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Abstract

In this paper, the results of a vapor deposition
experiment with closely arranged annular walls are presented.

A computer code was first made and sodium vapor
deposition caused by argon gas natural convection vapor:
transfer from the pool surface to the annular were numerically
calculated. The numerical results thus obtained were about
1/100 of the experimental vapor deposition rate.

On the other hand, measurement of vapor concentra-
tion in argon cover gas space indicated that more than 99.5 %
of the sodium dispersed into gas pace was in form of mist.

. So, it was infered that deposition procesé was
controlled by mist plating on wall. Further investigation on
behavior of mists in cover gas space is necessary for

accurate evaluation of the vapor deposition.
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1l Introduction

In the Ar cover gas space of a LMFBR, there
contained considerable amount of sodium vapor and mists, and
these produce operational difficulties of the reactor
components such as a rotating plug, a fuel handling machihe,
a mechanical pump, a vapor trap and so on. To reduce
the difficulties, the basic studies have been carried out to
date by many investigators. Recently, Kumada et al (1) showed
that the evaporated sodium vapor change to mists easily
within Ar gas temperature boundary layer above pool surface
between 300-400°C into room temperature Ar atomospher. The
mists concentration in Ar gas space.is reported to be 1-50
g/m3 within 5.08 cm ID and 20.32 cm length of gas space
between 400-450°C sodium pool temperatufe(z), and these
are 100-1,000 times larger than the saturated vapor concentra-
tion at its Ar cover gas temperature of about 290°C. .

Reviewing these results, it is reasonable to
estimate that most fraction of the sodium vapor in Ar gas
space are dispersed in the form of sodium mists. However, as
to the contribution of the mists behaviour to vapor deposition
rate on the wall of the coolant components, quantitative
evaluation is not yet established. Because, particle size
distribution, mists concentration and some other physical
properties which controll mists behavior are not well
understood.

In the present paper, experimental results of
sodium vapor deposition on annular gap walls are presented.
The object of the work was to evaluated the effect of
saturated vapor condensation and of mists deposition on over
all deposition process. (Here, for distinction, vapor
deposition caused by saturated vapor condensation with
monomer or dimer will be called "vapor condensation™, and
that caused by mists wall plating or deposition will be
called "mists deposition". What we call "vapor deposition"
containes these two processes.) The results of the

study include; (1) Measurement of the deposition rate on
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annular gap walls with top end closed and bottom end opened
with gap width of 10-40 mm and gap axial length of 600 mm, ;
(2) The development of the computer code to describe the
vapor transfer with saturated vapoxr concnetration based on Ar
cover gas natural convection.; and (3) Measurement of the

mists concentration in cover gas space.

2 Experimental Arrangement

The sodium loop used in this study is shown in
Fig 1. It has three test vessels and these were offered to
the present study of the vapor deposition and for the mists
concentration measurements. The electrical heaters are
provided for adjustment of the sodium temperature at the inlet
of the test vessels. The loop also has a cold trap and a
plugging indicator for purification and purity monitoring

during the experiment.

Cold Expansion

Trap Tank
Plugging
Indicater

Economizer-2 ) )

Economizer-1

L o (:)Electru Magnetic Pump
=
<_Electro Magnetic Flow
Meter

pa Normaly Opened Valve

g Tank »q Normaly Closed Valve
torage Tan

Fig. 1 Flow Sheet of Test Loop




PNC TN941 76—125

Study of the deposition rate on annular walls
were carried out with the arrangement of the test vessel and
the test assembly shown in Fig 2. The vessel is of a
cylindrical shaped one with its inner diameter of 305.5 mm
and longitudial length of 1,800 mm. Its lower about 400 mm
was filled with purified flowing sodium and, at its upper
half, the test assembly was mounted.

The test assembly were composed with 4 cylinders
with their axial length of 600 mm as shown in Fig 2. Each
cylinders are different in their diameters and these form
different width of annular gap spaces with top end closed
and bottom end opened. Such test assemblies were made two.
One has 3 annular gaps with width of 10.0, 17.8 and 35.6 mm,
and the other has 3 annualr gaps with width of 15.0, 22.8,
and 40.6 mm, respectively, for vapor deposition. Former test
assembly was designated as /B/ test assembly and the latter
was designed as /C/ test assembly.

