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Abstract: Today the buildings of the 60-80th of the XX century do not satisfy to modern requirements for ener-
gy saving. The low value of the resistance to heat transfer leads overcooling of the wall surface in the cold period
of the year and to overheating in the warm period. In addition, over the years of operation building envelopes
subjected to numerous of climatic changes that were not envisaged in the design earlier. The lowering of micro-
climate parameters in the room negatively affects to the comfort and health of a person. As a result, the specific
heat consumption for heating increases, the resistance to heat transfer decreases, and the thermal diffusivity in-
creases. Therefore, a new method for calculating the actual value of the resistance to heat transfer is developed.
The problem of providing sanitary and hygienic and thermophysical comfort conditions in the premises of the
student hostel of the Volga State University of technology is also being solved. This occurs by controlling the
temperature of the internal surface of the outer walls with a heating cable. Such a design will not only keep the
difference between the wall surface temperature and the internal air temperature within the limits of the norm,
but will also help to solve the problem of condensate precipitation by raising the temperature of the inner surface
of the wall above the dew-point temperature. The developed technique takes into account the conditions of the
heat transfer regime at a particular time, and also makes a correction to the final value of the design resistance.
This makes the technique applicable for processing the results of field experiments and determining the actual
resistance to heat transfer. Also results of field experimental researches of external walls of buildings are resulted
and the scheme of laboratory installation is shown.

Keywords: internal wall insulation, dew point, temperature, humidity, heat flux, heat transfer resistance,
the quasi-stationary mode
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AnHoranus: B HacTosmee Bpems 3maHus 3acTpoiiku 60-80-x romoB XX Beka HE OTBEYAIOT COBPEMEHHBIM Tpe-
6oBaHMAM 1O 3HeprocoepexeHno. Hu3koe 3HaUeHNe CONPOTHUBICHUS TEIUIONEpeaade NMPUBOIUT K IepeoxJia-
KJICHUIO TTIOBEPXHOCTH CTCHOBOTO OTPaKACHHS B XOJIOJHBIM MEPHOJ Tofla W K IMEPErpeBy B TEIUIBIN MEPHO.
Kpome 3TOro, 3a rofpl 3KCIUTyaTallUd OTPaXKAAIOIIHE KOHCTPYKIHMM 3[aHUI MCHBITHIBAIOT MHOTOUYHCICHHBIE
KJIMMaTH4eCKHe M3MEHEHUs, He MPeayCMOTPEHHbIe paHee Mpu NpoeKTupoBaHUU. CHIDKEHHE NMapaMeTpoOB MUK-
pOKJIMMaTa B OMELICHUH HEraTUBHO BO3/IEHCTBYET Ha KOM(OPT M 3710pOBbe UesoBeka. B pesynbrare Bo3pacra-
eT yJIelbHBIN Pacxo]l TeMJa Ha OTOMJICHUE, CHU)KACTCSl CONIPOTUBIIEHHUE TEIIONEepeiaue, NOBBIIIAETCs TeMIIepa-
TyporpoBogHocTs. [TosToMy pa3paboTaHa HOBasg METOAHMKA pacyeTa (paKTHYECKOro 3HAUCHMS CONPOTHUBICHUSL
teruionepenade. Takxke penraercs 3ajgada 00ECHEYSHUS! CAHUTAPHO-TMIMEHHYECKUX M TEINIOQU3UUECKUX KOM-
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(OPTHBIX yCIOBHUH B MOMEUICHUAX CTYACHYECKOT0 00ImEKUTHS [I0BOIKCKOTO TOCY1TapCTBEHHOTO TEXHOJIOTHYe-
CKOTO YHHUBEPCUTETA. DTO MPOUCXOJUT C MOMOIIBI0 PETYIUPOBAHUSI TEMIEPATYPbl BHYTPEHHEH MOBEPXHOCTU
Hapy>KHBIX CTEH NPHU MOMOIIM HarpeBaTelbHOro kabens. I1ogo0Hast KOHCTPYKIMSA MO3BOJMUT HE TOJBKO COXpa-
HATH TEpernaj; MeKAy TeMIIepaTypoil MOBEPXHOCTH CTEHBI M TeMIIEpaTypoil BHYTPEHHETO BO3/AyXa B Mpeaenax
HOPMBI, HO U OyZIeT crocoOCTBOBAThH PEIICHUIO NMPOOJIEMBI BBINAACHUS KOHACHCATA ITyTEM IOBBIIICHUS TEMIIC-
paTypsl BHYTPEHHEH MOBEPXHOCTH CTECHBI BBIIIE TEMIIEPAaTyphl TOUKH pochl. PazpaboTaHHAs METOAMKA YUUTHI-
BaeT yCJOBHUS PEeKMMa TEIUIONepead B KOHKPETHBIHI MOMEHT BPEMEHH, a TaK)Ke BHOCHUT ITOIPABKY B UTOIOBOE
3HAYCHHE PACUCTHOTO COMPOTHUBICHHA. ODTO JeNaeT METOAWKY NPUMEHUMOH g 0O0paboTKH pe3yiIbTaToB
HaTypHBIX SKCIEPUMEHTOB M OINpeeiIeHuUs (JaKTHIECKOro CONPOTHBIICHUS Terutonepenaye. Takyke NPUBOAATCS
Pe3yJIbTaThl HATYPHBIX KCIIEPUMEHTAIBHBIX HCCIIC0BAHNM HAPYKHBIX CTEH 3/1aHUH U TTOKa3aHa cxema Jrabopa-

