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Introduction

The air tighthess of the structure Is a very impartant parameter of the
large industrial halls energy consumption. Esnecially serious problem exists
during the windy days with low outside air temperature.

The comparisbh between %c;tkinﬁsfer losses and infiltrating air heat
demand will be shown in the péber.

: The presented computations relatiﬁ@ téd the typical hall strycture are
bated of the combuiter programs prepared by the authers.

The Inflltration  EHfdet

General Model

it is assumed that outside or inside air static pressure on the same
level is constatit. One can d}stinguish j homogeneous surfaces like slats,
cracks, open WindéWs, porous walls etc. in the whole enveloping area of the
hall. E&EH df the surfaces cal b¥ divided into elementary horizontal strips
of 1 number:

The ajr Mass flow through the eleffféntary strl? can becamputed from well

known equation (1,2,3) valid for steady state cbrditions:
i b 4 3 \
My o = ap(pgeBy) ity x MA; y X oy y (1
where: o
M+ eléfedfary stéip alff mdss flow kg/ ¢
a,b - air transmissién factérs (1,2,3)
o ~ outside alr prédsure Py
piy - Inside air pressure Pa 2
AA - elementary strip surfacé area m
o = inslde or outside alr density on the
elementary height ., kg/h’i3
i,k - hoogeneous surface and strip intdexes

| If the pressure difference Is positive, AM is positive and called air
itfiltrating mass flow. [f the pressure differece is negative, AM s nega“
tive and called air exfiltrating mass flow. If the differénce is e tal a
thére ig o alr trasmission and the level is called neutfal lavel ?vafid
only for elementary strip). -
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The outside air oressure p, corresponding to the height of the ele-
mentary strip is computed as an algebraic sum of the static outside air
pressure and wind pressure based on the power-low formula wind velocity
profile and wind pressure coefficients (1) or from computer air flow pro-
gram ACFES2/R (h).

The inside air pressure p; corresponding to the height of the elemen-
tary strip is computed from the unknown inside air pressure on the floor
level py.

The inside air pressure on the floor level py can be obtained from
the air mass flow equilibrium nonlinear ecuation as follows:

iT5 k=1
- =
121 k; AMg A M -M =0 (2)
where:
MVi = mechanical inlet ventilation outside air mass flow kg/s
MVO = mechanical outlet ventilation outside air mass flow kg/s

Computer Programs

Infiltration and Heat Transfer Losses

Computer program INFILS prepared in FORTAN IV is based on the 3-D geo-
metry hall enveloping. Generaly geometry data, heat transfer and air trans-
mission coefficients for every surface velocity and wind direction as well
as barometric pressure, outside and inside air temperature at the ground
level and temperature gradient and mechanical ventilation air mass flow are
needed. To solve the nonlinear air mass flow equation (2) numerical methods
are using. The heat transfer losses are from the very well known heat trans-
fer steady state conditions equation computed.

Air flow around the Hall

Satelites of the general purpose code ACFES2/R in FORTAN IV are prepa-
red to the local wind pressure coefficients obtaining in the case when the
neighbouring buildings exist. Wind pressure coefficients are calculated on
a basis of static pressure and velocity fields, the later are evaluated by
finite difference procedure applied to incompressible, elliptic Navier-

Stokes, continuity and k-€ turbulence model equations. Boundary conditions
were as follows:

- fully developed turbulent flow on the windward side, velocity and turbu-
lence parameter profils assumed,

zero normal gradient on the fictitrous upper boundary, except of vertical
velocity component assumed zero value,

- power-low formula, velocity profilce oprofile near earth and hall surfa-
ces - "wall functions',

- no boundary condition needed for the leeward side (outflow).

Details of the computer code and the numerical procedure may be found in (4).

Frovug ] )
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Results of the Computations

The typical two aisle hall structure was analysed. The dimensions are
74k x 8.0 x 7.95 m, two strips of closed windows and two sets of closed
gateway in the longer walls. The inside air temperature was 200C, The 2-D
air flow around the building is shown on the Fig. 1. The basic wind velo-
city was normal to the longer wall and equal 5.0 m/s.