~ Along total length of 600 mm acress the test
assembly, 4 cross section were provided for the temperature
measurement at o mm, at 150 mm, at 350 mm and at 530 mm,
from the bottom, respectively. Further, the test assembly was
designed to be removed and disassembled the part of the
annular walls for determination of the amount of deposited

sodium on them. Fig 3 shows this for explanation.

E Thermocoup!a Lead Wires

e ' ?,{F'ﬂnge for Glove Box
i P /TGST Assembly
o
=]
L N
o ; |_—-Heater F
8 305_52_3_/ Therma! [nsulator
[o) T ‘ ® Induction Tyge
= b ﬁ/ Level Meter Probe —
@ -
- - B
i .
Test Gap | Ga
Aréﬁf ) op
Faed 11;39! " g Assembly Na:-;g \;rédrg |
Nermal 7z . |
Ng Level Thermocouple B b 17.8
No Quilet =% 4 ¢ 10.0 T
utlat =
I P / Assembly of Test Pieces
4 < b_|22.8 ‘
15.0
f : Test Assembly
i anit {mm} ' ‘ |
Fig.3 Mounting of Test Pieces

Na Inlgt to Test Assembly

Fig.2 Drawing of Test Vessel and
Test Assembly
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Measurement of the mists concentration in Ax
cover gas space were conducted using the experimental
arrangement shown in Fig 4. The vessel was that used for
above mentioned experiment for deposition rate. A flange with
cover gas exhaust nozzle was attached to the vessel and a
mist trap, a back-up filter, a gas cooler and a flow meter
were installed in series at the Ar gas down stream positions.
These were used for filtration of mists and for Ar gas flow
rate measurement. In the mist trap, three stainless steel
filters with average filter size with 40, 20, 10 micron,
respectively, were installed perpendicﬁlarvto its flow area.
Total filter efficiency of the mists trap was higher than 98
Function of the back-up filter was for further collection
of the mists in Ar gas stream which could not removed by the

)
KX

mist trap. Glass wool was filled into it.

Mist Trap.

Heater . {Filter Pore Size 40,20 & 10y}
& Thermel Insulator :

Back-Up Filter
{Glass Wool)

Thermocouples

Ar Gas Ceold Trap
(Operated at Room Temp.)}

| -Heater Ar Gas

Outlet @ Thermocouple

T

- Thermal
Insulator

i -

Ar Gas Feed
Pipe

Aceumulated
beouple Flow Meter

Na Inlet

Fig. 4 TFlow Sheet of Apparatus for Mists Collection
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3 Experimental Procedures
3.1 Deposition Experiment

Fifteen runs were made with experimental conditions
tabulated in Tables~l and 2. Table-l is for Ar gas pressure
with 0.2 kg/csz and Table-2 is for Ar cover gas pressure
with 1.5 kg/ész; Generally, diffusion coefficient of both
vapor and mists in gas space is approximately inversely
proportional to the system total pressure(a)' (%), sSo,
experiment with these different gas pressure were made to
check validity of the obtained data.

Table 1 Experimental Conditions of
Series No.l

Run No.  Na Temp.(°C) Ar Gas Press.(Kg/cm’G) PM Temp.(°C) ©(f/min) +(hrs)
B-400C-20H 400 0.2~0.3 150 5 20
B=-400C-100H 400 0.2~0.35 " " 100
C=-400C-100H 400 " " " 100
B-450C-45H 433 0.2 " " 45
C-450C-45H 439 " " " 45
B-475C-30H 473 " " " 30.3
C-475C-30H 475 " " " 30.3
B-480C-15H 490 " " " 17

