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Asorauis. [IpoananizoBano cydacHi Teopii hi3uIHUX MTPOIIECIB, 1110 BU3HAYAIOTH TEILIOTEXHIUHI XapaKTepuc-
TUKH TIOBITPSHOTO TIPOIIApKy B OYAWHKAX 3 BUKOPUCTAHHSM BEHTHJIbOBaHOI (hacanmol cucremu. HaseneHo
pe3yJIbTaTH HATYPHUX CIIOCTEPEsKeHDb. Po3risiaamacs MiniMaIbHa TOBIIMHA MOBITPSIHOTO TIPOIIApKy 15 MM Ha
TPUKJIA/li BEHTUJIBOBAHOI (hacasHoi cucteMu «MapmMopoks. /locmikeHHsT TPOBOAUINCS B TEPMOMO/IEPHI30-
BaHOMY TI'SITHIIOBEPXOBOMY OYIMHKY Ha piBHi 1-T0 , 3-T0 i 5-T0 MOBEPXiB MPU MPOCBITHOCTI CTAPTOBOTO TPOi-
o 0,301 100 %. Ha mincraBi ekcriepuMeHTaIbHUX IOCTI/ZKEHD 1 TEOPETUYHUX PO3PAXyHKIB BU3HAUEHI TITBU/I-
KOCTI pPyXy, TeMIeparypa i BOJIOTICTh TIOBITPS B MOBITPSIHOMY MIPOIIAPKY B PO3PaXyHKOBUX yMoBax. [1oGyo-
BaHi 3aJIe>KHOCTI IIBU/IKOCTI PyXy MOBITPS B MPOIIAPKY BiJl TeMIepaTypH 30BHINTHBOTO MOBIiTPs. 3adikcoBaHi
3MiHHM BOJIOTOCTI B IIPOIIAPKY 3aJeKHO BiJl CTYIEHS BIIKPUTOCTI CTAPTOBOTO MPO(dimio, a TaKOX BUIBJIECHO
XapakTep 3MiHHU TeMIIePaTyPH IO BICOTi TOBITPSTHOTO IPOIIAPKY P HETATUBHUX TeMIIepaTypax 30BHIITHBOTO
TTOBITPSI.

K104o0Bi c10Ba: BEHTUIOBAHUI MOBITPSIHUIL TPOIIAPOK, TEMIIEPATYPA, BOJOTICTD, MIBUIKICTh PYXY
TIOBITPSI, TEPMOMO/IEPHI3aIlisl.
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Annoranus. [IpoananusupoBaHbl COBpeMeHHbIE TEOPUH (PU3MUECKUX ITPOIECCOB, ONPENESTIONUX TETIOTeX-
HUYECKHe XapaKTePUCTUKHU BO3/YITHON MPOCTIONKY B 3/IAHUSIX C MCITOJb30BaHNEM BEHTUIINPYEMOH (pacasnoii
cucteMbl. [IpuBe/IcHBI pe3yIbTaThl HATYPHBIX HabJoeHMil. PaccMaTpuBasach MUHUMAJIbHAS TOJIIINHA BO3-
JYIIHOU TpocJioiiku 15 MM Ha mpuMepe BeHTHIMPYeMoil (acaanoii cucteMbl «Mapmopoks. VccaenoBanust
MPOBO/INJIMCH B TEPMOMO/IEPHU3UPOBAHHOM MSTHITAKHOM 37IaHUK Ha YPOBHE 1-r0, 3-TO U 5-r0 3Takel npu
npocsetHocTu craproBoro npoduis 0, 30 u 100 %. Ha ocHoBaHMM 3KCIIEPUMEHTATbHBIX UCCJAEIOBAHUI 1
TEOPeTUYECKUX PACUETOB OIPeIeJIeHbl CKOPOCTH JIBUIKEHVSI, TEMIIEPATYPa M BJIAKHOCTb BO3/yXa B BO3/YII-
HOM 3a30p€e B PaCYeTHBIX YCIOBUSX. [locTpoeHbI 3aBUCHMOCTH CKOPOCTH JIBMKEHUSI BO3/IyXa B IPOCJIONWKE OT
TeMIepaTypbl HAPY>KHOTO BO3ayXa. 3aUKCUPOBAHBI N3MEHEHUST BJAKHOCTU B IIPOCJIOIKE B 3aBUCHMOCTH OT
CTeTeHN OTKPBITOCTH CTAPTOBOTO MPOMUIIS, & TAKKE BBISIBJIEH XapaKTep U3MEeHEHUsT TeMIIepaTyPHI 110 BBICOTE
BO3IYIIHOM TPOCJOUKYU TIPU OTPUIATETBHBIX TEMIIEPATyPax HApy>KHOTO BO3/yXa.

