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There is a great deal of research involved in designing zero-energy buildings and engineering
systems for them, however, there is little research to determine the amount of heat absorbed by wind
flow from the surface of energy efficient and passive houses. The purpose of this scientific work was to
evaluate the effect of wind pressure on the surface of a zero-energy building depending on the
direction of flow around the air stream. To that end, it was created hollow building model in scale 1:16.
Aerodynamic research were carried out in subsonic wind tunnel at Lviv Polytechnic National
University.

Because of carrying out a number of experiments, aerodynamic coefficients on the surface of the
house, ventilation openings at different angles of airflow, namely, a=0°; 90; 180; 270, to the house were
determined. Plots of distribution of aerodynamic coefficients are obtained which allow to choose
rational orientation of the house during its design.

Key words: zero-energy building, passive house, subsonic wind tunnel, aerodynamic coefficient,
angle of airflow

Introduction

Increasing population, migration from place to place, high cost of housing and utilities are forcing
new alternative solutions to address the problems of society. In turn, this creates the preconditions for
creating new engineering solutions. Not only traditional energy sources, but also the widespread use of
non-traditional energy sources, it is possible to introduce energy-efficient construction as a promising
area in the construction industry.

Studying energy efficient and passive construction allows you to combine the expertise of different
construction industries and, as a result, to get a complete complex to meet public needs.

One of the solutions to the complex problem is a passive house (German Passivhaus) - a building,
the main feature of which is the lack of need to use heating or low energy consumption, on average, about
10% of the specific energy per unit volume consumed by most modern buildings. In the prevailing
number of developed countries there are own requirements for the passive house standard.

In Ukraine, according to (DSTU-NB A.2.2-5, 2007) “Passive” is considered to be a house which
energy consumption for heating is no more than 10-15 kW-hour/(m?-year). According to the (Law of
Ukraine, 2017), a building with close to zero energy consumption is considered to be a building with a
level of energy efficiency that exceeds the established minimum requirements, in which energy from
renewable sources is used mainly for the formation of proper living and living conditions of people
(Basok et al., 2013; Zelykh et al. 2016).

Reduction of energy consumption in energy efficient buildings and zero energy buildings is
achieved by reducing the heat loss of the building, ie the increase of wall thermal insulation, the absence
of cold bridges in materials and junctions, the correct geometry of the building, zoning, and orientation
around the world (Yurkevych & Savchenko, 2010; ASHRAE Handbook, 1997).
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Unfortunately, however, no studies have been conducted on the external aerodynamics of passive
and zero-energy buildings, which can be influenced by wind stresses depending on the orientation of the
building around the world (Retter, 1984; Simiou & Scanlan, 1984).
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Fig. 1. Passive house basics

Building aerodynamics is an important tool for determining the effects of wind flows on a building,
taking into account the terrain. When the directions of the flow around the building change, the nature of
the wind flow changes, which is caused by the change in the shape of the houses, so there is a need for
special studies in the wind tunnel. Aerodynamic studies make it possible to determine the effect of terrain
on the distribution and value of aerodynamic coefficients on the surface of a model house, as well as the
influence of the model on the distribution of pressure on the surface. The issue of heat selection by wind
flow over the surface of energy efficient and passive homes has not been sufficiently studied.

Target of this article

To assess the impact of wind pressure on the surface of the zero-energy house, depending on the
flow direction of air flow. Obtaining plots on the surface of the house and the distribution of aerodynamic
coefficients.

Techniques used

Aerodynamic studies were carried out in a subsonic wind tunnel at Lviv Polytechnic National
University with an open working part with a diameter of 1 m.

1. The surface was divided by a coordinate grid with cells 40x40 mm. The letter axes are located
perpendicular to the windward facade of the model of the house, the numerical axis — in parallel.

2. At the second stage, the distribution of aerodynamic coefficients on the surfaces of the hollow
model of the building (projected roof, thermosiphon collector, windward and leeward facades) was



18 Vasyl Zhelykh, Yurii Furdas, Khrystyna Kozak, Maksym Rebman

studied. For this purpose, the locations of transverse sections were conditionally determined (from 1-1 to
12-12), in which holes were drilled at the level of each cell and mounted into the models tubes.

3. Investigations were carried out at three different airflow velocities in the range Voo = 7-10 m/s.
The pressure measured at the drainage points was recorded by a micromanometer 10.

4. The velocity of the undisturbed flow Voo in the working part of the pipe was determined by the
pressure in the pipe chamber and specified by the value of the dynamic pressure in the working part of the
pipe, which was measured using a pneumatic tube and micromanometer 10.

