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The aim of this pro ject was to de ter mine the ca pac ity of a multi-venturi scrub ber fil ter ing sys -
tem to cope with vented gas mass-flow rate com ing from a BWR Mark II pri mary con tain -
ment dur ing a long-term sta tion black out. The multi-venturi fil ter ing sys tem CFD mod els
were de vel oped in the en vi ron ment of the open source plat forms SALOME and OpenFoam.
The first geo met ri cal model was cre ated based on the di men sions of a well-known ex per i men -
tal setup, and the re sults of the pres sure drop along the streamwise co-or di nate showed a max -
i mum dif fer ence of 10 % in re la tion to the ex per i men tal val ues for dif fer ent cases of liq uid to
gas mass ra tios. Then a full scale multi-venturi model was de vel oped. To study the per for -
mance of this sys tem dur ing con di tions ex pected in a se vere ac ci dent, a gas mix ture sim i lar to
that oc cur ring in a BWR Mark II con tain ment at vent ing pres sure was used as in let gas. The
gas mass-flow that can be cleansed by in di vid ual ven turis and the pres sure re quired to ac ti vate
those ven turis were com puted. The pres sure drop pro files in each sec tor were also de ter mined 
as the func tion of dif fer ent liq uid load ings. The re sults showed good agree ment with the ca -
pac ity of the de sign taken as the ref er ence model.
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IN TRO DUC TION

Dur ing a se vere ac ci dent sce nario, a com bi na -
tion of strat e gies to keep the corium prop erly cooled
and to vent the pri mary con tain ment is con sid ered the
best ap proach to avoid un con trolled re lease of ra dio -
ac tive ma te rial into the en vi ron ment. Pri mary con tain -
ment vent ing strat e gies are par tic u larly sig nif i cant for
BWR with Mark I and Mark II pri mary con tain ment
de signs, be cause of their vol ume [1]. Tak ing into ac -
count the re quire ment for the Mark I and Mark II de -
signs to im ple ment hard ened con tain ment vent ing sys -
tems (HCVS) from the wetwell to cope with
over-pres sur iza tion con di tions [2], a va ri ety of vent -
ing strat e gies should be stud ied, for ex am ple, the fre -
quency and du ra tion of re leases to pro vide better sup -
port for the ac tions con sid ered in the se vere ac ci dent
man age ment guide lines (SAMG). Ad di tion ally, those
HCVS are re quired to prop erly op er ate un der se vere
ac ci dent con di tions [3]. Tak ing into con sid er ation the
pos si bil ity of los ing the ca pa bil ity of vent ing from the
wetwell, the op tion of im ple ment ing a HVCS di rectly

from the drywell is also in cluded in the SAMG. Al -
though the im ple men ta tion of en gi neered fil ter ing
sys tems is not re quired, their sup port in re duc ing
offsite con se quences has been rec og nized [4], and
thus the ca pac ity of these fil ter ing sys tems must be
eval u ated un der se vere ac ci dent con di tions.

Dif fer ently en gi neered tech nol o gies of fil ter ing
sys tems are avail able for ap pli ca tion in nu clear power
sta tions, such as the ones that use venturi scrub bers, or
those based on sand-bed or metal fi ber fil tra tion, or the 
com bi na tion of the lat ter two [5]. Venturi scrub bers
have been used for quite some time in dif fer ent in dus -
tries for the col lec tion and fil tra tion of small par ti cles,
so there is a large num ber of stud ies re lated to their per -
for mance un der dif fer ent op er at ing con di tions [6-9].
In par tic u lar, the ef fi ciency of venturi scrub bers for
aero sol cap tur ing in fil tered con tain ment vent ing sys -
tems (FCVS) is an ac tive re search area [10, 11]. Some
venturi scrub ber FCVS are based on the use of mul ti -
ple ven turis dis trib uted ra di ally in a large wa ter tank,
so the anal y sis of the over all hy dro dy namic sys tem
per for mance re quires de ter min ing the ca pac ity of dif -
fer ent venturi de signs in the sys tem. 
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A venturi scrub ber is a sim ple de vice with
chang ing con ver gent/di ver gent flow sec tions, in
which a gas-par ti cle stream is ac cel er ated into a zone
where it mixes with a liq uid film and liq uid drops and
this mix ture is then de cel er ated in a dif fuser. Fig ure 1
shows a sche matic of a typ i cal venturi scrub ber. This
de vice is quite ro bust for cap tur ing very small par ti cles 
with at om ized liq uid drops. The ac tion starts with an
in com ing pol luted gas-par ti cle stream which is at first
ac cel er ated in the con ver gent en trance zone. In the
throat of the venturi the liq uid sur round ing the de vice
is sucked in through a num ber of small or i fices and due 
to high ki netic en ergy of the gas stream, the liq uid is at -
om ized into very small drops which col lect the par ti -
cles flow ing in the stream ing gas. Fi nally, in the dif -
fuser, the pres sure is partly re cov ered as the flow
de cel er ates.

