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SUMMARY

(France), spcnt fuel clemcnts are lcft to
ese pools a¡e houscd in large buildings

exhaust srots located near the su¡face or æ poot.by 
twelve ceiling diffusers and sixry-two

The operators ofthis facility nrised several questions concerning this vcntitration sysrcm :

- what are the movemsnts of air in thc building ?

- what are the tra¡rsit timcs and transfer cocfficicnts bctwccn the surfacc of a pool and the
airsaryling sysrcm?

ly kcpt at about 30 oC. In case of pcrturöation of the
would rise to an estimated 40 oC. How would the

how thcsc questions could be add¡ssscd by the combined usc of smoke
y measurements, traccr-gas experimens and thc nurncrical prcdictions
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Fig.1. Cross section of the pool building.
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Air is fed into the building by means of twelve ceiling diffusers and thirteen blow ope-
nings located under the pool; it is cxhausted by sixty-two slots located ¡ear the surface of
the water (figure 1). The air blown under the pool ôan rcach the up¡ier levcl through a

grid located on each side of the pool. Exhaust flow rate (theorctical value 144,000 m3.h'l)
is kept larger than blow flow rate (theoretical value 129,000 m3.h'l) so as to ensure a ccr-
tain degrcc of dynanic containment

The opcrators of this facility raised sevc¡al questions conceming this ventilation system :

- what are the movements of air in the building?

- what are the transit times and ransfer coefficicns benpeen the surface of the pool and
the airsampling sysrcm?

- the fuel clements still give out a ccrtain amount of thermal power. A cooling system
keeps pool srater t€mperatur€ af 26oC.In case of pcrnrrbation of this cooling syitpm, this
tempcraturc would rise to about 40 oC. In what way would the airflow in the building be
atrectcd?

This paper shows how these different questions could be add¡essed by field measule-
ments and theoretical calculations. , : .,

AIR MOVEMENTS IN THE BUILDING

Three approaches could bc considercd to answcr the question of thc movements of air in
the building :

- numerical simulations,

- small-scale expcdments,

- in-situ méâsuicmen¡s,

It was not possible to make a numcrical simulation of the flow of air in the whole buil-
ding, considcring is sizc and the complexity of thc problem. Small-scale experiments had
to be excluded for cost rcasons, so we had to tum o in situ mesurËments.

The cxperimcntal mcans that can bc used in an indusuial environrhént'like òur pool irùit- 
t t

informaúonthcy provide i1 vcry rich but diff¡çultto intcrprct in tcrmp.of movp¡nen¡s of
alr.

Smoke injections

They were pcrformed at different points in the vicinity of cach diffuser. Thcy'showed rhe
cxistencq of clcarly defincd qpward and dorvnwa¡d currcnts at the same locations a¡ound
cach diffussr, as shown on ñgure 2.
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They were made at 1,5 and 5 m above floor level, along each sidc of the pool. No clea¡
p
p
I
the rcst of thc building. They confirmed the existence of tle "high" velocity (> 0,2 m.s-l)
and "low" velocity (< 0,05 m.s-l) zones rcvealed by the smoke injections.

Temperature 
Ttesqurejml4-ts,

At this point of our studj, we thus held thc following vicw on the circulation of ai¡ in the
uppcr lcvel of the building : cach diffuser cr€atcs its own ventilation "cell", these cells
having apploximatcly the same airflow oaüern

Air rcópc¡aue was lcvcls in thc. middli of the:oodl.'The'
idca wai io me.hsr¡re r ähich can Ue'a ùsefut'in¿iêaüon on'-
thc vêrtical ¿ispersion-of po.flu

Wcfciund undcrtheceilfng(æmperaturcdffäiiö t to
2 oC), but atcd in any convinciñg \r,ay to the obscrved
movenrents of air in tl¡e cnclosure.

Tr¡cer gas erperiments
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Sulphur hcxafluoride (SFo) was used. Measuring devices consisted of'home-made chio-
matographs and conúnuous moniton. A cornplete description of the whole systcm can be
found in [3].

Two series of tests wcre made :

a) Point injcaions 
r .

SF5 was successively injecæd att$,o points in the middle of the pool (injeetion flow-rate "

l0 cm3.min-l); the injection poin_ts were respectively between and under the diffusers
(figure 3). Concentration profiles were measur€d bn each side of the pool, at héights 1,5
m and 5 m. A typical example of the resulting concentrations is shown on frgure 4
(injection point l, mea¡¡urement on the northern side of the pool); it can be seen that the
va¡iation of the concenration is rather smooth and does not seem correlated to the posi-
tion of ùc rneasurcnrcnt point with rcspcct to thc ncighbouring diffuscr.
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Fig. 3. Location of the injection points.
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Fig. 4. Conccntratíon profilès (injcc'tion point'l . norttr sidè of thc pool).