Table 2 Experimental Conditions of
Series No.2

Run No. Na Temp.(°C) Ar Gas Press{Kg/cm2G) PM Temp.{(°C) Q(2/min) t(hrs)
C=550C-5H 550 1.5 : 150 7.5 5.5
B-520C-10H 520 " " " 11.0
C-450C-45H 450 " " " 45.25
B-430C-90H 430 ] " ) u " 90
C-500C-13H 500 " n u 13
C-470C~30H 470 " i n 30
B-450C~45H 450 " " " 45

PM Temp. : Plugging Temperature
o} : Na Flow Rate into the Vessel
t : Test Duration

Before entering into the experiment, trail runs
were made to obtaine approximate deposition rate. With these,
the maximum test duration hours, within which deposited
sodium on gap walls are not likely to drop back into the
pool surface, were determined as a function of pool

temperature. All runs tabulated in Tables-1 and 2 were
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carried out within these maximum duration hours.

Surface area of the pool surface oxide film has a intense
effect to vapor evaporation rate. So, to avoid uncertainties
caused by these surface state, required purification operation
hours for complete removal of the surface oxide film was
determined viewing the pool surface visually through glass
window attached at the top flange of the test vessel. Fig 5
shows a series of the photos which illustrate the change of
this surface state as time lapses after sodium filling into
the vessel. 1In the experimental runs, cold trapping of loop
sodium were continued for, at least, five hours untill
plugging temperature became lower than 150°C. So surface

oxide film was completely removed.

Te.160,157 TC.X

‘TC.159
TC.156

TC.X; Thermocouple for
Na Temp. Measurement

TCéISS } Thermocouple for

TC.160 ’' Gas Temp. Measurement

(2) During Na Charging ., (3) After Na Carge had Completed

/

Na Temp.; 250°C
Na Flow Rate; 1l2/min.

(4) One Minutes After Na Circulatien had Began.

Fig.5 ,Surface States of the Liquid Sodium in Test Vessel C
During Na Charging and Purification Operation

_6_
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Dismantling of the test assembly after termination

of each runs was conducted within the grove box at room

temperature. The parts of the annular walls were removed from
the test assembly as shown in Fig 3 and these were offered to
the measurement of the deposited sodium. In theée, the sodium
on the parts of the walls were dissolved with ethyvalcohol and
distilled water. The solution thus obtained was dried on water
bath untill attainment of white powder. The powder was chanoed
into sodium-hyroxide solufion by adding distilled water and

the sodium concentration was determined by titration with

standard hydrochloric acid.

3.2 Measurement of Mists Concentration In Cover Gas Space

Five runs were made with experimental conditions
tabulated in Table-3, with cover gas pressure of 0.1 kg/cm G,
and pool temperatures rages of 360-460°C. Collection of the
sodium mists in gas'was conducted using the mist trap and
the back-up filter by feeding purified Ar gas into the vessel
and, thus, exhausing cover gas from it. In these,
the mist trap was preheated to higher than 150°C to ensure high
removal efficiency for mists collection. Feed Ar gas used
was of a commercial grade (higher than 99.9 % pufity) and
was purified through catalyst filled columm to the pruity of
seven-nine.

Determination of the collected mists weight was
conducted by removaling each filters and glass wool in the
mist trap and back-up filter, respectively. Trapped
sodium was dissolved with alcohol and distilled water.

The method emplyed for the determination of the sodium
concentration was the same as that for deposition experiment

described above.

Table 3 Sodium Mists Concentration in Ar Cover Gas Space

Run No. PoolnTemp._ Temp. of Roof Flange Average Mists Concentration
(°c) (°c) Gas Temp. at Average Gas Temp.
(ec) (g/m?)

51~VM-01-4 440445 140n167 290306 2.94
" 3 444 178 311 3.26
2 458 18¢0 319 3.88
51-vM=-02-1 364 160 262 0.314
2 385 i70 273 0.603

_7_
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4 Code for Natural Convection Vapor Transfer