TOPHOM yCTaHOBKH.

KuaroueBble ci10Ba: BHyTPEHHEE YTEIUICHUE CTEHBI, TOUYKA POCHI, TEMIIEpaTypa, BIa>KHOCTb, TEIJIOBOM MOTOK,
CONPOTHUBJICHHE TEIUIONEpeiaue, KBa3UCTAIIMOHAPHBIN PEKUM

Currently, the construction of residential build-
ings in Russia is rising with high speed. As a
result, the country's housing stock is being up-
dated. However, a large share in the housing
stock still consist of buildings built in the 1960-
1980th of the 20th century (up to 45% accord-
ing to Rosstat). These houses were built by ob-
solete requirements for today [4]. For such a
long period of time, both the external climatic
conditions and the operating conditions of the
buildings were subject to changes. All these
conditions ultimately lead to a significant de-
crease in the heat-shielding characteristics of the
exterior walls of buildings [9,10,11,12]. Under
the condition of elevated temperatures and hu-
midity of indoor air in the room, associated with
domestic heat generation and insufficient venti-
lation of air, there are times when the tempera-
ture of the internal surface of the wall drops be-
low the dew point temperature, i.e. there is a
moment of condensation, which can lead to the
formation of mold.

The basis for the development of new methods
for determining the actual resistance to heat
transfer was the method of V.l. Zuev and co-
authors "Method for determining the thermal
resistance of a structural element area under
non-stationary heat transfer mode™ [5], the es-
sence of which is in determining the conditions
for the existence of a quasi-stationary heat trans-
fer mode and its criterion Omax. In this method,
the negative sides were identified, which were
taken into account when developing a new tech-
nique.

The aim of this investigation is to develop a new
technique that will reduce the calculation of the
actual value of the heat transfer resistance to the
determination of the minimum measurement
time and the correction for thermal resistance
AR; development of a local automatic room
climate control system using a proportional-
integral-differential controller.

Due to the fact that the constancy of the heat
flux is an insufficient condition for the station-
ary heat transfer mode, the criterion for deter-
mining the quasi-stationarity of the heat transfer
mode is the temperature distribution through the
thickness of the fence in a straight line from
outside to inside temperature.

In the case of a quasi-stationary heat transfer
mode, when determining the actual heat transfer
resistance, we distinguish two components: the
heat transfer resistance and the AR
amendment caused by the quasi-stationary heat
transfer mode (1):

RD.‘}E

0,52 _ 052
T2 Tk
Qo=

Rypur = R*7 + AR = + AR (1)

where Ry is the fact resistance against heat
z Dl:

—,; T>*? is tem-

transfer of the wall’s part, ~

perature of internal surface with probability of
0,92(0,98), °C; T>®* is temperature of external
surface with probability of 0,92(0,98), °C; Q%%*

is heat flow with probability of 0,92(0,98), =

2
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AR is a amendment to heat resistance of the

T o
M- C

wall’s part,

Taking the heat transfer mode close to station-
ary, the value R**? is calculated by the standard
formula with the difference that the value of the
temperature of the inner and outer surface and
heat flux are taken with a probability of 0.92
(0.98). The amendment to the heat transfer re-
sistance takes into account the quasi-stationarity
of the heat transfer mode. The criterion of the
stationary mode is the linear temperature distri-
bution in the thickness of the outer wall, there-
fore, the amendment depends on the deviation
of the actual temperature distribution from the
theoretical (linear) and heat flux passing
through the outer wall (2):

AR =XE,|R, — R ()

where

is theoretical resistance to heat transfer of i-th
layer, calculated for quasi-stationary mode,
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calculated in accordance sensor readings,

In Figure 1, the dashed line shows the theoreti-
cal temperature distribution in the thickness of
the outer wall, the solid one shows the actual
temperature distribution in the thickness of the
outer wall.
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Figure 1. The actual and theoretical temperature distribution in the thickness exterior wall.

