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Fitting error

Gamma dist. : 6.7 % Gamma dist.
Normal dist. : 12.8 % is used to fit
1 Calculated by L.S.M
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heat flux
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heat flux
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» Pressurize the reservoir by gas cylinder

» Use lifler to change the fall height

»  Adjust the Mow rate by needle valve

» High speced camera was used to observe the
condition of the liquid jet

) Experimental conditions

= Jet velocity at the nozzle U 0.3~8.5 [m/s]
« Fall height : 62.5~500 [mm]
» Nozzle diameter d,: 1, 2, 4 [mm]
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Prompt & late splash

Prompt Splash Late Splash

Crown

Crownfe BHI AL ERPTHRE CrownJE RIZDFERFEIZLY FAE
TBEHINSLY o EEELNKEL
FRBLEE HVELN o FREUEEHIEL

> Prompt & late DK RIZDNWT, ATV 1 EB-E52%,
> RHRE., BEYA X, RERE XS ZDEREE

The University of Electro-Communications

Prompt & late splash

Prompt Splash Late Splash
/&/ﬁ h\/]\éb\ ° /&/E]- fJ‘K%L\
REGEEMNELY  « REGREAEL
1A R ZHREL - EARICHEK

¢ \ 4

N REHLENSEE
&liTiﬁALE B XEFHEICEE

-

“RBEEREEZ LD
EREHOFRITEER

The University of Electro-Communications




Deposition

pVid, | ... f= w © prompt&late
We = p Prompt 3E 5 Weber&ll A prompt
9 — Late HER Weber#f @ deposiion o
500 —_— — Deposition@
400+ We=292 |
We=299h*"7" J
300} 8 8 :
g o & I A A
% 9\ 8 KRS A A
S SRS A LA
3 T & ~a
g 200f § el AA A A A N
%.O.cté. """" % """""" g
o9 e 0 04 ° °
o ol “REBEEERDI=HD
100 r TARERIRILT—INTE
10 100 5] — g s e s

The University of Electro-Communications

Prompt splash

vid, | . © prompt&late
We = P p Prompt fﬁﬁlWel?er%i A grogt
9 — Late IR FR Weber#§ @ depositon
500 - ———— : :
_ PromptA
400+
o 300F
X
%
G 200}
=
We=160 BRER, FOLGREK
100 ' —_— ' :

10 L —
The University of Elec:ro-Communications 43




Prompt & late splash

The University of Electro-Communications

pVidy, | .. f= © prompt&late
We = Prompt 35 Weber#$§ A prompt
g ¢ | —— Late ZER Weber#{ —Q%epesrﬁeﬁ—
500 :
: Prompt&Late©®
400+ We=292 |
- We=299h+"2" J
I - - -
= . oK & 7
% g 8 © X a A 4
8 8 & A A
2 ealg 85 R 2
g 200¢ § Q AN AL B A A
IR AN A A
5 A
iabsgedgn
39 ® o 00, ) °
We=160 | BRIRILF—DKRENILIZKY
100~ '0 CrownM+ 73 TR R
10 100 [ p ] Prompt Splash+Late Splash

44

lﬁac ;hj—" %D J.

© prompt&late

> RAENKDIGE

2
500 Oh=0.00183 _ e deposition > Deposition-prompt IR ILRIEE
— SITIRTELAELY,
I -

400 . > Prompt-late IERITFIRESEEE
< 300| We=299h*" . @ J [z 1%/1( iééj]l] h*= 1*351"'1/JJ:’C
& | Blgdpett T ZOHBIIEATED,

2 A 7 > SERIETIELate N EITT 50 ?
Sawof (RS a0 . R
Hi88a.8 2 s D RUFRT—ILHE
ce eoce : .o . . > ZRi&#E. &E<IZprompt splashlZ
We=160 KYERM S D ZREEILEH
10100‘1 1(I)° ATRED ?
BRTRERE S h*

The University of Electro-Communications

45




HBNYIZ

> ERITDEERKY ., [IRZHHREITDOREETER

> SN fEEEED=——X
> "j'77 )l//%ﬂ% _l./@ ﬁ
> R—SRAIAIAF ORIV SHEARREBRH
> REEAN - -CREREREOEZE
> RAER REER-ILF R —)LRERE
> EZFYURILERRAT - RREZERDOREZES
> _l./&_ *E/JILﬁ‘F*ﬁ’*iTTT@%E[iEEL( _EAEEE’JtIL,\

HODNAEENFoNLHM, MELFEHLTWLDEELD
1B<IEL, RERT —FED LR -RE D LAIELTEE,

The University of Electro-Communications







Amwance 5ot

EHEIEDIRE R RO
yﬂ'ﬁﬁﬂﬁ

e bEE FEREER & HE

SUR —ABRAEATY O D17 Advance/FrontFlow/MP
%E‘ﬁ%n) Mz —
2016F12H15H (K)
AV VIDIY %= an