Development of the code was aimed to study cover
gas natural convection vapor transfer in cylindrical
coordinate system. As is well known, numerical analysis of
natural convection with Grashof number grater than 10"
encounter difficulties. Because, parabolic equation in
_basic formulas containe non-linear terms with first order
derivatives which express the influence of convection, and
these terms intruduce serious problems of stability and
conservation into the finite-difference scheme. To reduce
such difficulties, three-points-central difference
approximation was applied to the code to yield non-linear
space derivatives of convection terms in basic formulas.
This method has been developed by Torrance et al(s), and
satisfactory agreement of the computed results with experiment
data has also been obtained in natural convection heat

transfer experiment conducted by Abe et a1le)
4,1 Formulation of Problem

Consider the motion of Ar gas, in which sodium
vapor is contained, within combined spaces of vertical
cylinder and annular space shown in Fig 6. Take a origin of
the cylindrical coordinates at the center of the bottom. The
gas is initially motionless and at a uniform temperature.

The problem of the numerical analysis is to find the
subsequent velocities, temperatures and sodium vapor densi-
ties as function of time and position, and to obtaine the

fully developed solution.
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Fig.6 Analytical Coordinate

The Bossinesqg approximation is applied to the gas;
in this density p is assumed constant except for the
generation of buoyancy forces, and flow is assumed to be
axisymetric. Other fluid properties; kinematic viscosity,
thermal diffusivity and volume expansion coefficient are
taken as constant.

The basic equations for convection under these

assumptions are as follows.
Mass Conservation Eq

. >
div v = 0 : {1)
where 3; velocity vector
Momentum Conservation Eg

—

g—:+(_u)f7)_v>=f()——i—-grad PR e ()
where K; external force vector
p; density
v; kinematic viscosity
t; time

p; system pressure
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Energy Conservation Eg

where T; temperature

x; thermal diffusivity
Eg for Saturated Vapor Transport
ow . - ’
— 4 div (wo)=DF%w {4)
ot .
where w; vapor fraction
D; diffusion coefficient of
sodium vapor in argon cover

gas

In trasport requatibn of (4), only vapor transfer
with saturated vapor density is considered. Transfer with
" sodium mists 1is omitted. For formulation of above five Eqs
in cylindrical coordinates system, dimentionless vorticity

vector was introduced. |

— —
2= rot v
g 1 . 3 0]
where 2; dimentionless vorticity

vector

w

Eg. (5) could be expressed as follow, since the
flow assumed to be axisymmetric, therefore, dimentionless
vorticity vector has only azimuthal component.

oy 6z) | (6)

where u radial component of velocity

» : vertical component of velocity

Further, mass conservation eq. of (1) is automatically

satisfied by intorudcing of a dimentionless stream functiong
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L=— — = (7}

The momentum conservation eq. of (2) is converted into the
equation. for vorticity by taking its rotation, and yields the

following eq.

o0, [ 9 9 T 1 919 2
P“—+P{*——(D.Q)+'—(u,{;') —p g B(T=T) ¢ {____1_ AW
gt er gz g A( l)ar i Tor\raénr +az2

In a similar way, we obtaine Egs. (9) and (10) from eg of

energy conservation of (3) and eq. of vapor transpor of (4),

respectively.
T 8 ( 8T\ 8T
£+8 (TLT)+1_3(T : )=lc{-1—..-_(r )-}- 2} )]
a8t 0z r ar ror\ or gz
dw 1 9 8 1 ¢ dw 8w
o — — =D{—— r—
7z Ta?('rvw)+6z(uw) D[rﬁr(rar)+6zz} . {10

Eas. (6), (7), (8), (9) and (l0)are the basic equations for
natural convection in axisymetric cylindrical coordinates
system. These five basic equations were further generalized

with following dimentionless quaﬁtities;

T=— ¢ ; time
a v
Z=1z/a ; vertical coordinate
R=r/a ; radial coordinate
a N
sz?y i vertical component of velocity
U=—u i radial componnet of velocity
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_T-To ; temperature
Th— To
Th; hot surface temp;
To; cold surface temp
@ ; stream function -
Q ; vorticity
p—_— _ " : vapor fraction
W, — 1w,

By introducing these dimentionless qguantities into above five

basic equations, the following equations are derived and

these contain the Grashof number and Prandtle number.

