser-receiver+ spike voltage pulseE WAl X E3} EHARF
Aol st 48 22u ERLFA oA WA 73] ujA] AYE
Wolx AR(filtering) U FHsh= AUS T} E 6.2-18 24 H5
4l &3] AH8H pulser-receiver?] AlGE HoEcrh £ dFdAMes R
6.2-1¢o A3t uiet Zo] 2 F{2| pulser-receiver?} ARE-E ATt 7PH
pulse && Zl:= square wave pulseE WA F]= pulser-receiver?d] 73,
Hrp g2 U E Zie XSTE & ¢ U= Z™ol U] i, Jx
o] HrjF o g gof 2T Tzt o7 wjF AFe &3 EUWa
Aol dAste AMgstglct. 7 tie] pulser-receiverts XNE F7|3 o]
LT A ZAAA LI Sl +YPFES 3ttt
£4l ERHARAMO =dshE oI 223 W 4l ERNLARA =Y
4 253 A3 BEF £ Mz & FueE zteth uebd A
2 x13.2] ""‘o*:% M= 4 MHz 01’5‘—4 sampling rated %t
S7¥c) AFo A= ) 100 MSample/sec?] sampling rate
,@% ADC7} AT-&-E] 9:11:}. ¥ 6.2-2% high speed ADCE] A& RojFETh

w

= d7olAM AATE 2EF 2F YA E ALY deHdE
Aste], & 25T AL&HS U3 80me] % E-37] 24R% AEREA
Adxstdcl. % &-37] 23RS AUAA AN Tt 3 24 {384
= PPN F, AREY H SAdAE T3 hEd FEgAI 259
T3 A3 54& nlastsct

2 AAAE 7ML THe’t FET A4F olaY me|=Z=E A 3F

= & 80 mmo]3L Zoli 12,900 mmojT}. -GSkl whd Al
T2 A2, AU RN ULt FUEHE= &Y FF2 47 9 15
vortex -F#AI} 1”7 coriolis FFAZ AFsldon, FURHE 278 F
1”7, 3” vortex SZAE AZ3IAct RL&W EFAF Y 2L

$2 ET22E & 1.5 n ActoA $3E o)
3% 6.2-4= %8 24 F5YY wd AEBY 52U E Mandaned]
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SEATO] FASIY HoEth & APLS Plug #%, Slug f&, e
Dispersed Bubbly %oi ci3| X"‘?5:] o2 $33Fqc}

3% 6.2-5% 43 24 £539 tEY {5SNE MHFeE Hy
Zth E92 5% 82 459 M 2 532 dA &t FU14
o2 PAEE Holth AW &1 754 %‘—% A & o] W
J|XEo] ZAsH, ol &Y U VX &9 A= uwet F2
f52 &892 /5 FEMA "L

3% 6.2-62 AFHQA & F5o A A2 FFZAAE HAE
th. 2eA REo], Al &Iulo] A3t o JIESE EXshH cfF
Ho g9 e AF ExH ZAoE ;AN I 6.2-72 7IA &
Z71%t oMY &3 fFo st AH FFAANE HAE) o]
AA &2 Zojyt mi$ Fristgen, oA &auje] I EX
2A 2718t f2e sHox o$ W Y JEJ Axpd Je
2 TEF A

1% 6.2-8~6.2-102 A W 7A & wE £ 712
o] AR ANE RoFrh. ¥ 6.2-63 Zo] A W J|H f
W AL F2o Ao JEEo] IFHOE EAT= FEE HAE
th SRt A W 7Y fo] F%e whel, K2 AFY 2= A
2t F2 SRR AvEo] HFIHoTE R A o A 1E2EA X
= Zlo® #AF

o‘,‘,‘.oﬁ',l-['l['
Jmﬁox

ol z2ew 3 N ¥

I8 6.2-11€ WA oA $EEAN 338 Fai el A 5
N ERARNEYE wE,

daFAA EAT T2} 283 peak UVE &

qat 223 F 44 E
Az BAST. & ARES 236 ga R F3 A4S Ush)

3, AEEe R2Y z2gue 29 Aol udsts A urhdoh ©
2 A% K5 ol 4 AAWl s 7] wREel, ¥
) shol AATY 2ET set BFolA Hol F3 &9 (E Hheol d%
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29 62128 43 FE A 3HY 73 280 AT S4g 2o
Fth 2 Ao AAH 22w Azt B2 A4S 5 AFol SAd)
= Akt JAS g3 YA 22 BF OAEC] diid, sAlsEe
=3 283 AFE= AF gA Hch (zero transmission). ¥PHO| {2 3}
o= oajatate] 223517 wjRel, K= sHiolN A== T3 &3
Ase A4 #Hof F3 23 A3E ZA "rt (full transmission).

28 62138 AT A5 A 33U ¥ 28 AL n
AETL $E ARolM 33Y T 287 4B Z9, dA &1 B
3} ofBof ufg} full transmission 4182} zero transmission A1Z7} F7]
Aoz WtEEo FAF=Hrh dA &ast AUF dee &3] Al
AR Ao dA|Adqto] Eadte] full transmission A Z7} SHEIL, AA
&8zt AUZA 4E e |2 AR At 7|AS (gas pocket)o]
Z 23} zero transmission X1Z 7} SAHCE wuE "—‘I}ﬂ &8 Jo &
st obzre] FEol ojs) A & F Aol $RA B3t 45
e} wasiT, Weel S shiels aTel EAs WEe, 4
B whgkolA EZAE T 239 A3 E A4 full transmission A1Z

3

J[m
mlo

& ZHA HrchL

a7 6.2-14~6.2-17 gl 2 714 <o wE &1 /5 A &
A B3} 229 A3 549 HIE RAETE &1 45Y B9, 71
HQl dA &2 ¥ dA 3 Lol A g JIRIF EXJdtE
EAQS it} mleld, E32 {53 A 9A g2 B3 AF
o] wE F71FQ AZ W3l FAZHL,

A &7t BYSHA] dE AHME FE AFde Aot 74
Zo] &5t F-2 FHEole ANSute] Ex)jith. mietd {2 AFolA
2R B3} 283} A3 = zero transmission A1 EE UERA =3, f
2 3o Z2AFHE T} xSy AFLE full transmission AZE LIE}
A "k

Wt dA St BHskE AZdAN FSHH /2 AT B X
L} 23520 ALo=, AN &£ o St A 3 7[R ¢
3 Ay &8 B3 A] full transmission 4139} partial transmission
AZ, 2|3 zero transmission AZ7} A FAEH, AN &2 f 7]
o] &zjaro] Z71¥4E full transmission 413 el H|&S HAsteE B4

)1:

4
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< Rogrl
w3, O Y B3 A FE oA S3EE T 223 AR
EQL NNA &= el thE P4 Btk JA 271 W2 35 gA
&8 ol EA3l: 712 /E IEE AvsE vlgo] ¥ ",
full transmission 1% o] 33t T XS A5 H[E&o] A YE}
weh stxlgl, J1N S22 FUMge] wial 9N & A FE SRR
Avgls 7|x2] u]go] FUIRict ojo wiel, A &1 FI A {2
oA SAEE B3 XS A3JojE full transmission A1Z2}
partial transmission 13, 18]35 zero transmission 2137} @7 &3 E
o, 718 %7} 27184-E full transmission 413 &) H] &2 ZAdte= &
4e Bolzer),

a9 6.2-18~232 AN L S fgol HE Bit SR §F A 43
W %3} 223 U5 B4 WS HolEth 23 6.2-183 ol A U
71A8] fol W Bib /1T /5 BRolt 29 AFe 7IxEe]
Z3 o7 Ezgit} uwleld, {2 AFode U2 7R 2 xR Q!
3t full transmission A1 %%} partial transmission A&, 8|3l zero
transmission 2127} ¢ SAHcE =3, {2 HHAAME JIEY EX
v go] yr] ujEo, tjFEe] F3 2&u A3 full transmission A&
& Uehjsct

3% 6.2-199f o] A Ko FUBHHE, 5 R A= S
st f2 EE Aulsle Hrp 42 J|EE0] HutEe] EA3tA Hrl
o] AL G FHoA HAHH X3} AIF o= full transmission 4122}
partial transmission 213&, 18]3l zero transmission A1Z7} &7 FAE

Y, FU3t A W I 27t Brh FIHe] whet 2 o) 712
T gzt iAoz Fsta, HFFHoEs 2o A il AA e
7127t 12A BEX3HA "Hrh o Z%, 2% 6.2-20 W 6.2-210] A4 2}
Zo] F=2 ¥ W shHolM F3F™ T3 &y A3 wif AR AR
& Uehln, ul$ @ 7[x 2o &3l full transmission 2132 ¥l
L Z73| 743 zero transmission 413 8] H|&o] ¥ A FAF

AFoAE & AARNN 28T AT WAk H4E ol g3t £
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W 24 F% ¥4 o] A& e e S /NS st o
P 7B 24 75 o) iy SAdA W AR HE H3ele] vag
&t 45 HFstaich |

223 vave guideE FEUY ZH-2t sHRo] st 24 FEU &
=38 Ayt F2E ASHLEH, 7l-w-  UE EE 7EE0] 2 %
Z0] A& 7HsstES siglth. EFR =2 AR sHiol 223 A
BEE AZstdaL, 7 AoA H5T 239 A BY FR=HE oy
e 2 5 ¥ hdo] shsdtalrt

78 80mm, Zo] 12,900mn®] Z}rE7} 7Hs¥t 4% 28 FF HBAA
g o8&l & AFolA AAF 23 2 REUA E A&HY] 4
HAS #F¢ HPE st & AP Plug /%, Slug 75, 2elaL
Dispersed Bubbly F-%of ths] A= O E 438%oc}.

