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Numerical Simulation of Bubble Behavior in the Liquid Lithium Lead
Bubbler

XIE Bo, WENG Kuiping
Institute of Nuclear Physics and Chemistry, China A cademy of Engineering Physics, Mianyang 621900, Sichuan Province, China

Abstract The tritium fuel cycle of the liquid metal blanket is a core technology for the normal operation of a fusion reactor or a fusion—
fission hybrid reactor. The tritium fuel circulation system consists of the tritium purification, the tritium extraction, the tritium storage, the
tritium measurement, the helium/water cooling and the tritium recovery subsystem. The liquid metal bubbler located between the blanket
main circuit and the tritium extraction system is an indispensable key component for its important functions in tritium monitoring and
removal. However, the development of a bubbler is difficult as the solubility of hydrogen isotopes in liquid lithium lead is very low and the
liquid alloy has some unique characteristics in high temperature, with respect to an effective design and building of Liquid Lithium Lead
Bubbler (LLLB) for the Tritium Breeding Module (TBM) of fusion reactor. An algebraic model to describe the gas holdup characterization,
the bubbler diameter and the size distribution is developed under the assumptions that the gas phase is non—Newtonian and there is no
frictional force between gas and liquid phases. Simulation results show that bubbles would break up much faster than while being coalesced
under low gas velocity. In LLLB, the breakage is a dominant feature for bubbles after they leave the orifice. Initial bubbles formed over the
orifice are mostly larger than the largest stable bubble. They would break up quickly and their sizes are reduced to below the maximum
diameter d, of stable bubbles. Moreover, the gas-liquid surface area would be increased even though the gas holdup does not change
significantly. A high mass transfer area could be obtained by injecting more small initial bubbles with diameters under d..

Keywords lithium—lead alloy; bubbler; bubble; simulation

: 2010-03-24
: ITER (2009GB109006)

, , s :xiebomaps @gmail.com

2010,28(14)

(Articles)




] jcmik

0

[
o

Bubbler, LLLB)
(

PBE
1.2

1)

2)
3)
4)

30cm,
1.3

V.
o t
(Li7Phgs) ;
R _ ,B,,
bl (Liquid Lithium Lead Dy 4
) [4] , m,
,LLLB S
° 9 UZ
- s LLLB i
LLLB
9 (2) 9
151 , _
,L
’ - *
9 ’R
(Population Balance Equations,PBE),
o Vg=
o m 9
sPrim,
(5) K,
o n ,
s 40cm,
20cm,, 9). (10)
, 1=0
4@7

1+m

eview
_-’-'ruuel."?
NV, 0) ,
V. NV, t)
78]\[(;;’ £) =B,-D, (1)
9’ K’
aU 1/m
=K | (2)
9 P _
o (rr)+r or 0 (3)
p , aplor Ap/L
1/m
9 | (U, ]_é&
or [rK( ar ) L 4)
r=0 ,dU./or=0;r=R ,U=0,
— 1 A )m m( 1 _&lam
=[S | R (5)
€ (r/R)
V.,
2mrldr=—T— (2 )mR“” (6)
: 3+m |\ 2KL
(6)
K= Prirb 8 — (7
2( 3+m U )
Rl+m o
U o (6)
U=V /R, U,
U=, (1-¢4) (8)
+m
AS,
U,
& &
_nV U
&= UAS ~ U, ©)
-_U
=0 1
& U (10)
(8),
p= Mg (1_gum) (11)

2010,28(14) 45



] jcmik

4@7
« (Articles)
o= m+2 Z‘(l—f’")[ﬂ 0.08 ¢
m 0.07F /./,,
: o 0.06F
: ¥
) ’ f':..v 0.03
s . 0.04 —+—0.1lmm
—=—0.2mm
Kolmogoroff-Hinze ", d., 0.03| 0.5mm
o 0.02
0.010 OUH 00"0 0025 0030 0035
'o;"lr(m s_l)
0.6
lePh (gUOZ)O4 2
Ch o . Fig. 2 Comparison of gas holdups of nozzles diameter
WG g @)-Did) =120 (3) )
dg=d, , (13) By(dj); d>d. , (13) ’
(13) K mo
, _ K m ,m S
, R Hean Luo® - °
R Fan-Tsuchiya A R 2.2
Miyahara 0.1,0.2  0.5mm,
,Sauter d, Kyriakides (1 0.015,0.03m/s, Sauter
° R 3 o
Lt
° —— (.Imm, 0.015m/s
—a— (. Imm, 0.03m/s
0.9 g,%mm, g.glﬁr?fs
2 E & e 05mm, 0.015ms
@ 0.7 —— 0.5mm, 0.03m/s
2.1 =
B | g osf
A
. , 0.3t
2 . 1 , I o o s S S— a— o— — |
) 0 2 4 6 &8 10 12 14 16
’ ’ ’ P AL 2 /em
2 3
Fig. 3 Axial distribution of Sauter bubble diameters
010 3 , ,
= 008 0T Sauter , , ,
E ool \ . , 6~10cm
L_‘:, L o
=
= 004 ’ ’
0.02[ \
0 0.1 02 03 04 05 06 07 08 09 1.0 P P
(EIBEDATS . ;
1 9 9
Fig. 1 Results of gas holdup radial distribution °
46 2010,28(14)
4@7




] jcmik

|

dSO

Sauter

2.3

0.03m/s

9 2 9
’dS 9’ o 9
9 9 9’ o 9
o , d, , d,
9 9 9
dy a 12, o
a=6¢&ld,, (14)
45
S 4
) 5 s 35+
’ T
E 25+
9 o E

—+—0.1mm

15 —=— 0.2mm
0.1  0.5mm I 0-5mm
5| 1 1 i L ]
° 16¢m 0.010 0015 0020 0025 0030  0.035
4cm Un:”l(m‘s_l)
. 0.03m/s , 4
Fig. 4 Interfacial area of bubble under different
nozzle diameters
70 o
L] I
e B 60
20 \ 50 |
£ 4op —— B £, 16cm Q\f 40 r \ —=— Bt fldem
= —=— B L 4om g BIWEWETL160m
=30t SE R
0} 5o [ \-\
AR 10| \\‘
0 -] " L L N P e A= S RNPR I T
0.1 02 03 04 05 06 0.7 08 0.9 1.0 0 01 02 03 04 0506 07 08 09 1.0
S E R/ mm S E R mm
(a) 0.1mm (b) 0.5mm

5
Fig. 5 Axial size distribution of bubbles produced by nozzles of different diameters
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