gh (T, —Tya? v u
Gr= R = yz_, K =
v K P cpyg
Velocity Eq
U=lﬂ - V=_l_0_?_ ' (1)
R &R RoZ
Eq of Stream Function
@ (1a¢\+_1_a?¢
"aR\RAR) RoZ? ' i2)

Vorticity Eg

aQ o 8 86 8 (1 S(R.Q)) azg}
+——( F—( =G, P:—+P i —|— +
AT az‘UQ)_ NarTY [aR R 9R 927 (13}

Energy Conservation Eq

at  8Z R 9R 0Z® RAR

aR

88 & (U8) 18(RVE) %0 1 @ 90
A 1 —_ 1 R (14)
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Transport Eg of Saturated Vapor

oW 6(UW) 1 o (RVW) PN[I1 @ ] o
g 0z R &R S RoR R/ 82

[4

4.2 Finite Difference Scheme

Non—lihear terms of space derivations such as
0 (U8)/0z, 9(RVO)/OR, 3(UR)/0Z and & (VR)/8R were approximated
by three-point-central-difference method. As an example,
approximation of §(U#)/0%Z will be explained here.

In mesh points and cell boundary shown in Fig 7,
Z-component of velocity at points (i—%.j) and (i+%-j) can be
approximated as follows.

1 U,oy,j+U;
at (i—— 1) Uh%“j::___%§__;L

_ Ui.j+ Ui+ L.j
2

i+l

j-! t jtl

r

Fig.7 Mesh Points and Ccell Boundary

For approximation of a(uo)/oz,

it is assumed that quantity of U enters into point (i.j) with
: .1 . .

(Ui-l'j+Ui'j)Bi—1-j/2 from point (i—Z'J) and goes out with

(Ui+1-j+Ui-j)Bi j/2 into point (i+5°j), when Z-component of

velocity is positive. 1In this, temperature variation around

(i-3) point is assumed to be very mild,
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so, approximation of 4 (U6)/8%2 could be expressed by Egq (16),
when U>0

0CUed 1 [Uinitliy, UitUay,
9z |ij 4z 2 7 2 o fi)

U>go

On the other hand, when Z-component of velocity is negative,

and fluid flows downward in Fig 7, the approximation of
9(U0)/62 yield eq (17}

aue) 1 l&j+U_1_ja Uiy 1 ig
27 ]hf 17 5 i 9 Hl}] {17

<o

When, the approximation similar to Egs. (16} and (17) is
applied to the vorticity Eq. (13), their non-linear space
derivatives can be approximated as Egs.(18) and (19), when

sign of all velocity componebts are positive,

. 0 L Vi + Ve Vit Vi, -1
H(VQ);,J:E%T -Qz,J__'_z'—";—"Q,;l (18)
a ]- V;+1,+Uz I{ +U'L—
E‘E(VQ); 7 = ZE{—JQ_} i,j_ i 2 L Ql—l’} (19)

Other differential terms in Eq.(13) were approximated by

finite difference approximation.

Q- Big,,;,— 28 ;+821,;

_”) _ +1,;— 248245 1,7 20)
o i, 2 .

| Bij+1— B )
_(;P2( ) — _g,pr Jat1” Tt o1y
2 4R

80 2%~ 82
| ) = Tt {22)
T 4T .
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where, Q'i-j; vorticity function at 7' = Ar4r
Qi-5; " at r = ¢

By substituting Egs (18)-(22) into Eg (13), approximation of
vorticity equation became as follows )

Qb=2ey | Wers, 4 Ui, ) @, y= (s, 5 +Uies ) Bims 5
dr 242

+ (I':,]+1+V;,J) Ql,)_— (I/;"'}-"‘f;_'_}'-[) Qi'j—l _ _ G PZ d,_}""l—ﬂi,]‘_l
24R T 24R

J+ 1) J J =1 |
— 182 i+ —[—— + —) £2; “l‘(—_ 2, ;-
Qi-i-l.)'_zgi,j'i'gi*l,j*!(_«’"‘% ak (J+% Tt VAR VRS Vi

+ P,
422 (4dR)? &)

With quite similar way, Eqs for energy conservation (14) and
for saturated vapor transport (15) yield following Egs.