Agol 4+4W Wslol tistel 223 T Aol FRELH Fojd
4% 24 R5YNE AL W TS AAY 4 Yo, *F
P4 olgelE AYHA FRE H43} TS HF FUE YR £ Q4

c}.

L3 SZ7IYHS 83 Tt 8AE el 223 ERAFA
U pulser-receiverE £4]A] FAT 5 Q7] mEo], HEe sjuty]zto]
Haglel u[AEZIZE AFE317] #-9H, wave-guided o] &3t /31 te]
AY zod= A& 73t FHEol Qlrh webd, FAHF F4 /5 BRE
T 31 ¢ d/F/A FA Ao d HA] EFE {834 HEEH 4
A& RO sigHHCTY,

EII:I
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¥ 6.2-1 Pulser-receiver A}o¥

Model [ 5077 PR | UPR-035
PULSER
Pulse Type (Main Bang) |Negative Square Wave Spike Wave
. 400V (no external
Max. Pulse Amplitude load) 245V
10 preset fixed
. widths: -
Pulse Width each can be tune by at 22 ~230ns
least +25%
Repetition Rate 0.1~5.0kHz 0.1~5.0kHz

Pulse Rise and Fall Time

typically 10ns

typically 10ns

Available Pulse Voltage
(no load)

100, 200, 300, 400
volt

60, 160, 270 volt

Sync Signal Output +3.0V TTL +5.0V TTL
Mode Pulse-Echo Pulse-Echo

or Thru Transmission or Thru Transmission
RECEIVER

Input Resistance

- Pulse Echo Mode 50 or 500 ohms 900 ohms
- Thru Transmission Mode|500 ohms 900 ohms
Max. Input Power
(Thru Transmission Mode) 500mW

Inverting or . .
Phase (RF Output) noninverting noninverting

Voltage Gain (R.=500hm)

0 to 59 dB in 1dB
steps

7 to 79 dB in 1dB
steps

Bandwidth

35MHz

35MHz

Noise
(Referred to Input)

Typically 30uV RMS

N/A

High Pass Filter

1kHz or IMHz

0.001, 0.3, 1.0, 5.0
MHz

Low Pass Filter

35MHz or 10MHz

10, 15, 25, 35MHz

Isolation
(Thru Transmission Mode)

53dB min. @ 10MHz

N/A

%1, 0Vpk min, +3 0Vpk max,
Max, Output Voltage (R.=500hm) (R,=5000hm )
Output Impedance 50 ohms 50 ohms
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X 6.2-2 3<% analog-to-digital converter A}%F

Acquisition System

Resolution

8 bits

Bandwidth (-3dB)

100 MHz maximum
20 MHz typical with BW limit enabled

On-board memory

32 MB per channel

Number of channels

2 simutaneously sampled

Max, sampling rate

2.5 GS/s repetitive, 100 MS/s single-shot

Multiple record
acquisition capability

Up to 65,536 waveforms

Calibrated vertical
ranges

+25mV to *25V in 10% steps

Calibrated offset
ranges

+500mV for vertical ranges smaller than 500mV
25V for for vertical ranges between 500mV and 5V
Up to 37V for vertical ranges above 5V

Input protection

+42V (DC+peak AC)

DC accuracy

12.5% of range setting
0, 5%0f offset setting

Input coupling

DC or AC, software selectable

AC coupling cutoff
frequency (-3dB)

11 Hz with 1x probe, 1.1Hz with 10x probe

Input Impedance

IMQ {1 30pF or 508, software selectable

Triggering System

Modes Edge, Hysterisis, Analog, Digital
Slope Rising/falling

Hysterisis Fully programmable

Pre-trigger depth Up to 32 MB

Post-trigger depth Up to 32 MB

Hold off time 100us ~ 171.85s

Bandwidth 100 MHz

TRIG input range 110V

TRIG input protection

+42V (DC+peak AC)

Acquisition Mode

RIS

2.5 GS/s down to 200 MS/s effective sample rate,
Repetitive signals only

Single shot

100 MS/s down to 1S/s sample rate. Trasient and
repetitive signals
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Pulsing
Trnasducer

Receiving
Trnasducer

ﬁummunmnuuuun

Full Transmission

(Slpgle Phase Liquid)

o Partlal Transmlssmn st

(Small Bubble)

Zero Transmission
(Slug Bubble, Annular Core)

Pulsed Transmitted
Wave Wave

Voltage, Volt

Pulsed
Wave

Wave

Smgle Phase nguld

Small Bubble Interaction

Transmitted

i N A
200 400 600 800
Time of Flight, dimensionless

200 400 600 800

Time of Flight, dimensionless

4 —T

3t

Pulsed
2l Wave

No Transmitted |
Wave

PNIPSSRIP

Voltage, Volt

§

3r Annular Core / Slug Bubble 1

1 N L L 1 s ! s 1

200 400 600 800 1000
Time of Flight, dimensionless

E3 g o&e 24 FEUA &3 dzl
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E80 ZSI} XDCR
XDCR J (H-S0 g
~mV Oscilloscope
0
Voltage
Spike
Pulse
Pulser-Receiver
PR — ..ﬂ.».,.«,\,_‘_.s N\:
poe o BEY —_*
2. Q =3 -
a3 6.2-2 287 33 ASY FHE
Ultrasonic
XDCR
“3
g
100 STS Wave Guide 0 80
{OD 25} Acryl P|<
o utt i h > e
Acryl Pip rasonic —d |
\ A XoCA ™ T ‘
) o e 4 ':f.f:{l':l-"lllllll‘ i
Qo
o]
¢ sTS
° Ultrasonic  ylrasonic Wave Guide
XDCA XDCR
7777 LL .
STS Q: 1
gy
70 Wave Guide %—-—-—-—-—-——-——*H?O 5,._,
(©0 4) {CD 4)
= Ol A x| 2ot
Ultrasonic

XOCR
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Superficial Liquid Velocity (j,), m/s

-
o

Ty %

Superficial Gas Velocity (jg), m/s

a3 6.2-4 5% 24 KEUA wE 4Y =7

599%"@8888%0"% TOREL D

000 ”go 5 %0 ©
0

Dispersen Bubble Flow

- )

™~ Elongated Bubble

Plug Flaw (Elongates Bubble Flow)

Aerated Liquid Slug

0,
5 9%
OG
T O

Ligquid Layer

Stug Flow

) \

Soratificd FMow

2% 6.2°5 % 24 FEWA
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0.01 NN
0.1 1 10



a@ 6.2-6 282 8% A& (e 1.7 /s, jg 1.35 m/s)
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jg¢ 1.1 m/s)

4 m/s,

c 4

Jr

(

7 n/s)

2

0 m/s, Jjg

6
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Transmitted Wave Signal, Volt

Transmitted Wave Signal, Volt

— Upper|

0 1 . 2 3 4
Time, sec

¥ v ! v ! :

4 — Lower| |

1 A ]

0 1 2

w
N

Time, sec

a3 6.2-11 T & A5 oMY 73} &7 AR
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r- v 1} T T v T - T T
L 4t —— Upper|
o]
C
D 3 J
(7))
a>> [
ég 2} i
©
2
_-l: [~ =
s | ﬁ
|
© 0
l- M ] 2 1 1 1 4 1 1

0 2 4 6 8 10

Time, sec
v ¥ ¥ T T T T T Y
4l ——~Lowerj

Transmitted Wave Signal, Volt

2t i
y
1 i
|
) -
i ! 1 [} 2 i) A 1 1
0 2 4 6 8 10

Time, sec

O3 6.2-12 4% 8% ZAoAML T 223 A%
(s 0.1 m/s, ju& 1.24 m/s)
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= ' ' — |—— Upper]]
S 4p 1 - - -
T
c
D 3 -
N
()
>
® 2f j
=
D
£ 1 ]
-
(7]
C
© 0 .
l— : 1 i 1 1 1 X 1 L

0 2 4 6 8 10

Time, sec

= T 7 ' |——Lower
(®)
>
©
C
D 3 4
N
()]
>
® 2} _
=
©
g 4| |
£
(7p]
[ -
®© of B
|_ 2 1 2 1 N [ N 1

0 2 4 6 8 10

Time, sec

a9 6,213 B3 7% ZAdMe) 3t 2 A
(jr: 0.9 m/s, jg: 0,31 m/s)
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HOA ‘[eubis anepA pepiwisues |

10

Time, sec

Lower||

JOA ‘[eubis anep) paplwsuel |

10

Time, sec

2 #%

3

23} 287} 4

2)

EXER

-14 &3

a3 6.2

0.95 m/s)

2.6 m/s, jg

(Je:
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Transmitted Wave Signal, Volt

