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Abstract. This article considers the moisture transport phenomenon in the vertical ventilated
channel. HVF construction parameters are determined influencing the rate of moisture transport. It is
necessary to have h < L/25 =8 cm. The greatest air movement is created in the construction with the
open rustications. The optimal location of the heat sources on the channel height, as well as their
favorable combination from the point of view for the process of drying the outer surface of the thermal
insulation material, was identified. The air velocity dependences on height of an air gap are determined
and it was found that the greatest values taken at the maximum height velocity. Ratio between the
moisture transport and the distance to the heat source is installed. Drying processes are compared with
the various combinations of heat sources. The direct dependence of the vaporation weight rate of the
time is installed.

AHHOTaumMa. B paHHOM cTaTtbe wW3y4aeTcsi SIBMIEHME BriaronepeHoca B BepPTUKANIbHOM
BEHTUNMPYEMOM kaHane. OnpegensTca napaMeTpbl KOHCTpykuun HB®, okasbiBalowme BnvsHUE Ha
CKOpOCTb BnaronepeHoca. Heobxogumo wumetb h <L/25=8cm. Haubonbliee ABWkeHMe Bo3ayxa
co3faeTcd B KOHCTPYKUMN C OTKPbITbIMU PYCTaMW. BbigBneHo ontumanbHoe pacnonoxeHne NCTOYHUKOB
Tenna no BbICOTe KaHala, a Takke UX BbIrogHble COYMeTaHUA C TOYKM 3peHUA npouecca BbiCylLUMBaAHUA
Hapy>+<H0|7| NOBEPXHOCTN TeNNon3onAuMOHHOIo MaTtepuana. B pe3ynbTate wuccrnenoBaHuUA CKOpPOCTU
OBMXEeHNA BO3AyxXa NO BbICOTE BEHTUNMPYyeMOro 3asopa, ObIno YCTaHOBJIEHO, 4YTO Ha MaKCUMarnbHOMN
BbICOTE€ CKOPOCTU MNPUHUMAIOT HanbonbluMe 3HavyeHus. A Takxke BblB€EHO COOTHOLUeHne mMexay
MaCcCOBOW CKOPOCTbIO MepeHoca Briarv U paccTostHeM A0 UCTOYHUKa Tenna. CpaBHMBAKTCA MpOLECCHI
BbICYLUMBAHUA MNpPU  PasnMYHbIX COYETAHUSIX HarpeBaTenbHbIX 3MEMEHTOB. YCTaHOBMEeHa npsmas
3aBMCMMOCTb MacCOBOW CKOPOCTU UCMAPEHUS OT BPEMEHW.

Introduction

In the design of these systems radically affected increasing requirements for heat transmission
resistance of enclosure structures. It is a practical impossibility to create a high-quality enclosing parts
without using effective thermal insulation materials.

Clearly, the most favorable location of the thermal insulation in the design is its location at the outer
surface. This ensures the offset of dewpoint temperature in the stream.

This is the principle used in the HVF constructions.

Fiber thermal insulation material having a high air permeance is most popular for the HVF
constructions.
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Modern fibrous mineral-cotton materials have low density, their use is economic. The lower the
density of the mineral wool, the higher its air permeance. This parameter has an effect on moisture
removal rate from the ventilated gap.

The moisture transport is the process of the movement of moisture which represents transfer of
vacant and physically-bounded water under the influence of gravitational and sorption (molecular and
capillary) forces.

The control of moisture level is necessary is necessary to create an optimum operating conditions
of the ventilated facade. The timely identification of excessive moisture appearance sources avoids the
adverse effects of excessive moistening such as corrosion of metal products and parts, destruction of
concrete, stone and brickwork during freezing and thawing, the color change of the building architectural
detail, biological damage and deterioration of thermal properties.

Thus, quantitative calculation of moisture transfer is one of the most important in the multilayered
enclosure structure designing.

This article conditions conducive to the most optimal process of removing moisture from the hinged
ventilated facade gap by simulating moisture transport processes in different parameters HVF model are
formulated.

A special contribution to the study of moisture transport process in the vertical ventilated channel
was made by [1-24].

In this work [1] is investigated the impact of the presence of the technological gaps (rustication) the
rate of air flow in the gap. The speed dependence on the width of the ventilated gap is established
empirically for the construction with open and closed rustications.

The authors identify in the article [2] the conditions under which there is a cold air filtration in the
ventilated gap. The publication [3] considers features of work of facades with and without rustications.
The article [11] is assessed the effect of moisture transport on the dispersed and cellular materials. The
authors of the publication [14] define adequate existence conditions of the free convection stream in the
vertical conduit. In the work [22] consider issues of a natural ventilation of the vertical channel. In the
work [27] the wall building with the ventilated facade thermal protection taking into account a longitudinal
air filtration are investigated.

Purpose and goals of article are:

— to determine the most effective combination of heat sources depending on the air velocity in the
gap.

— to consider the influence of the sources location of mechanical heat on the moisture transfer in
the HVF gap.

— to determine the mass rate of moisture vaporization.

— to identify the mass velocity dependence on the distance from the heat source.

Methods and Results

The imperfection of building structures leads to their excessive moistening. Therefore, more and
more attention is given to the moisture accumulation ability of materials and the possibility of their drying
out. The majority of the moisture control methods are focused on reducing the heat- and moisture input
into the air gap.

