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BaxauBuM ¢axTopoM, 10 BIVIMBAE HA KJIIMAT y NpUMIillleHH] i cOKNBaHHSA eHeprii B
OyniBJfAX, € 00MiH MoBiTpsA. MeTo1 Kopeaslii BUKOPUCTOBYIOTh NEePeBAKHO /ISl CTAliOHAPHUX
30BHIIIHIX KJIIMATHYHUX YMOB, 3a3HA4YeHUX y CTAHAAPTAX, BPAXOBYIOUM MNOCTiliHe 3HAYEeHHS
KparHocti moBiTpooominy N3 0,5 1/roa, sika 3axaerbest B STN.

3HayHO BIJMBAa€E Ha (QinbTpaumilo NMOBITPS i CHOKMBAHHA eHeprii 3araaibHMil THCK
NOBIiTPs1 AP, SIKHH CTBOPIETHCHA MiA BINIMBOM Ppi3HULI TeMmepaTypu AP, Ta BiTpoBOro
HABAHTaKeHHS AP,. Pi3HHMIA THCKY NOBITPSI CTBOPIOETHCS HA MeKi BHYTPIIHBOrO Ta
30BHIIIHBOTO cepeaoBHINA. 3 30BHIIIHLOr0 00Ky BiTep ai€ Ha OyaiBJII0 3 MEBHOIO CUJIOIO,
BHPAKEHOI0 30BHIilIHIMH aeponuHaMiyHuMu Koedimientamu Cpe. @acajg mokasye mneBHY
CTYNiHb MPOHMKHOCTI MOBITPSA, 0 BUKJIUKAE 3MIHU B3a€MOJii 30BHIIIHHOTO0 i BHYTPIlIHbBOTO
THCKY. ToMy MU MOBHHHI TaK0K BPaxoBYBaTH pPo3Mip i 3HaYeHHs KoedilieHTa BHYTPIlIHHOIO
THCKY, IKMH i€ Ha iHIOMY 00I11i MOBepXHi.

Po3rnsinyTo mpodJieMy HecTallioHApHUX HpoueciB, y pe3yJbTaTi SAKMX BHHHMKAIOTh
KOJIMBAHHA NOBITPOOOMiHY i BEeHTHIAUIIHUX TeNJIOBTPAT, BAKOPUCTOBYIOYH TOYHi aepoam-
HaMiuHi Koe(ilieHTH, sIKi 3acTOCOBYIOTHCA B MeToAax MojeaoBaHHs. IlpoananizoBano Ta
KIUJIbKICHO BU3HAYEHO pPe3yJIbTATH VI BUOpPaHUX (paKkTopiB, a caMe NMPOKJIAAAHHH, NPONOPUii i
po3Mip KoHCTpykUill ¢acaay, 1m0 BiIKpPMBaWOTHCA, JJIA KOHKPETHOro THMNY OyAiBJai mpo-
NopuiiHO 10 IX MUIoIIi TA BUCOTH.

Karouogi cioBa: ¢iabTpanisi noBiTpsi, BeHTWIANLINHI TeMJIOBTPaTH, KPATHICTH NMOBITPO-
00MiHYy, pi3BHUIISI TUCKIB.

A significant factor affecting of indoor climate and energy consumption in buildings is
the air exchange rate. In correlation method is used mostly stationary outdoor climatic
conditions specified in the standards - considering the constant value of the air exchange rate
of ny 3 0.51/h, whichisset in STN.

Great influence for air filtration and energy consumption has the total air pressure
difference Ap. - creationed from influence of pressure difference from temperatures Ap, and
the wind Ap,. The air pressure difference is created at the interface between the internal and
external environment. In real environment is the interface formed by buildings and their
facade. From outside act the wind on the building the power expressed by external
aerodynamic coefficients Cpe. Facade shows a certain degree of the air permeability, which
causes the interaction changes of external and internal pressure. Therefore we must also
consider the size and dimension of the internal pressure coefficient C,;, acting on the other side
of the surface.

The paper is focused on the issue of non-stationary processes, causing a large variability
of the air exchangerate and ventilation heat losses, with an emphasis on accur ate aerodynamic
coefficients used in the simulation methods. In the article were analyzed and quantified the
results for selected factors— the layout, the proportion and size of the opening constructions in
the fagade - for the particular type of buildingsin terms of space and height proportionality.

Key words: air filtration, ventilation heat losses, air exchange rate, pressure difference.
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Introduction. One of the key tasks in the process of building construction design is the
minimization of heat and energy and to create optimal environment which provides protection from
negative climate externalities and creates suitable microclimate of the internal spaces.

When evaluating the buildings in terms of energy efficiency is an important component analysis of
the air flow in a building which influences: decrease (increase) in energy use for heating, sizing of the
heating system, hygienic comfort, studying the movement of smoke. Great influence for air filtration and
energy consumption has the air exchange rate, which affects the total air pressure difference Apc. Total air
pressure difference Apc is dependent on many factors. Of these factors is in this paper analyzed in mainly
the impact of the layout, the proportion and size of the opening constructions in the fagade.

