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ABSTRACT

In this article, one cause for unsatisfactory condition of rooms is
described and the engineering method for determination of temperature
in outer corners of rooms intended for various purposes is offered.

It is demonstrated that, with water vapour condensation, several
adverse effects arise that can be prevented as early as at the design stage.
The study covered the causes of local temperature reduction resulting from
variations of heat exchange conditions due to the corner geometry; as a
result, temperature on the wall surface in a corner will always be lower
than temperature on the “smooth surface” of an enclosing structure. The
analysis of technical normative legal acts being in force in the territory
of several ex-USSR countries has been carried out and, as a result, it
was found that no design equations are available even for approximate
assessment of temperature in a corner. The expressions available in
reference and educational literature are valid only for a small range of
thermal resistances of structures. The similar design procedure in terms
of mould fungi growth is available in German norms for the design of
thermal protection of buildings.

To find the design equation, calculations of temperature fields were
carried out for outer corners of walls with various values of thermal
resistance (up to 10 m?*K/W) and various values of heat exchange factor
on the inner surface. In the first case, the factor was assumed to be the same
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as the factor on the enclosure “smooth surface”; in the second and third
case, its reduction was taken into consideration in accordance with data
available from Belarusian scientists and from foreign norms.

The result of this research is the derivation of the approximative
function, f(R), depending on the thermal resistance of a structure. For
convenience of use, the values of this function were tabulated. This design
method may be recommended for application by design organizations,
with the possible subsequent implementation in construction norms.

Keywords: approximation, standardization, thermal resistance,
heat exchange, temperature field, the temperature in the outer corner.
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LLin6eko AnekcaHap CepreeBuy, CTapLUnii NpenoaaBaTenb, benopycckunii Haum-
OHaAbHbIV TEXHUYECKWUI YHUBEPCUTET (I. MUHCK, Benapycb)
COKOAbYMK AMUTPUI AAEKCAHAPOBUY, 3aBeAyOLMI oTaenoM, PYI «MHeTUTyT

BeAHUUC» (r. MuHcK, benapycb)

OUEHKA BAUAHUA TENNOTEXHUYECKUX KAYECTB
HAPY)XHOM CTEHbI HA TEMNEPATYPY B YIAY
OrPAXXAEHUA HA NPUMEPE OIrPAXXAEHUA U3
AYEUCTOIO BETOHA

AHHOTALMUA

B cmambe usnaeaemest 00Ha U3 NPUUUH HeyO0B8J1eMBOPUMENLHO20 CO-
CMOSIHUSL NnoMeweHUTl U npedideaemcsl UHICeHEePHbLIl cnocob onpedesieHus.
memnepamypbsl 8 HAPYHCHOM Y2ty NOMeuleHUTl pA3TUUHO20 HA3HAUEHUSL.

ITokazaxo, umo npu KoHOeHcayuu 800s1H020 NApA 803HUKAem psi0
He2amueHblX nociedcmaeuil, Komopble MOXICHO NPedomsepamums eule
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Ha cmaduu npoekmuposaHus. PaccmompeHnbl npuuuHbl JIOKANIbHO20
NOHUMCEHUSL MeMNepamypbl, 8bl38AHHblE U3MEHEHUSMU YCA08Ull me-
n100bMeHa ecedcmeue zeomempuu yaaa, 88udy uezo memnepamypa
Ha nosepxHocMuU cmeHsl 8 yasry 6ydem 6ce20a MeHbuUle MeMnepamypwl
no «enadu» ozpaxcoaruleli koncmpykuuu. ITposeds aHaniu3 mexHuue-
CKUX HOPMAMUBHbIX NPABOBLLX AKMO8, Delicmayiux Ha meppumopuu
Hekomopblx cmpaH 6biewezo CCCP, 6bL10 ycmaHo8seHo omcymcmaue
pacuemHblx 3agucumocmetl 011 xoms 6bL NPUOAUNCEHHOU OUeHKU MmeM-
nepamypbst 8 yany. Umetoujuecs 8 cnpagouHoll u yuebHoll aumepamype
8bLPANCEHUS CNPABEONUBLL MOJILKO 011 MAI020 OUANA30HA MmepMuye-
CKUX conpomusJieHUll KoHcmpykuuu. B Hemeukux Hopmax Ha npoexmu-
pOBaHue menogoll 3aujumslt 30aHUTL BCMpeuaemcst AHAJI02UUHDLIL pac-
yem Ha 06pazosaMue niecHesblx epubos.