Copyright (©2016 Adva S ft Corporation.All rights reserved. 1

Amwance 5ot

2ES

(DEBE=RROEREXLRR
-HEREX(EE, EHERFTH)
ER, BRI, ENREKBOERERR

Q) Efatt = HRDOHIEREE

AEMERERE, Godunov(T R/ 2)iEIC KB EMETEBEARR DR E
-GodunoviE D ZiRIAKET IL~DHLGE

RREE(CHKEBDERMS BB T —FEDLER)

(3) it FA fE 451
-HBEEAEER
- B RRIEKE

Copyright (©2016 Adva S ft Corporation.-All rights reserved. 2




EfatEERTROERX

Amwance 5ot

= p ,Ofﬁ £
EE1%7$E~IJ ——|—V .pu — O UJEE
ot P:[EH

F: 5\ A

BT8R aait“ Vo= VP4 p  LLE

(D=0 plPOADEHET )

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved.

— R EREIEEEROERESEN

0 0
gE2REN o+ pu=0
8t'0 82'0

EEEIR7ZE iu+iu+iP F
EB=ER7FH ot P 82'0 9z

ENRERLEETHREY DERRICISIRT

£ iR E
FRLELEARRBEOLVE
jJ,J*x’ﬁf\O)um)\E=5*ﬁ%0)Fa§H%7b\6
B =flux d—pu 0 pu, = p,u, =G (const.)
z
. = d
RS fux ' 2+P)=0 P+ P =P, +pyU;

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved.

http://www.advancesoft.jp/

Amwance 5ot




http://www.advancesoft.jp/
| |

& Eflux P, = p,u, =G R
EgEflux P +pU’ =P, +p,U’
2 o | CCTHBEEERX
P+v,G"=P,+v,G [ V= }
EHCDNBNBHEE |
PP
6 [ 1 _[1 G'=-1—-2
oy @) @) .
aP ap B MINENEBDEREEELRD T
dv v?
(d_j:‘c_z P-P,=0, v,-v,=0 O&E U=C
_ | dj _ | 1 L 2 _ 2 _ dP
G‘J (dj\/ a8 PEY G =) =y
dv Vv
K \/7 \/7 / CC CRIADEMBERLE 'B___(d_Pj C_2
Copyright ©2016 AdvanceSoft Corporation.-All rights reserved. ﬁ“ 'I‘$$K€E % = ﬂ_l 5
http://www.advancesoft.jp/
— 1
K-ZK[ZHRHRDEFE R
_ (= 1400 -
_*EUILO)J:I:’@*E OT )az_’f ﬁ‘ﬁ 1200 -
Vo, =XV + (1= X)V, - oty
’ ’ (Mls) ., | mins2seoms
. . w0 | (R4 FE$0.5)
& {O) ek 20 | L
d q \__
V2¢ X Vg (1—X)% ° 0 oiz oi4 oie ois 1
dP dP dP s piocs
) g RARE
BREMof/RE MoV -cgy)g);f,\b (R ET)
Vv \' 10000 -
o0
C2¢ Cg G X s= 1000 |
/A — ~t v E JE
E-TZHRDBE =E I (m/s) o K_J
Coxvg +(L-x),
C2¢ o > ? 0o 02 04 06 08 1
o +HL-x c RARE

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved.
——




http://www.advancesoft.jp/

. BRR -+
_ _ HE
B e —pou=0 +
B 0z P 5

smagmn pu’ +9p_F
0z 0z

G =pu=const. ZNOT Eh

2
4G  dp_F oxy {Gz(MJH}d_P:F
dz p dz dP dz

d(/
oresti- P o= Gf%}ﬂ:o
dz

1 BE R T HRFD R T H S
otHRHEE  C= ——[ dvj =pc
dP Moody ScrnZB\g

“HROLBEZAVNIE ZHERA DR AT EE

Fauske S, = P
cri
WME_HERLERE RUyIT_HREFBEAuxDLRTE Py
2 2 INER = 8
Vo, = XV, +(1=X)V, vy = v, + L-xy, (RB=X)
Copyright (©2016 AdvanceSoft Corporation.-All rights reserved. o (1_ 6() 7
http://www.advancesoft.jp/
[l

Adwance 5ol

s |

[EHiEEKE

£ HiKRRIZOBEZRK
u, —u; :G(Vl _Vz)
EAREIZEOEREZTIEIX

& 1 (-1v v?
du=Gdv=-pc-—-dP =—-—dP s
2 oc (dpj
ftoT AP =—pcAu

IMsTEICOKEABEL TRIELIEEOEH LR (E
1000|kg/m* |x1500[m/s]x1[m/s] = 1.5[MPa]

