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AHHOTAUUA

BBeaeHue. OgH1M 13 caMblx HEGNAronpUSATHbIX PAKTOPOB, BIMSIOLLMX HA CTPOUTENbHbIE KOHCTPYKLMM B NPOLIECCe MX SKCMnIya-
Tauun, SIBNSIETCS BMara, Kotopasi Npu HenpaeuibHOM NoAG0pe MaTepranoB MOXET KOHAEHCUPOBAaTb Kak B TOMLLE, Tak 1 Ha BHY-
TPEHHEW MOBEPXHOCTU orpaxaeHusi. [ns npeaoTepalleHnst KOHOeHCcaUmMn Brarm Ha NoBEPXHOCTY OrpakaatoLLet KOHCTPYKLMK
HeobxoamMo, YTOObI BbIMOMHANOCH CeaytoLLee YCroBue: TemnepaTtypa BHyTPEHHEN MOBEPXHOCTU OrpaXaeHUst AOoMmKHa ObITb
He HIbKe TeMnepaTypbl TOYKM pOCkl BHYTPEHHETO Bo3ayxa. UTobbl 3bexaThb BbilleykasdaHHbIX Mpobrnem, TpebyeTcsa Ha aTane npo-
€KTUPOBaHWS MPOBOAUTL TEMNMOTEXHNYECKUIA PACHET CTPOUTENBHBIX KOHCTPYKLMIA C HAaUBOrbLLUEN TOYHOCTHIO.

Martepuanbl u metoabl. [1poBefeHO aHaNMTUYECKOe UCCIefoBaHMe NIOCKUX TeMMNepaTypHbIX MOMen B TomMLe HEeO4HO-
POLHOW YTEMNEHHOWN HAPY)KHOW CTEHbI C MOHOMMUTHBLIM Xene3obeToHHbIM KapkacoM no Metoauke, paspabotaHHon K.®. do-
KMHbIM. PacyeT nnockmx TemnepaTypHbIX MOSIEN CBOAUTCS K OMpeaernieHnto TemnepaTtypbl B KaKaoM y3ne orpaxaatoLlen
KOHCTPYKUMW. [1nsi 9TOro KOHCTPYKUMSI CTEeHbI Bbina pa3buta ceTkon koopauHaT Ha y3nbl, Aanee COCTaBleHbl YpaBHEHUS,
no KOTOPbIM BbINK OnpeaeneHbl BbILLEYNOMSHYTbIE BEMUYMHBI U CBEAEHbI B TabnuyHyto hopmy. ToYHbIE BbIYMCIIEHMS Bbl-
NorHeHbl METOAOM MTepauun (MocneaoBaTenbHOro NpUBNMKEHUs) N OCTAHOBIEHbI Ha NPUBMVDKEHMM, B KOTOPOM Temnepa-
TYpbl B K&XA0OM M3 y3r0B He OTNMYanuck OT Temneparyp npeabigyLiero npubnmwkexunst 6onee yem Ha 0,1 °C.

Pesynbratbl. [1ns goctuwkeHus Tpebyemoro pesynsrata OCyLLEeCTBNEHO OAMHHaAUaTh npubnmkeHnin. Ha ocHoBe paccuu-
TaHHbIX BEMNWYMH onpeaerneH KoaduUMeHT Tennonepeaayn uccnenyemMoro orpaxaeHus. lNpoeeneH aHanma pesynsraTos,
Nory4YeHHbIX C MOMOLLbIO MeToAa pacyeTa NIoCKMX TeMnepaTypHbIX NOMeN OTHOCUTENBHO BEMWUYMH, MPUHSTLIX NpeaBapu-
TenbHO. YCTaHOBMNEHbI HEBA3KN 3HAYEHUI NPeaBapUTENBHO NPUHSTBIX TEMMNEPATYP C BbIYMCIEHHBIMU 3HAYEHUSIM.
BbiBoAbl. [Tocne npoBeaeHUst AaHHbIX BbIYMCIIEHWI BbISIBIIEHO, YTO UCMONb30BaHE MeToAa TeMNepaTypHbIX NONen Ans pac-
yeTa KoadpuLmeHTa Tennonepenayn HeoqHOPOOHOWM KOHCTPYKLIMKU OnpaBabiBaeT cebsi, ecnv Heobxoamma HambornbLas Tou-
HOCTb pacyeTa. [lnsa onpegeneHns TemnepaTyp B TOMLLE KOHCTPYKLMU, OCOBEHHO B MecTax HanbonbLuel HEOOHOPOOHOCTH,
cnegyeT UCnonb3oBaTh METOA TEMMEPATYPHbIX MOMe, Tak Kak OH 3HAYUTENbHO YBENUUYMBAET TOYHOCTb pacyeTa.