Zlns evlisnieHUs pacuemHoll 3agucumocmu ObL1U Npo8edeHbl pacue-
Mbl MemMnepamypHbLX NoJiell HAPYICHbLX Y2108 CMeH ¢ PA3AUUHBLM mep-
Mmuueckum conpomusnetuem (0o 10 m?*K/Bm) u pasnuuHbimMu 3Haue-
HUAMU K03gPuyuenma menioobmeHa y 8HympeHHell nogepxHocmu. B
nepgom cyyuae Ko3gduyieHm NpUHUMAIC MAKUM Jice, KaK U HA «2]1d-
O0u» 02paxcoeHusl, 80 8MOPOM U MPembeM — C YUemoM e20 CHUNCEHUS N0
OQHHBIM OMeUeCmMBeHHbIX YUeHbLX U 3apy0encHbIX HOPM.

Pezynemamom uccnedo8aHusl SI8UNOCL NOJLyUeHUe annpokcumd-
musHoll gyHkyuu f(R), 3agucaujeii om mepmuueckoz20 COnpomueaeHuUs
KoHcmpykyuu. /Ins yoobcmea nonv308aHusl 3HaueHUst OaHHOU (yHK-
yuu 6vL1u 3amabynuposasl. JJaHHbLll Memoo pacuema moxcem 6bimb
PEKOMeHO08AH O0JI1 UCNONBb30BAHUS NPOEKMHBIMU OP2AHU3AUUAMU C
B03MONCHBIM NOCIEOYIOUUM BKIIHOUEHUEM 8 CMPOUMebHble HOPMbL.

KirouyeBble coBa: anmpokcuMalys, HOpMHUpPOBaHUe, TepMUYe-
CKOe COIIPOTHUBJIEHME, TEIUIOOOMeH, TeMIIepaTypHoe IoJie, TeMIlepa-
Typa B HApy>KHOM VTIIy.

Jna nurupoBauwus: [1ln6eko, A. C. OlleHKa BIUSHUS TEIUIOTEX-
HUYeCKUX KaueCTB Hapy>KHOU CTeHbI Ha TEMIIePaTypy B YIUIy Orpaske-
HUS Ha IPUMeEPe OrpakeHus U3 staercToro 6etona / A. C. [lubexo, /1.
A. Cokompuuk // I[IpobieMbl COBpeMeHHOT0 6eTOHA U JKeJle300eToHa :
c6. Hay4. Tp. / UH-T BenHUVIC; peakosn.: O. H. JlemkeBud [u ap.]. —
MwuHck, 2018. —Bsim. 10. - C. 93-102. https: //doi.org/10.23746 /2018-
10-06
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INTRODUCTION

An unfavourable factor affecting the durability of enclosing
structures, sanitary-engineering condition of rooms and comfort of
human staying in them is condensation of water vapour on the inner
surface, especially in outer corners, that takes place when the surface
temperature is below the room air dew point. Moisture drops on a
surface result in negative effects as follows:

— mould fungi growth;

— room interior finish damage;

— moisture penetration inwards the enclosure where it can freeze
and destroy the structure (subject to good water permeability of
materials).

Technical normative legal acts of the Republic of Belarus for
construction thermal engineering [1] that differ only slightly from
those that were in force in the Soviet Union (in some cases, the former
are even worse than the latter) and, respectively, identical to those that
are in force in the territories of the Russian Federation, the Republic
of Kazakhstan, Ukraine and several other countries (with some
revisions), contain no requirements for checking the temperature
in an outer corner. However, the Western experience of design of
enclosing structures, such as in Germany [2], includes the design in
terms of mould fungi growth that consists of calculation of the relative
humidity of inner air that results in hazard of mould growth. Below,
easier method for determination of condensate formation potential
will be given.

CAUSES FOR TEMPERATURE REDUCTION IN AN OUTER CORNER

Temperature in an enclosure corner is lower than temperature on
the wall “smooth surface” due to several factors.

First, this is due to unequal areas on the inner and outer side of
the corner, resulting in more intensive cooling. Let’s consider the heat
balance equation for a corner: the heat flow given up by the inner
surface of a corner from the inner air is equal to the heat flow given up
from the outer surface to the outer air, i.e.

O(’ll:i(ti_ to) = O('oFo(to.c - to)’ (1)
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where o, and o, are, respectively, the heat exchange factor at the
inner surface and the outer surface of an outer wall, W/(m?2¢K);

F and F_ are the outer corner area by the inner and outer
measurement, m?;

t.and t_are the design temperature of the inner and outer air, °C;

t.and t__the design temperature on the inner surface and the outer
surface of a corner, °C.