In practice, this technique is implemented using
software, in which it can be put the selection
criteria for the processed time intervals, the val-
ue of amendment AR in fractions of R™*2 or ab-
solute values. Measurements are made during
the entire heating period, which allows us to
find a set of values with the same criteria for the
selection of time intervals. On the basis of the
obtained values, the total value is determined
with the help of the technique with the required
probability, which is recommended to be taken

Volume 15, Issue 1, 2019

as the actual value of the heat transfer resistance
for the heat engineering calculation of the re-
constructed buildings.

Using the classical formula to determine the ac-
tual resistance to heat transfer without taking
into account the amendment AR deprives the
meaning of the method using this approach for
determining Rg_... In natural conditions it is

impossible to create a stationary mode of heat
transfer. In some techniques to bring the heat
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transfer mode to the stationary it uses the vari-
ous heating elements, which are located on the
inner, outer, or on both surfaces. The use of
such heating elements violates the thermal state
of the outer wall section, that leads to a large
error in the measurement results. Also unknown
is there an affecting of these heating elements
on the accuracy of data from heat flow and tem-
perature sensors. The only correct solution is to
conduct a full-scale experiment without chang-
ing the thermal state of the object, taking into
account the degree of non-stationarity of the
heat transfer mode.

The main conveniently controlled parameter of
the stationary mode of heat transfer is the linear
distribution of temperatures in the thickness of
the outer wall during a time interval not less

Without insulation /]_ 3

-
© | D

\{\ i}

than the time of thermal inertia of this outer
wall. If the temperature distribution in the
thickness of the outer wall differs more signifi-
cant from the linear one, then the degree of qua-
si-stationarity of the heat transfer mode is great-
er.

The developed technique takes into account the
conditions of heat transfer at a particular point
in time, and also amends the final value Ry,

This makes the technique applicable for pro-
cessing the results of experiments and determin-
ing the actual resistance to heat transfer.

The decision of wall insulation becomes the
structure, which is a heating element mounted in
the inner plaster layer of the wall (Fig. 2) [6].

Cil

e 2/

With insulation /_l

I

/

Figure 2. Designed wall fencing with adjustable temperature of the inner surface: 1-outer wall;
2 plastering layer, 3-heating element, 4-thermostat; 5-surface temperature sensor; 6-humidity and
air temperature sensors; 7-insulation (mineral wool 6 = 100 mm); 8 gypsum plasterboard;
9 products; 10-air gap, 11 temperature sensor.

Such a design not only maintain the difference
between the wall surface temperature and the
internal air temperature within the normal range
(<40 ° C according to [7]), but also help to solve
the problem of condensate by increasing the
temperature of the internal wall surface above
the dew point temperature. In addition, the de-
sign variant with insulation (Fig. 2) increases
the resistance to heat transfer of the wall enclo-
sure, while the heating element will prevent the

insulation from getting wet by shifting the dew
point deep into the wall thickness.

The operation of the thermostat is based on the
observance of two parameters: the provision of
standardized temperature difference and con-
densation on the inner surface.

The fulfillment of these tasks will lead to the
solution of other important requirements: the
prevention of the possibility of mold formation
on the inner surface of the walls; exclusion of
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the probability of human contact with heated
surfaces that are below the level required for a
person’s comfort; and the obstruction of wetting
of the walls and, as a result, the reduction of
heat loss through the building envelope.

The mathematical description of the dynamics
of the thermal process of heat transfer to build-
ing structures are partial differential equations.
For the synthesis of algorithms for automatic
control of technological processes, when de-
scribing the dynamics of processes, the transfer
functions of the ratio of the input signal to the
output type (3) are used:

Hi=)

¥ig) (3)

Wi(s) =

where X(s), Y(s) are Laplace transformations of
input and output signals respectively.

Inner side of wall |

To determine the transfer functions of the
masonry, the physical model of the control
object is presented in Figure 3, which
schematically depicts a heterogeneous masonry
with a built-in heating element in the form of a
nickel-chrome alloy heating cable, similar to
that used in floor heating systems. In the
physical model of the control object (Fig. 3), the
following descriptions are adopted: Qo is a heat
flow in the direction from the heating element to
the room; Q1 is a heat flow in the direction from
the heating element to the outside of the
building; Q2 is a heat flow in the direction from
the room to the outside of the building; Qs is a
heat flow in the direction outside the building to
the room; to is the indoor temperature; t; is the
temperature of the inner surface of the building
wall; t2 is the temperature of the outer surface of
the building wall.