KIMKOYEBBLIE CJIOBA: nnockoe TemnepaTypHoe none, MeTtod utepauun, koadduumneHT Tennonepegadu orpaxagatoLlen
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ABSTRACT

Introduction. One of the most unfavourable factors affecting building structures during their operation is moisture, which,
if materials are incorrectly selected, can condense both in the thickness and on the inner surface of the fence. To prevent
moisture condensation on the surface of the enclosing structure, the following condition must be fulfilled: the temperature
of the inner surface of the enclosure must not be lower than the dew point temperature of the internal air. To avoid the above
problems, it is necessary to carry out thermal engineering calculations of building structures with the greatest accuracy at
the design stage.
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Materials and methods. An analytical study of flat temperature fields in the thickness of a heterogeneous insulated external
wall with a monolithic reinforced concrete frame was carried out using the method developed by K.F. Fokin. The calculation
of plane temperature fields comes down to determining the temperature in each node of the enclosing structure. To do this,
the wall structure was divided into nodes by a coordinate grid, then equations were compiled by which the above-mentioned
values were determined and summarized in tabular form. Exact calculations were carried out by the method of integration
(successive approximation) and stopped at the approximation in which the temperatures in each of the nodes did not differ
from the temperatures of the previous approximation by more than 0.1 °C.

Results. To achieve the required result, eleven approximations were performed. Based on the calculated values, the heat
transfer coefficient of the enclosure under study was determined. An analysis of the results obtained using the method
of calculating flat temperature fields relative to the previously accepted values was carried out. The discrepancies between
the values of previously accepted temperatures and the calculated values are determined.

Conclusions. After carrying out these calculations, it was revealed that the use of the temperature field method to calculate
the heat transfer coefficient of a non-uniform structure is justified if the greatest calculation accuracy is required. To deter-
mine temperatures within the structure, especially in places of greatest heterogeneity, the temperature field method should
be used, since it significantly increases the accuracy of the calculation.

KEYWORDS: plane temperature field, integration method, heat transfer coefficient of the enclosing structure, heat flow, heat
transfer resistance, thermal requirements
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BBEJIEHHUE

OCHOBHOI MepO# MPOTUBOJICHCTBHSI KOHJIEHCAIIUU
BJIard HA BHYTPEHHEW MOBEPXHOCTH OTPAXKACHUS SB-
JSIETCS! CHIDKEHUE BIIAXKHOCTH BO3/lyXa B MOMEIICHUH,
YTO MOXET OBITh JOCTUTHYTO YCHUJIMSMHU BEHTHIISILIMN
(yMeHbIIIaeTCst TOYKa POChl) JIMOO MOBBIICHUEM TEILIO-
TEXHUYECKHUX CBONCTB CTEHHI (YBEJIIMUEHHUE CONIPOTUBIIE-
HUSl TEIUIOTIEPE/IAUE OTPAKICHUS R WM YMEHbIIECHUE
CONpOTHBIEHH TemtoBocnpuaTuio R [1-12]). Xopo-
Wi BapUaHT, KOTJa TeMIepaTypa BHYTPEHHEN TTOBEPX-
HoctH Ha 5—10 °C BeIIIIe TEMIEPATYPhI TOUKH POCHL

Jnst mpaBUIIBHOTO BBIOOPA CTPOUTEITBHBIX KOH-
CTPYKIMH 3aHUH Ha HTare UX MPOEKTUPOBAHUSI HEOO-
XOZMMO IIPOBOJUTH TEINIOTEXHUYECKUH pacyeT.