In the multi-venturi con cept, the ef fi ciency of a
sin gle venturi is mul ti plied in or der to with stand high
flow rates at high pres sure. In this en gi neer ing sys tem
all venturi de vices have iden ti cal ac tive sec tions (with
the ex cep tion of the in take and dis charge pipes), so it
can be de signed to op er ate at op ti mum gas mass-flow
and pres sure drop con di tions, de pend ing on the
bound ary con di tions and the tar get de con tam i na tion
fac tor. The multi-venturi scrub ber be ing an a lyzed in
this pa per con sists of an ar range ment of ra dial rings
that have dif fer ent sub mer gence depths at their en -
trance sec tions. One ad van tage of this de sign is that as
pri mary con tain ment pres sure in creases, more rings of 
venturi tubes can be put into ac tion in a pas sive way
and start dis trib ut ing the to tal mass gas-flow among
them, while keep ing sim i lar pres sure drops in the ac -

tive sec tion. In this way, if the con tain ment pres sure
in creases, the multi-venturi sys tem is still ca pa ble of
han dling the rise of dis charge pres sures.

We also stud ied the ca pac ity of a FCVS de sign
based on multi-venturi scrub bers to en dure the
mass-flow rate dur ing a vent ing ac tion from a Mark II
con tain ment. First, a CFD model of a venturi scrub ber
was de vel oped in the en vi ron ment of the open source
plat forms SALOME [12] and OpenFoam [13]. The re -
sults were then com pared with ex per i men tal data.
Then the di men sions of this sin gle venturi model were
mod i fied to sim u late venturi scrub bers im mersed in
wa ter, as de scribed in a de sign of a multi-venturi fil ter -
ing sys tem. Re sults of mass-flow rates of in di vid ual
ven turis and groups of ven turis form ing cir cu lar sec -
tors are pre sented and dis cussed.

VENTURI DE VICE BASE
CFD MODEL

A 3-D geo met ric Venturi model was con structed
for CFD anal y sis based on the ex per i men tal setup by
Haller et al. [14], as shown in fig. 1. Liq uid is in jected
through 12 in jec tors hav ing 2.5×10–3 m di am e ter. Fig -
ure 2 shows a di a gram of se quen tial steps in the con -
struc tion of the geo met ric model us ing SALOME
GEOM and MESH mod ules. The venturi full ge om e -
try model con sists of one straight pipe sec tion to model 
the con nect ing duct to the venturi en trance, the con -
ver gent zone, the throat, the di ver gent (diffusor) sec -
tion, and an ad di tional straight pipe for the dis charge
zone. The first and the last straight pipe sec tions are
not shown in fig. 1. All these com po nents were mod -
eled with a mesh of tri an gu lar prism cells us ing the ex -
tru sion tech nique. The PY THON scripts in the
SALOME plat form en vi ron ment have been gen er ated
to speed up the mesh gen er a tion pro cess. This al lows
ef fi cient ac com mo da tion of di men sional changes in
the ba sic geo met ri cal shape and changes in the mesh
fine ness at dif fer ent lon gi tu di nal sec tions and in the in -
put and out put faces of the venturi. An it er a tive pro -
cess was car ried out to de ter mine ap pro pri ate type and
size of the fi nal mesh, hav ing the pres sure drop along
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 Fig ure 1. Di men sions of the venturi geo met ric  model in mm

Fig ure 2. Stages in the de vel op ment of the geo met ric model in SALOME



the venturi de vice as the main ref er ence pa ram e ter as
shown later. 