The following facts,werc obscrvcd :

- concentration profiles at 1,5 m and 5 m are quite simila¡;

- the overall shape of the concentration profilcs does not change with the location the in-
jcction poinq

- concentrations are clearly higher on the northern side of the pool; they are slightly
higher in.the easlprn part. This indicates an overall movement of ai¡ to the norttr-east;

The ¡esuls wcrc the¡ expressed in te¡ms of transþ coefficient (, defined as follows :

22L

North

s
q (1)

where c is the measured conoentration and q the trac€r-gas flow raæ; ( is theoretically in-
dependant of tracer-gas nature and injectior flow-rate. The maximum values of ( range
betwecn 2.70-2 and 8.10-2 s.m-3.

b) line injections ,. . .

each injection line, thc meas
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Fig. 5. Location of ¡hc injcction lines.

should be uniform. Wc unforn¡natcly fgund po evidencc in support of that theory. when
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we tricd to reconstruct longiodinal concentation profiles - but since thc measurement
lines were rather sparse, this is not tlrought to be quiteconclusive.
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Fig. 6. Cönc¡ntration proñleS across the pool (injertion line 3).
(d : disuncc of thc profile o'ttre injection line)

In almost all cascs, thç mcasu¡ements cxhibited an easüwcst or nortly'south dissymnoetry.
Tlrc following table compares the concentrations measured to the east and west of the in-
jcction line, and on cach side (north and south) ofthc pool.

no mcasu¡Ement rüest

Table 1. Easlwcst and nortVsouth dissymmetry.

two
tion remains of cor¡¡se

Injoction line East/wcst compa¡ison NortVsouth comparison

I * N=8
2 E>W- N>S
3 E >\V N>S
4 tv>E N=S
5 \v >E s>N

supPort iL
sincc thrin: wgrc no
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Frorn p quantitative point gf view, the values of the transfer coeff¡qient defined by equa:
tion (l) rangc from 5.1ù3.to 2.10.1.s.m-3¡ thcy wil! not be giv€n in detail here.

TRANSIT TIME AND^TRANSFER' COEFFICIENT
TO THE SAMPLING SYSTEM

The air sampling system comprises four sampling points disributed in a regular way on
each side of the pool. The tra¡rsit times and transfer coeffrcients betwcen the surface of
the pool and the sampling points could be detsrmined by simple Eacer-gas experiments : a
step signal of SFc was injected at some point'at thc surface of the pool; monitoring the
concentration at a sampling point gave the transit time and a steady-state concentration
from which transfer cocfhcient Ç could be calculatcd.

Seven such experiments were performed; six of them werc devoted to a detailed study of
¡he influencc of the location'ofthe injectionpoint with rcspect to the ceiling diffusers on
the transit time to thc neafest sampling points.The results corrclated rather well with the
results of the pÉvious section; they will not bc given herc.

In the last cxperiment, ooncentration was monito'red at all,sampling points; the injection
point and the ¡esults are shown on ñgure 7.
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cxplanation

- some degree of dissymmery may oc- observed bctwecn the transit timcs'Òh both sides
of the pool; ncvcrtheless, the differences are rather small (about 2 minut€s exccpt for
sampling points l0 and 14) and a¡e not thought to be significant. We ñnd the same dis-
symmetry in uansfer cocfficients as in the previous experiment' wittt injection line 3,
which had the sane location as the prescnt injection point.

INFLUENCE OF WATER TEMPERATURE ON AIIIFLOÌV P¡, TNNX

For cost or feasabiliry rEasons, this question could not be treatcd by small-scale or in-situ
experiments, so we had ûo üm to thcorctical and numerical prcdictions.
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A few theoretical considerations

The problcm of thc flow of air in the pool building is of counc not'Ì¡medable o analyticårl
colculntions but it bco¡s some fcscmblancc to t$,o vcrv classical modcls of nan¡ral con-
vection : i

'¡,'::-l

- p flat box; tempcrature is imposcd
on tnis bo1; , ),

- ho¡izontal flu plate in infiniæ medium i thc su¡face of wa¡er is assimilatcd tô a flat plue. - + ..
whc,rc æmpcranue is imposcd.

:... , ,..: - . .:. i i j ;

Thc fint rhc othci hanid,
since the the second me
del is pro hrngc.

ln òoth cases,
dc,furcdþ:

thiÌ'iòtcnsity of naniral convection is indicatcd by rhe Rayleigh number,
, I'

R"=g[^rl¡,.

whøe g is gravity, p UtCAífarati<in'coeffrcicnt,for ai¡, v ¡ind c the kinegraiic viscoiity and

vo
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Modcl
I 2

Waicr æmþct'aturc (oC)
,,ì ':. .i ': .1.

26 40

Ra 1,7.1011 ' '4,g.l0l'lì' 3,i.i0r2''
')1,l.lol3

Table 2. Valtresof ¡heRayþigh number. ., .¡ ,. ., ,, 
t

These our
enclos theRaylei rhe
effects

Nqmerical prediclio¡s . . :r,,

The results Fp.F.4p€ßlrfr"€-njaBs irtfúcgn çross-sccrions for
cach run, w ¿ciaii treir.
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tcmpcratufË, the calculations showed that thc flow pattcm \ilas not essentially altered
whcn thc temper¿turc rose : only an accelcration by 0,1 - 02 m"s-l of the vcrtical cuænts
was noticcable.



Orr rather cmpirical approach thus cnablcd us to answcr all thc qucstions concerning the

on thc circulation of air in vast cnclosu¡rs.
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CONCLUSION
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