B Hacrosiee Bpemst pH MPOSKTHPOBAHUN B OOJTb-
IIMHCTBE CJIy4YaeB BBIIOIHIETCS PacdeT MHOTOCIOHHON
OIHOPOJHON KOHCTPYKIIUH CTCHBI.

B nanHOl craThe mpeacTaBieHO HCCled0BaHUE
IUTOCKUX TeMIIEepPaTyPHBIX MOJIeH B TOJIIE HEOIHOPO-
HOMW yTEIUICHHOM Hapy>KHON CTE€HBI C MOHOJIUTHBIM JKe-
71e300€ TOHHBIM KapKacoM II0 METOMKE, pa3paboTaHHOM
K.®. ®okunbIM.

Pacuer TemmeparypHOTo MoJIsi IMEET 3Ha4YeHNE HE TO-
JIBKO ISl PEIICHHSI BOIPOCOB CTPOUTEIBHOM TeIIoTeX-
HUKH, HO TaKXKe U JUIS ONIPE/ICNICHUS TeMIIePaTypPHbIX Ha-
IpsDKEHUH B AJIeMEeHTax Kapkaca. B uactHocTu, mpu pas-
paboTKe MPOEKTOB BBICOTHBIX 3/1aHUIl CO CTAJbHBIM
W KeJIe300€TOHHBIM KapKacoM € )KECTKOH apMarypoi
pacdeT TeMIIepaTypHOTO OIS EMEHTOB KapKaca JaeT
BO3MOYKHOCTH KOHCTPYKTOpPaM 0osiee TOYHO PacCUUTaTh
HanpsbKeHus B Matepuaie kapkaca [13-21].

MATEPHUAJIBI U METO/bI

OOBEKTOM HCCIIeIOBaHNs BEIOpaHa HapyXKHAs He-
OZJHOPOZHAS OTPaXKIAroIasi KOHCTPYKILUSI CTEHbI Cpel-

HECTAaTHCTUYECKOTO COBPEMEHHOTO JKMJIOTO 31aHWS,
a MIMEHHO KOMMEpYecKoe ITOMEIICHHE Ha TIEPBOM dTaxe
(ot™. 0,000) B HIIOM 3AaHUH, PACTIOIIOKEHHOE IO afpe-
cy: T. [lensa, mp-1 ITobensr, 1. 97 A. [Ipocuntan ygacTok
HapYKHOU CTEHBI, IPOXOAAIINA 10 ocH 1.

XapakTepuCTUKH BO3JyXa CHApYXW 31aHUS
s 1. Ilenssr onpeaenensl mo CIT 131.13330.2020
«CrpownrenpHas KuMaronorus». [lapamerpbl Hapy»KHOTO
Y BHYTPEHHETO BO3/yXa:

1) ycrmoBus skcmTyaranmm — A;

2)t 0,92=-27°C;

3) ¢, =84 %;
4t =18 °C;
5) ¢, =60 %.