The bound ary con di tions were ap plied on
sub-meshes of the ap pro pri ate sec tions of the main
geo met ric model. Three bound ary sur faces were de -
fined: the pipe wall, the gas in put cross-sec tion, and
the out put cross-sec tion. The cor re spond ing bound ary
con di tions were zero ve loc ity at wall, con stant in put
mass-flow and con stant out put pres sure. Ta ble 1
shows the bound ary con di tions used in the cal cu la -
tions. Since gas-flow rates are vari ables com monly
used in con tain ment vent ing cal cu la tions, it is pre -
ferred to keep this vari able as a bound ary con di tion,
in stead of vent ing gas ve loc i ties. Ad di tion ally, throat
ve loc ity was the main pa ram e ter in Haller et al. [14]
ex per i ment, so an it er a tive pro cess was per formed for
the in com ing gas-flow rate to ob tain the tar get ve loc ity 
value. The three gas-flow mass val ues used to ob tain
the throat ve loc i ties shown in Haller et al. [14] ex per i -
ment are given in tab. 1.

The OpenFoam cal cu la tions were car ried out
with the Eulerian-Lagrangian tran sient solver
reactingParcelFoam. This mod ule can be ap plied to
lam i nar or tur bu lent flow, and Lagrangian par cels. The 
k-e was cho sen for tur bu lence mod el ing. For the
Lagrangian com pu ta tions, con stant di am e ter wa ter
drop lets are in jected at 12 or i fices around the wall sur -
face of the throat sec tion. This di am e ter how ever is a
func tion of gas ve loc ity and the liq uid to gas mass ra -
tio. Fur ther, no drop let growth or break up mod els
have been im ple mented so far, so drop let size was kept
con stant dur ing cal cu la tions. Fi nally, the in jec tion of
aero sol par ti cles in the gas-flow was not con sid ered at
this time. Tran sient cal cu la tions were then ex e cuted
un til the mix ture gas-liq uid flow reached steady con -
di tions for the spec i fied bound ary con di tions. The tur -
bu lence pa ram e ters at the in put face sec tion (in put
bound ary con di tions) were cal cu lated as the func tion
of the Reynolds num ber Re with the fol low ing equa -
tions, where I is the tur bu lence in ten sity, U  is the mean
ve loc ity and Dh is the hy drau lic di am e ter
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Fig ure 3 shows the re sults of the pres sure drop
along the axis of the venturi from the OpenFoam sim u -
la tions, for gas ve loc ity at the throat of 70 ms–1, vs. the
data from the Haller et al. [14] ex per i ments, for two liq -
uid mass-flow rate to gas mass-flow rate ra tios (lg–1),
also re ferred to as  liq uid load. The max i mum rel a tive
er ror for l/g = 2.5 is 9.7 %, and 4.0 % when l/g = 1.0.
Fig ure 4 shows a com par i son of the over all pres sure
drop in the venturi as the func tion of liq uid load for dif -
fer ent gas throat ve loc i ties. The max i mum de vi a tions
oc cur for the case of l/g = 0.5, and the rest of data points
have rel a tive er rors bounded in a 10 % range. There is
no in for ma tion about ex per i men tal un cer tainty.

