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Jesiki BUIM NJIOCKHX JaXiB 3 MAJ0I0 BHCOTOK BEHTWJIHLOBAHOIO MOBITPSHOIO MPOLIAPKY
MalOTh MeBHI MNpo0jgeMH 3 TeMIOBOJIOTiCHUM pexuMoM. Hukui TemmepaTrypu mnoBepxHi
BHYTPILIHIX KOHCTPYKIIH y MOBITPSIHOMY NPOIIAPKY AaXy Ta HAAXOM:KEHHS] HArpiToro i BOJIOroro
NMOBITPA 3 BHYTPIIHBOIO cepeJOBUINA OYIMHKY Yy NOBITPSIHHMII NPOLIAPOK NPU3BOAATH /0
KOH/IeHcallil BOASHOI Mapy Ha X0JIOHUX BHYTPIlIHIX MOBEPXHAX KOHCTPYKUil naxiB. Takuii Bua
IJIOCKMX /IaXiB BUKOPUCTOBYBAJIM B Hamiil kpaiHi B kinui XX crouittsa. KoHceTpykuilo miockoro
Jaxy Ppo3AiJieH0 Ha [Bi YacTHHM, MK SIKMMH 3HAXOJUTHCA BEHTHJIHLOBAHWI TOBITPSHUI
npomapok 3aBToBmiku 150 mm. BararomapoBa KOHCTPYKUisi HaJq NOBITPAHMM MPOIIAPKOM
3axuiae OymiBio Bif Aomyy i cHiry, a 6araromapoBa KOHCTPYKUisl i MOBITPAHMM NPOLIAPKOM
3axumae OyaiBja0 Bix TemaoBux BTpar. bararo mnpo0jeM BHHUKAIO TNPH TNPOKJIAXAHHI
BEHTWIAIIiHUX KaHATIB a00 KkaHami3aiil yepe3 Taky KOHCTpyKuUilo naxy. LleHTpaibHa cucrema
TPYO /ISl BeHTHIISIIiT KBApTHP (KyXHsI, TyaJleT i BAHHA KiMHATA) MPOXOIUTH Yepe3 KOHCTPYKIi0
Aaxy, aje NOBITPONPOBIA He MOB'sI3aHNi 0e3MocepeHbO 3 HEHTPAILHUM BeHTWISITOPOM MOBIiTPS
Ha naxy. Yepe3 KOHCTPYKIil0 Aaxy Bin0yBarOTbcsi BUTOKHM NOBITpsi. Taki micusi € muisixom s
NPUPOJAHOIrO PyXy TeIJIOTO i BOJIOTOro MOBITPS 3 ONAJIOBAILHOIO0 NMPUMIllEeHHS B MOBITPAHOMY
NpoMizKKY Aaxy. MeTa crarTi mojasirae B ToMy, 1100 OTPUMATH BiIOMOCTI NMPO IIBHAKICTH PyXy
NOBITPs, BHYTPIlLIHI TeMIlepaTypH MOBEPXHi B MOBITPSIHOMY MPOLIAPKY iCHYIOYOI0 IJIOCKOI0 Jaxy
TAa MOTEHUIAHUX Micub KOHIeHcalil Bosiorn 3a ponomorow CFD-ananizy. B nociimkenHsx 6yso
pukopucrano CFD inctpyment ANSY S CFX.

Karwuosi ciioBa: minockuii nax, CFD, koHaeHcailisi BoJ1oru.

Some kinds of flat roofs with low height of ventilated air gap have certain problems with
thermal and moisture regime. The lower surface temperatures of internal constructions in the air
gap of roof and presence of hot and moist air in the air gap from indoor environment of building
causes condensation of water vapour at the cold surfaces of roof internal constructions. This kind of
flat roofswas used in our country at the end of the 20th century. The used constr uction of flat roof is
gplit in two parts. Between them is ventilated air gap. The thickness of the air gap is 150 mm.
Multilayer construction over the air gap protects the building against rain and snow. Multilayer
constr uction under the air gap protectsthe building against the ther mal losses. Many problemswere
at that time with the quality of work, with realization of roof penetrations by building equipments
such as ventilation duct or canalization. The central ductwork for ventilation of flats (kitchen, toilet,
and bathroom) enters to the roof chamber but the ductwork is not directly connected with the
central roof air fan. In the roof construction are many leakages. These places represent the path of
natura motion of warm and humid air from heated space into the air gap of roof. The aim of this
articleisto gain the view on the air velocity, internal surface temperaturesin the air gap of existing
flat roof and potential places of air condensation by using CFD analysis. We used commonly used
CFD tool ANSYS CFX.