Kiouessie cioBa: BEHTUJIMPDYEMasA BO3AyITHAA HpOCJIOﬁKa, TEMIIEPATYPa, BJIaKHOCTb, CKOPOCTb ABUKEHUA
BO3/1yXa, TECPMOMO/JIEpHU3AI U,
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Abstract. The contemporary theories of physical processes that determine thermo and technical
characteristics of the air gap in the buildings with ventilated facade systems have been analyzed. The results
of field observations have been given. The minimum thickness of 15 mm air gap on the example of ventilated
facade system «Marmoroks. Have been considered Research was conducted in term modernized five story
building at the 1st, 3rd and 5th floors with luminal starting profile of 0, 30 and 100 %. On the basis of
experimental studies and theoretical calculation the air speed, air temperature and humidity in the air gap
in the design conditions have been determined. The dependences of the air speed in the layer on the outside
temperature have been done. The changes in humidity in the layer depending on the degree of openness of the
starting profile have been found, and also it has been found out that the nature of temperature change of the

gap at subzero temperatures of the outdoor air.

Keywords: ventilated air layer, temperature, humidity, air speed, thermomodernization.

Subject actuality

Ventilated facade systems (VFS) have been widely
used in modern construction. Application of a
ventilated facade system during thermo-
modernization of building is the most promising
method to provide the required energy efficiency.
This system increases thermal insulation quality of
the existing external walls of buildings. For the
smooth movement VFS it is necessary to ensure a
steady stream of air in the air gap with the values of
the speeds with in values contributing drainage of
moisture from the layer and prevent condensation
on the inner surfaces of the lining or the outer surface
of the insulation. Normative documents of Ukraine,
taking into account international experience of VFS
operation, recommend the optimal thickness of the
ventilated layer not less than 40 mm as suitable to
perform the abovementioned tasks. Separately
specifications DSTU B V.2.6-35:2008 [ 1] shows that
at lower thickness it is desirable to use additional
theoretical calculations. As there are no valid
engineering calculated methods yet, at in practice
ventilated layer thickness structurally is allowed to
be from 15 to 25 mm, there may be problems in the
operation of VFS. First of all, the speed and air flow
rate may be insufficient to meet the basic function
of VFS — remove moisture from the insulation.
Therefore, there are doubts about the adequacy of

specified thickness for the proper functioning of
VFS. In connection with the above mentioned
considerations field observations are relevant for
thermo and technical characteristics in the air gap
VFS of minimal thickness to estimate their
performanceand insertion in the theoretical design.

Tasks

Information on field observations of this kind is
contained in the VFS works of scientists of the
Russian Federation: V. Gagarin [2] and N. Umnya-
kova [3, 4]. In the former papers for the first time
there is the dependence of the air speed in the layer
from the action of the wind. But in reality thickness
of the air gap was 40 mm. In the publications of
foreign authors, for example H. Kiinzel [5-7]
B. Schwarz, E. Mayer, D. Hoffman, A. Silberstein,
C. Langlais, K. Kiebl, which are summarized in the
paper of K. Sedlbauer, H. Kiinzel [8] there is an
information for the long period of observation from
1973 till 1998 and the cord itself was introduced
VFS. These works are characterized by the fact that
at layer thickness of 40 mm was fixed small in
signification of air speed of 0,25 to 0,60 m/s. With
an average wind (up to 2,5 m/s) was observed even
decrease of the air speed in the layer. Strong wind
according to the data of scientists increases speed in
the interlayer up to 40—60 %. In the papers of
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H. Kiinzel, E. Mayer [5] they are dealing dealing
with thickness of the interlayer 10 and 20 mm, but
the overall results are given together with alayer of
40 mm. Thus to estimate the situation in the
interlayer of the minimum sizes unfortunately is not
possible.

The practical application analysis of VFS at the
construction of the new buildings e. g. in Donetsk
shows that VFS has got the most widespread were
the thickness of the air gap by technical means was
equalto 15 mm. Thisis connected with sufficiently
considerable weight of facing (nearly 40 kg/m?) and
possible increasing of metal volume of under facing
mounting elements and making of deeper thickness.
The investigators of the system is the Swedish
company «Marmorok» pointing out to possibility
of itsapplication in the buildings with height up to
75 m, but there are also recommendations of other
supplier up to 100 m.

The main drawback of the application of
«Marmoroks system has appeared of air disturbance
through the starting profile, peculiar used for these
purposes and theoretically provided. It happens
either on the demand of fire services, controlling
the design and operating the work if there are gas
tubes outside application or if some number of holes
are drilled by hand after the assembly in the solid
starting profile.