There are many the o ret i cal and nu mer i cal stud -
ies of the per for mance of this type of venturi  de vices,
but the nu mer i cal sim u la tions by Goniva et al. [15] are
of par tic u lar in ter est to this work, be cause the ref er -
ence venturi de sign is that de scribed by Haller et al.
[14] and they also used OpenFoam for com pu ta tion.
Their re sults are in better agree ment with Haller et
al.´s data, in com par i son with the re sults shown in figs. 
3 and 4. In the pres ent work, to make the ini tial ap prox -
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Ta ble 1. Bound ary con di tions for sim u la tion of
Haller et al. [14] ex per i ment

Gas
mass-flow
rate

0.2278 kgs–1 for a throat ve loc ity of 50.0 ms–1

0.3189 kgs–1 for a throat ve loc ity of 70.0 ms–1

0.4556 kgs–1 for a throat ve loc ity of 100.0 ms–1

Work ing gas Air

Tem per a ture 298.15 K

Pres sure 101323.0 Pa

Liq uid to
mass ra tios 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0

Tur bu lence
model k-e

Fig ure 3. Com par i son of cal cu lated and ex per i men tal
pres sure pro files along the venturi

Fig ure 4. Com par i son of cal cu lated and ex per i men tal
over all pres sure drops in the venturi



i ma tion and to save com pu ta tion time, liq uid film flow
and drop let breakup mod els were not con sid ered, but
the dif fer ences be tween com puted and ex per i men tal
val ues were con sid ered ac cept able as a start ing point
to cre ate a model of the venturi de vices used in fil ter -
ing sys tems.

MULTI-VENTURI SYS TEM

The multi-venturi fil ter ing sys tem taken as the
base de sign for this study is the one de scribed by
Elisson [16]. This de sign is cur rently in use in Swed ish 
nu clear power plants, and in one in Swit zer land [5]. A
sche matic of the multi-venturi scrub ber sys tem de vel -
oped in this work is shown in fig. 5. Ta ble 2 shows
some rel e vant de sign pa ram e ters.

By sim ply chang ing di men sions in the PHYTON
scripts of the ba sic geo met ric model, a dif fer ent geo met -
ric and mesh model of a sin gle venturi de vice was con -
structed in SALOME, tak ing the model pre vi ously de -
scribed as the start ing point. Di men sions and SALOME
mesh of the mod i fied venturi model are shown in fig.  6.
A to tal length of 1 m was cho sen be cause the orig i nal de -
sign ers found out that an equiv a lent pres sure drop was
nec es sary to achieve sat is fac tory cleans ing of the en ter -
ing gas/dust mix ture. Thus, the base model only needs an
in crease in the en trance sec tion length, as it can be seen
on fig. 7, which shows the in creased length of seven
raiser tubes along trans verse dis tri bu tion ducts. All riser
pipes in a cor re spond ing con cen tric ring, or sec tor, have
the same length, so it is only nec es sary to de ter mine the
hy dro dy namic per for mance of one of them to know the
over all sec tor per for mance, and then that of the whole
sys tem.

BWR VENT ING CON DI TIONS

The en tire multi-venturi sys tem just de scribed
was used to es ti mate its ca pac ity of fac ing a typ i cal
vent ing ac tion from a BWR Mark II pri mary con tain -
ment, dur ing a pro gress ing se vere ac ci dent. The
bound ary and ini tial con di tions data were ob tained
from the sim u la tion of a long-term sta tion black out by
Gomez-Torres et al. [17]. In that re search, the vent ing
ac tion started when con tain ment pres sure was
4.42×105 Pa (gauge) and the ini tial mass-flow was
28.75 kgs–1, but flow quickly be came crit i cal, with the
value of 13.2 kgs–1. These choked con di tions lasted
for about 250 sec onds. The con tain ment depressurized 
rap idly too, fall ing to 3.92×105 Pa in about 20 sec onds,
and con tin ued de creas ing at about the same rate as
tran sient evolved. Note that ac tual pres sure at the
scrub ber sys tem in let would be less, be cause of the
pres sure drop along the vent ing line. Thus, com par ing
these val ues of pres sure and mass-flow with those in
tab. 2, it can be noted that the multi-venturi scrub ber
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Fig ure 5. The multi venturi scrub ber sys tem de sign

Ta ble 2. Multi-venturi scrub ber de sign pa ram e ters [16]

Gas mass-flow rate 0.1-13 kgs–1

Gas com po si tion Steam, N2, H2

Gas tem per a ture 340.15-423.15 K

De sign pres sure 3.0×105 Pa + wa ter col umn,
for BWR

Rup ture disc open ing
pres sure 5.0×105-6.0×106 Pa 

Aero sol mass mean di am e ter 1.5×10–6 m

To tal amount of aero sols 90 kg, for BWR

Amount for ra dio ac tive
aero sols 20 kg, for BWR

Min i mum re quired
de con tam i na tion fac tor for
aero sols and el e men tary
io dine

