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Temperature in linear elements of enclosing structures
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Abstract. Window slopes are one of the most important linear elements of external wall structures
with two-dimensional and even three-dimensional temperature field. Thereby, they cause additional risk
of non-compliance of sanitary and hygienic requirements. In the proposed work one of the typical designs
of window slopes is considered as the object of study, namely the fastening of the window unit with steel
fixings to one of the two major layers of the wall — insulation or constructive. Peculiarities of designing
two-dimensional stationary temperature field in the structure of the site abutting window units to the
aperture of residential and public buildings are considered. Results of calculation of temperature in
hazardous adjunction points for the design winter conditions with the help of software that implements the
finite element method are presented. The analysis of the obtained data is given and the comparison of
the behavior of minimum temperatures in the zone of adjacency of the fill of the lighting aperture with the
results of analytical calculation based on the conform transformation for the concave corner is proposed if
you move the window block in the cross section of the outer wall. It was discovered that the closer the fill
to the outer plane of the facade a minimum of the temperature decreases according to the law which
coincides enough closely with the analytical solution. Recommendations on the optimal placement of fill
within the structural layer of the wall for the best sanitary-hygienic requirements for outdoor enclosures
are confirmed. The presentation is illustrated with examples of temperature fields for the node of
adjunction in a residential building on one of the modern projects.

AHHOTaumsi. OKOHHble OTKOCbl SIBMSIOTCA OAHUM U3 BaXHEMWWX JMHENHbIX 3NEMEHTOB
KOHCTPYKUMI HApYXHbIX CTEH C ABYMEPHBLIM U Aaxe TPEXMEPHbIM TeMnepaTypHbIM nonem. [MosToMy oHu
BbI3bIBAIOT [OMOSHUTENbHYID OMACHOCTb HEBLINOMHEHUST CaHUTaPHO-TUIMEHWYeckMx TpeboBaHuin. B
npegnaraemon paboTte uccregyeTcs ogHa U3 TUMOBbLIX KOHCTPYKLUMIA OKOHHBIX OTKOCOB C KpenneHnem
OKOHHOro 6r10Ka C NOMOLLIbIO CTanbHbIX 3aKnagHbIX AeTanen K 04HOMY M3 ABYX OCHOBHbIX CIOEB CTEHbI —
TEMMOU3ONSALMOHHOMY WIM KOHCTPYKTMBHOMY. PaccMOTpeHbl OCOGEHHOCTM pacyeTa CTalMoHapHOro
ABYMEPHOrO TEMNepaTypHOro TMofsi B KOHCTPYKUMSIX Yy3Mna MPUMbIKGHWST OKOHHbIX BGrokoB K
cBeToMnpoemMam rpaxkaaHCkux 3daHuii. MNprBeneHbl pesynbTaTthl BbIYMCIIEHUS TeMNepaTypbl B OMACHbIX
TOYKax NPUMbIKAHWS AN Ppac4eTHbIX 3UMHUX YCMOBUIA C MOMOLLBbIO Nporpammbl Ans 3BM, peanusytouleit
METO[l KOHEYHbIX 9neMeHToB. [aH aHanM3 nOoNyyYeHHbIX [AaHHbIX W MPOBEAEHO COMOCTaBMeHue
XapakTepa noBefeHVsi MUHUMarbHOWM TemnepaTypbl B 30He NPUMbIKaHUS 3aMofIHEHUsSI CBETONpoeMa npu
nepemeLLeHN OKOHHOTO BI0Ka NO CEYEHNIO HAPYXXHOIN CTEHbI C pe3ynbTaTaMu aHanMTMYeckoro pacyeTa
Ha oOCHoBe KOH(OPMHOro npeobpa3oBaHus Ans BorHytoro yrrna. OGHapyXeHo, 4TO Mo Mepe
NpUBNXKEHUs 3aNONHEHUs K HAPYXKHOWM MNOCKOCTU dhacana MUHMManbHasi TeMrnepaTypa noHmkaeTcs no
3aKOHY, [OCTaTo4HO 6OnM3ko coBrMajalleMy C  aHanuTUYecKum  pelleHvem. [logTBepXaeHbl
pekoMeHZauumn nNo oNTMMasnbHOMY pasMeLLEHMIO 3anofIHEHNS B Npeaenax KOHCTPYKTUBHOMO Crosi CTEHbI
ANt Haunyywero o6ecneyvyeHnsl CaHWTapHO-TUIMEHUYECKMX TPEGOBaHUI K HapyXHbIM OrpaxaeHuVsIM.
M3noxeHne nNpounmocTpMpoBaHo NpuMepamMn TemnepaTypHbIX Nonen Ans y3na npuMbIKaHWUS B XXUIIOM
30aHMKN N0 OAHOMY M3 COBPEMEHHbIX NPOEKTOB.
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Introduction