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved. 8




http://www.advancesoft.jp/
| |

BERFHELESERFADER

Amwance 5ot

H=&7EAI E = FR7FA
2
a—'0+8Lu=0 8pu+apu +aP:0
ot 0z ot 0z 0z
iyl ays
dp Jdp U _ ou, ou 1P _,
PR i

s dp =c’dP AT
oP u oP p ou 0
ot az c® 0z

&Ji 1 dP +(uc) ou_ 1P 0
ot  pc ot 0z pcaz

Copyright (©2016 Advﬁs_of_t Corporation.-All rights reserved. 9
httpZ//WWW.advance'soft.jp/
a_U ia_P (u C) a_U ia_P =0 — —/\
ot pc ot 7 pe oz ZZDDOfluxIZ5 T3
oF oF oF oF 1
“+(u+c)=—==0 & —+(Uu-c)=—=0 cccF, =ut—=P
ot 0z ot 0z pe
F F,
=gt
E:u—c E:u+c ‘U‘<C DLE
dt dt
RFREL, t
HERE
PR, 2 d F F,
G =u-e . u>c L=
m =UuU+cC

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved.




http://www.advancesoft.jp/

FRIE R ERIERIC LSBT e

— RELEHOE
u+£:u +i ) T P |:>
4 cop T ocp o’ ocp U tu, 1(P-P)
BRIt | u= Y
2 2 pC
P-+pau=const, '\ P-pau=const, P+P,
P= , +7(u1 ~u,)

A BEuta HERu-a

AILE2E( 1
| EfEERADEZESE
O : N >

(Ppuy) (P,u,) FE Rtz
(U+a) XAt (u-a) X At

(Pn+1/2 ! un+1/2)

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved. 11
—

GodunoviEMDEZH i
HERER 5, 5 , EmEREA MM+an?+M_O
LA Rt =
ot Jz ot 0z
At (D EFRAIDIE)

Pi (t + At) = Pi (t)+ {(puBD )i—1/2 - (IOUBD )i+1/2}_

Az
At p’u’ P(IO)
PU; (t + At) = py; (t)"' {(PBD + pulgy )i—1/2 - (PBD + pulgy )i+1/2 }E
u+u, 1(P-P P+P
[[ BD: Breakdown(FRiE) Ugp =— 5 2 +E( 1=P) Peo =TZ+%(U1—U2) 1]
mE UsR
B T R 5
Ugp (-7'ﬁ U) Uisas Fig
MESNDEEE ! !
Pl (Lim@) | FI¥HA—L avkA—)L avkA—)L i
i Ry —Li-1 R a—Li R)a—Li+l i
BREN S R S !
Peo ('_/: P) BERI-1/2 A7 ERi+1/2

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved. ] 2
Baabinbdided -




http://www.advancesoft.jp/
| |

Amwance 5ot

EHEEZHRAETILOEBREAIEX A

J \Y% =0
-G 2R aakpk Vo pU =

§akpkuk +V-o,.puu, =—,VP+F, +F,

EFEREFE
+F +V-au,Vu, +a,.p 9

t: R (S), usERE(m/s), P:IEA(Pa), g:E HIEE (m/s?), F: Bhi{kiE
LYDH A(N/M), o fKFELE, p:ZEE (kg/md), WG TE(N-s/m)

(GAE) KAB(RA&IA ), i-H7mEm wEE, v fIINE=E

BELGL. TUFOE—REZRELESTIRIILF—REFHEFFE

Copyright (©)2016 AdvanceSoft Corporation.-All rights reserved. 13

‘www.advancesoft.jp/

ZRAEAETIADGodunoV;EDHEIR oo

dop, .\ dop U,

B=R7EF8| ot - =0 (RE)
I1-a)p, + I1-a)py, _o (&K
ot 0z
2
gpemen 00" 9% P Lo (&)
ot 0z 0z
_ _ 2
a(l 0‘),0|U| + a(l a)plul +(1—0()8—P+ F =0 GRAE)
ot 0z 0z

AR o Uy U, P BRI
. : : ai+11ug,i+l’ul,i+l1 I:)i+l

e | avka—u Qoka—L avba—L
Fun (T INEE 7 | RUa— 4 R 21— A Kya—hil |
== T Az g®:iv2 0

Copyright (©2016 AdvanceSoft Corporation. Al rights reserved. 14




http://www.advancesoft.jp/

GodunoviE D HiE D BSR R E Z D EE ML= e
— u1+u2 1 (Pl_PZ)