3’i,J—Uz.:'+(_ Uiy, ; + U, ; g, Ui tUio 8, ) 1
2 Ty J _—2'_"_"'— =1, AZ

G+ PV 0tV 06, —(GG~1) (Vi 4V, 006,511 Gigq,;— 26 ;40

27 4R 4z*

N GADbm~270;+G—Dbi, -

{24)
J 4R?

Wi, ~W; Uipr,; + U;,; U, ;+Uioy,;

v 7 2 +( +IlJ s 7 I?; ;- ;J+ 1,5 Wi—l J) 1 ,

dr 2 ) 2 4z
L DY i R DW= G ) B+ Vi )

271 4R

_(EN) i1, =W AW (G DT e — G i+ (G~ 2 -,
=|-— ‘4 - (25)

Se 4z J 4R?
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At the centerline with R=0, special forms of Eq (24) and (25)

are used which incorporate boundary conditions of Eq (41).

$0=0 (26)
Bio- 8, 0 I U1+ U0 Uo+lio1 2V
Y T + - ) ] 8ui _ ’ * 3 0 ; ty .

e 2z 2 (i}.0 B 2 (i) ,0 AR

Oitr,0— 280+ G104 (01— 0,0

— + o7
4Z2 4R? . @
4
io—W.o 1 U0 +Up Uip—U-1, 2V 1
— 80 Ta0, - MO T — YW, L
4 7z 2 .0 2 D0 TR e
:(ﬁ) Wivr,0 — 2Wi o+ Wier LA =P
S. 4z* AR 2
D;0 =0 29)
20,
0 — ARZ (30)
Vio=0 | {31)

Eqs (23),(24),(25),(26),(27),(28),(29},(30) and (31) permit
8"i.4 W'i-j and 2'j.4 at all mesh points to be explicitly
calculated in terms of known quantities.

The new vorticities Q'i-j are next introduced into
Eq. of stream function (12), which is solved for the new
stream function field by successive over-relaxiation method.

(s)

Thus, if ®;.3° denotes the approximate stream function at

(i-9) point after S-iterations further approximation @{?gl)
is obtained from Eg (32) which derived from Eq (12)
o= 08l o)
_ (3 . w '
—(I—UJ)(D;‘,j‘i‘TI'N (32)
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where

2 1oy J
M:—2+_2(~ Tt - 1)
47 dRE N+, J—,

. 1 (5) (s+1) Y ) {s) + J {s1)
N=JAR-Q£,j+A?(@i+1,j+¢;.U 1AR2 S +% 1, j+1 % L 33)

w; relaxation parameter

For calculation of vorticities along top, bottom and side
walls, vorticity function @ was expanded in Taylor series and
Egs (34)-(38) were derived, using boundary conditions that

¢ and its normal derivative are zero.

8D ;— @y ;
Ry, =~ 1',1 2,12 (34)
2 (GARY( 4Z%)
Oy-y j—Dy—o ; .
N = ] L P2 35)
2(j4R) 42?
8D; y-1— D -2
= ' (36)
SR Ty
Gy i —Giey: B8O; i4y—®; ;
@iy == St ey B n Ok &)
2) AR4Z 27 4R

where i4Z=1¢, jdR=rc¢

8@i-y,;—Pi-2,; Qi jor—Di -
Qi,):—{ 1.j @ 2,) + 8 » )1 (Dn’ 2} (38)

27 AR 472 2j4R3

where idZ=¢, jAR=d

4.3 Boundary Conditions

{l) Initial Conditions
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The fluid is initialy motionless and uniform
temperature

T<C(

b
0<zZ<, 0<R<Rb(:;) (39)

2=0=W=0

(2) Boundary Conditions

At certain time with >0, following boundary

conditions were introduced,

at z=2,, Ry<R<Ry, R<R,

o9
@=EE=O’0=BW’W=%"
a0 >
87z
i
at Z=1, @=PJE=5:ﬂy:0
VA J
tRoogR<R¢>QMWO )
a - = T — e
PR 9R OR
0@
at R =R, ” @=—R=0
? m
8 =8,,6 W=w,
09
at  Z,<Z<1, R=R, ——
8R
” ,R=Rd o” J