Analysis of air exchange rate. The value of air exchange rate as set by the norm ny 2 0,5 1/h does
not correspond with real values of air exchange. More accurate analysis can be done with the use of
simulation method which tolerate the dynamics of buildings under various external climate influences in
short time intervals.

Air exchange rate can be expressed:
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The air exchange rate is very variable and depends mainly on the total air pressure difference and
many factors — the outside air temperature, wind speed and wind direction, layout and size of the openings
in the peripheral wall structures.

In determining of the values of the air exchange rate is the most difficult quantifiable value of the
total air pressure difference Dpc, especially the differential pressure of the wind Dpy — expressed:
VAT,

Dpc = Dpy +Dp, =+h.g.(r- 1;)+C,

(2)

Building envelope, in particular a roof and fagade, are in the attic and corner exposed to extreme
loads from the effects of wind. Great influence on the values of this loads has the air permeability of the
fagade — which causes the interaction changes of external and internal pressure and it is therefore necessary
to know not only the value of the aerodynamic coefficient of external pressure, but also the internal
pressure and internal aerodynamic coefficient C,,i. The value of aerodynamic coefficient of internal pressure
C,i is based on the assumption of the same volume of infiltrated and exfiltrated air in the building and on
the theory of air permeability of the external walls. Based on these assumptions, it is possible on some
simplified buildings to quantify the internal aerodynamic coefficient C, according to studies [2] as a
function of the opening ratio a for each wind direction, expressed:

+
Coi =1(a) a=—: ) 3
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Basic classification of the reference building and the values of external and internal aerodynamic
coefficients for the reference room oriented to windward and the side wall, with wind direction 360° (on
the long side of the building) and 90° (on the short side of the building), for different ratio of openings on
each side of the building envelope are given in Table 1.

Table 1
Values of external and inter nal aer odynamic coefficients for different ratio of openings
Wind direction on the long side - 360° Wind direction on the short side - 90°
Coe Co Coe Co
21 31 21 31
Windward wall +0.7 -0.2 -0.15 +0.8 -0.6 -0.8
Lateral wall -0.5 -0.2 -0.15 -0.5 -0.6 -0.8
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Analysis of ventilation heat losses. Ventilation heat losses depends primarily on the air exchange
rate. In computational methods is considered a constant value of the air exchange rate ny 3 0.5 1/h, which
issetinthe STN.

Ventilation heat losses are in addition to the air permeability also influenced by external climatic
factors, which are highly variable. More accurate analysis and calculations can be done with the use of
simulation method which tolerate the dynamics of buildings under various external climate influences in
short time intervals.

Ventilation heat loss of the room ®, can be expressed as:

f, =12005(i; , 1 )-Dpc™. (d - Ge) (4)
f,=0,33nV,.(dq - Ge) (5)

Quantifikation of air exchange rate and ventilation heat losses. Quantifikation of air exchange
rate and ventilation heat losses indicated graphically in figure 1 and 2 were processed for selected day —
17 January 2016 in Kosice, for reference room with a volume of 53 m®, i;,=0,4.10* m*(m.s.Pa’®’) and the
joint length of 14 m, indoor air temperature +20 °C. Outdoor air temperature ge was from -4 to -6 °C.
Reference room was oriented alternative at windward and side wall.
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Fig. 1. Comparison of the air exchange rate for the selected day -
17 January 2016 in Kosice with consdering and without considering the influence
of openings— open terrain
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Fig. 2. Comparison of the ventilation heat losses for the selected day -
17 January 2016 in Kosice with consdering and without considering the influence
of openings— open terrain
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Values are given for reference building:

— asimplified, middle building — rectangular shape, the plate type building,

—  different wind direction (360°),

—  with considering (C,=C,e-C,) and without considering (C,=C,) theimpact of openings,

— ratio of openings on each side of the building facade (2:1, 3:1),

— inopenterrain 10 m height above the ground.

In Fig. 3 is a comparison of ventilation heat loss at 17 January 2016 for maximum wind speed
v=13.4 m/s. The values are compared without considering of the impact of openings C, = Cp. and with the
considering of theimpact of openings C, = Cpe-Cgi, with aratio of 2:1 and 3:1.
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Fig. 3. Comparison of th e ventilation heat losses, with considering
and without considering the impact of openingswindward and side wall — open terrain

As shown in Figure3, higher proportion of openings on the windward side increases the effect of
these holes and therefore reduces the air exchange rate and ventilation heat losses. On the lateral sides —
wherewind uplift - is the opposite phenomenon.

Conclusion. The exact results of the air change rate and ventilation heat l1oss show that besides the
basic aerodynamic quantification, which reflects only the wind impact from the outside of a building (a
direction, wind speed, ground-plan shape), acceptance of the air permeability of the building facade
affecting the pressure conditions in the interior, plays an important role.

Especially when determining the wind load are often forgotten to take account the action of the
internal pressure, that may be significant contribution to the total design of load, depending on the
geometrical shape of the building, size and location of the openings and the many other aerodynamic
factors. Neglect of the effect of internal pressureto atotal load of buildings may result increased values of
suction on the leeward sides, and vice versa. It may cause undesirable of energy losses from air filtration
and change of ventilation heat losses.
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