Transmitted Wave Signal, Volt

| — Upper

1 i i s | A 1

0 2 4 6
Time, sec

3% 6.2-15 €32 fF MY T 253 A=Z
(jr: 0.7 w/s, jg& 2.2 w/s)

(]

- 339 -

10



Transmitted Wave Signal, Volt

Transmitted Wave Signal, Volt

Time, sec

a7 6.2-16 &E 2 HF RPN T 2T AR
(jr: 1.0 m/s, jgt 4.3 w/s)
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Transmitted Wave Signal, Volt

Transmitted Wave Signal, Volt

Time, sec

a7 6.2-17 €81 §% UMY T 259 A2
(js: 2.5 m/s, ju 4.3 m/s)
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JOA ‘|eubiS sABA\ paniwisuel |

10

Time, sec

Lower

1O/ ‘[eublS aABAA papIWSUE |

10

Time, sec

0.85 m/s)

5.4 n/s, Jjg

(Js:
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Upper

JJOA ‘[eubiS anep\ papiwsues |

10

Time, sec

Lower]||

IOA ‘|eubls anep) penlwisuel |

10

Time, sec

0.85 m/s)

7.4 m/s, ji

(jr:
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= T N —— Upper
L 4t i
§ i
D 3r ]
(7]
)
& 2} |
=
3 |
£ 1)
&
/)]
| o
@ 0
|_

0

Time, sec

= Tt —— Lower]|
S o !
ol
onf
g) 3 .J
7
o
> i
© 2} R
<
©
L
2 ;
S | I
Pt 0F
l_- 1 L 1 " 1 I 1

0 2 4 6 8 10

Time, sec

O 6.2-20 B4 JE §F5 XAAMY B3 253 2T
ji: 5.4 m/s, jgi 4.5 m/s)
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Transmitted Wave Signal, Volt

| —— Upper

2 4 6 8 10

0
Time, sec
' ' ' | —— Lower||
4k i
3| .
2

Transmitted Wave Signal, Volt

| il

i

2 4 6 8 10
Time, sec

6.2-21 1t 7|1 f-5 2doAMY B 253 AE
(js: 7.4 m/s, jg& 4.5 m/s)
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A3 A 2L JTAS £ =y
L Y AZEE 33714
7t i e 2 53

22452 Tl ASS 4R ANl FoT¢ F¥E mAUTh
ool FudH ez 2o I LYol N2 AR dHX
ol Azte] Az iy B4 AV @A HF HHS AT thxL
14 e Z3uA =g s]Sol girh LBLOCA s 7|7 FUte
Z4g a5l 1 tiEAA e, il wdshe il
ol 22475 Aol thElA ZI&Y dadFA AP El T A
otgo] =&Egrh whetd chxidA A 23RF Bl tid Yy AL
£ 918 o] Wasty olF Y + e A=Y U= A HE
tlolEl7} AEEojol qrh iyt Fejol cthidEd AHuoly At
= AL & #02 AYHI 9l CFD A= LA Ho] EE3}7] ¢
g P E L= Jd e JlvHct.

2 AN E g A {52 o) AEE B¢ 5T 9 o
U Aol ozt HAy 2AALE 18 AdduolsE Aadsty] AT =
do AT|eRA, T AN ZBEF BEIe] thAEAA TR SEUH
£ &3] Y WHE Mg 1 FoE Yok

AP L NNEANZEE A Y FPAYTLRY & FF3
of AdEAYUE W AHY F2E FFY F Jch (Katacka et al., 1986)
Shen et al.(2005)2 444 WHEozRe AWE=e AW YT ET
S =&317] T AU BAAE K= Shen et al. (2006)2=
27t T ARST HElE 22517 28] Al 1Y 48N setE F
4 9 Ho 671 MAE BEY WIS AAlstglch. 2t ol
HEL Fgslsle o B3 e Rt £ AFodA= 5 3l
stet] glold &7 AW &xo oy F248E& Eoli, BE AW
=dEE gelHos =&dted FRLES FATH

(o4

(% ox M1

X

B X o et P

4. =3

T4 NESE WEE 223 5
7lzstel 2T B3 FAAIE 71EAAN BHol A o= I
oJeta, of AMelM AR &2 4 Ass u



£ 95ole} SiIE Qoje wWakg JHATh chEEe 24RF A
741914 2AMEHE 72 Sholk WAL zZ0E ste HAEANA Fr)
qyos Bxutin sbYstdch o8 EUW, T SEvEH =274
A4 Hgstdd HEES Felshd oteleh Yrh

D) A" SR ARPE TS AW FEAEI) ANE P
3+ ek
i) AN WA A Ul Ade SEE AT
i) 71E7 A4 BTRE AvEA BT S gE ADRAY % =
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E 6.3-1 A3 glaE 24

Case Jt Je v Oar e Rer **2E °

D | mws | @y | ™0, CATRILN RO
D-F D-F o Hy o}
1 043 0.042 0.81 0.055 0.0092 4.,6¢e3 4.5
2 0.48 0.061 0.90 0.073 0.011 5.1e3 5.8
3 0.52 0.045 1.01 0.052 0.0071 5.4e3 2.3
4 1.17 0.076 1.59 0.047 0.014 1.2¢4 33
5 1.26 0.12 1.88 0.068 0.015 1.3e4 3.0
6 1.52 0.10 2.19 0.051 0.015 1.6e4 2.4
7 1.58 0.13 2.36 0.062 0.019 1.7¢4 33

Interface

* D-F: Drift Flux Model
** Based on D-F Model

Interface
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Front Sensor Rear Sensors

(a) Category I (b) Category Il (c) Category Il (d) Category IV

23 6.3-7 Aol ANE ke Fejol mE 2 B
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14
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{c)
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Z| 4 A Wire-mesh o]§ TR/F 5= SF7IY

Vire mesh= 35 S F= 75 folojst =3 glolojd] 27 I2F
22 o]FoA 2% FX el FAHHTL BE, Bubble AP F& HF9}
7] YL 2-Layer® FTASIH, &&= 5& ASII] M 3-layers
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3 ABFoE 9L utPox Hrh Z Grid Pointo 4] FA 2 A
of thsiAd THHoME RUSHH LF3lor Tt ol Grid PointofA FA]
of MYQUTI7E o] FojA L FFHo| o Fojxd MIE FEEI] o7 wiE
ojct. uwhetA, ¥t Wireo] A¢to] AZIH wf um=] AYA7IE ] Wires O
7] Aefoll Eofof Zrh 32708 VWireE FEH A9, Agel A7HEE
Wired e 13 4.6.22F o] «xpAQ BASIA 2FEojob T 2 )
o] 4] Wireold SAlo] A¢to] QAZIEH FFo] ¥ FEo] ofFrh
Wire Mesh 7] 2 7@ Prasser 2] 7| 7@zt HAsich [6.4.1, & 2]

a3 6.4.32 A3 F713 wjEE Vel gt o] 28 Wire 7Y
A 2pxt dte FHAYY FEE %t F+= AJZtAtelt). Frame switching
time THHS] &A alole] AL oumgt}. 7} Frame & T ARz} Z
& oul7t gith, wheld Grame Timed wHH ©$|Y ZRALAE njich.
HW 2 23 A2 4% Frame Timed 7|£20 & HE¥ 4 gth Ao
A7 = 4= Wire FelolMe 27 6.4.39] ofef F2of sl YL
2 AZo] "l 27 A2 Alzto] Apshel ubel, lopx|cirt AMete] ¥
7} uigle AlEAM AU Bl 3 AYE AT Fed met I

flo 4z
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3] WolA 43 77 Hgle] oo, At FI7t uiys] AN A
3ol H}%}"‘i}t}

% 6.4.4 & AYAIMA] +AlZe} AZE F I%I"i F71 g A
By z2oltl. S Agte] AVE = AIE FUYE AT HEW
27142 Bus] & JeE @Y= 7}§li°lt} ol 3t a7l
a3l 6.4. 59} Zro] 32 2jdel vis) & 7 Y REE F4E lrh
T 6.4.6 & AFZE VWire Meshd] ol & B35 glth

3 2.6.8 & AAZ & olnAol (a)Ee AT wE MarchingS
oujzit), FAH whd BEIE 712F Wire oj7]ME 15M 02 & il
Azt w2 A8 AL 004 10 H71x] 8] Sampling Frame?] 3 TR0
tl. 23 2.6.8 2] (a)= BHTHEE 2u|gir}. a8 2.6.9= 27 AUk
& ZAsto] WF3 POE AAT olmA| HYL the EXE UE}
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iz zAGME 233, AZZA0MY oM ST
Ba1312 A7)dE, AATE FHEE AFZANALY 7 a2 =olA
Azt the3} 2ol uehdch

[4 rlr nlu }op
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32 32

Analog Analog
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18] 6.4-2 Wiremesh Signal 17} (1)
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Squa.re Wave} Genverator & Measu;rement System

" Digital Wave { Analog Inputj Avsraga j A

(c) A AH

a2 6.4-6 A28 Wiremesh

1 Stan | BT

it
Device Config - Davice Numbet:
I .