_..18 —
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5 Results and Discussion
5.1 Vapor Deposition Rate

Fig 8 shows the experimental data taken. It
consists of a plot of average upwérd vapor deposition flux
¢ across the inlet of three annular gaps of the test
assembly vs saturated vapor pressure at sodium pool
temperature. ¢ was given by equation (42), and its physical
meaning is the effective vapor and mists flux which realy
deposited on all annular surfaces of the test assembly. So,

it is proportional to the vapor deposition rate.

P Iw
Aizﬁit {42)
where W;; weight of deposited sodium on annular
surface i (i=1,2,...,6). (g)
Si; cross section of annular gap space

(em?) (i=1.2.3)
t ; experiment duration time (sec)

It is known that ¢ increase with saturated vapor
pressure at pool temperature. Increase in cover gas pressure
resulted in expected decrease in ¢, and mean ratio of the
rate at 0.2kg/cm2G to that at 1.5kg/cm2G is 2. This cover gas
pressure dependence of the deposition rate is reasonable, since

the pressure ratio is approximately egual to 2.
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Sodium Temp, (°C)

;‘; 400 450 500 550
E 2 i | I |
L
. 10° @
> 10 0.2kg/cm3G
3 —
i B
. 5 — 1.5kg/cm%G|
é’ -
©
o
g |
4
< 10‘7 L ||||‘ cpl [ 1||IL!| |
5 10°3 5 102 3
Saturated Vapor Press at Pool Temp. (atom)

Fig.8 Data of Average Deposited Vapor Flux vs.
Saturated Vapor Pressure at Fool Temperature

As to the axial changes of the vapor deposition
rate, the results shown in Fig 9 was obtained. The plot is
expressed in terms of dimentionless deposition rate vs
axial length from inlet of the annular space. In these,
exponential decrease in deposition rate is shown as the
increase in the distance from the inlet.

The temperature drop across the axial length of the
annular surface during the experiment were comparatively
large as the order of 100-160°C. Under these higher
temperature drop, the difference in saturated vapor pressure

at the inlet and at the top of the gap became order of 102,
So, if it is assumed that the measured deposition rate were
controlled by the saturated vapor transfer, the deposition
rate should differ for factor of 102. However, obtained
deposition rate data differ only for factor of 2-10., This
would probably attributed to other effect than vapor
condensation.
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5.2 Evaluation of Saturated Vapor Condensation

To evaluate saturated vapor condensation rate on
annular surface of the test assembly more clearly the
computer code described above was used. Object of the analy—
$is was to compare the numerical results with that of the
above depostion data, and examine the effect of vapor
condensation.

At first, analysis of the convection with the
geometry which is consisted with two spaces, one with a
annular space and the other one with large space between pool
surface and the bottom of the test assembly were conducted.
With this geometry, local vapor condensation rate along
axial length of the annular surface were calculated. Next,
analysis of convection with only one annular space geometry

were conducted, and local vapor condensation rate was also
calculated. Using the results from these analysis with

different geometry, interference of convection between large
space and the annular space were examined.

The results of analysis with two space geometry are
shown in Figs 10 and 11 with transient temperature g, stream
function ¢ and vorticity 2. Boundary conditions used were
experimental temperature data obtained with Run on B-475C-30H,
in Table-1, and the annular space considered was b gap (17.8
mm) in B test assembly shown in Fig 2. It is known from Figs
10 and 11 that the temperature field in the annular space
dose not change so much as time lapses. Local vapor condensa-
tion rate numericaly calculated are shown in Fig 12 with
experimentary determined vapor deposition rate with Run no
B-475C-30H. '

With the similar way, the anlsysis of natural
convection within b gap of B test assembly were conducted with
simple analytical geometry, in wich only b annular space was
taken into account. Then, local vapor condensation rate
shown in Fig 12 were obtained.