XapaKkTepuCTUKN MaTepHaIoB HAPYKHOW CTEHBI
npunsThl o CIT 50.13330.2012 «TerutoBast 3amura 3/1a-
HUI» M TIPUBEICHBI HUKE:

* cnoit Ne 1: mtykarypka (acaaHas AeKopaTHBHasI
1o creknocetke — 9, = 0,02 m; A, = 0,76 B/(m-°C); vy, =
= 1800 xr/m*; p, = 0,09 mr/(m-u-Tla);

e cioi Ne 2: yrennurelns U3 IIUT IEHOIOJIUCTUPO-
na [MC-16®, 'OCT 15588-2014 — 5, = 0,15 M; A, =
= 0,039 Br/(m-°C); v, = 16 xr/m’; u, = 0,05 mr/(m-u-Ila);

e cmoit Ne 3: kirajika u3 KaMHsSI KepaMU9eCKOTO
meneBoro KM-p 250 x 120 x 140/2,1H®/100/1,2/25/
I'OCT 530-2012 na pactBope M50 — 6, = 0,25 M; A, =
= 0,64 Br/(m-°C); v, = 1400 kr/m’; w, = 0,14 mr/(m-u-T1a);

* cioit Ne 4: MOHOJIUTHBIH JKene300eToH — J, =
= 0,27 m; A, = 1,92 B1/(m-°C); vy, = 2500 xr/m’; p, =
=0,03 mr/(m-u-Tla);

e cioil Ne 5: mtykaTypka U3BECTKOBO-II€CUAHAs
I BHyTpenHei oraenku — 6,=0,02 m; A, =0,7 Br/(m-°C);
v, = 1600 kr/m’; p, = 0,12 mr/(m-u-Ila).

OOuuii BUA KOHCTPYKLHMH CTEHBI NMPUBEICH
Ha puc. 1.

BribepeM ydacTok OrpakIaromieid KOHCTPYKITHU
C JIByMsI MOHOJINTHBIMHU Y3JIAMH H IByMSI KAMEHHBIMH.
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Puc. 1. KoHCTpyKIWMS HEOMHOPOIHOH YTETUIEHHOM Hapy KHOU CTEHBI C MOHOJIUTHBIM YkKeJ1e300eTOHHBIM KapkacoM: ciioi Ne 1. Lltykarypka
(hacaHas neKopaTHBHAs IO CTEKIIOCETKE; cioid Ne 2. Yrermurens u3 T nerononvctupona HIC-16D, FOCT 15588-2014; croii Ne 3.
Knanxa u3 xamHs kepamuueckoro menesoro KM-p 250 x 120 x 140 /2,1H®/100/1,2/25/ TOCT 530-2012 na pactBope M50;
cioit Ne 4. MonomuTHBII skene300eToH; cioit Ne 5. IllTykarypka n3BeCTKOBO-TIeCUaHast Il BHYTPEHHEH OTICIIKH

Jlanee pa3OuBaeM JAaHHBIH y4aCTOK CETKOH KOOPIMHAT
TaK, YT00BI B KaXKIOM MECTE, I/Ie MEHSEeTCsl MaTepHal,
00o3Hauascst HoBbIi y3en (puc. 2). [Tocie paccunTbiBaeM
TEMITepaTypbl Ka)KJ0Tr0 U3 Y3JI0B B 3aBUCHMOCTH OT Ye-
TBIPEX COCEIHHUX C HUMH.

B nanHoii ctaThe moapOOHbIE BEIYUCIESHUS OIUCa-
HbI JUIs y31a A1. Jlpyrue y3iibl pacCUnTBIBAIOTCS MO aHa-
JIOTUH.

K y3my 42 Teruonepenaya NpoXOAUT MO MITYKaTyp-
HOMY CJIOIO: PAcCTOSIHUE MEKAY JAHHBIMHU y37aMu A =
= 0,845 M; TIOmIA/Ab, IO KOTOPOH MPOUCXOAUT TEILIO-
nepenaya, F = 0,02/2 = 0,01 m?; ko3 PUIMEeHT TeIIo-
TPOBOIHOCTH MeX Ty Matepuanamu A, = 0,76 Bt/(m-°C).