~Clock Rate !53 100,00k i
| Frame Delay {s) «XI

e e e o ey

[ Digiat Wavutorm Graphtgant 1. .

ot 0]

23!
>

Channa!

#Hame dchonpst. "
G0 _J | [P
anCount ol dimstsec
{0 Jowe §i e
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12! 6.4-7 Signal Processing System
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A 5 A HFA o]-§ 24/% 598 S%E7IH
1. 47 w3 d &
7b. @7 w3

Ho gy 9 713 2485 dde thxid ik Z=E o83t
of 3|45ty 1T W x=Fo| o|Foxn Yt Z P HE A, HE
AW LR 2 508 Tl 4% SAUS e 2¢HT WA FH
37 gaiAE AAHAAY 2w, 2FF 23 oy A el o
3 A 13 WP o] Wk EY LY FPI=L HEE #H 2
A5 Fo WS it F4HA dEAHNF 27Hr °IF—1§_} et
Rale] ozl @ Ay A= AFE Y8 Fa mpded J1RE, A R

2 4= W AdEAYE 5 2ol FH3 T Ty 53 7]
&o| JdEe] HEH gt

T2 AP @ Lo E two conductivity probe W five conduc-
tivity probed o]€3le] 71X {5 % &2 A5 YA JASE, 7]
2g, 71x37 9 A¥EALE 55 %’S"}""C} [6.5-1]. ol MEZ
I} nietes AFEIYE $£4 WP 4 JE U FEUBEHNE =
z3lgon Ao Y 2 HA 3N I=E AFsted A8t
[6.5-2]. E3 AhHslyl 2xjsts n|E3} u|5g 9o 24hE NS
olsl3}l7] 413t AE A7t £ Fol v} [6.5-3].

ox 0% ALY olsfdln RAUSY| siHe J|Eo tiFg FRER
*‘L‘%- O]%H%’]—_E. 7“ _,1_2_8]- _9_‘5]-]:]. Q}]IJ- LH_,] 7]171‘— Q]i)\}-
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2
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»
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o
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o¥ M\
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é
M
&
N
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" offl
. 1o
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lT.
ﬂ
g
Ho

5% Aol °'°1/~i Ye] &= =f"éfi ¢ 23 ‘ﬁ—ﬂ“—ﬂ}l LRl
=t} [6.5-4]. EF LY I AFES T AREA, Y Al U
st oxte] delg FHsta FAWAAY AdE sls) Yijol tit BR
7t 7"} olgt o] 71E FEolMY 23 3L olsist
7] Q1% = gos e £% W UF 54 FFE fY 47
& F3stA =l

U, 47 ug
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B dFo)A= HFA (hot film anemometry)?d] 7]& 7@ % 24-f-5 3
£ A WY £ e EAE 5L mebstdod, © dNRF 9 244G
52 dN&EEE Z357] 8 23 loopE A ZstACTE AHZHE loopE ©]
£3}o] HFAo] Tidt 238-& 4339 1 AJE Jigsigct. AW HFAE
241950 F L3517 Sl HFAS B3l S0t AE F 43 7S

FEsUs AEe] g Ee] 9F3HEch B dFojM= two conductivity
probe &3 A1%9] AEeE ¢8] A1 &H 2 d3eF (6.5-11% HFAY
NBEAM HYsA $Asle], I3 J1dY AZE PEshe e ¥
M2 Jusiect. JpUE e d32EE o3l 2RSS JES
1 bubble frequency® ZAstgon, 1 AH}E conductivity probed ©I
23t 2 A} AT ulaste], AR EE Fristgch

2. HFA | &

Hot wire % hot film anemometry= -FA|2] TE <ol UEAE U
& A% Gaol o3 WAyl d douz|st fo] FIgte wel 7t
e TS o)Lt fAQ £EE FA3= AElolth. Hot wired} hot
filme] 2RYe SAsht 2 AL §A € |5 =] uwrel ¢h2 hot
wireO. 2 o]&o]2 hot wire ¥t hot wireo] quartz It A}&dl=
hot filme s FE3}o] A3t B3t ol A==7F £ AN &Y
AL, Az2s} B4 & hot wired] WAL 285t hot filmE& AHE-JITE

F

7}. HWA (Hot wire anemometry) X HFAS] ¥g| [6.5-5]

Hot wire W hot film 7}IEH A REovHE fAHEY tF o
Age] 7128 AFsjoitt. £ HolMerbg del ASEHE WER hot
wire 947 (cylindrical hot wire)o] 7|&38te] 1 ge|& Awstaxt &
C}.

a8 6.5-17 22 hot wireo] A n4 Zo| dxollAe] oz BHEAL
T2 o] EPHCL

dé‘zdé}c+d(§l+d@+d(§} (6.5-1)
714, dd: AMelH wAstE Aoy
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d: 7 il g3l S ALEE Aoy
dg: Aze) g3 AYEE AU

At Batol oja) 2912 AWHE doluA]

dg: A A douz]

oluf, Z ¥ thezt ol EHUH 4 Ytk

Iy
A =" 1Aw 6.5-2
S " ( )

AZNAM, I: AF 7z, A7) AEE 4, hot wire THd H3F
d@: = ndh(T, ~T,)dx (6.5-3)
oA7|M, h: dAY A4 T,: hot wire €5 T,: 53 2=

&T,
o’
7|4 k,: hot wired] dAEE

dx (6.5-4)

ddf =k A,

d® = ndoe(T! - T)dx (6.5-5)
o: Stefan-Boltzmann A}4> &: hot wire?] emissivity
I: 3wy 2%

oul Sael 9% @AW AP T 7t AL uu|RE o

ool e Bestart,

oT
dd:=p,c,4,~"

+
lo

(6.5-6)

Pw: hot wired] WX Cv: hot wire?] H|g

919 Alg Al (6.5-1)of thdsle] Festd T3} 2 Ae derh
o’T, I’y oT,
k w4~ 2w gdn(T, -T.)-p,c,A,—==0 -
WA, % 4 (7,-T,)-p.c.d, o (6.5-7)

w

olwf hot wire?] AEELE hot wired] AL o]&steo Thazt ol
EH
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X 2 X
R=% R = [mAwdx (6.5-8)

Hot wire H|Z}Al| M= vzl 20°Col A& A FghE AHFIich
ojrf, dAEEY =&Y thx3} At
Xw= o[l + (T, - T))] (6.5-9)
ol & Ao i3t Felstd, ofefe} T2 A& derh
R - [/2 Zo[l"‘ao(Tw—]Z))]
Y

dx=R,[1+a,(T,, - T,)] (6.5-10)

Fei ez Peiyt Y FAHE 27 8] F3] A hot wired
7PERITHE, AR 2% dAE FAT 4 vk webA A (6.5-7)2
TH3t 2ol Eddrt

IR, =ndhl(T,,~T,)=nlk(,, —T,)Nu (6.5-11)

2] (6.5-10) o2 H¥,

R
Twm“ﬂ,:—‘rf?f olBg, ol 33| 7 hot wireof thEt A A
: o,

4] (6.5-12)9F A 4] (6.5-11)] thygshd 4 (6.5-13) X 2] (6.5-14)

Nu = 0.42Pr’?+0.57Pr*” Re™* (6.5-12)

R, —R
I’R, = ﬁlﬁ—wL—“—(o.nPr“-z +0.57Pr®? Re°-5°) (6.5-13)
' Q, R,

I’R

- Twe 44+ BU (6.5-14)

Rw,w_Ra

(6.5-14)5 B3] 71 hot wireol 4 SEo} A% 0 Aol B B
Ao g, AA hot wire anemometry?] hot wire: 313t Zolol7] wj&E
o] & T oo A-dAYE Esioprt 3ttt A&FHA FHA A
(6.5-14)% Wastol The} T WelZ AT},
2
R, _ 44BU" (6.5-15)
Rw—Ra
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olf, R,: hot wire?] AA AYPUE 2Awnjsin} 1 Fe vhEat 2

R,
4 (6.5-15)8) A4 @ A A B W o FAY 23 Seiq 9
e,
Hot wire® Axm wgsts Agets E,=IR,0|RE ol& 4]
(6.5-15)0] ThIaba ofeie} o] Wkzste) Wejz HPW Al Qi)

E :
= = agRy(4+BU")T, ~T,) = (4'+ B'U")T, - T,) (6.5-17)

%, hot wireold UElbe AYAsHs 4 @ hot wired] SEXo],
A3 5o P4 BFUCh BN JST uiel Pol Aol 44 W A

&

AFE FIMA A "rh
5138, hot wire Anemometrys E3] €A = £ ALY hot wired]
A8l dAshest °}‘43} AlolE W hot wired A 2]¥ probe F-EollA U
= AL AL V] ARl olF Ayt ASFI] ¥ At}

AR

(o]

84 @ fALEY BAS gt Aol Welsith ol mastd 4
5-

(6.5-17)& €93 Fel= vpyd &3 Zrl
ERW 4 prryn _ _
m—(/l +B'U'XT,-T)) (6.5-18)

oluf, hot film E= wired] A3} 4 cabled] A3 Algo|BRE o}
o} o] WAl 4= Qlth

E*=(A"+B"U")(T,-T,) (6.5-19)
Hxf RSt gl TSIHloldE AAY HAXE TS cable W
probe A3} KA —’.‘—1 7] wfEel A (6.5-19)F 19—6}0% A& o

A ves AYgE SEE Bakshd "t

L}, Anemometry €3 A ¢l w17Zt= [6.5-5]

Hot wire anemometry?] 2tF ®Al2 :'fl.?ﬂ CT mode (B2E WA,
Constant Temperature mode)&} CC mode (HAF =4, Constant Current
mode) 2 FHcth, I8y o= £E57% *]01]%:— A2} CT modeZ} A&
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"}, CT modediA ] 5 W 2o tfgt RIZAEE AL ka3t 2
t}.