100, for BWR

Fig ure 6.  Di men sions of the base venturi model for the
multi-venturi sys tem



sys tem could han dle the in com ing gas flow. How ever,
it is still nec es sary to de ter mine if it has the min i mum
pres sure to move through the venturi de vices and
reach the sur face of the tank wa ter pool to be come ef -
fec tively cleansed.

To de ter mine the gas mass-flow ca pac ity of a
sin gle venturi in each ring, the nec es sary pres sure
bound ary con di tion is 520945.0 Pa (ab so lute) at the
sur face of the wa ter pool (out put bound ary). Ad di tion -
ally, the gas tem per a ture was set at 423.15 K, and the
gas mix ture was com posed of 38.7 % ni tro gen, 3.9 %
hy dro gen, and 57.4 % steam. The com pu ta tional pro -
ce dure in OpenFoam started by set ting the pres sure at
the sur face of the wa ter pool, and then it er at ing over
dif fer ent in let gas-flow rates to ob tain the in let pres -
sure nec es sary to se quen tially ac ti vate each con cen tric 
sec tor. The cal cu la tion yielded the in di vid ual
mass-flow for a sin gle venturi in a ring and from that
the to tal mass-flow was de ter mined by the num ber of
ven turis in that sec tor (ring).

RE SULTS

The first sim u lated test case cor re sponded to a
gas stream through the venturi de vices, but with out the 
ad di tion of wa ter drop lets, that is, as if the ven turis did
not have in jec tion ports. Ta ble 3 shows the mass-flows 
per in di vid ual venturi de vice in one of the transversal
dis tri bu tion pipes, and the to tal in that sec tor and fig. 8

shows the pres sure re quired to ac ti vate each se quen tial 
sec tor, and the gas mass-flow that can be cleansed.
Fig ure 9 shows pres sure drop along the whole
multi-venturi de vice, in clud ing the dif fer ent en trance
sec tion lengths, as shown in fig. 7.
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Fig ure 7. Length in crease of
the riser en trance sec tion
along a dis tri bu tion duct

Fig ure 8. Cleansed gas mass-flow as the func tion of the
ac ti va tion pres sure of each sec tor

Fig ure 9. Pres sure drop along flow di rec tion. Case: no
liq uid in jec tion

Ta ble 3. Re sult ing mass-flow rates per venturi and per
sec tor

Sec tor Per in di vid ual venturi [kgs–1] Per sec tor [kgs–1]

1 0.0182 0.1091

2 0.0236 0.5654

3 0.0259 1.0897

4 0.0274 1.6453

5 0.0285 2.2236

6 0.0294 2.9988

7 0.0302 3.6192



Af ter that a para met ric study was per formed to
de ter mine the im pact of liq uid in jec tion on the over all
per for mance of the multi-venturi de vice, as the func -
tion of liq uid to gas ra tio at the throat. Fig ures 10-12,
are sim i lar to fig. 9, so they can be di rectly com pared.
The pres sure drop pro files in figs. 10-12 are con sis tent
with other sim i lar stud ies, as for ex am ple the
Eulerian-Lagrangian ap proach used by Pak and
Chang [18]. All these fig ures show clearly how an in -
creas ing liq uid load leads to higher pres sure drops.
This is due mainly to mo men tum ex change be tween
the gas stream and the mi cro-drop lets. This mo men -
tum ex change was ex plic itly mod eled in the
OpenFoam Eulerian and Lagrangian equa tions. The
pres sure drop at each of the venturi sec tions has been
ex ten sively re searched and de scribed. For ex am ple,
Farbar [19] and Carlson [20] showed that pres sure loss 
at high rates of par ti cles (wa ter mi cro-size drop lets in
this case) is due to in ter ac tions among those flow ing
par ti cles. In pres sur ized sys tems, it is im por tant to ad -
di tion ally in clude a model for the bound ary-layer to
avoid pres sure drop un der the pre dicted level, as
shown by Sun and Azzopardi [21]. In the dif fuser sec -
tion of the venturi de vice there is a sig nif i cant in crease
of high ve loc ity drop lets, in creas ing in ter ac tion prob a -
bil ity among drop lets and with the de vice wall, and

