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ABSTRACT

~eflux' condensation... "

In vertical inverted U-tube

steam' g~ner.tor~ form~ an.I~Rortant heat removal JIlechanism"

for nuclear reactors in' certa i'n acciden.ts.o Reflux condensa-

tion'phenomena'in singl.,e vertic.al t'ubes "tere .$tudied ,fo':. two

r

improve~an
::/.

con9~tions.· to develop. .
, .

the me~ha~l~m~goveiriing heat re~ovli ~bcio.f

well'~efi~~d' bound~ry
.. .

understandIng

liquid holdup. A correspondence ~etw~en 'aq impo~ed boundary

condition and its ...,r'esulting .flow.",regl.me' has. been made ,wher'e

total reflu~. con'densati0l! occur.-s for an imposed ·dro.p across
"

the tube and
.

fill .. ··and ,dump ~ycling occur·s fpr' an ,impos'ed

st~am flow rate at ihe tube ~nlet"

Tota~ reflux condensation is characterieed ~y a

flow pattern made by a single-phase region 0scillating over
, .. .

average sing~e-phase and two-phase

a tW'o-phase region','

indefinetely .while

Th is
\

the

flow re'g i me cijn be maintained'

region lengths remain cqnslia'nt. It is, also' char~cter,ized' by

~he complete ~ondensati6n of'~he inject.d steam with all t~e
...,

condensate'flowing ba~k to' the tube inle~,
t. u

Fill and dump cycling is ch?-racterizecj ,by 'a cypli-

<;al operation .where, d ur i n g one cYCle. the .'length of the

. ii i i'" ,

, "



aqd the ilngle-ghase region I~

slngle-ph3se r~g~dn' Increa~es ~~

"

,-

",

r' '

, .,

, "
,tl,,,',' ','e~pense, or t~e, ,t"o-

,pha~e regldn until a poln~ "her~ th , system beco~es uns~jble

. ,1. '. '{ 4

~jected cr'om the top' ot'the
, ,

tube. All, the, Inje'c(~d" scea"! I's' co,noe'nSE!o and 'cont.rary' 'to

" total 'reflux ,con,dB.nsat Ion ,not' <J,B ,the c'onderiS'!t,e' ,(io,,'s' back"

, tp the' tLibe, ·In'!;'et.
"

, "

Ins t ~ ad" pa'r t: '?en e~ {O 0 n <:1 e" sat e Is, ,
carried over the ',con'densatl(!'-n l,;'ngth 'to, form .t~e" :',s'~ngle~',

",' , .. . ,

'phase region.' Th'ls' flo,,' reglme'could
'. ' .;'. I . '." : '. ". .

beq'ual!'fI e a.- as d'y na 1)11 <;

. "
.,,." .

• • I .

as 'OPl.'0sed,tQ ,quas17stat'.1c, 'for ,to'tai- refiu'x 'cO'ndens~'tlo,n•

"

',. ' ,

Th,e'se, d~'ta' shO.,', ' ,

",
.,'

"

E"xperl'~ental
, "

single :'vert Ical tub'es

,nle'asu'r'em,en,ts', ",el"'e"
", "", ..\ ' ,,'

"Ith a,coollng'jacket.
"r t.

mad'e In ,tnre:e

" fill' and chimp, a ya 1 t'ri g to ,"b~ ..~ore·'e f \ i~,i en t" t h;a'n.:tQt'~ l'r", f l'U:X"
". "

'riot.to be ,tr'apped,'ln',th,e t'ub,e',a's' 'In' total
"

,t,l on: 'In,·a:dd1t,lon'.):he 'el<p'ed'men:talc!ata 'sug.g'est 'that ,total., . ,. ",.,"

"',rer:l~x "c'ori~en:sat;lon cO\-lld be ,,1,11 -the'limlt 1,ng.. , . .. . ,"

. .
r lo~, ,r eg.i me

cyc11'~,g as ,t,h~ cyale "'pe.r'-1od become~ 'v'ery
. . .; '. ". \'

'"

, "

,f'

..".for,:" t: ill 'and dump

l~ng ,and' consequent'ly!t coLild d'ef ine."" . '

~onse~va~IYe' 10Jer, '

..~
:, ...

t'
,r

An "analysis of counter..-ctirrentf'1 lm"'ilse' COr;liClensa-
"

to model:

,centr,al to ,this" model Is . an eX=tended, N'!s;le'lt'5 mod,el of

f 11 m-,~I s e ' ,co:n d, e n;la t,lon ; "fa 11 ne a,r i z ed ,s..t,a b V it'y anal y 5 'i s 0 f

.the"aond~nsate film flow and ,the, U5e" of three, '~oncepti:
. "

cr1t:lcal' laye'r .,m"ximum nie,cnan'ical 'e-'nergy ',tra~s'r~r an'd' .fllm, .
, ,

:

"

"

J '.
"

. "

, ; v.' ,.

, "

,.
, "



In3tdblllty. Tne agreement between the experimental" d]ta and. :.

the prediction of to ta i heat removal (v'ia 'conden3at ion

rates) and 1 I qui d hal d u p 1 S sat i s f act a r y. Bot h ,·t h e'-. pre sen t'.
model and the experimental data show that f~OOdl~s occ~rs at

the tube inlet a,:,d plays a' key-role in 'def,inln'g' the. hea.t

, rem a val and the dis t rib u tJi a n of can den sa t 'e 1n .the' tub e. 1 n

particular, l~ is shown that for a siven inlet cooling water

temperature, the flood ing flow rates,
,

in terms' of 'the

Kutateladze .variable, are nearly independent of ~he tube

"
diam~ter and the system pressure. In gener~l', for a g i.v!"n

'.
'-t.,ube s1.ze and system pressure, the inlet coolihg wat~r

temper.ature has' a notable" inf'luence on, .. '
the valu:e, cif the

flooding flow rates, except for the smaller tub~ size, and

it doer'not affect the amount of condensate: holdup in the

tube. , .
•

",.

..
The resu~ts .of the present wofk' could 'be. .used in'

small-brea~ LOCA analyses were the present 'model ,~ould'

•
estimate the heat re.moval capabilities' of.·steam 'gen'e:r,atol's

,and the amount ~f coolant (tondensate ~OldUP~ t~apped in the

steam-generator tubes

cooling. '.

t hat ' w'o u I d
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