Omnpenenum koddduitneHT temnonepenaydn, B1/°C,
oT y31a A1 k y31ny A2 ¢ ydeToM IJIoa iy Terionepe-
Jlaqu:

Paccunraem BenmmunHy niepeaBaeMoro Tema K y3iy
A2, Bt:

O~y tAZ)kAl—AZ' 2)

K y3ny Bl temnonepenadya BBIIOJHSIETCS TaKXKe
0 MITYKaTypHOMY CJIOI0, HO B TIEPIICHIKYJISIPHOM Ha-
MIPaBJICHUH: pacCTosTHIE MeKAy y3mamu A = 0,02 m;
IUI0IIA/b, [10 KOTOPOM IIPOMCXOAUT Terionepenaya, =
= (0,845 + 0,600)/2 = 0,723 M*; K03()HHUIHESHT TEILTO-
IPOBOIHOCTU Mex 1ty MaTtepuanamu A, = 0,76 Br/(m-°C).

YeranoBum ko3 duireHT remonepenadn, Br/°C,
ory3na Al k yzimy Bl ¢ yueTom mioma i Terionepeiadn:

ky_p =%~0,723 = 27,474 Br/°C.

>

Brluucnum BenumuuHy nepenaBaeMoro rtema, Br,

A 0,76 K y31y Bl1:
ky 4=—'F=—"—-0,01=0,009 Br/°C. (1) B
A 0,845 QAI—BI - (tAl. tBl)kAl—Bl'
1 2 3 4 5 6 7 8 9 10 11
y o 845 845 845 845 900 Il 900 970 970 900 900
Q)
N T AT T ST ¥
B ¢ ¥ 8 ; 3
Na) {
C y X7 P
ol [ ; A
Qb | iy
E oi '
Q

Puc. 2. Cxema pa30UBKHU HA Y3116l HEOXHOPOIHON YTEIICHHOH HAPYKHOW CTEHBI C MOHOJHUTHBIM JKeNIe300€TOHHBIM KapKacoM
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K Hapy)kHOMY BO31yXy TeIUIONepeaada Mmpoucxo-
JT 1o twiomamu F = 0,723 m? npu o =23 Br/(m>-°C).

Omnpenenm ko3¢ dunmenT nepenayn temna, B1/°C,
oT y371a A1 K Hapy>KHOMY BO3ZLyXY:

k, ,=o - F=23-0,723=16,629 Br/°C.

Haiinem xonuyecTBO nepegaBaeMoro temja, BT,
oT y371a A1 K Hapy>)KHOMY BO3IyXY:

QAI—H = (tAl ’ tH)kAl—H'
BeiBenieM ypaBHeHHe TeIuioBoro Oasanca uist yzia A1:
ZQAI—AZ + QAI—B] + QAI—H = 0

VY3en A2 B pacuete B3sT ¢ ko3ddummentom 1,71,
TaK Kak y3en 41 HaxomuTcsl Ha OCH CUMMETPUN OTPaK-
JIAfoNIei KOHCTPYKIMX U C TIPOTHUBOIIONIOKHOW CTOPOHBI
OCH HaxOIHTCs y3el pasmepoM 600 MM.

[oxcTaBuM 3HaUSHUSI BEIMYHH TEILIOTHI:

71 (@, =t )k o+ = 1)k,

+ (tAl - tH)kAl—H =0.
Boipazum u3 ypaBHeHus reMneparypy B y3ie A1:

_ L71 kg oty Ky it
a7

+ k,_t
‘Al —H"H . (3)
L71 kg otk g+ kg,
IMoncrasus 3HaUeHHS KOIPPHUIIUCHTOB TEILIONEPE-

Jlauu, Oy YHM:

1,71-0,009¢, + 27,474, +16,629¢,
= 1,71-0,009 + 27,474 + 16,629 =
=0,0003¢,, +0,623t, +0,377¢,.