thus lead ing to a no tice able pres sure drop. Allen and
Santen [22] showed that pres sure drop and gas ve loc -
ity de pended strongly on the par ti cle/gas mass load -
ing, as it can be noted in figs. 10-12, where the to tal
pres sure drop (in clud ing the en trance and dis charge
pipe sec tions) for a sin gle venturi in each sec tor is
shown.

The Lagrangian ap proach was ap plied to the dis -
persed mi cro-drop lets in or der to study the ef fi ciency
of in di vid ual drop lets to cap ture aero sol par ti cles
among other pa ram e ters, so Eulerian liq uid ve loc ity
and vol ume frac tion fields are not di rectly avail able,
for the pur pose of com par i son with other stud ies.
How ever, with OpenFOAM it is pos si ble to re cover
the in stan ta neous vol ume frac tion oc cu pied by the
drop lets in the cells along their tra jec to ries. In this way
a time av er age value can be cal cu lated from all time
steps, as sum ing that the wa ter mass bal ance has been
reached. Fig ure 13 shows the time av er age drop let vol -
ume frac tion along ra dial lines at dif fer ent ver ti cal po -
si tions of a venturi de vice in Sec tor 1. This venturi is
ba si cally the same as the one shown in fig. 6. As shown 
by Majid et al. [23], in their 3-D CFD sim u la tion, both
drop let size and dis tri bu tion of liq uid in the venturi de -
pends greatly on the ra tio of liq uid to gas mass-flow
rates. In that study, in the dif fuser zone, for low
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Fig ure 10. Pres sure drop along flow di rec tion. Case:
l/g = 0.45

Fig ure 11. Pres sure drop along flow di rec tion. Case:
l/g = 0.90

Fig ure 12. Pres sure drop along flow di rec tion. Case:
l/g = 1.35

Fig ure 13. Ra dial pro files of drop let con cen tra tion at 
dif fer ent heights of dif fuser and dis charge pipe. Case:
l/g = 1.35



gas-flow rates, drop lets tend to drift to wards walls,
and the higher the liq uid flow rate, the stron ger this ef -
fect be comes. On the other hand, higher gas-flow rates 
lead to higher con cen tra tion of drop lets at venturi´s
cen tral re gion. In fig. 13, it can be noted that at the dif -
fuser en trance, the higher drop let con cen tra tion is not
at the cen tral re gion, which cor re sponds to a mix ture
of high liq uid flow rate and low gas-flow rate, but as
the gas-liq uid mix ture flows up ward, drop let con cen -
tra tion is higher at venturi´s cen ter. In the dis charge
pipe en trance zone, drop let con cen tra tion is still
higher at the cen ter, but the pro files tend to be come
flat ter.

The para met ric stud ies can be ex tended to con -
sider changes in ge om e try of the venturi de vice, in or der 
to de ter mine the ca pac ity of the multi-venturi scrub ber
un der dif fer ent op er a tional con di tions. Ad di tion ally,
the geo met ric model can be eas ily mod i fied, if for ex -
am ple more dis tri bu tion pipes are needed to cope with
the in com ing gas stream. In this work, only a typ i cal
vent ing pres sure has been used in the anal y sis, but dur -
ing a se vere ac ci dent, the re ac tor op er a tor and sup port -
ing tech ni cal staff de cide about the time and du ra tion of
vent ing ac tions. This may strongly af fect the pres sure
and gas flow be ing lib er ated. Once an ini tial venturi de -
sign sat is fies pri mary needs of pres sure drop, mi -
cro-drop let load ing, throat ve loc ity, etc., the phys i cal
mod els still miss ing in the pres ent OpenFoam model
can be im ple mented to op ti mize the ini tial de sign.