5. Studies were also conducted for the directions of the incoming air flow to the model a = 0°; 90;
180; 270.

6. According to the results of aerodynamic studies, spatial plots of the distribution of aerodynamic
coefficients on the flat surface of the model lining were constructed for the directions of the incoming air
stream o = 0° 90; 180; 240 where the house is not conventionally shown and the graphs of the
distribution of aerodynamic coefficients on the surface of the model in sections 1-1... 12-12 for similar
angles of attack.

The investigated model on which the experiments were conducted was a modeled plot of a flat
earth surface of low roughness with the zero energy model of the house, which is made in M 1:16 (Fig. 2).

Fig. 2. Diagram of the experimental installation
1 — working part of the wind tunnel; 2 — nozzle; 3 — alignment grid; 4 — forkamera; 5 — diffuser;
6 — house model; 7 — the underlying surface of the model; 8 — drainage points (static pressure selection);
9 — flexible tubes; 10 — micrometers

On Fig. 3 presents a real view of the experimental model installed in the wind tunnel (Kinash et al.,
1998; Zhukovsky et al., 1997).
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Fig. 3. Model in the wind tunnel

In making the experimental physical model, it was decided to create a hollow 1:16 scale model.
Corrugated cardboard was the main component for it. The figures show the sequence of the model
(Serebrovsky, 1977; Krasnov, 1974).

Analysing the results of studies

According to the results of aerodynamic studies, plots of distribution of aerodynamic coefficients
on the surface of the model house were constructed for the directions of incoming air flow o = 0°; 90;
180; 270 (Timofeev & Kuznetsov, 1996; Stasiuk et al., 1998).

Fig. 4. Section of the house model at the incoming wind stream a = 0° and a = 90°
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It was also built wind epures for different angles of incidence of the air flow (Fig. 5, 6).
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Fig. 5. Plots of the distribution of aerodynamic coefficients
in section E-E, Z-4, JI-JI for the direction of the incoming wind stream o = 0°.
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Fig. 6. Plots of the distribution of aerodynamic coefficients in section 4-4, 7-7, 10-10
for the direction of the incoming wind stream o = 90°.
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Analyzing the spatial plots of the distribution of aerodynamic coefficients on the house model
surface relative to the height of the model of the house, we can state:

1. In the windward region of the flat surface, there is a zone of positive values of k with a wavy
increase when approaching the windward facade of the model of the house.

2. In the windward area of the roof, aerodynamic coefficients acquire a very wide range of values
from 0.63 to 1.21, indicating a sharp change in wind pressures on the roof surface.

3. In the leeward area of the surface and on the leeward facade of the model, the values of the
aerodynamic coefficients are negative and are in the range -0.16 ... -0.45 for the flow direction a = 0 °.
These values are smaller than the values prescribed by the standards for the leeward house facade.

4. The diagrams of the distribution of aerodynamic coefficients are obtained, which allow choosing
a rational orientation of the house during its design (Zhelykh et al, 2018).

Conclusions

1. In the windward region of the flat surface, of the underfloor there is a zone of positive values of
k with a wavy increase when approaching the windward facade of the model of the house.

2. In the windward area of the roof, aerodynamic coefficients acquire a very wide range of values
from 0.63 to 1.21, indicating a sharp change in wind pressures on the roof surface.

3. In the leeward region of the underfloor surface and on the leeward facade of the model, the
values of the aerodynamic coefficients are negative and are in the range -0.16 ... -0.45 for the direction of
the incoming flow a = 0 °. These values are smaller than the values prescribed by the standards for the
leeward facade of the house.

4. The plots of the distribution of aerodynamic coefficients are obtained, which allow to choose a
rational orientation of the house during its design.
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HamionaneHuit yHiBepcuTeT JIbBiBCEKA MOMITEXHIKAH,
Kadenpa teriora3onocrayatss ta BEHTHIIALIT