BD 5 +E oc Peo = 5 +%(u1_u2)
ZHRARETILOZREEZ—DODODRREREICEZTHRZD
Py, —u,) DEFKEHELL
2
(Ul_uz) (LB EE avba—I)LiR) a—LNZHBRADEZE

—HREOEHEL, AERET
HFTES oyu,, a,u,,

i=ou, +1-a), (1—a1ﬁ

Z_T. FEDNKDIC
ZRAETIVOBREOREBRAERE

(1-a, )y,

_L+L+1®—%) 5 PP, PapCop
Jeo = 2 2 BD — + (Jl_JZ)
P24C2 2 2
Copyright (©)2016 AdvanceSoft Corporation.-All rights reserved. 15
http://www.advancesoft.jp/
. . nw-:mam
. _ T 1(P1_P2) i
Jeo = 2 * E
P24C2y

ipFEy ERIZKBOEIT — &y dI<ES
RN E S (R R %% B L SRR 2 DBR st

op &, — Py (A, — A, )=0 Dol B3R 8 i TR
-y D ME R
(1—06),0|djl +10vm(a“lg _ajl ):O

h&Y
S” SUBRNERE L

M. = _
9 1+(s —1id s*:%
1 |
N, = a
' T 1+ (s —1id

* +ao(l-o vm N s ds* +(1-
T S i ol R, Pry = s L-alp
P +0((1—d) vm oS +(1—0()

Copyright (©2016 AdvanceSoft Corporation.-All rights reserved. ] 6
e




http://www.advancesoft.jp/
| |

Benchmark Problem o

(Sod’s shock tube)
Initial state
1.25 | Time: 0.30.7 Calculateél
0.5 1.0 s — Exact
N A -\ Rarefaction
! / - wave
P=1 P=0.1 . Contact
p=1 p=0.125 5%0 ; \ discontinuity |
=0 4= | =" Shock front
(K1) (FR1R2) ! 1
Time step: At=1.0 X 103 e
0
Number of finite volumes: 200 -0.5 0 0.5
Distance

*H.Utsuno,No.NP13P1368,NURETH-13(2009)
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Benchmark Problem o

(Hydraulic hammer in two-phase flow)

Closed end

< 20m

3 — ~ — ~ 500ms
’(_‘5\ \ “\l\‘\
o \
Uniform air-water mixture = 2 125ms } 375ms
@ \ 250
: "
Air-water q%zj 1
\oid fraction 10% a \
Velocity 0.1m/s 0 L Y !
0 5 10 15 20
Distance (m)
Theoretical Calculated
Wave propagation velocity (m/s) 35.3 36.4
Pressure rise (kPa) 3.18 320
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ROz YMTERERE E e omnmnam
Experimental conditions

Reactor type BWR | PWR
Water | Pressure (MPa) 6.8 15.5
Temperature 285 325
(°C)
Pipe diameter, D (mm) 90-190
Distance to target, H/D 1,2,5,18

w1 mmEss

*Isozakl T Miyazono, S., Experlmental Study of Jet Discharge Test Results under BWR/PWR Loss

o P B AL AR HATBHE “Ritlcl. Eng. Design, 96, pp.1-9 (1988) 21
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Pressure(Pa)

Discharge pipe

N
\
m | B240+006
\

|
B 21264 gos
Pressure(Pa)
- Target
Radial distance, plate
Pressure: 6.86MPa
Temperature: 286°C |
Pipe diameter.: 0.191m |
Target distance: 0.392m }
2

AX|aI distance, H/D
Copyright (©)2016 AdvanceSoft Corporation.-All rights reserved. *H. Utsuno, No.NP13P1368 , NU RETH_13(2009) 22
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[} .35 y =
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B oo _.!’ !‘.l
2L g2 e
C 31 g .l
o LE g %
‘D 010 7 %
S ane Vi N
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2D(1m) 30D(15m)

10D(5m) Saturated steam

2D(1m) at atmospheric pressure
m
Pipe |, I ,D(0.5M)

Discharge pipe

High temperature and high
pressure water
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Wall
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s, 0 30
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Reactor Making switch

"M {5o]

Resistance
voltage divider

Observation

Capacitor 0 Pressu ‘ .
p— g Elect 1r;§fisucr:r window
e = o Are voltage g==)
=8t o BB
_N‘Takmg switch Coaxial 3
for current bypass shunt resister
' 255
Resin
?’vﬁ; .l.hl.lxhing 530
Arc current
E EaEaE
I‘T.'I # Unit @ mim
BHHPRAEER
KA, M348 KT — 2R ELIER L RBFTET L ORBRE )
BRFRMXEB(EN T RILFT—ERFEE),Vol.134,N0.7,pp604-613(2014)
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