Al

PE3VYJIBTATHI UCCJIEJOBAHUA

Takum 06pa3zoM, pacyeT TeMIepaTypHOTO ITOJIsT He-
OJHOPOJIHOM yTEIJICHHOM Hapy>KHOW CTEHbI C MOHOJIUT-
HBIM KEJIe300€TOHHBIM KapKacoM CBOANTCS K PELICHHIO
CIENYIOLIMX YPaBHEHUI:

t,, =0,003z ,+0,6237, +0,377¢ ;

t,=0,002¢, +0,623¢, +0,0002¢ , +0,377¢ ;

t,,=0,002¢ ,+0,623¢,, +0,0002¢,, +0,377¢ ;

t,,=0,002¢ +0,6237,, +0,0002¢,,+ 0,377z ;
t,,=0,002¢ ,+0,623¢, +0,0002¢ , +0,377¢ ;
t,=0,002¢ ,+0,623¢, +0,0002¢ . +0,377¢ ;
t,,=0,002¢ +0,6237, +0,0002¢, + 0,377t ;
t,,=0,002¢  +0,623¢, +0,0002¢ , +0,377¢ ;

t,,= 0,002t +0,623¢, +0,0002¢,, + 0,377¢ ;
t,,=0,002¢ ,+0,623¢, +0,0002¢, +0,377¢ ;
t,, =0,002¢,+0,623¢, +0,377¢ ;

t,, = 0,992¢  +0,00071,, + 0,007t ;

= 0,992, +0,00047,, +0,0004¢,, +0,007z,;
=0,992¢,, +0,00047,, +0,00047,, +0,0077,.;
=0,992¢,, +0,00047,, +0,00042,_+0,007z,;
= 0,921, +0,00047,, +0,0004z, +0,007z,;
= 0,993, +0,00031,, +0,00037,, +0,007¢,;
= 0,993, +0,0003¢,, +0,0003¢,, +0,007z,;
= 0,931, + 0,0031,, + 0,0031,, + 0,007¢,;
= 0,993, + 0,0003,, + 0,00032,, +0,0077,,;
= 0,993, +0,00037,, + 0,0003t,, +0,0077,, ;
= 0,993, +0,0007,,, +0,007¢

t., = 0,0461,, + 0,099+ 0,0241, + 0,831, ;

lgy
IBS
Upy
Us
tBG
tB7
lps
tB‘)
Iy
ZLB 1

0
1 c11’

., = 0,0851,, + 0,038, + 0,038, + 0,839, ;
t, = 0,0851,, + 0,038, + 0,038, + 0,839, ;
l0, = 0,0851,, + 0,0381, + 0,038, + 0,839, ;
ts=0,0441, + 0,019, + 0,053, + 0,8847, ;
l 0 = 0,030z, +0,035¢ + 0,035, + 0,899, ;
i, = 0,0461,,+ 00517, + 0,016z, + 0,8877, ;
0y = 0,087, +0,0301, + 0,030z, + 0,8541, ;
0y = 0,0461,, + 0,016¢, +0,0517,,, + 0,8871,;
[0 = 0,030, +0,0351,, + 0,035, +0,899, :
t0, = 0,045¢, +0,052¢.,, + 0,017+ 0,8861, ;

,=0,0712,, + 0,009z, +0,0021,, + 0,918, ;
,= 0,068, + 0,003, +0,0037,, + 0,926t,,;
.= 0,068, +0,003¢,, + 0,0037,, + 0,9261,_;
15, = 0,068, + 0,003, +0,0037,, +0,9261,;
.= 0,072¢,, +0,0021,, + 0,005, +0,9221,.;
= 0,077t +0,003¢,, +0,0037, + 0,920, ;
L= 0,072¢,,+ 0,004, +0,0017,, + 0,922, ;
= 0,068, +0,002¢,_+0,002¢,, + 0,927, ;

E8>
.= 0,072t + 0,001z, + 0,004z,  + 0,922, ;

tD D10 E9

£, = 0,077t + 0,003, + 0,003, +0,920z, :
£, = 0,050e,, +0,003¢,  +0,00le,  +0,9461, ;
t,, = 0,873t +0,0006¢, +0,00027,, + 0,126, ;
=0,8017,, +0,0002¢,, +0,0002¢, +0,199%, ;