Finite difference grid was of rather coarse type, domain of integra-

tion was 23 by 233 mm with 14x30 grid nodes.
Recirculation zones computed are as follows:
- on the windward side origin of the zone is at 0.8 hall height and spreads

two heights upwind.
- on the leeward side the wake decays at about 6-7 heights downing.
Additional eddy also has been formed along the roof, near the edge of wind-
ward wall.

Fig. 1. Air flow around the building, results fram ACFES2/R
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The heat demand computation results are presented on the Fig. 2. The
outside air temperature was -20°C corresponding to winter reference condi-
tions. The overall heat transfer losses was ca. 240 kW, and is called ref-
rence heat demand Qg.

Fig. 2. Overall heat demand for cutside air temperature -20°C.
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One can observe that the ratio of air infiltration heat demand to heat
transfer losses rapidly increases with the air velocity. The most important
factor is window and wall-ceiling joints air tightness.

On the Fig. 3 the outside air temperature and velocity influence_on
the energy consumption is presented. This temperature relation can ?e.ln
this case linear approximated (small changes of heat transfer coefficients
are avoided).

Fig. 3. The outside air temperature and velocity influence on the hall
energy oconsumption.
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Conclusions

It is necessary to focus attention on air tightness of the halls struc-
ture. The overall heat demand can even be changed very strongly (more than
180% in relation to heat transfer losses) and rapidly. It is caused by the
atr — infiltration process especially during windy days and is very dange-
rous because of low heat accumulation of this process. :

Those problems should be studied and analysed to define.proper meth9ds
of designing, building and testing of the structure and heaF|ng a?d v?ntula-
tion systems. It is also connected with outside air climat lnvest|g§t|o?5,
that means it is necessary to obtain statistical correlations and distribu-
tion functions for air temperature, wind direction and velocity. The later
problem is not solved exactly even irn reference year models until now.
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SUMMARY
K. Sosnowski, D.M. Lipinski: Influence of Air Infiltratiori on the Eneray
Consumption in the large industrial Halls. In the paper the problem of

air infiltration effect in large industrial halls is discussed.

Computer programs INFILS and ACFES2/R have been developed for the analysis
of industrial buildings heating loads and énergy consumption according to
air infiltration. The heat demand computations results for typical hall
structure are presented. It is shown that on windy days with low outside
temperature sionificant increas in total heat losses exceeded 180%. The
necessity of development of proper methods for designing, building and
testing elements of industrial buildings and heating and ventilating sys-
tems as well is emphasized.

1
RESUME
K. Sosnowski, D.M. Lipinski: L'influence d'infiltration d'air sur la con-
sommation d'énergie par les grands batiments industriels. Dans ce papier
on discute le probleme de 1'influence d'infiltration d'air exterieur sur la

sonsommation d'energie thermique par les batiments industriels a grandes
espaces. On presente les resultats de calculs faits pour la typique con-
struction du batiment. Les calculs sont realises an moyen des programmes
INFILS et ACFES2/R pour les compoutears electroniques. On a constate 1'accro-
issement de pertes de chalcur montant jusqu'an 180% de pertes de base, sur-
tont pendant les jours avec la basse temperature d'air exterieur et le

vent.

On a constate la necessite d'elaboration de methodes exactes d'establissement
de projet methodes, de la construction et de l'attestation de la constructijon
des batiments industriels et des installations de chauffage et de la ventila-
tion.

KURZFASSUNC

K. Sosnowski, D.M. Lipinski: Das Luftinfiltrationeinfluss auf die Energie
verbrauch in grossen Industriehallen, Das Problem von Luftinfiltrations~
effekt auf die Warmebedarf von grossen Industriehallen ist erdrtert. Die
EDV-Programme INFILS and ACFES2/R wurden fiir die Analyse der Luftinfiltra-
tion auf den Wirmebedarf und - verbrauch in Industriehallen entwickelt.

Die Berechnungen fiir die typische Hallenkonstruktion sind vorgestellt. Man
kann zeigen, dass wihrend der windiger Tagen mit niedrigen Aussenlufttempe-
raturen die totale WArmeverluste bis zu 180% wachsen kdnnten.

In dem Aufsatz wurde dieNotwendigkeit fiir die Entiwickiung von den richtigen
Methoden auf der Gebiet der Projektierung, Bauen, Priifung von Hallenkons-
truktion sowie von Heizung und Liftungssysteme hervorgehoben.