- CT mode?] H1ZI%

CT mode hot wire?] &3 A &% 85 4 &% Uit Uz E
ofzjjet Ztth

¢ _OE, _nBU™ [RW(TW-J;)]“Z
““oU 2 | A+BU" (6.5-20)
¢ 0B, __1[R(4+BU"]"
"To0 2| (@,-T) (6.5-21)
whetd AU 23} 4 that Zol Y 4 Ych
e, =S,u+5,0 (6.5-22)

o] E HIEOE FolF K& UM LY 4 A& ALY 25&
2YsiEE, SE%o] o3 2 AU 2% FAY hot wired] =0
g3ttt hot wireAEZ7E B3 FF A dh= Hge 225012
2 &5 850 oE AU unzs Z4E5 Y 2259 AS
o] Jbs3dltt. & #A hot wired] ZExO|7E F+F £ 2F 59
FEErt 713 £ fal 222 252 4% 2F SRR A&
sl o]E HAHAFZ] ¢l E S hot wired] & AolE I
3= Fo] felsitl, meld £= 2% FHE sl = A8 hot wire
e] &= zlo]& on|dl= M4l I}@ H] (overheat ratio)7} & ZZoA
hot wire anemometryd Ag3djorztth d nlg B A% 2 A
Lo A2 hot wire A3} H] (R,/R,)ZA hot wire?] A&} hot wire &
T8 A¥d FAS 2AUL o, hot wired] 2= L FA 2= HEA
®HY 4 gk tiZl hot wireE F7] Foll AMSY B¢ o 1.8 =
g wlojA A3, oAAlo] AMEY Z9 hot filmoNe] 7IE BY &
at7] ¢)sf oF 1.05%1.082 I wHlofA ARggith wheba  ofAoflA] hot
film FEAS A8 F$ o2 g njZ A3y 2xof tit RIZAETL
AAA B3 ol: & ASY A= AL = olrh

- 382 -



T}, Hot film AA2] o] &

gAZ 71§42 EFolE hot wire MME o] &3MA|nt uf-¢ BH
3 UR BEHe 3ol st Aol old A%, hot filnlHE o] &3t=
7o} uih E3 Axo] AMLY A WA UFd L A EAHE L
23} hot filmMAE A1g¥ch 2 HojAE hot film FEHAE AH &%
240] ALY A UIY £ g BAE Felsiglch

- Quartz IE I}

Hot film MAo] &l3] BAE & vortex sheddingel 2J3] AMA7} AF
sty o]l Q3] o] uEH 4 ok TSIolA AZH 25 un UFF hot
film AN AFE A, dFe] HEJ} 1.5w/s ojdeld ol At U™

4 gick,

BN

Hot film AME AMEEHE B2 LEHT &2 25& 7IAH, °&
QA3 ol Holly &= akast JIEEA hot filn WAL Fd flof 7]
3571' AP 4= glth. AA ®d glo]l A4H NExE ddEE IA ASHA
o8 Q3] YL = FAo] EvHEsith °]~§' k7] $18) YAl A&
F hot film MAME ERC} ¢} 20°C F= &2 2EE 7HIH o|=2 3]
we b u] (1.05°1.1)8 zheth =3 AgEHE B §E&Aa2E AAS
L AHo] £g3lth, ¥, & &= ZAoIA hot film ANE AHE B-F
cavitationo] WAstE o]2 Q] MY Fido| Wil ARH FETL
2% 4 olth TSIAtolAl AZE 25 um hot film A& HP 9 n/s o| At
oA, 50 um hot film MA & ZH-$ 4.5°6 n/sojA] cavitationo] 1 2
gitiz B iiEgich

u\u

-AE 3 A 22 AT

Aol AA Aol AVHW fAY L=t AR FII,
olg e &% Aol hot filn MME o] 8T L= FF A, 248 U<l
= 2 gt} Hot wire MAME AR A, AN} FAITY 2x71 250°C
o]t Q1 Whd, hot film ANE AT B 2 Hel7t 20°C BEE i
o2 mg =t} webd ofelet T AolM fAY =7} 1°C W €
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2T &YYol E H37 vehdr

%=(A+BU")(T -T)

W% gl Hold A eEel TS St YA AT /A
& AL RAY 2= A3l AT FYAY HIHE Had A
Frh o2 A UEAA A% A, FAY AeHo| St
2 so RS YA RAY + U=S WAY U ALNE AXTHE

Aol Fch.
- A 2E
Aol dydel ulel Ao Solgle thydt o] EHE0] hot filmi

Mol HAEo] Ao} Al 7He dALES Z‘]‘H@l’ 4= 9lt}, ol s 1A
AL 5SS o ANt fA 7o EAY Aot AF Fo ddd
A 3ol AR "2ttt ol& 45 FHYLX7F M, hot film AMA A}
£ 3 71 s UAashe -9-3}4 Haloltt, o] 23 £xjo} e AA
HlE 0|83t Eol FFH o|EHS FH4AZ} AF|H AAY 248 IAPSE &
€ F AR, AFF AAME AR BF A g g AE AE
rlgt A og BErbedt 22 2FE St Aol HAL wWyolzt ¢
gaich. 2¢o] Yt HYP 2AE Eol7] HMME UTH A ujz) &
Aol 23t HIE F A3 AL 4 Q= conical type hot film MAE x}&
sh= Zo] uvighasict.

EE A7 22 gH} S HA 24E0] FEHEE dojuid,
F2E o]lE3 A &=7t RoAAr) olgdt B4 o|&3t AAME
48 +38 A FAG gA} JAEFAA, ng olBAE AN ¥ 2B E
St Bo“ﬂé AHE3HH Qo) o3t I HIE HAZ AF 4 gl
th oj8l3r ¥WhHE ‘pre-contamination’ olg} I}, 8071004 7te] AR
pre-contaminationo|¥F ¢F 7A|7ZF Fx LAFHI I Aol {A LI R

= glch

>
N9

rir

AN 2d W 2R e HARE T W
AN 29 W /A 2= A58 < = &3 AE FH 23]
7] $l3Al+= bypass lineo] WZ71& HA|sta, dit ¢+5&8& &2 3
AlZ ¢ e o|2aBA ] Aol UFHTE Y7r)e] AN 22§ ¢
AA FAAIZL Bt olyel AL FAHLE s Eo] UFH ol &R

et
ol
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2l 2718 o 4 gth oL /Y F9, 2 m e AR} A
AHgste, "WEe F92r3d }7-3 2 aAs] Folof ¥rlh I¥ 6.5-2¢
yzt7171 7heed ?—l Ag wl, RALE7 F7Hgel utet &Agde] o
¢ W3S AL S Uehd Jolth olgt o] W)Y FHeE 3
At @ 0.75°CH SALET FAHE AS, AL W o 20025%2 EH{AY
o] Ztadte AL B 4 grh w2 hot filnFEAE o83t BHY
&8 A}y fME B 258 A fAI3le ol Fasith

stZUA YA FA d5AdAATET B3 TSIALY] IFA-100 AJ&H]
I E £ boundar‘y layer =3-% hot film sensorQ! 1218-20W& o]-&3}e
Arpe) &E

Ae] 24317 23 23EL $3stgct. Hot film sensor®] 7%
< 9% 5’—% loopg A7ista, 23 Axt & Fo A 2ela 2% A3
& Jl&start

7h A A

Hot film AAMe] 23& #8l A 27 8loopE AZstoTh I3
6.5-3& w3 loopd] AZEolW I 6.5-4= MY ARlelrh. A3
loope A AEd=A, W= wHE], water tunnel, test section 2Ll & A3}
loope.& FAHct W=ol 3] A =BAY Eo] AHR o|F=HH, o
o B9 $32 WY HAS4E inverterE ol§, RFIte HIHARICL
2o] 9are HIEEche] 9X|3t coriolis meterd o]-&3to FFgrh AHE
¥l coriolis meter: FTj 2.1 kg/sTHA] &R 715351, 0.5 %2] S x}
2 it} SFAE A EL 2 nicron LEE AFA E¢EC] AAE % g
el water tunnel® F¢ 5“:]— Water tunnel& A|¥E) JE& &= #XE
FASHA §2I5t7) 28 AAE A WA % el water tunnel U
Ho| rjEatg AF Al¥d whde] ua FLIT = X7 HEeRch
Water tunnel & U B2 AlPUE AU ARRIAE oFsH HIUTL

gtud ot 6.5.278ofA 743t uigh ol hot film WA= Foll &3
go] gl HiBol od3rog Ayo] AAH wel 2dH 5 e, o
2 3] dAYSAo] Hilsle] 2y ZAo] Wilste EAVL WA + 4
T}, o]2 A3l 8] o] 2LABEAE o] &3ty B R Tl =
SELS AANEE APAE pPstgch 2 6.5-32 o] AAEAY
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A4 HyFHA ¢# loop:% 11]’—‘1‘3}%‘5“4 %@E% pumping workoﬂ 9] 5§
=

x| sted

ol8} e E A3} loop W pumping work AAE $1¥ IB7E 4
AqerozH MY odoT AP AP o3 @ B &= Wile] AT A
HoAE HAIEE APAAE 3L