In this connexion it is required to clarify the
influence of other factors on the air movement in
the interlayer. First of all it refers to the above
mentioned influence of the wind. Next air
permeability of the screen should be taken in to
account. Theoretical investigations (studies) of
V. V. Kozlov, S. V. Guvernyuk, A. A. Sinyavin
[9-10] are devoted to this question. In the
investigations [11] it is pointed out that at closed
(start and finish) profiles due to air permeability
occurs convective air movement in the interlayer
and the maximum speed should be expected by mid-
height layer.

For the first stage of the experimental
investigation was chosen the standard (series 164-80-1)
five-storey large-block building facades of which
were overhauled with use of ventilated facade system
«Marmoroks, installed were windows of PVC
profiles, glassed loggias and balconies. This building
is a hostel (dormitory) Ne 5 of music school in
Donetsk in. Popovich street 37B. In this building
successfully were used space-planning decisions,

allowing unimplemented conduct surveillance in
hallways and rooms designed for the auxiliary
functions and having microclimatic characteristics
which are related to living rooms solved was the
problem of fixing the speed of movement (V_, m/s),
temperature (t,, “C) and relative humidity (¢, %)
in the layer at the luminal of starting profile of
0,30 and 100 %. Translucent 0 % refers to the fully
closed starting profile and 100 % — respectively to
the fully open.

The research was conducted on the basis of the
methodology of field observations according to the
specifications B V.2.6-101:2010 [ 14]. Studies have
been performed on the same vertical line (Fig. 1) at
levels 1, 3 and 5th floors.

Solution of the problem

To perform observations on the outside wall tiles of
facing were made holes of the required diameter. In
holes there were inserted sensors. With the help of a
special limiter ending air speed sensor was located
in the middle of the air gap, and the temperature and
humidity sensor did not prevent the movement of
airin the interlayer.

Observations were carried out with the usage of
measuring devices — anemometer Testo 425 (Fig. 2),
humidity and temperature sensor DTV — 302ts
which was connected to a digital meter 12 DTV.

Asto the central vertical axis in the layer of facing
stone there isa hole to measure air speed and relative
humidity measurement sensor is shifted to the right
to a sufficient distance so as not to influence the
movement of air in the interlayer.

Measurements were carried out within 6 days at
outdoor temperatures 4.4 subzero to 4,0 °C above-
zero. Number of measurements ranged from 10 to 18
and they were carried out with 30 minutes interval.
Carried out were simultaneous measurements of
temperature and humidity in the premises at the
appropriate levels. Also recorded were: temperature,
pressure and humidity of the outdoor air, the wind
speed at a distance from the building (V ) and at the
plane of the facade (V_ ) at levels of observation
points (Fig. 1).

The example of the results of field measurements
of temperature (t, ) and airspeed (V) in the layer
isshown in Table 1.

Presented in Table 1 values of speed indicates
about the negligible air speed in the layer with the

out
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Figure1. Observation object — layout of measuring points.

closed (up to 30 % of luminal — options 1 and 2)
starting profile. In general, the air speed adjustment
layer increased by only 0,03 m/s. For central layer
(third floor level), the maximum air speed is not
fixed as it is theoretically predicted in [11]. In
option 3 (translucent is 100 %) at the start and finish
profiles was observed speed increase with the
increase of altitude.

According to the results of observation there
were plotted the dependences of air speed in the
layer on the outdoor temperature. Figure 3 shows
such curves of dependence for 1, 3 and 5 floors. In
the resulting mathematical dependences was
substituted the value of temperature (—22 °C), which
corresponds to the calculated climatic conditions of
the 1-st temperature zone of Ukraine. The resulting
calculated value of speed at the fifth floor level was
about 0,25 m/s. Such a small value can be explained,
first by small thickness of the interlayer, secondly
by a significant hydraulic resistance of the channel
through which the air moving.

Separately was investigated the dependence of
the air speed in the layer on the wind speed. Speed is
approximated by dependence of general view
V. =aV}. Coefficient for the 1st floor is 0,0644, the
third — 0,076 and the fifth — 0,1005. Exponents for
each floor have different values. Table 2 shows the

design formulas according to the results of field
observations.

Figure 4 shows the average speed on the ground
floor — fifth floor.

Nature of the obtained results coincides with
experimental observations N. P. Umnyakova [3, 4]
in terms of the law of speed change. Air speed in the
layer increases with the increase of the speed of the
wind flow and decreases with decrease in the number
of storeys.