According to the data available in [3], disturbance of homogeneity
of temperature field takes place at a distance within two enclosure
gauges by the inner measurement. Here, the enclosure gauge means
the nominal thickness of the equivalent homogeneous enclosure
with the heat transfer resistance R,, m**K/W, and the heat insulation
thermal conductivity factor A, , W/(m*K). Thus, the two-gauge width

a, m, shall be

a,= 2R\, .

For a wall with the height h, m, and thickness 5 _, m, the area by
the inner measurement shall be F, = 2ah, and the area by the outer
measurement shall be F = 2(af + 8 )h. By substituting these data
into the equation and expressing the temperature difference ratio, we
obtain

ti—t. _a, ap+d,

: (2)
t

t

o.c

o 4 af

The enclosure heat transfer resistance
1 < 1
Ry =—+> Ri+—,
Q4 i=1 O,

where R is the thermal resistance of the layer of material of the
enclosing structure, m?*K/W; for a uniform layer (except for closed air
spaces), it is calculated as the ratio of thickness &, m, to the material
thermal conductivity A, i.e. R, = 8 /A.

Thus, the minimal value of the single-layer homogeneous wall
gauge will converge to the double width of an enclosure, a}”i“ - 26,,.
As a result, the equation shall be transformed as follows:

t.—t o
-t < =1,5—"2.
e e

o.c _to
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Assuming the normative values of heat transfer factors, a. = 8.7
W/(m?¢K) and a, = 23 W/(m>*K) [1], we obtain that the difference
of temperatures in a corner within a room will exceed the difference of
temperatures outdoors 4 times maximum, and the higher is the enclosure
heat transfer resistance, the closer is this ratio to its maximum value.

The second cause for temperature reduction in a corner is the
reduction of the heat exchange factor o due to the reduction of heat
transfer by radiation and reduction of convective currents near the
surface. According to the data from Prof. K. F. Fokin [4], the radiant heat
flow becomes two times less and, therefore, it is reasonable to assume
a. = 5.8 W/(m?*K). In DIN 4108-2 [2], the assumptions are a=4W/
(m*>:K), for heated rooms, and o, = 6 W/(m?*K), for unheated rooms.

STANDARDIZATION OF WALL SURFACE TEMPERATURE IN AN
OUTER CORNER

See 1 for the depiction of temperature fields in an outer corner of a
wall with the thickness 400 mm, made of gas silicate with the density
400 kg/m’, for the design air temperature in a room t, = 20 °C and the
outer air temperature t, = —24 °C, corresponding to the temperature of
a cold five-day period, with the occurrence 0.92, for the conditions of
the city of Minsk.

0)

Figure 1. Temperature fields in an outer corner of a single-layer outer wall
a) for o = 8.7 W/(m>K), b) for & = 5.8 W/(m>K)
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The software Agros2D was used to calculate the temperature fields.
The heat exchange factors near an inner surface are assumed to be 8.7
W/(m?*K) and 5.8 W/(m?*K); near an outer surface, 23 W/(m?¢K). The
interval between isotherms is 2 °C. Arrows indicate the heat flow direction.

We see from the modeling data that the temperature in an outer
corner, with the conditions approximating the near-real conditions
(o, = 5.8 W/(m?*K)), is t, =13.8 °C, i.e. it exceeds by 3.1 °C the dew
point t, = 10.7 °C (for the temperature 20 °C and the relative humidity
55 %). However, at the same time, the temperature in a corner is less
by 4.6 °C than the temperature on the enclosure “smooth surface”.

Generally, the temperature in a corner does not depend on a
wall thickness; it is predetermined only by the values of the thermal
resistance of a wall and the difference between the inner and outer
air temperatures. See 2 for the plot of the function of temperature
difference on the wall “smooth surface” and in the corner, with the
difference between the inner and outer air temperatures 44 °C and
with various heat exchange factors near the inner surface (the factor
near the outer surface was assumed to be o, = 23 W/(m?*K)). The
similar plot, for t. — t_ = 40 °C, was built by Prof. K. F. Fokin [4, Figure
49] for values of the heat exchange factor near the inner surface 8.1
W/(m?*K) and 5.8 W/(m?*K).
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Figure 2. Temperature difference on the wall “smooth surface” and in an outer corner
versus the thermal resistance of a structure (for t - t_ = 44 °C)
1 - =8.7W/(m2K); 2 - o = 5.8 W/(mZK); 3 - & = 4.0 W/(m2K)
To calculate the temperature in a corner, the following formula is
applicable (with the heat transfer resistance within the range from 0.5
m?°K/W to 2.5 m?*K/W [3])
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t.=t,-0,18 (t-t) (1-0,23R), 4)

where t_is the surface temperature, °C, on the enclosure “smooth
surface”, calculated for o' = 8.7 W/(m*K)

t,—t, . (5)