Lh Al

Hot film 2% loope] Al A7 0.06 m, Zo| 0.30m & o] ZZ
A Q7zEE 01509 AFo] ZA777E Ax=HYch I 6.5-5 A¥
o] Batez W GBod ZA7I7I7F AYE F vk @A J1&T w
9l 7ol hot filng o}F & 2FHE W& 4 97| wiEel ¢FHL=
AAE A T AL 4 YT AN AYHE dAsIEen, % 6.5-6
3} o] &xtA o2 MAME Abdslor AT

th 2R AP JiY SELE

2R Ao Uty S=EXE o] #13] 1/16 inch Pitot tube

= Algstdrh Pitot tube® AMESle] ¥ AR L wel AN FEE FY
dx, 2 AdE 2% 6.5-73 Prh KEIZXE —E_T AR, HHolA of
0.01m gojal AWl REE Tulol AL ABTHES UetedE & & X
ok o FA FIolH Z AY E BE X A 4 23E ofd E 6,51

o vtehfgitt.

2 gae 2L A Uy &= EEXE di, I AAETH
hot film 23 A TR % ZAl B $2E dohjied drh #4 A
A Aztese gEelA 0.0ln Beld F2 (-0.02n<r<0.02m) 8 BT &
2 gr 270N 2455 BV )E ¥ A BIE5EUHS
astgen o Aze 27 6.5-83 At

ojgl 7e AE wiEe® £F hot film AH A A3 AT B
Ig

3 &=(U o @ A BISE(U,)Y H&E ok 2 F 7Y

He

=4

]

center )

ol xtgt-2 EHSIHT
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%M =1.20812-0.46306 U, +0.26487 U2 0<U, <032m/s (6.5-23)

m

QU— =1.0677+0.01998 U, 0.00517 U2 0.32<U, <3.0m/s  (6.5-24)

m

g}, HFA 278 23}

a2 6.5-59} & AFEthol hot filmg 4YT ¥, F&S WA
o] IFA-100 system®] signal conditioner® F3] vt &AL FA3}
St ABE A7 B L5 21°cd A9 25°C Aol o) A3
dtt. 23" 29A¢e 29 A, A $5E 2 KA U BAY
2% fitting dtdt) oluf AILH fitting Al Wu and Bose[6.5-6] 7} A
A HesH ARE HolHE E3te A9E st £3Y Aolth

- 2YAY, A L KATE O VAN
E2
T, -1)

=(A+BU" +CU™) (6.5-25)

9]o] AAAIG o] &3le] AAL £ A= 1Y 6.5-9%% LT
2 6.5-90)4 B npe} o] Bo &7} 25°Cy wie} 21°Cd ¢l tﬂﬁﬂ
st o FHES 4 4 A } ojwf FAZ} MAPAIS] EEUA
= 0.592 %o|m, 2t} WxlE Fch0.87% oJrl.

3ind, o]e} o] T&H —@Mﬁ- hot film AAe] ¢ RA=of ule}
Haleh 4 grh webd ol AdE 3] A & FUste] AN 2
Fo T 93t QA& | A3fsfof gk

o HFAZ 3§ % ] il

oAbz} Flare] TS PEsE ARl gneFel £7HCh £ 6.5.4
Aol 7129 hot filng © 4 24H4E g 4TS eostgon 7
¢ @FAHE VWO hot filn AB F A3 A8 NEE w3
= gneEe avstast gk my ol e YnIES AL &3
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H 7|2 & o bubble frequency® conductivity probeZ Z3® ZAztel H
aspg .

L EE R

2480 A hot filng ©]-&% X733 AF& Hsu et al. [6.5-7]3F
Delhaye [6.5-8]16f 2]3] o]Fo{&tl. Hsu et al. & slug flowolA hot film
& o] &3] J|ZEE ZAsIR olE AR HeA} wlste] A
AE gt 28} slug flows bubbly flowgts che] Arjyes 7|2
o] A3 EMAZTE 7] 4|& Taylor bubbleZ 7FX|aL Q7] wfEe] 7|X
o T3t YutAel A2 B 4 ¢ich olet €@ Delhayex= bubbly flow
o hot filmg ALst= WPHES 7pUsigch &It 2ket conical hot
filng o]&3led 95 oA 24 7|, A4t HF &= 4 URAE
2 zAsigon, om WagHENS ¢ FEU=USE ol &3t
Hot filme ©o]-&3t ZA A3} Y-ray densitometerS ©|-&3le] FET HE
Jlzge vasigeon 1 Azt TAHes XS HIstych 1Y
e 71xe] #AS Ao &3} deflection®E 7|XEJ} WobA hot filmE
ALYy 4 Yee HAstdrh. Delhayed] JFHFYYL FF Serizawa
[6.5-918] YRAE EHol= AMEEH YT

Herringe and Davis [6.5-10]& =4 7]|EX&& conductivity probe2}
hot filmg o]-&3ld ZFslgen I AAE nlastgich. 2 A3} hot
filme] 7S conductivity probeol vl3l ZA¥2] Z7|7t 27| Wil Al
Hog L 7|Xgo| U2rha Hastaltt

olg]e] AFATNAE hot filng o]&3td 7ZEE FAE F+ o
2 ZAwo] uld W s|¥Lo| vhem, Jones [6.5-11] H VWang
[6.5-6] 52 o|2 HA3| BAsIY Algstgrh. olgf Zol hot filmE ©
£310] 71X E 3 A, ¥& JTLo] FARHE A2 1Y F gloen o
A AY 7Zg 23L& YA E conductance probeTt HA AHESh=
Aol wjA st} [Liu, 6.5-12].

8}3]  Iskandrani and Kojasoy [6.5-13]1 <% bubbly flowoll A hot
filng o] &3l 7|Z&, A= L IFAEE FFstAch F ol
maximum packingo] WAL 71TL EFHL TP Usigen IHRITET
71 2go) urel WS FRISIACE Rensen et al. [6.5-14]l= +3 3%
N KoM AsstE 712 4L hot filng T3 E4sgeH, ol
7)3Le} AA Zve] Az atgof o] EAJstgich

Mo

L,
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oje} Zo] 43 W PPN J|ER-Foll thsf hot film AME o]&
King! ‘ﬂiiﬂ T, 4§ 2= 9 7ZE&E A3 T A7t ol FolF
th £ dFeAE olgdt AFAAE vI™YLR hot filnm AZ F Jgo]
it FEREE F&3te AEE daHUFS AYstach ET oY HE
2] ¢ ES AFsU T AF A¥S +4slglch 6.5.2d8M= A
B AR g32E&FE HesER 6.5.3HoM e dueE AZS A+

By AgZAz 9 AFEAE 243Hch

U e ¢az

Az
N

(1) Hot film A3 EA

23l 6.5-102 cylindrical hot filmE& 249% 7|Ef5d LS
A% Uit AaA Aol

(A)-(B): 712 F9]9] Fol7|Xo] 3l 7I4E o] & glo] S35}
A| &g},

(B)-(C): 7|7} hot filmo] B &7t &8 Ago] T3] 7Agit),

(C)-(G): 7127t AAME Eeixm, AN Foo &2 °—’1“—T°l oo Rl

cl. AAME SN Yuto] FUIY 71E&7)7} ( AR
Tt} 7 A3k}

(F): AAE EBR guto] Zx= AE «FoE EAT Y
peak°l g0l A4 glout TR B9t Aol A H

G)7HA] &YAZ 7} Zr4agict.
(G)—(H):7IE£° Lol Ao g £zt MM B3} r:*}n o ity
&9 AL F1gich shAIg Ao dF= AL J|ES} F
st 9l7] wiEo] £94lE7t Frkske 7@7] 7} fgisicr,

o|9} Zo] A AZT F J|EI} At Hsty| AFSte] oA wfzt
28] 49L& D@ ¥gold, o FYo| 7|EE& AAte] ALgEojop gt
g, @04 dd2 JZ7t AN FEFUoEAN WAAste JHLer, 7|
T& AxtollA wiA|E] ool = AHolr) o] YL ‘detachment tail’ ¢
2t $2= d9og JdF K= A Adx wjAE oot Fcl
detachment tail € &-& 71H8 A3 & ollm Alxe 23T ofd oY
t}. o]} Zro] F|ZAH S W detachment tail §HE BT HASI &

—_—

o2 2 N
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dolalate] alFo|m, olef tigt BANAE B A FE {E L W
_lt?l-_

A= Bgold H1d AP UneE& uEOE hot filn AXolA
oiatel Th3t BRFLE F&3ly) g Z2oRL sPUAsigch YR X2
aye o]ZA E [6.5-15]0] 7|utEt conductivity probed]] 12 k-1 - R
A ES hot film Aol WA 33 ReeN, & Hoxs daz =
278 2 conductivity probed] AlZ Azl A& ZH3= BE2 A
2ks}al hot film 2§98 A FEAQ detachment taild 2523 A3 E
e 7St

3} ol AT NTE Atk of Az ATE A AT F A
AlFnke 223 Aztolrt, A AZE A ¥ UnjR] A& F detachment
taile] AlFE AAs obt FHI oy ANZE && 4 JUrh detachment?]
AAE 93 thaat 22 EFE B3tk

aryl: 712342128 #2l3t Uz dlojel 8] #jdd

avg_height: 2zt 714+ Al 2] HuizkE& 3

slope_rl: iH#] data®} i+23%)] data x}o]e] 7]&7]
slope_r2: i+1¥H#| data®} i+3H#| data Aol 71271
cutoff_ratio: detachment tail®] A 7ol thdt cut off value
i tail _width: detachment tail®] WH]

width_cut_number: detachment tail n]&] cut off value

ojgfe] AL EY H-§, detachment tail® shehgic).