Key words: flat roof, CFD, air condensation.

Introduction. It is a fact that flat and low-slope roofs demand careful detailing and good
workmanship. Flat roofs and low slope roofs also face potentially serious condensation problems that can
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in turn lead to costly rot or mold damage in buildings. The most common flat and low slope roof leaks
occur at flashings and roof penetrations such as at plumbing vents, chimneys, and roof-mounted air
conditioners or heat pumps. Roof flashing details that are not designed to absorb thermal or other building
movement (thermal expansion of materials for a table of the coefficient of expansion of common building
materials including brick, concrete, mortar, and stone) can lead to cracked broken metal flashings that leak
badly into the building. While awell-installed flat or low slope roof can keep outside rain or snow-melt out
of the building, water entering the roof cavity from inside the building in the form of water vapour can be
more troublesome [4].

However even a compact-roof with good indoor vapour barrier design can suffer from under-roof
moisture condensation, that is, condensation under the roof inside the occupied space, if the building
interior moisture levels are excessive and proper ventilation or dehumidification are not provided.
Condensation within a flat roof mainly occurs during cold weather when moisture vapour in the air which
has been generated within the heated building rises from the room below into the cold roof void above the
ceiling. When the temperature of the vapour falls to or below its dew point the water vapour condenses on
cold surfaces [5].

The text above describes flat and low slop roofs without ventilated air gap. In our climatic
conditions were designed the flat roofs with ventilated air gap. The construction of flat roof was split by
the air gap in two parts. Multilayer construction over the air gap of the flat roof protects the building
against rain, snow etc. Multilayer construction under the air gap of the flat roof protects the building
(heated space) against the thermal losses. The vapour barrier is not used in this flat roof construction. In the
external walls of roof construction were situated circular openings for inlet and outlet of air. The problem
with flat roofs particularly with low height of air cavity is that there is ho chimney effect. When the wind
does not blow the air motion in the air gap is approximately zero.

Geometrical model and boundary conditions. The geometric model of flat roof was created in the
first step. The next fig. 1 shows the view on the flat roof from the top. The highlighted part (dashed line)
was used for the CFD analysis. The thickness of the air gap is 150 mm. The next table 1 contains all details
about other boundary conditions.

Table 1
Boundary conditions
Diameter of air inlets/outlets (circular openings) in externa walls 60 mm
Physical model non-isothermal
Radiation model surface to surface
Outside air temperature -5.0°C
Air velocity of wind 20m/s
Outdoor relative air humidity 80 %
Turbulent model k-epsilon
Air temperature of heated space (room) 22.0°C
U-value (construction under air gap of roof) 0.52 W/(m?.K)
U-value (construction over air gap of roof) 2.94 W/(m?.K)
Dimensions of vertical ventilation shaft (duct) 200 x 200 mm
Air temperature in the vertical ventilation shaft (duct) 22.0°
Air velocity in the vertical ventilation shaft (duct) 0.75m/s
Indoor relative air humidity 40 %
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Fig. 1. The top view on the flat roof

The air temperature in the vertical shaft is from 22 °C to 25 °C, air veocity from 1.5 m/sto 2.5 m/s
and the relative humidity from 40 % to 50 % [3]. The next figure 2 illustrates the detail of roof construction
at the place of vertical shaft. The central vertical ductwork for ventilation of flats (kitchen, toilet, and
bathroom) enters to the roof chamber but the ductwork is not directly connected with the central roof air
fan. Its function was to pull the air from the roof chamber to the exterior. But the reality was another. The
air fan did not work and the air from ductwork was accumulated in the chamber (overpressure). In the roof
construction are many leakages because of the poor quality of works at that time. These places represent
the path of natural motion of warm and humid air from heated space into the air gap of flat roof. Warm and
moist air (air temperature 6a = 22 °C, rdative humidity ¢a = 40 %) from heated space of building could get
into the air gap of roof and could condense in these parts of the air gap with cold surfaces.
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Fig. 2. Sketch of double skin roof with vertical shaft
and leakages in roof construction