Wall-face

.0\ Heating component

Figure 3. Physical model of the object of control.

V.S. Tkachev, A.V. Kostenko [1,8] proposed to
represent the transfer function of heterogeneous
masonry in the form of the sum of the transfer
functions of its layers, that is, consider the ma-
sonry in layers. In this case, in the physical
model of a masonry with a heating element, it is
possible to distinguish two main layers: 1 is a
layer from the heating element into the interior,
through which the heat flow Qo passes; 2 is lay-
er from the heating element to the outside of the
building, through which the heat flux Q1 passes.
Taking into account the small depth of installa-
tion of the heating element in the wall relative to

Volume 15, Issue 1, 2019

the inner side of the wall (no more than 5 cm),
this layer can be considered conventionally ho-
mogeneous and describe it as one transfer func-
tion of the aperiodic link of the first order of the
following form (4):

1
W(s)= 4)
where T'is time constant; s is Laplace operator.
The purpose of the operation of the automatic
control system is to maintain the temperature
difference inside the room to and the tempera-
ture of the inner surface of the building wall t1

45



Sergej V. Fedosov, Pavel N. Mureev, Vitalij G. Kotlov, Aleksandr N. Makarov, Andrej V. lvanov

at a level less or equal to 40 ° C, which ensures
the spatial shift of the dew point inside the
building wall [2]. This protects the interior sur-
face of the wall with decorative trimming from
condensation, the spread of fungus and ensuring
a comfortable location of the person inside the
room.

In order to control the indoor temperature to and
the temperature of the inner surface of the build-
ing wall ty, it is necessary to install two primary
transducers - resistance thermometers. To pre-

vent the possibility of self-oscillations in the
automatic control system caused by abrupt
changes in the readings of the thermometer of
resistance of the internal temperature in the
room to, it is necessary to ensure its sufficient
inertia by using thermal screens or installing
away from the main air flow caused by short-
term opening of doors or windows in the room.
The block diagram of the automatic control sys-
tem is shown in Figure 4.

ors LT Fam Ll Ut | Heatin oW | insid T
temperature Controller = g > nside >
sensor component wall layer
Temperature
sensor P
of the inner | =
wall layer

Figure 4. Block diagram of the automatic control system.

The basis of the automatic control system is a
controller made according to the scheme of a
classical proportional-integral-differential
controller (PID controller), the operation of
which is described by the expression (5):

1

U(t) = Ke(t) + I 5)

where t is time, K, Ti, Tq are proportionality
coefficient, integration constant and
differentiation constant respectively.

A signal on the mismatch Ax (t) of the measured
air temperatures inside the room xo(t) and the
inner layer of the wall x1(t) is sent to the input
of the PID controller. The output control signal
U(t) is formed according to expression (5),
while the proportional coefficient, the integra-
tion constant and the differentiation constant are
chosen experimentally from the point of view of
minimizing the transition process or the over-
shoot value. The output control signal U (t) is
actually the power control signal of the heating
element built into the wall and takes values
from 0 to 100 as a percentage of the maximum
power of the heating element.

The transient graph obtained during simulation
in VisSim is shown in Figure 5 and describes
the temperature change ti of the inner wall sur-
face with an abrupt change in indoor tempera-
ture from 20 © C to 25 ° C at time T = 30
minutes. As can be seen from the graph, the use
of the PID controller allows us to significantly
reduce the time of the transition process.

For maximum reliability of the results, it is de-
cided to conduct research in natural conditions
(Figure 6). A residential dormitory is chosen as
an object of study, in the corner rooms of which
mold formations are observed.

Characteristics of the dormitory building: year
of construction - 1975, number of floors - 9,
building volume - 26,708 m3, total area -
6,335.9 m?, external walls made of silicate
bricks of 640 mm thick, plastered on the inside
and outside with a cement-sand mortar 20 mm.
To improve the accuracy of the results, experi-
mental facilities were located in several problem
dormitory rooms located on the north-west side
on different floors of the building (Fig. 7).
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Figure 5. Transient graph of the heating of the inner layer of the wall using the PID controller.
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Figure 7. The location of rooms 225, 235, 245, 265 on the floor plan of a typical dormitory
(indicated by color).
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Figure 8. Diagram of the laboratory setup for determining the actual resistance to heat transfer.