An important step of observations was to identify
the nature of temperature change asto the height of

Figure 2. Use measuring devices — anemometer Testo 425.
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Table 1. The results of field observations of thermal and technical characteristics in the air gap

. Air temperature, °C Speed of movement,
Luminal of The m/s
Ne opt. piggiﬂen% %, floor out side, a:f;ag: mn in the gap, vind, air in the
’ tout t £ap, tag Vout gap, Vaq
-avag
1 3.1 1.7 0.07
1 0 3 3,3 4,1 3.6 2.1 0.08
5 5.1 2.6 0.1
1 3.8 1.72 0.08
2 30 3 3,4 4.4 3.7 2.2 0.087
5 5.0 2.7 0.084
1 3.0 1.69 0.08
3 100 3 3,3 3,8 3.5 2.1 0.11
5 4.9 2.65 0.14
0,3
2 ]
=
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Figure 3. Dependence of the rate of air flow in the layer on the outdoor temperature: ¢ — Vag on the ground floor;
@ — Vag on the third floor; A — Vag on the fifth floor.

Table 2. Calculated dependence accordingto the results of field observations

Field observations
The floor
Vie, M/c Vitan M/C
1 0,0644V%>?
3 0,076V 0,0895V >
5 0,1005V™1

the air gap. Dueto corrective air flow and constant
heat input with increasing altitude from the premises,
the temperature in the layer must increase. Fig. 5
shows the temperature change in the air gap,

depending on the outdoor temperature. Traced are
two physical states of air.

The first, when the outdoor air temperature is
zero. Here in two cases is observed an inverse
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Figure 4. Air speed distribution in a ventilated interlayer depending on floor height and wind speed. In the graphs
shown schematically are: @ — averaged dependence between the first and the fifth floor; ® — according to N. P. Um-

nyakova [3,4].

relationship of temperature instead of increasing
as to the height — it decreases. Reduction is
(0,65-0,38)=0,27 °Cand (3,38 - 3,35) =0,48 °C.
In one case the relationship is positive and the
difference is (1,89 — 1,32) = 0,63 °C. Such uneven
temperature distribution is related, probably, to
instability of the ambient temperature change
when is observed change of temperature from the
negative to positive values and vice versa. The
second-with outside subzero temperature values.
Observed was temperature increase as to the height
by (3,35-1,55)=1,8°Cand (1,96 - 0,65)=1,31 °C.
Also at the temperature above-zero increase is
(5,1 —3,1)=2,0"°C. Increase of values is larger than
in the conventional theory [12, 13].

Figure 6 demonstrates changes of interlayer
moisture content depending on the degree of
openness.

So, with closed bottom starting profile has been
observed a steady decrease of humidity at ground
level (by 10-35 %) with a further increase at the
fifth floor level by (2—8 %). This case testifies about
the considerable vapor resistance of exterior
sheathing.

When the starting profile is opened (30 % and
more of transmissive) humidity on the ground and
fifth floors isunstable and varies slightly in comparison
with the outdoor air humidity. That is, in-field
observations (at the height of building 15 m)
conditions of condensation in the air gap are not fixed.

Conclusions

1. According to the results of observations at closed
starting and finishing profiles with up to 30 % of
luminalin the air gap of ventilated facade systems
with airspace of minimum thickness was recorded
minimum air flow speed in the range from
0,07-0,10 m/s.

2. Reduction of speed to 0 m/s in the low and upper
parts of the air gap, as well as the maximum speed
at mid-height of the building were not detected.

3. When the starting profilesare opened on the base
of experimental investigations was predicted the
movement of air in the calculated climatic
conditionsat aspeed of 0,25 m/s, which provides
prevention of condensation in the air gap.
Evidently height of the air gap at the level of
15-20 m can be adopted for placement of
crosscuts as to height.

4. The air temperature in the layer has a steady
increase as to height at the temperatures of the
outdoor air above and below zero. At a
temperature of about 0 °C s observed an unstable
temperature state in the layer with the increase
or decrease of the temperature asto height.

5. There was fixed air humidity change in the
layer depending on its degree of openness. So,
with a closed bottom starting profile is
observed a steady decline of humidity at ground
level by (10-35 %) with a further increase at
the fifth floor level (2-8 %). This case testifies
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tout, °C

Figure 5. The temperature distribution in a ventilated
interlayer depending on floor height and outdoor
temperature. The graph shows schematically: — closed
starting profile, ---- open starter profile.

about the considerable vapor resistance of
facing. When the starting profile is opened
(more than 30 % of luminal) humidity, on the
ground and fifth floors is unstable and varies
slightly in comparison with humidity of the
outdoor air. That is, in field observations were
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not fixed the conditions of condensation in the
air gap.

6. Field observations have proved the necessity to

take in to account the effects of wind and air
permeability of the facing in the theory of air
motion in the air gap.
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