Window slopes are one of the most important linear elements of external wall structures with two-
dimensional and even three-dimensional temperature field. Thereby, they make a significant contribution
to the overall thermal non-uniformity of walls and cause additional risk of non-compliance of sanitary and
hygienic requirements. These requirements relate mainly to the absence of water vapor condensation in
the dangerous points of inner surface of enclosures, in order to prevent the development of harmful
microorganisms and the destruction of structures themselves; in some cases, mainly for translucent
elements — to ensuring of positive temperatures in order to prevent condensate freezing. In the proposed
work one of the typical designs of window slopes currently used in residential and public buildings is
considered as the object of study, namely the fastening of the window unit with steel fixings to one of the
two major layers of the wall — insulation or constructive. As embedded parts are used parts from rolled
steel, fixed by anchors to the constructive layer of reinforced concrete, and place of the interface of the
window block to the slopes is treated with a sealant and filled with foam. For clarity, the scheme of this
solution is shown in figure 1. The more detailed design of this construction is presented in figure la.
Because of the commonality of the design the obtained results can be applicable for a very wide range of
buildings for various purposes.

Figure 1. The scheme of the design of the contiguity of the window unit to the building opening
(simplified diagram for calculation)
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Figure 1a. The detailed scheme for the construction shown in Figure 1
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Compliance with sanitary and hygienic requirements to thermal protection of the exterior wall
envelopes is currently regarded as a mandatory component of the overall system of measures to reduce
energy consumption in residential and public buildings, along with ensuring of comfort and safety of their
users [1-3]. Herewith, it is necessary to note that reducing energy costs for heating of buildings seems by
itself primarily an economic category, so, first of all, it is necessary to consider low-cost and fast-payback
measures [4-8]. However, it is in the buildings with the level of external-walls thermal protection, limited
by economic viability, that the risk of non-compliance with the conditions of absence of condensation or
freezing in separate points is possible in the first place. To verify this fact, the calculations of temperature
fields are carried out [9—10]. And, in view of complexity of the considered areas configuration, it is
extremely problematic to use analytical methods here, as was done, for example, in [11-12]. So, the
majority of native and foreign authors, who explore similar questions, use the numerical modeling of all
others. As a rule, this applies approximation of differential equation of thermal conductivity by the method
of finite differences or finite elements. And, on this way, a significant number of computer programs have
been developed at the present time, which, among other things, also carry out the visualization of
calculated temperature fields, as well as the calculation of their certain integral characteristics [13—19].
However, using such programs is not always an easy task for an average specialist, and for the same
reason the need remains for relatively simple engineering techniques in order to estimate temperatures in
hazardous areas of exterior enclosures. Thus, the relevance of obtaining analytical dependences to
check for condensation or freezing continues to the present time.

Therefore, the goal of our research is the development of relatively simple engineering techniques
in order to estimate temperatures in one of the most hazardous areas of exterior enclosures, namely, in
the area between the window unit to a building aperture, which could be used for a preliminary
assessment, especially under the conditions of the limited terms of designing. To achieve this goal it is
necessary to obtain the solution of a problem of calculation of temperature fields in the specified area and
creating the mathematical descriptions which is available for use in engineering practice.

Methods

If you pay attention to the geometry of the area of the window block abutting to the opening shown
in the scheme at the figure 1, you may notice that a part of the window slope and the adjacent wall part,
facing into the room, are sufficiently similar in form to the element, which is called “concave angle”. As it
is known, such distribution of temperature is described by the differential equation of stationary heat
conduction (Laplace equation):

o't o't _
% oy

where t — temperature, ©C, in the cross section of the structure at the point with coordinates x and y, m.

