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The comparison of the amount of FP deposition on the SG U-tube between the lumped
model and 1-D model with consideration of temperature and velocity gradient
by the thermophoresis phenomena.
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Abstract

During the severe accident, the deposition of the aerosol and gas from the released fission product on
the inside of RCS is an important research field in terms of the evaluation of source terms. But the | SP-
46 results showed that the current severe accident codes based on the lumped model over-predicted
(~40%) the amount of fission product deposited on the steam generator U-tube by the thermo-phoresis
phenomena compared with that (17%) of measured. In order to improve the current model deficiency,
1-D model has been developed considering the distribution of temperature and velocity within the
boundary layer near the wall surface. The amount of deposit mass was predicted with this 1-D model.

From the calculation results, the 1-D model predicts the amount of FP deposition by the thermo-phoresis



phenomena closer than the lumped model does. Also this model can contribute to improve the
MEL COR code using the lumped type thermophoresis model.

PHEBUS FPT-1 | SP-46 [~111
Cs ,
11%, 45% , lodine 18%, 41%
(Thermo-phoresis) [1].
(diffusio-phoresis)
, [2].
Maxwell , Epstein Knudsen 1
Knudsen
; , Cunningham
, Brock, Derjaguin Yalamov Talbot

3].

MELCOR
VICTORIA[4], SOPHAEROS[5], MAAP Lumped



1.1 Lumped

( _
[6,7].
Lumped
1
Tw
.
'T'Et A

T L’-‘ T (T<T)

m
&l eonsimnt

i Z
T, C,
1. lumped
) To T
Cn 0 z

(control volume)

)

Vin ©)

1-D
Vi
(T,-T.,)-—-(2
)
, ITm
) Co
lumped
. h
Talbot



2Nu
K vNu 74 KvNu|l T, Z4 Tw |n{1+TW_TWe_RRePrZ}
2 2
vV, R Vi, R?| Ty+T, (Ty+T,) 2Nu T, T,

C _ C RTePr
m o
() G
Cm G
71%
.2 1-D
Lumped FP
1-D , FP
Vi
(resuspension)
Stokes
dv
m——=F ---(5
P odt ' ©)
ﬂﬂjrs dVr _ 3nugDp(Vr _Vth) ———(6)
3 P dt C,
(6)
Pg: Pp o
(relaxation time)
V 2
wC, W=, +V, ~==(7) el
dt 9,V
Y+ : [S].

. To

——- )

()



V.

U* = 25In(1+0.4y*)+ 7.8(1—e /2 - %e—o-%y* )———(8)

. . . T
y =yV pg/u! V = |

Py
U* =V, IV* =£\E ———(9)
v Vf
1
T = f Epgvri

o

v, =[vm —}u ———(10)
2

(14 A
, o Ky
U* =T*" =25In(1+04y*)+7.8(1—e? 't -%e-my* )———(12)
1 _PCNV(T,-T) . (T,-T.), 2RV, Vi /2 )
B q, T (T, -T.,) aNu
Nux
= (T -T,) -———(12
A, =z (Tn-T,) ---(12)

L LTI LY ST

2RV _+f/2
2 3 Lumped 1-D
1 1-D Track-1D
Track-1D 7
4
R=0.01m

0.1cm (=Y/R = 0.1)
19%
17 % , lumped



N

o o &~ W

(71%)

@® Re Ny,
@ Y V.
©) Y T, dT/dy
@ Knudsen , Cunningham dlip
Y
® Y Vr
®
@) Y ,
2 6
II.
1-D
Lumped
lumped MELCOR
V.

Didier Jacquemain, Serge Bourdon et. a, “FPT-1 Final Report, “ vol-3, IRSN, 2000.
S. Aoyama, K. yoshidaand I. Kataoka ,* Study on The Removal of Aerosol Particles Using
thermophoresis and Diffusiophoresis,” NTHAS3 Korea, Oct 13-16,2002.

. Aerosol Science and Technology: Parker C. Reist ,* , 1992,
MELCOR Computer Code Manuals: Reference ,NUREG/CR-6119, Vol.1 & 2, July 1997.
SOPHAERQOS Computer Code Manuals: General Representation of Fission Product, IRSN.
C. Housiadas, Y. Drossinos ,“ Developments on Thermophoretic Deposition in the Steam
Generator, “ Phebus FP meeting, 8" CACIC, Aix-en-provence, 4 Oct 2000.
C. Housiadas, K. Mueller, “ Two-Dimensional Effects in Theermophoretic Particle Deposition:
The Phebus-FP Steam Generator ,* European Aerosol Conference 2001.
R. Byron Bird ,* Transport Phenomena ,“ Wiley Int. Edition, PP-204,1960.



1 Track-1d

T ( ) 423.15K M ) | 0.067 um
dw ( ) 0.02m Cs( ) 2.34 ( Talbot)
Dy ( ) 0.6 um Cy( ) 2.18 (Talbot)
Ky ( 0.0637 W/m-k C( ) 3.42 (Talbot)
Ky ( ) 1.274 Wim-k Co ) | 1 (Normalize )
Py ( ) 0.2579 kg/m’ Tof ) | 1300K (MELCOR )
P ( ) 10000 kg/m’ Tl ) | 1200K (MELCOR )
Cog ( ) 2186 Jkg-k Vm( ) | I3m/s(MELCOR )
T ) 2069*10 ° Nm’ | Re=(2R)*Vm*pgu, Nu=0.023Re°® pro%=
1~f =4log 10 (ReVf) 0.4 (2100 <Re<5*10 °) [8]
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