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The air tightheos Of tfre stlucture ls a vgry ímportant D6rameter of the

large industriai hal ls Çnergy consumPtlon. Esppeial ly seriqug problem exists
aurìnç the windy drys witH low outside air terlpereture'

Tho comp¡"r.ìSbfi bqtween f'o?!.tf¿r{sfer losse$ and inf iì traling air heat

d,ã¡and wl I I bi strçwn in the piit"år.

Thc preseflted computatígns relEtiåt tt the typlcal frall struççure ðre
baËed Én the cfñrþrttbr orograme ptêþaNrêq by thc authors.

The n ret i on t

Gçne Ittodel

The a-í r hraçE

known equation (1,

It is assumed thet autslde-çr lnside.air static pressure on the ¡ame

level is csnçter1t, Qno can dlst lngulsh j homogeneoug surfaces I ike s lots,
cracks. ooen ú¿iiiUgt^,lt Þorous weìli etc' În the whole envelopíno area of the
À"i¡. É¿¡tli gf tht surfäc", ""fl ÉU ¿¡vlded into elsç¡çntðry lrcritontal strips
of I numþerl

f low rhrouÚii thb el¿l{iêntary :trl¡f can becryrputed f rom well
Z,tl val id for steady state ibndltions:

Ml,k = ar>t(F6.prlllo * di,k x pi,k (l)

¿ el¿hierrtary str'ip aii ¡ir¿i$ fldw kg/s
air transmis!ion factors 0,2,3)
outrido air prêS3dre Þg

where:
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Results of the Computations

The typ¡cal two aisle hall structure was ênâlysed. The dímensions are
74.4 x 48.0 x 7,95 n, two striDs of closed wíndous and two sets of closed
gateway in the longer walls. The inside air temoerature was 20oC. The 2-D
air flow around the building is shown on the F.¡g. l. The basic wind velo-
c¡ty was normal to the lon-oer wall and equal !,0 m/s.

Finite difference grìd was of rather coàrse type, domaìn of inte_ora-
t¡on ùras 23 by 233 nrn with llrxJ0 grid nodes.
Recirculation zones computed are as follows:
- on the windward side origin of the zone ís at 0.6 hall height ahd spreads

tuo heights up.lind.
- on the leeward side the wake decays ðt about 6-l heights dotning.
Additional eddy also has been formed along the roof, near the edge of wind-
ward wal l.
Fig. 1. Àir flcn¡ a¡ound t¡e b¡ildi¡çf, resuJ.ts frcrn ACFES2/F-
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The outside aïr oressure po correspondinq to the he¡ght of the ele-
menta@an"algebraitsumofthestatiãoutsideair
pressure and wlnd oressure based on the power-low formula wind velocity
profile and wind pressure coefficients (l) or from cdnputer air flow pro-
gram ACFES2/R (4) .

The inside air pressure pi corresponding to the height of the eleren-
tary strip is cornputed from the unkncwn inside air Dressure on the floor
level çç.

the ï,";:,Ï,::ta 
ined f rom

i=j
t

í=1 ^U. 
+M -!4 =0I,K V]- VO

(2)
k:1
¡

k=1

where:
M

vJ_
mechanical inlet ventilation outside air mass flow kg/s
mechanical outlet venti lation outside air mass flovl kgls

Computer Próqrams

lnfi ltration and Heat Transfer Loises

Computer prooram INFILS orepared in FORTAN lV is based on the 3-D qeo-
netry hall envelopinc, Generalv geometry data, heat transfer and air trans-
rnissÍon coefficients for every surface velocity and wind directÌon as well
as barometric pressure, outsíde and inside air temperature at the ground
level and temperature gradient and mechanical ventílat¡on air mass flolv are
needed. To solve the nonlínear aír mass flow equation (2) numerical methods
are us¡ng. The heat transfer losses are from the very well known heat trans-
fer steady state conditions equation computed.

AÍr flow around the Hall

. Satelites of the general purpose code ACFES2/R in F0RTAN lV are prepa-
red to the local wind press.ure coeffîcients obtaining in the case when the
neighbouring buildings exist. lJind pressure coeff¡cients are calculated on
a-basis of static pressure and velocity fields, the later are evaluated by
finite dífference procedure appl ied to íncompressible, el I iptic Navier-
Stokes, continuity and k-€ turbulence model equations. Boundary conditions
we re es fo I I or"¿s :

- fully developed turbulent flour on the windward side, velocity and turbu-
lence parâmeter profi ls assumed,

- zero normal gradient on the fictîtrous upper boundary, except of vert¡cal
velocity component assumed zero value,

- power-lob, formula, velocity profilce orofile near earth and hall surfa-
ces - Itwall functíons",

- no boundary condition needed for the leeward side (outflow).
Details Þf the computer code and the numerical procedure may be found in (4)
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The heat demand computation results ôre presented on the Fig. 2. The
outside e¡r tenperature was -20oC correspondíng to wínter reference condi-
tions, The overalì heat trênsfer losses was ca. 240 kl/, and is called ref-
rence heat dennnd Oo.

Fig. 2- O¿eratl heat dqmnd for c¡rtside aiÌ tqnperature -20qC.
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one can observe that the ratio of air infiltration heat demand to heat
transfer losses rapidly increases wíth the air velocity, The nrcst ¡mportantfactor is window and wall-ceiling joints air tightness.

. 0n the Fig, 3 the outsíde air temperature and velocity ínfluence on
the eneroy consumption is presented. This temperature relation can be inthís case linear approximated (small changes of heat transfer coefficients
are avoided).

Fig. 3. The outside ai-r tsrperature and velocity i¡rfluence on ttre hall
enerqv ænsuqrtion.
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It is necessary to focus attent¡on on air tightness of the halls struc-ture. The overall heat demand can even be changed very strongly (more than
1802 in relation to heat transfer'losses) and iapidly. lt is-cåused by theair - inf¡ltrâtion process especiêlly during windy åays and is very dange-
rous because of low heat accumulation of thí; process.

_ . Those problems should be studied and anarysed to define proper methodsof designing, building and testing of the structure and heating änd ventila-tíon systems. lt is also connected w¡th outside aír climat invãstigations,
that means it is necessary to obtaín stat¡stícal correlations and ãistríbu-tion functions for air temperature, wind direct¡on and velocity. The later
problem is not solved exactlv even in reference year model, uniil no*,
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