These numerically calculated results with different

analytical geometry are similar to rach other and interference
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of the convection between alrge space and the narrow space

is known to be negligibly small. However, numerical data

are about 2-order smaller than experimentary determiend vapor
deposition rate. This means that, in the present experimental
system, contribution of vapor condensation to the real vapor

deposition process is very small (less than 1 %.)

t:202sec V=521 sec 1=8.62 sec 1 =14.7sec

T =5963x10°% T:1.5385107% r=2545x10% 124348107
9 (o] [0 ]
' d <
2| é Kz
3 3 3
4 4] {
W/ I — g 34

{1) 100 sigp {2} 500 step {3} 1000 step (4] 2000 slep

Fig.l0 Transient Temperature ® Distibutions in 17.8mm Gap and Free Space in the Vessel (B-475C-30H)
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5.3 Sodium Mists Concentration in Cover Gas Space

From experimental and numerical data presented above,
mists concentration in cover éas space was estimeated to be
very high. To investigate this, measurement was carried out
and the results shown in Fic 13 were obtained.

_ Sodium pool temperatures ranges for this measurement
were 360-460°C, and the measured concentrations are (0.3 to 4g/m3.
Saturated vapor concentration at pool temperatrues are also
plotted in the same Fig. It is known that measured concentra-
tions are about 5 times higher than saturated one. 1In
addition, if these data were compared with saturated vapor
concentration at average cover gas temperature above pool
surface, the difference became much larger as about 200 times
as shown in Fig 14. |

In the present study, the temperature difference
between pool surface and cover gas were 100-200°C in both cases
for mists concentration measurement and vapor deposition |
experiment described ealier so that temperature conditions for
mists formation were similar to each other. Further, Sheth(7)
showed in his numerical study of mists behavior that cover gas
natural convection current dose not controll the mists
concentration. So, present concentration data of Fig 13
permits estimation that the quite the same amount of mists
would also dispersed in cover gas space of experimental
arrangement for vapor deposition shown in Fig 2, and larger
vapoxr deposition rate presented in Fig 12 would probably

attributed to mists deposition.
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Sodium Concentration in Ar Cover Gas ( ¥r)

Temp (°c)
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Fig.14 Comparison of Mists Concentration and Saturated

Vapor Concentration
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From Figs 8 and 13, it was seen that both mist
concentration anc¢ vapor deposition rate increase with saturat-
ed vapor pressure at pool temperature. These can well be
explained'when one consider the mist formation. Within the
temperature boundary layer above pocl surface, evaporated
sodium vapor nucleate easily as they apart from the surface
and were cooled with supersaturation larger than 30-50(1),

Thin nucleation zone is formed, therefore, above pool surface
and, within this zone, no mists could be fbund(l). Thus,
evaporation rate of vapor ¢ could be expressed as follows as

an approximation

ez:D—"E—— 43)

where Ps; saturated vapor concentration
at pool surface.
Px; suturated vapor
concentration at nucleation

zone.
§; hight of nucleation zone from

pool surface

In this, concentration P, at nucleation zone is negligibly
small compared to Ps at pool surface. Thus, source term for
sodium mists in cover gas space become proportional to vapor

concentration Ps at pool temperature and this would result as
shown in Fig 8 and 13.

6 Conclusion

Sodium wvapor deposition rate on annular surface wecre
experimentaly determined, and were compared with numericaly
calculated vapor condensation rate based on saturated vapor
transfer by cover gas natural convection. In addition,
sodium mists concentration in Ar cover gas space were
experimentaly determined using the similar geometry used for

vapor deposition experiment. With these, following conclusion
were infered and derived
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(1) Vapor deposition on annular surface was mainly
due to mists transfer, and experimental

deposition rate was about 100 times larger than

saturated vapor condensation rate.

(2) Experimental mists concentration were between
0.3-4 g/m?®, and these values are about 200 times
higher than saturated vapor concentration in

cover gas.

(3) Both vapor deposition rate and mist concentra-
tion increase with saturated vapor pressure at

pool temperature.

For further accurate evaluation and analysis of vapor

deposition data, investigation on behavior of mist in cover

gas space 1is required.
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