ZAE 1 aryl[ number_of_array + i ]==0 &&
(aryl[ number_of_array + i-1 ] == 1500 1,
aryl[ number_of_array + i-1 ] ==750) )

Apzhal zteloll 23] AN E zhEE AZ F ol ulo[ElZt Z1ACIA

1} detachment tailql ZLE F&IT

ZZAF 2. (aryl[i]>cutoff_buff2[i]+avg_height*cutoff_ratio)
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ZAE 18 BEAF|E data F, L £97} cut off valueRtT}t &
9, detachment tail® ¥bdsim, Alztats|e] 0o] A= 3k
75022 4% ghr}.

3
a-R
=

ZAE 3 (slope_ri<-10)
B 1S BEAFE data F, 2L 97} cut off valueRThes 3}
< tlo|g 7} A4S 2A7t ul-$ AcrhH detachment tail® Zh

ZAE 4: i _tail width < width_cut_number
ZAE 132 E3) detachment tail® shEE glt] 3ldele, 1 Fol
cut off width (=3)X.t} 2tthd, detachment tailojlA] A &] 3ttt

o]z} TL 4719 ZAEE B3l 1Y 6.5-110] 3| AtAEHH AeE
23 6.5.128} o] detachment tail& &% 432 WA

Aztrbs o) EAA e
Hot filmold U &943s AEegnide B3 Azuges
7

MuE, olu] ReY AIE ol&3td 7T D AT A%, YAEE
aEl3 gl R ZEE ALY £ QT o]F ANSE U AN UF
et 247} o2} e A4S B3 @g 4 Ytk

i
>

Zf (E,)S, (6.5-26)

A7, U: BZ I3 4=

N.: oA dlolele] A4 (AZuhy b ¥ 0 & Ze dlelE s
7A4)

E,: n 3] data?] &AL

fB): &dAYe SEZ WV 2B

¢ _[o if E'#0

" | 1if E'=0
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E': A2ty WE Fo| A%

rc

FRE

- 1

u2=

N 12 (f(E)-U)¢, (6.5-27)

5. Hot filmg o] 8% 2495 WS 53

6.5. 480X T=&% MNEe dIEFES FLsle 7]ZEL& Y bubble
frequencyd ZA e AP S AP FIFH 7|E 8] FHUAE 3
7¥3}7] 913 conductivity probe % hot filmS FA|o] FH-LdlH 7|E2ES
Z2A% T A% d|astact. 2 6.5.5FME J|XE FF AFES AT
APRANE a5 Agdz A 2o oyt E5Z3}E Jlestslnh

7 NEE HF AYIA

Hot film& o] &3l 7|ZRE U 7ZE&S FFs7] AT AHPA
g Aztstgdct. AEAA ATEE ¥ 6.5-132} Zrh 6.5.4FdA e
8t hot film &% loopa} UL AZE 2831, test section ThH& F7t
2 A 25}oc}. Test section® 20mm Lf7ZA 2] o}Adl mjo]Z2 A ZHAHA|H o]
A2l L/D7} ¢F 6028 f5o] ¢A WdEx=E dAstdct #e YFoe
NIRE FAAZL 5 e VEFYAVL HXBE, 4AY dFL 3
compressorg o] &3dte] F7IE FYIth. 23 6.5-14= AlFr] F hot
filmo] MAX|E= AH FAFA FFE& Ut Conductivity probe
L hot film AA ¥€ET} ¢ 10mn ofz] AXE™ hot film A W
conductivity probe BT o] A Fofo] gIx|gich, UM 7|&dt viel Lol
hot film MA = 22 FZox w&¥ £ g7 wiiel A & A A] 3
Fol WAHA UES F4T 4AZ 279k Aol AEY hot filne
obd 4o A AHg3t hot film AAMe} FUT TSI 1218-20WE AHE-SHEiTE
IFA-100 A]A®lQ] signal conditionerE AA UeE i}
conductance probe?] signal conditionerZ E3] UQL: HUAIIZE data
acquisition systemE& ©o]&3le] A ATl olwf F A EF 20kHzE tfo]
BHE A Astgct. 28 6.5-15% vee T2 1WE E3] AAHE hot film X
conductivity probed] x1Z.xz] ANE KoEr}
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U 712 &3 AdEy

22 6.5-16 2 6.5-17s2 hot filmolA] &3 ¥ bubble frequency W
7] E & &conductance probe?} Bladt Azlelt}, AY Al A FF U 2=
= ¥ 6.5-20] EAStETE. 2% 6.5-162] bubble frequencyol] thit W]ZZ
o] oJ3pd s Zgo] L ALY, hot filmo| bubble frequency& ThA %
A &Rt AFog J|X o] F F$ hot filmI} conductivity
probed]] 2]3] AZH bubble frequency7} F-A1% UL Zte= AL B 4+ 4
th ¥bA 3% 6.5-172 71X&of tidt Ay Azte] &3t hot filmoll 2]3)
AZ¥ void fractiono] conductivity probeol] &3] AZH FrEch °F 375%
AT 2L 71 zteth olFA JIEEE WA ASSte A= 71E9 hot
Filng ol 8%t 71EE ZFATNIAE vehd v} olck

6.5.48 0] 714" v}l o] Herringe and Davis [6.5-10]2] AH Az}
o 213} hot filmolA] AI&H 7] X8| conductivity probeo] 23t Az}
By} e 7|xgo] uEeldriaz BI¥E v gth 7 6.5-182 Wang
[6.5-6]2] AHAI}ZA hot filmOE ZA3 F H J|EE&I} Y-ray
densitometer® o]-&3te] &g ¥ HF 7|X &L vlad FAjorh 2 A
AAze} npsIRE & 35% J|XEES WA A&IE A& E 4 glrh
Liu [6.5-12]% conductivity probe&} hot film ANAE o] L3 AFA}
hot filmoA ZZH 7]E&0] ’%-_]11] NExg&Rl A AEHTiL RIstel
on, 71ASEo gt BRES &7] $8) conductivity probed] HBAINE
Bo] A&stadcth Iskandrani and Kojasoy [6.5-13] X Rensen et al,
[6.5-14]8] APAYAE o]t TLg Ayt BaFdeh 28 6.5-19¢
Rensen et al.®] AHAIIEA high speed camerad] £]3] A& Zbubble
residence time(l, ), = 71E7F AMt A&3ta A+ A2} hot film
22T E BEA3t] A& bubble residence time (t4y)S HIRE HAIUEA,
hot film 28 A130] 2]3t bubble residence timeo] AA|RcTh ZA LERL}
£ A& 2 4 orh Hot film Aol &3] FFE &= 7|E&o] AT B
NEE&A AL 2EshE, ol& J|EZo| A AFHIL JFE HnTrh

ojg} Zro] tjE-Ee] A7 ZAtoA hot filmE ©]-§3 7|EHY A7}
AA 71ZgRTt A ASHria BusEgden, 1 olfe AAY A7)t
conductance probed] ]3] At o F 7| wjfo] 7|Ee] HF oJgt &
o] H=7] wjEL 2 Rt [Wang, 6.5-6]. uwhabA 7]¥«l Hygof i
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g AT BAo] ol Aoyt Yt VXL E& 4 ol W, J|=E
2} st AN AF 2 712 4lF Y detachment taild] AIE 317']
g A% ARANTHE A + o olF olgstd AW Py S=
g Qg + o
6. & <
L] gls] AUH hot film AMHE

AFoE A &=E FH7
o] &3t J|ZHE e I =& FFse WPPES H & % AUst
fct.