0 )

The solution of (1) for such area can be quite easily obtained by conformal transformations
method. Herewith, the angle /2 remains, which can be obtained from the upper half-plane, i.e., the
straight angle equal to m, by the transformation z’= z?, where 2 = 1/(11/2). In this case, the projecting
angle vertex, i.e. the joint of the wall and the slope from the room side, is accepted as the origin of
coordinates.

Now, if we assume, as is usually done, that the temperature is the imaginary part of the obtained
solution, we find:

0= Im(CzZ): Im(C[x+iy]2): 2Cxy, )

where C is a certain constant. In other words, the isotherms are a set of hyperbolas with asymptotes
coinciding with the coordinate axes. For generality, the solution is written down with respect to the
dimensionless temperature 8 = (t — tex)/(tin — tex), Where tin and tex are correspondingly the calculated
temperatures of inner and outer air, °C. Strictly speaking, the expression (2) holds for the boundary
conditions of the 1st kind, when the temperature on the surface is set, but, without much error, this can
be taken into account by introducing an additional conditional layer with thickness &0 = Ain/ain, m, where
ain is the coefficient of total heat exchange on the surface facing into the room, W/(m?2+K); A, is the
thermal conductivity of material of this surface, W/(m«K).

Figures 2 and 2a shows the temperature field in the area of abutting of the light-opening filling to
the window slope, which is obtained by numerical calculation according to one of the standard computer

Camapun O.J]. Temnepatypa B JIMHEHHBIX 3JIEMEHTaX OTPAXIAIOMINX KOHCTPYKIUH // THXEHEpHO-CTPOUTEIIHBIH
xyprai. 2017. Ne 2(70). C. 3-10.



Magazine of Civil Engineering, No. 2, 2017

programs (FEMLAB — multipurposal and multifunctional product of Comsol), using an approximation of
the Laplace equation by the finite element method which was accepted also in the international
engineering guidelines [20], [21]. These figures present the distribution of the temperature like one of the
most used sources of such solutions [22]. In the simplest case of identical elements the corresponding
differential ratio, allowing to calculate the temperature t; in a regular grid, as it is known, can be written as
follows:

tij = (ti—l,j i+ +ti,j+1)/4_ 3)

i.e. the temperature at the node is obtained as the arithmetic average between its value in the
neighboring nodes. In this case on the surfaces of glazing and of the wall the boundary conditions of the
3 type are used. They can be written as follows:

ot
— Ain (%jin = Qlijn (tin ~ Tin ) 4)

Here, n is the distance along the internal normal to the surface angle, m; Ti, is the temperature of
the surface in the considered point, °C; the rest of the notation is given above. The value of ai, is equal to
8.7 W/(m?+K) for the wall surface and to 8 W/(m?2+K) for the glazing.

It is easy to see that the distribution of temperatures from the room side indeed sufficiently closely
resembles the one obtained by the equation (2).
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Figure 2. Temperature field of the side section of the window slope
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Figure 2a. Isotherms of the side section of the window slope (simplified view)

Here, the constructional layer of reinforced concrete with thermal conductivity A = 2.04 W/(m<K)
and thickness & = 0.2 m is located on the left, from the room side; and the thermal insulation one, with
Ai = 0.035 W/(m+K) and &; = 0.16 m, on the right. Herewith, 0.2 m of width or thickness of the structure
corresponds to one unit of the coordinate grid. Let’'s note that the constructional layer presence has
almost no effect on the distribution of isotherms. As a matter of fact, its thermal resistance away from the
thermal non-uniformities equals to da/Aa = 0.2/2.04 = 0.1 m2-K/W, which is only two percent of the total
conditional heat transmission resistance of the wall, which can be estimated by the value
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Ro.cond = 4.85 m2*K/W. Therefore, this layer can be added to the conventional layer associated with heat
exchange on the inner surface. Then &0 = A = (1/qiin + Ocif/Ac).