Analysis of results. The next fig. 3 shows air temperature in the air gap of the roof by the wind
velocity at the value of 2.0 m/s and outdoor air temperature at the value of -5.0 °C. Inthel€eft top corner is
the air temperature the highest because there is the outlet from the vertical shaft with the warm and moist
air. The next fig. 4 shows motion of air from the vertical shaft into the air gap of flat roof. The warm and
moist air blows directly out.
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Fig. 4. Motion of air fromthe vertical shaft

In the most places the internal surface temperature of construction in the air gap is low according the
fig. 5. In the left top corner the internal surface temperature of roof construction is the highest because
thereis the outlet from the vertical shaft with the warm and moist air.

Temperature [°C] NNSYS

Fig. 5. Internal surface temperature of roof construction over the air gap
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That was the situation when the wind blows. In the second step of the CFD analysis is
simulated the situation when the wind does not blow. In the reality the wind does not blow
constantly, the wind velocity is changing in time. The next figure 6 shows the air temperature in the
air gap of the roof. The wind does not blow and the outdoor air temperature is the same at the value
of -5.0 °C. The warm and moist air from the vertical shaft enters into the air gap and fills the space.
The temperature in the air gap is changing. If we look at the previous situation the blowing wind
causes the drop of the internal surface temperatures in the air gap (Figure 5). They are lower than
the dew point for the warm and moist air entering into the air gap from the ventilation shaft when
the wind does not blow (Figure 6). So the air condenses on the cold surfaces. The entering warm air
gradually heats the internal roof construction what can we see in the next figure 8 (no wind). L ook
at the next figure 7 for better illustration of motion of air from the ventilation shaft in the air gap of
flat roof.
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Fig. 6. Air temperatureinthe air gap —
the wind does not blow
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Fig. 7. Motion of air fromthe vertical shaft —
the wind does not blow
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Fig. 8. Internal surface temperature of roof construction over
the air gap —the wind does not blow

Conclusion. The results from this CFD simulation showed that the main problem of flat roof is at
the place of vertical shaft where the ductwork is not directly connected with the air fan or wind turbine. If
thereis a dysfunctional air fan the warm air will accumulate in the space chamber. The warm and moist air
enters into the air gap through the construction leakages where the air can condense. It is need to directly
connect the ductwork to the air fan or wind turbine and close the construction leakages in the roof
chamber.

Acknowledgements. This paper is the result of the Projects implementation: KEGA 052 TUKE-
4/2013 — The implementation of a virtual laboratory for designing energy-efficient buildings, and
University Science Park TECHNICOM for Innovation Applications Supported by Knowledge Technology,
ITMS: 26220220182, supported by the Research & Development Operational Programme funded by the
ERDF.

1 .ANSYS CFX Introduction. ANSYS Inc. Canonsburg, USA, 2012. 2. Bludau Ch.,Zirkelbach D.
2008. Condensation problems in cool roofs. 11th International Conference on Durability of Building
Materials and Components (DBMC), Instanbul, Turkey, 11-14 May 2008. 3. Sirillova L. 2015. Meranie
parametrov vetracieho vzduchu vybraného bytového domu, available on http://mww.tzbportal .sk/sprava-
budov/merani e-parametr ov-vetr aci eho-vzduchu-vybraneho-bytoveho-domu.html. 4.BuildingRegsAPlans Premium
2016. Flat Roof — Condensation, available on http:/Awwv.buildingregsdplans.co.uk/guidance flat_roof
condensation.php. 5.InspectAPedia 2016. Free Encyclopedia of Building & Environmental Inspection,
Testing, Diagnosis, Repair, available on http://ingpectapedia.conVEner gy/Flat_Roof Moisture.htm

294