JOCJIIIKEHHS AEPOANHAMIYHUX XAPAKTEPUCTUK BYIUHKY
HYJb-EHEPI'Ii MOJYJBHOI'O THITY

O JKenux B. M., ®@ypoac IO. B., Kozak X. P., Peoman M. P., 2020

BupimeHss 3aBaaHp aepoArHaMIKH OyAiBeNb € BaXXJIMBUM 1HCTPYMEHTOM JUISI BU3HAYCHHS BIUTHBIB
BITPOBHUX IIOTOKIB Ha OyIiBIIO 3 ypaxyBaHHAM peibedy MicueBocti. [Ipu 3MiHI HampsMKiB 0OTiKaHHS Oy-
IUHKY 3MIHIOETHCS XapaKTep BITPOBOTO MOTOKY, SKAH CIPUYHMHEHUH Pi3HOIO reoMeTpiero (opM OYIMHKY Ta
penbedy, TOMy BHHHMKAE HEOOXIHICTh MPOBENEHHS CHEIiaIbHUX IOCHIHKEHh B aepoJuHaMiuHii TpyoOi.
AepoJHaMIiYHI JTOCHI/PKEHHSI Aal0Th MOXJIMBICTh BU3HAYUTH BIUIUB peNbe(y Ha PO3IMOIIN Ta 3HAYCHHS
aepoAMHAMIYHUX KOC(]IIi€HTIB Ha MOBEPXHI MOJENi OYIOMHKY, a TaKOXX BIUIMB KOHCTPYKIIi MoOJIemi Ha
PO3IOJIN THCKIB Ha TMOBEpXHI HacTeneHHs. OCKUIBKM NHUTaHHA BigOOpY TeIuia BITPOBUM IOTOKOM IO IO-
BEpXHiI eHeproeeKTUBHUX 1 MACHUBHUX OYAWHKIB € HEJOCTAaTHHO BUBUYEHE, OyJIO TPOBEICHO DS €KCIIepHU-
MEHTaJbHUX OCTIKCHB MO0 O0TiKaHHS OYMiBII MOBITPSHAM IMOTOKOM IIiJ Pi3HUMHU KyTaMH .

ExcniepuMeHTanbHi JOCTIHKCHHS MPOBOAWIM HAa MOJAEN OymiBii, BUKOHaHIH y macmTabi 1:16, B
aepoauHaMiuHii TpyOi B naboparopii HarionansHoro yHiBepcuteTy “JIbBiBchka modiTexHika”. IIpoanari-
3yBaBIIX OTPUMAaHI pPe3ylbTaTH, MOKHA CTBEPJPKYBATH, III0 HAa HABITPsSHIA 00JacTi TIOCKOI MOBEPXHi BHHU-
Ka€ 30HA JIOJATHHUX 3HAYCHb acpOAWHAMIYHOTO KoedimieHTa 3 XBHICHOHIOHUM 30UIBIICHHSIM TpH HaOIH-
JKCHHI JI0 HaBITPSHOTO (hacaxy Mojaeni Oynuuky. [ HanpsiMKy Habirarouoro motoky 0° B obiacti HaBITps-
HOTO (hacamy Mojerni 3HaueHHsS K MOCTYMOBO 3pOCTal0Th y MIpy BiJMaleHHs BiJ MOBEPXHI HACTEIIOBAHHS i
IS0 3MECHIIYIOThCS TP HAOIIDKEHHI IO AaXy MOJEIT.

Byno moOymoBaHO emopH po3MOAUTY acpOAMHAMIYHMX KOE(IIEHTIB, SKi NAOTh MOXIIMBICTH BHOOPY
parioHaJpHOI opieHTali OyIUHKY M7 9ac Horo mpoekTyBaHHS. KpiM Toro, oTpumaHo, 10 Ha MiABITPSIHOMY
(acani MozeIni 3HaYECHHS acpOIMHAMIYHUX KOe]IIli€HTIB BiT€MHI 1 3HaXOIAThcs B miamas3oHi -0,16...-0,45 mus
KyTa HaOirarogyoro motoky o = 0° . Ili 3HaYeHHs MEHIII 3a BENMYMHH, SKi PErTAMCHTYIOTHCS HOPMaMHU JUISA
migBiTpsiHOro (Qacagy OyAMHKY. A Ha HaBITpsHIM oOnacTi Jaxy, aepoAuHaMiuHi Koe(illieHTH HaOyBalOTh
LIMPOKOTO HianazoHy 3Ha4eHs Bix 0,63 1o 1,21, 110 CBiIYMTH PO Pi3Ky 3MiHY BITPOBHX THCKIB Ha TIOBEPXHi JIaxy.

KurouoBi cjioBa: 0yIMHOK HYJib-eHeprii, nacuBHMii 0yIMHOK, 103BYKOBa aepoAMHAMiuHa Tpy0a,
aepoaAMHaAMiYHUI Koe(ilieHT, KyT MOBITPSIHOT0 MOTOKY