The main reason for the movement of moisture in the HVF construction is a difference of humidity,
temperature and differential pressure of the air-steam mixture in the material. A zone of the greatest
moistening is the layer of a mineral wool heat insulation adjoining the gap. Let us consider its rate of
drying for different parameters HVF design.

To identify the optimal design parameters for the study of moisture vented we will consider the
stylized scheme of the ventilated gap between the "hot" plane y = 0 (with Th= 67 °C) and the cold plane
y = h (with Tc= 22 °C).

Heating is provided with three heating elements located throughout the height of the installation.
For equal distribution of heat elements attach to a tin sheet, therefore Th= const. The model height is
equal to L=204cm, and L >» h. While producing a facade sample we consider the temperature
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difference of external and internal layers proved by performance of heating systems. The model
considers wall heating and heat input from it in the air layer. The external air is supposed to come into the
air layer through the lower air hole. It rises through the ventilated channel and leaves through the top air
holes. Air temperature increases and its relative moisture changes during the rise. At the same time
moisture increases throughout the height of the layer [1]. To conduct this experiment a different

combination of heat sources: “lower-middle”, “lower-upper”, “middle-upper” are used.

To identify an optimum variant for the study of moisture transport construction it is necessary to
know the air velocity in the gap. It depends on the supply air method into the installation - with open or
pressurized rustications.

Let us carry out an experiment. We measure the air velocity inside the HVF model depending on
the gap width with and without rustications with various combinations of heat sources. We use thermal
anemometer for measurement.
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Figure 2. Open rustications
From the resulting graphs it follows that:

— the most air movement is created in the open rustications, because of the greater volume of
heated air, as well as of various combinations of heat sources.

— in the design with a sealed rustications — "perfect channel" — is the air volume is less because
the current is only from the bottom, reducing the drying speed.

— the most disadvantageous of the considered combination is the combination of heating
elements — “middle-upper”. This is due to the fact that the air is not heated when entering to the
canal at the bottom of the battery, and there is no difference in temperature, therefore, there is
no active air movement. Basically, the current is through the rustications, involving the
construction of cold air. At the same time the height velocity decreases and tends to zero when
large gaps.

We will use mineral-cotton samples 95 x 210 x 50 mm for further experience. The dry sample

weight is 140 g. The wetted sample weight is 160 g.
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We will put the first sample in the HVF air gap with a combination of batteries “lower-middle”, the
second sample with a combination of “lower-upper” and will consistently record the mass at regular
intervals under the above combinations of heating elements.

To simulate channel is necessary to have L/h > 25, h < ZL—S ~ 8 cm [1].

We will find a mass rate of vaporization for each measurement:
, Am
At

where Am - the mass difference of two consecutive measurements, At — the interval between
measurements, At = 600 s.

@)

m

We will construct a dependency graph of the mass velocity m* on the distance from a moisture
source for height z to of the heating element.

m

Figure 3. The dependency graph of the mass velocity
on the distance from a moisture source for height.

It can be observed that in the case when the lower battery is disconnected, the current is not
carried out, the mass transfer rate in the model equivalent to the mass transfer rate in natural conditions,
therefore, the chosen combination is enabled the lower heat source are optimal.

Thus, it was established that the combination of “lower-middle”, “lower-upper” with open
rustications are the best for mass transfer mechanisms studying in the HVF construction.

The average mass rate of vaporization are:
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At 5400
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Thus, it was established that the maximum mass transfer rate is observed at the open rustications.

m
0.007

0.006

0.005 - =
0.004 | o m lower-upper

P ® > » lower-middle
0.003 | % = u

0.002
0.001

5 10 15 25 35 45 55 65 >t
Figure 4. Dependence of m*on t

Statsenko E.A., Musorina T.A., Ostrovaia A.F., Olshevskiy V.Ya., Antuskov A.L. Moisture transport in the
ventilated channel with heating by coil. Magazine of Civil Engineering. 2017. No.2. Pp.11-17.
doi: 10.18720/MCE.70.2



HuxeHepHO-CTPOUTENBHBIH KypHaJI, Ne 2, 2017

Thus, it was established that the maximum mass transfer rate is observed at the open rustications.

Obviously, the rate of vaporization repeated the air velocity. The greater the air velocity, the greater
the rate of vaporization.

The highest velocity values were observed when combinations of heat sources “lower-upper”.
We give a graph of air velocity in the HVF gap on the installation height.
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Figure 5. Dependence air velocity in the HVF gap on the installation height

Based on the obtained results, it may be concluded that that the greatest values taken at the
maximum height of the velocity. Therefore, the installation upper part is the most favorable location for
the study of mass transfer.

Discussion

The great bulk of work on this topic is aimed at the moisture transport mechanisms study from the
point of view of physics, practical tests was conducted [10, 25-26]. In this article the emphasis is placed
on the experimental determination of the air flow dependences in the ventilated facade channel.

In the articles of other authors on the same topic is assumed constant the temperature of the warm
surface wall (T,, = const), whereas in this study the effect of the variable position of the heat sources.

Conclusions

Building humidity control is a key condition of increase of their durability, effective use and a
healthy microclimate.

On the ground of the experiments we draw the following conclusions:

— the greatest air movement is created in the construction with the open rustications because of
larger volume of heated air, as well as the use of different heat combinations, which contributes
to the process of moisture transfer.

— the heating the air at the entrance of channel is not when the heat source is off , and there is no
difference in temperature, consequently, there is no active air movement.

— the greatest values taken at the maximum height velocity.]
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