_ 1
st
Ry0

tst = ti

However, the formula results in a significant error when the heat
exchange factor variation near the inner surface is not taken into con-
sideration in calculations: for 8.7 W/(m?*K), the error is up to 0.4 °C.

To calculate the temperature in a corner as a function of the thermal
resistance of an enclosure, the following equation can be used:

t=t,-(-t) fR), 6)

where f(R) is the approximative function, with the following
expressions used to calculate its values:

— for the thermal resistance of an enclosure less than or equal to
1.0 m?eK/W
1 C,R

= ; 7
44 C.R* + C,R + C,

/(R)

— for the values of R from 1 m?*K/W to 10 m2¢K/W inclusive

f(R)=—=(C.-C,mnR), (8
44

where C,—C, are the approximation constants taken from the table
1, depending on the heat transfer factor near the inner surface, a;

44 is the difference between temperatures of inner and outer air
assumed for these calculations, °C.

It should be noted that these factors are calculated for the heat
exchange factor near the outer surface equal to 23 W/(m?*K).

Table 1
Value of approximation factors

Approximation factors Value of factors for the heat transfer factor ai
4.0 W/(m?°K) 5.8 W/(m?*K) 8.7 W/(m?*K)
C1 2186 1649 965
C2 62 340 52 881 28 230
C3 46 300 40 870 19 000
C4 1163 673 734 580 250 164
maximum error +0.1
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Table 1 (ending)

Value of factors for the heat transfer factor ai

Approximation factors G ey | 5.8 W/meeK) 8.7 W/(m**K)
s 10.25 7.54 5.08
6 3.25 241 161
maximum error +0.3 +0.2 +0.1

The values of the approximative function f(R) are listed in 2.

The value of the function f(R)

Table 2

Thermal resistance of an Value of f(R) for the heat transfer factor ai
enclosure R. m?*K/W 4.0 W/(m?*K) 5.8 W/(m?*K) 8.7 W/(m?*K)
0.2 0.0899 0.0648 0.0461
0.4 0.1478 0.1072 0.0747
0.5 0.1695 0.1233 0.0852
0.6 0.1878 0.1369 0.0940
0.8 0.2168 0.1586 0.1078
1.0 0.2386 0.1750 0.1180
1.5 0.2030 0.1492 0.1006
2.0 0.1818 0.1334 0.0901
2.5 0.1653 0.1212 0.0819
3.0 0.1518 0.1112 0.0753
3.5 0.1404 0.1027 0.0696
4.0 0.1306 0.0954 0.0647
5.0 0.1141 0.0832 0.0566
6.0 0.1006 0.0732 0.0499
7.0 0.0892 0.0648 0.0443
8.0 0.0794 0.0575 0.0394
9.0 0.0707 0.0510 0.0351
10.0 0.0629 0.0452 0.0312

Note: intermediate values may be calculated by linear interpolation.

The compliance with normsis checked by calculation of temperature
of the wall surface in a corner t , °C, with the following expression used

to calculate it
1
te=1t;—(t; —t,) (St +fR)-

Rhai

9

This value must be greater than the dew point temperature t,, °C,
listed in the “Construction Thermal Engineering” Technical Code of
Practice [1], Annex M, i.e. the following condition must be met: t_ > t .
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If this requirement is not met, provisions must be made for possible
local resistance rise in a corner, such as outer heat insulation, edge
beveling or rounding, or installation of a heating system standpipe [4].

CONCLUSION

Prevention of moisture condensation on inner surfaces of outer
corners must be implemented at the building design stage. Knowledge
in processes of heat exchange taking place in enclosures and their
elements as well as their practical application must ensure comfortable
conditions for human life and work.

Existing norms for the design of buildings being in force in Belarus
contain the requirements for temperature in an outer angle but do not
provide any calculation methods except for calculation of temperature
fields that must be carried out in special software programs; however,
these programs are not always available for the designers. With this
fact taken into consideration, quite easy engineering calculation
method is offered here that can be considered for implementation in
technical normative legal acts.
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