Results and Discussion

In paper [23] and some other sources, it is indicated that the zone of thermal non-uniformity
influence extends to a distance from it, roughly equal to two calibers, with the caliber value which can be
taken as the thermal insulation layer thickness. Then we can assume that, with x = &, and y = 2d4, or,
conversely, with y = & and x = 28, the dimensionless temperature Bsipe in the expression (1) coincides
with the temperature on the inner wall surface away from the slope 6i,, which, obviously, is equal to
1 — Rin/Ro.cond. Here, Rin = 1/ain is heat exchange resistance on the inner surface, m2-K/W (Figure 3).
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Figure 3. Theoretical distribution of the temperature field at the outer surface of the angle

Consequently, on one side there is 2xy = 43004, from which y = 26004/x, and, simultaneously, for
arbitrary y in case of single-layer structure, the current thermal resistance from the inner surface, taking
into account the additional layer, is equal Ry = y/Ai. Then we get:

0=1— y/y\‘ti _1_l —1— 2808“/X =1— 28O

Oti /M Ot Ot X

Thus, it appears that as the window block abutting moves away from the origin of coordinates, for
which the vertex of the angle of the thermal insulation layer is taken, i.e., with the approach of the filling to
the outer plane of the facade, the relative temperature value should increase gradually.

(5)

Figure 4 shows a comparison of Tsepe Values obtained by direct calculation using a computer
program (solid line), and by calculation according to the expression (5) — dotted line.

Temperature, °C
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Figure 4. Values of the minimum temperature Tsiope by changing
the window block position

In the transition to the dimensional values, it was thought that ti, = +20°C, tex = -25°, as is the case
with Figure 2 plotting. It can be noted that both curves have quite good qualitative and quantitative
matching, which was further improved by a certain modification (5). Basically it resolved itself to the fact
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that, while calculating 8., the conditional equivalent thermal conductivity of the wall was used, reduced to

Stj + 9

Aeond =
a single-layer embodiment: 8ti/Mi +8a /Aol and, moreover, the value x was substituted
with some shift: 0.13 m within the constructional layer, and 0.05 m — in the thermal insulation one. It is
easy to see that the theoretical expression (5) subject to the adopted amendments is confirmed very well.
Moreover, the minimum temperature in figure 4 coincides well with the theoretical temperature at the
edge of the corner [11], if the value of Ri, to be set taking into account the thermal resistance of the
structural layer 1/ain + &cfAci:

(6)

2 3
R 1( R, R: 1 1 R A
0. =1-—MN - in — in | ==
cor R \/5 2 R
where for higher adopted Ro.cond We get 8¢or = 0.19, and therefore Teor = 20 — 0.19-(20 + 25) = 11.45 °C.
We should also pay attention to the fact that the resistance to heat transfer on the inner surface of the
glazing, of course, is different from the resistance on the inner surface of the wall Ri,, but in this case it is
not critical, since in the theoretical formula (5), which compares the data of numerical calculation, this
resistance does not appear anywhere.

o.cond 2 Ro.(:ond 2 Ro.cond o.cond

The result is also consistent with the concept of the distribution of the temperature field in the area
of contiguity of translucent structures to building openings, considered in [13—15], although their authors
don’t present the specific analytical dependences similar to (5), and with recommendations for the
implementation of energy saving measures presented in [3], [6], [8], [19]. Thus, the proposed solution is
gualitatively confirmed by other sources and is therefore sufficiently reliable.

Conclusions

1. It is shown that the presentation (5) basically corresponds to the actual distribution of the
temperature field in the zone of the window slope abutting to the light-opening filling, and therefore, the
results obtained by numerical calculation, are also valid.

2. ltis discovered that the minimum value Tslope is obtained by placing the window unit within the
insulating layer near its boundary with the constructional one.

3. It is noted that the preferred installation of the window block is from the room side within the
constructional layer, as the one which mostly meets sanitary and hygienic safety requirements. Otherwise
there might be condensation of water vapor in the zone of contiguity since the calculated value Tslope
may be below the dew point of the interior air.

4. It is noted that the expression (5) is the main form of the theoretical description of the
temperature distribution in the area of the window reveal and can be considered as the most significant
result of the study.

5. ltis proposed to apply the relations of the type (5) in some cases and for analytical assessment
of minimum temperature, which will allow using not only program-based, but also engineering methods of
verification of compliance with sanitary and hygiene norms.

6. Itis found that the greatest accuracy of the engineering method is achieved by calculating the
thickness of the additional conditional layer 6o using conditional equivalent thermal conductivity of the
wall Acond. In this case, the maximum error does not exceed 0.5 °C.
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