CON CLU SIONS

The hy dro dy namic per for mance of a multi-venturi 
scrub ber sys tem has been stud ied in this pro ject, un der
con di tions of a BWR pri mary con tain ment vent ing ac -
tion. The multi-venturi sys tem con sisted of seven con -
cen tri cally ar ranged sec tors, and each sec tor had a dif fer -
ent num ber of in di vid ual ven turis. The base CFD model
of a sin gle venturi de vice was prac ti cally the same for all
sec tors, dif fer ing only in the length of the en trance sec -
tion, to take into ac count the dif fer ent depths at which
each sec tor starts. Thus, all ven turis of a given sec tor had
the same hy dro dy namic re sponse to an in com ing in let
gas.

The base CDF model of the sin gle venturi de vice 
was de vel oped in the en vi ron ment of the SALOME
and OpenFoam plat forms. The hy dro dy namic cal cu la -
tions were car ried out with the phys i cal and nu mer i cal
mod els of the solver reactingParcelFoam. The re sults
ob tained with the base CFD model were tested against
data from some ex per i men tal re sults of pres sure drop
pro files along the axis of the venturi and over all pres -
sure drop as the func tion of liq uid load ing.  The max i -
mum rel a tive er rors were lim ited in a range of 10 %.
This ini tial base CFD model was mod i fied to cre ate a
rep re sen ta tive model of a sin gle venturi de vice as
those used in the se quen tial sec tors of a multi-venturi

scrub ber sys tem. For given bound ary and ini tial con -
di tions cor re spond ing to a vent ing ac tion from a BWR
Mark II pri mary con tain ment and de sign con di tions of
a scrub ber sys tem, the gas mass-flow that can be
cleansed by in di vid ual ven turis and the pres sure re -
quired to ac ti vate those ven turis were com puted. Also, 
the pres sure drop pro files in each sec tor were de ter -
mined as the func tion of dif fer ent liq uid load ings. The
re sults ob tained are in good agree ment with those of
the ref er ence sys tem de sign.
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STUDIJA   HIDRODINAMI^KIH  OSOBINA  VI[ESTRUKOG  VENTURI
FILTRACIONOG  SISTEMA  ZA  POTREBE  STRATEGIJA  ISPU[TAWA  GASA  U

SLU^AJU  TE[KIH  AKCIDENATA  BWR  REAKTORA

Ciq ovog projekta je ispitivawe izdræqivosti sistema za filtraciju sa vi{estrukim
venturijevim pre~i{}iva~em pri nailasku ispu{tenog gasa velikih brzina protoka iz primarnog
suda BWR Mark II reaktora, tokom dugoro~nog gubitka elektri~ne energije. Razvijeni su modeli
sistema za filtraciju sa vi{estrukim venturi pre~i{}iva~ima pomo}u programa SALOME i
OpenFoam slobodnog pristupa. Prvi geometrijski model napravqen je prema dimenzijama poznate
eksperimentalne postavke i rezultati gubitka pritiska du` pravca prostirawa protoka pokazuju
maksimalnu razliku od 10 % u pore|ewu sa eksperimentalnim vrednostima, za razli~ite odnose
te~nosti i gasa. Nakon toga razvijen je vi{estruki venturijev model stvarnih dimenzija. Kako bi se
ispitale performanse ovog sistema pri uslovima koji se mogu o~ekivati tokom te{kog akcidenta,
kao ulazni gas kori{}ena je sme{a gasa sli~na onoj koja se javqa u BWR Mark II reaktoru pri
pritisku ispu{tawa. Protok mase gasa tada se mo`e pro~istiti pojedina~nim venturi
pre~i{}iva~em pri ~emu su izra~unate vrednosti pritiska za aktivirawe pre~i{}iva~a. Odre|eni
su i profili pada pritiska za svaki sektor kao funkcija razli~itih optere}ewa ulaznih te~nosti.
Rezultati pokazuju dobro slagawe sa mogu}nostima dizajna odabranog kao referentni model.

Kqu~ne re~i: BWR Mark II, te{ki akcident, OpenFoam, SALOME, venturi pre~i{}iva~