The main installation with the control module is
located in room number 245 on the fourth floor
(Figure 8). The room has two exterior walls, one
facing north, the other toward the west, and one
window with a PVC profile facing north.

The data obtained from the experimental facili-
ties allow us to track changes in temperature
and humidity outside, on the surface and in the
thickness of the wall enclosure.

Figure 9 shows a graph of the distribution of
temperature fields on the surface and in the
thickness of the wall fencing for the heating pe-
riod of 2014-2015, which has 5 time intervals
(I-V), when the difference between the tempera-

ﬂﬂﬂﬂﬂﬂ

tures of the inside air and the inner surface of
the wall fencing exceeds the required value of 4
OC. The total duration of time when At >4 ° C
for the heating period 2014-2015 is 68 days,
which is about 37% of the total duration of the
heating period [3].

The graph (Figure 9) shows that the selected
intervals [ — V are characterized by a decrease in
the values of the outdoor temperature, which
indicates a high thermal conductivity of the wall
material and a low resistance to heat transfer of
the wall enclosure design.

Inside air

Inside face
Section 1
/.~ Section 2

/\\F.«\ Section 3

} Section 4

o vk Section 5

'!i | |Weather side
W' Outdoor air

i

10.04 201
1504 201
2008 2015
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Figure 9. The graph of temperature dlstrlbutlon on the surface and in the thickness
of the wall fencing (01.11.14-25.04.15).
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Thus, it is visually shown that a low value of
heat transfer resistance leads to overcooling of
the wall surface in the cold period of the year
and to overheating in the warm period, which
leads to a person being uncomfortable in the
room. The temperature distribution in the sec-
tion of the wall thickness (Fig. 10) for the point
in time when the outdoor temperature assumed
the lowest value tmn = -19.49 0C (5:00,
01.23.2015) shows that the actual temperature
values deviate from the line connecting the tem-
perature of the outer and inner surface, which
indicates the non-stationarity of heat transfer.
When analyzing the graph of changes in relative
humidity in the thickness of the structure (Fig.
11), it can be seen that the values are not dis-
tributed linearly (straight from the inside to the
outside of the room), which is clearly shown in
Figure 12 at an arbitrary time 02.03.15.

From figures 11 and 12 it can be seen that the
relative humidity takes maximum values in 4
sections - at a distance of 1/3 from the outer sur-
face of the wall enclosure.

In one of the time intervals during the meas-
urement period, a moment of condensate was
observed on the inner surface of the wall (Fig.
13), when the values of the relative humidity of

the internal air reached values of up to 76%, and
the maximum temperature of the internal air is
24 ° C, and does not exceed 17 © C, which is
lower than the dew point temperature.

Based on the above, it should be noted that the
thermal state of the outer wall during the entire
heating period is not constant. The thermophys-
ical characteristics of the material of the outer
wall change during the entire heating period,
which confirms the need for carrying out field
studies for a long time.

Analysis of the experimental data shows that the
thermal state of the outer wall during the entire
heating period is not constant. The thermophys-
ical characteristics of the material of the outer
wall vary throughout the heating period.

To reduce labor and time costs, it is proposed to
use a computer-aided design (CAD) system for
modeling and forecasting heat fluxes in the
thickness of a wall fence. CAD will reduce the
number of sensors used to two (on the outer and
inner surfaces of the wall). In this case, inter-
mediate values will be determined automatical-
ly, taking into account probabilistic characteris-
tics, reflecting the deviation of the actual values
of temperatures from the theoretical ones.

Section of the wall thickness
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Figure 10. The distribution of temperature values in the thickness of the wall at time 5:00
01.23.2015.
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Figure 13. The time interval characterized by condensation on the inner surface of the walls.
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Thus, the developed design will allow:

1) Prevent condensation on the inner surface of
the wall;

2) Observe the normalized difference (<4 ° C)
between the temperature of the inner surface of
the wall and the air temperature in the room.

In the future, it is planned to conduct similar
experimental studies on wall fences made of
other materials, such as concrete, wood, etc., in
order to determine the previously agreed addi-
tional coefficients in determining the actual re-
sistance to heat transfer. The need to develop an
automated regulator of the heating element with
the smallest possible number of unknown pa-
rameters and with a more "sensitive" mode of
operation has been identified. It is also planned
to link the work of the developed design with
automated ATP thermal points, which will al-
low to avoid overheating of the premises and
will contribute to energy efficiency.
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