Hot film AJAEIOA UQE &YAYLE &8 WA 3= &
YA £59 JANL E&31= ZFo] Wasiy, olF 9T % loop
o] HatEgct, & RIiAoME A loopzt AFE Y] ¥ A
4 3 R3ANE £IK8HAC

Hot film MME 7|ERFo] FEE A5, 7IA4 JAe d3d &5
ol2 Qs AT AAMe] HEHE ALEIAII0 A AL, o
NZe) WtE BAste AA A3 F 71®I} AABe FES FEY 7
oth. & RIANAE 7|29 ATFZAE HIYRE 244F AZ F 3%
2 e Heste ARe digEe Uik AUE daES
conductivity probe?] AZAe|¢deEL hot filmo] HYSI=F FAHF
Ao &, hot film A1Z oA 7t LElL}= detachment tail& F&3l= W 2
& Z7bstedch. Az Ael 23 YR d3elEe] hot film AZoA LE]

L 7]Al W detachment tail Z2e]i YA AAS] 7HYE 4 U ®
Qstgdch ©, U AFY &L BE €& £ A& VIZEY B,
conductivity probeo] u|3] AtjF o2 Z AAM2 AV|E U7|XY HEY
o] MAgste 12 Qs AA ZIEgRTE 2 Fto] AFFHIATL ol
Ae 3% 7% WYy aHE BAsfoiyt sAdE 4 drh

3tel, AtRelo] o3 2" AAAUZE FTA Azt JEF
gate] BFE&w W GFAEE FFY £ ok ol ©WAFT JAY
= 23 4 JGFAE EHE 93 BAANe FUsich

Hot film MANE Ee|d 4o 3osiy, 7|xe HYPLSE 7|
Aol Qxt7t Arl= EAZL oA, 2485 U Ao 5, B+
I8 o 4 dE n$ 588 =TEA FF A 24RT

3 913 F4 AgAart oy B9 A AEE 5 NS

O:

r

0.

Ad

» £

©
=

3 Ko

&
C
o]
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£ 6.5-1 ¥ 32 F2 B &= W WA
#* s 2 XE A Fof Hat | o) HAp
B &% (n/s) (m/s) (m/s) (%)
0.0751 0.000179 0. 000505 0.67
0.1180 0. 000286 0.000809 0.69
0.1621 0.000162 0.000458 0.28
0.2080 0. 000491 0.001390 0.67
0.2738 0. 000636 0.001799 0.66
0. 3092 0.000304 0. 000859 0.28
0.3395 0.000592 0.001674 0.49
0. 3503 0.001908 0.005397 1.54
0. 4540 0.000979 0. 002769 0.61
0. 5636 0.001153 0. 003261 0.58
0.7403 0.003263 0.009230 1.25
1.5306 0. 005002 0.014147 0.92
2.3366 0. 005299 0.014988 0.64
3.1302 0.007932 0.022434 0.72
X 6.5-2 Hot film A¥ =4
n& (kg/s) | v,(m/s) | T,(°C)

1 0,222 0.642 21.2

2 0.209 0. 605 21.0

3 0,327 0.945 21.1

4 0.315 0.912 20.9

5 0.304 0.878 20.9

6 0.294 0. 852 20.9

7 0.281 0.814 20.9

8 0.282 0.816 21.1

9 0.325 0.940 21.0

10 0,322 0,932 21.0
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Veloclty (m/s)

Temperature
distribution
]
T
/ A
T ‘ h
[ X]
x dx
o2 o2 Prong
: \
Wire elemen!
Heal generated
2
I'Xn
»— dx
/ A,
Heat conduction out
- L l
KeAa ax T ax? &

Heat accumulated

o7,
Heat conguction in = Pucuity T OX

Ay 7 Heat 1o cross-flow
= KM T~ Ty) OX

2% 6.5-1 Hot wire oA oyx] BE WA
0.7 20
°~°‘:§Xx><xxxxxxx><f X 1 39

[ . X i
L ' ] X N
0.5 -t ] X x |
: 1 I
0.4 -f ! 1 2
[ 1 ] ~
[ T 17
03-f : + + T o §
..E._...f._um++—'+++‘_ + + :—18'-
02-1 ' ]
1 ! ]
0.1 1 omu.eam!cwuaacw 4+ 15
E ( X Evatusted Vetocity ~+ Temperature ]
0 + -+ * ¥ g ] LN g 14
0 10 20 380 40 S50 680 70 80 100 110 120 130
Time (min)
= = A e
2% 6.5-2 £xof UE 23 429 W
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Demi-Water Line

City-Water Line v 1
D=0.06 m

Storage
Tank
De- L=0.30 m
Water mineralizer
Pump i/ ‘_\

—1I M—
_6:) Heat \ Water
Exchanger \ Tumnel
\ /
lon-

Exchanger \
/
' |

Test
Section

< N
Wwater Filter
Pump (2 micron)
Coriolis
meter

] 6.5-3 Hot film 2§ loop AEE

2 6.5-4 Hot film &% loop
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Side View

X

[ l WW QG4

R 10 mm

5 mm Sensor hole

Top View

10 mm
L.

2% 6.5-5 Al ¥4

0% 6.5-6 Hot film AN 4t 273
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1.4
1.2

1.0 4 @ Ao G

00 . T N | T i
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

r(m)

a7 6.5-7 Pitot tube FF A W kS o] 8 &= FF Z

J

14

1.3 4

1.24
DE
=, 1 e o o
o

1.0

0o Y =1.0677+0.01998 X-0.00517 X*

Y =4.20812-0.46306 X+0.26487 X*
0.8 T T T T T
0.0 0.5 1.0 1.5 20 25 3.0
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o
@

2 B 1« 0.55485984
EY(T, -T,,,)=0.103131876 + 0.663022323"u
- 0.158939887*7 %%

o o
[} ~
1 L

o
)
1

)

o
P
1

ﬁlm- water

EX(T
o
w
i

o
o
1

©
a
1

©
=]

0.5 10 156 20
U (m/s)

o
=)

2% 6.5-9 Hot film 2 A3}

%8 6.5-10 Cylindrical hot film 74 A&
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1600

[~ 4 1A E —
1400 - ] T 7184
1200 4
1000 -
800
S 600-
2
9 400
200 4 lr/\ /\\/\
. I
V\ —— Amplified Signal
- - )] & .
200 Rl ~—— After Ary_Filter
.400 ) ] T H t 1 ) I
4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000

Data

33 6.5-11 Conductivity Probe AH£2] &gl E2} Zo] A%

1600
1400
1200
J Detachment tail
1000
8004 #
T 600- !\
2
? 400
200 - /\‘#« (/‘\ /\/ \//v'\
0
200 —— Amplified Signal
T —— After Ary_Filter
-400 ) ¥ I ] 1 1 I | )
4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000

Data

2.3 6.5-12 Detachment_Tail F& F2] A&
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Oemi-Water Line

Storage
Tank

)

Damping Tank

Hot Fitm

0t3% WolxE
L& 20mm,
AA A0mm

[ %
310
mm
* Measuring
Do~ _"80 mm Location
Water mineralizer 3
Pump 1 I
D (0
Heat
Exchanger
)
— 1500 1010
— mm mm -
fon-
Exchanger
J>"/' /:\ |
’Q'—L' LN \\' R |
: \_,) v Valve
Filter [
Water
Pump . {2 micron) . 100 mm
Coriolis 1
meter
. o - = . N
732 6.5-13 Hot filmE o]8% 7|Z2F AP ASE
T = -
X 282 €4
S&
TT

Hot film &l A

Conductance

A

0% 6.5-14 Hot film M 859 B4
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2l 6.5-15 Vee X271

h
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150

120

90+

60

30+

Bubble Frequency (Hot Film)

0 T 1 T T
0 30 60 90 120 150

Bubble Frequency (Conductance Probe)

3 6.5-16 Hot film % conductivity probe &3 A3} H]3l: bubble

frequency

0.30

0.25-

0.20+

0.154

0.10

0.05-

Void Fraction (Hot Film)

0.00 ; T . T ;
0.00 005 010 015 020 025 0.30

Void Fraction (Conductance Probe)

18] 6.5-17 Hot film @ conductivity probe £F A3} vl 7|2 &
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25F ANY SIMBOL:a 3 = 72 TDee
~ AJ"mcﬂ/éc
iv . Ay, 8
s ANT SMEOL ¢ & 1 =10 e
- om,
|§ 20k ch’ﬂ /&C
v, v‘,g w40 Mo
] ANY SYMBOL: 4 002'-da. Probe
g @ 006" dwa. Probe
€5t @ Comical Probe.
o
g
Py
<
§Jo-
-l
3
9
3
=]
W
5 o
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X 6.6-1 2A1-3%5 4] Momentum Exchange Factor [6.6-5]

"vu'"~ vertical upward wlow
Authors J )
"hor"-forizontal flow
vu, - ter, 1
Adorni et al.(1961) l+a U, argonTweater, anntiat
flow
, ~nit ,bubble,sl
Neal & Bankoff(1965) (2.0 vu,mercurynitrogen,bubble, st
g
Malnes(1966) 1 vu,air-water,bubble
Bosio & Malnes(1968) | (1—0.5a%)/(1—qa) vu,air-water
Walmet & Staub(1969) |1+a/2 vu,steam~-water,bubble
Fincke(1978) a0.7 - J=1 vu,hor,steam-water,disp.bubbl
a>0.7 : J=2 e or droplet flow
a<0.9 : J=1
Fincke & Deason(1978) 0.5
a)(.9 ' J=2
Davis(1979) 1<J=Ra)<1.75 vu,air-water,bubble froth
hor,air-water:dispersed,bubble
Reimann et al.(1981) 1.5+ 0.5tanh(6(c—0.5)) ,annular,slug
| steam-water:slug
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