= 0,8017,, + 0,00027,, + 0,0002¢,, +0,199¢_;
=0,8017,, +0,0002¢,, +0,0002¢,. +0,199%, ;
=0,8841,_+0,00017,, + 0,003, + 0,116z, ;
=0,9161,, +0,0002¢, +0,0002¢,_ + 0,083, ;
1. =0,8817, +0,0003t,, +0,00017,, +0,119%, ;
£, =0,801¢, +0,0002¢,_ +0,0002¢,, + 0,199, ;
t,,= 0,817, +0,00017, +0,0003z,,, + 0,119, ;
t0= 09161, +0,0002¢, +0,0002¢,  +0,083¢,;
£, = 0,882t +0,0003¢,  +0,0001z,+ 0,118, .

tD
I

I

tD
I
tD

I

lpy
lps
Uy
Ups
Uis

Ell

Berunciennst mpoBoOIsATCS METOIOM UTepanuu (1o-
CJIC/IOBATENILHOTO MPHUOIIKEHNsT) B TaOMMYHOHN (opme.
s mepBoro npuOIMKEHNUs 3HAYCHUS TEMIIEpaTyphbl
HailleM ¢ IOMOIIbIO YPaBHEHUS TEILIONEPENaYn uepes
IUIOCKYIO CTeHKY. C 3TOM IeTIbI0 PacCUUTaEM IOoTepey-
HBIE CEUEHHs CTEHBI 10 OCAM KOOPAMHAT 3, 6.

Jiist pacdyeToB 3a/1acM 3HaYEHHUE TEMIIEPATyPhI BHY-
TpeHHero Bo3ayxa 18 °C u npuHMMaeM TeMIeparypy
HapY»KHOTO BO3[yXa, paBHYIO TeMIeparype HanOosee
XOJNOAHOU matuaHeBKH mis T. [lenssr (cormacuno CIIT
131.13330.2020 «CtpounTenpHas KIMMATOIOTHS PaBHA
=27 °C).

BbInomHNM pacueT NONEPEeyHOro CEeUeHHs CTEHBI
o ocu 3:

1 002 0,25 015 0,02 1
= —+ + + + +—=
87 1,92 1,92 0,039 0,76 23
= 4,45 Br/m*-°C;

1
ty=t,—(1, —tH)E=18—(18—(_27)).@ =

R, 4,45
=16,84°C;

23
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(1+ 0a02j e =18—(18—(-27))x
8,7 0,7
1, =18—(18—(-27))- VR 1,002 0725
16,55°C; BT L2 L92) s 45 e,
S ’ 4,45 ' ’
1 ,0,02 025
87 0.7 0,64
t. =18—(18—(-27))- 443 = 1, =18—(18—(-27))x
= 12,60 °C; (1+o,02+0,25 0,15)
8,7 1,92 192 0,039) o,
1, =18—(18—(-27)) x X ypT =-23,48°C;
(1+ 0,02 0,25 0,15)
\8.7 0,742,564 0,039) _ 16 300c: £, =18-(18—(-27))x
’ (1+0,02 0,25 015 o,oz}
t, =18 (18—(-27)) x
y (18—(-27)) (87 192 192 0039 076) oo
(1+o,02+0,25 0,15 0,02] 4,45
X 87 07 064 003 0,76 =-26,56°C. JlaHHbIe 3HAUCHUS PUHUMAEM JjIs1 oceii 6, 10.

4,45

JlaHHbIe 3HAUEHUS TPUHUMAEM JJist oceld 2, 3, 4, 8.
BBIMOMHUM pacueT MOMePeYyHOro CeUeHHs CTEHBI
110 ocH 6:

0,02 0,25 0,15 0,02
+ + + + +
0,7 0,64 0,039 0,76

1
R =—
' 87

+ L =417 Br/M*°C;
23

(7
=18—(18—(-27)) -8’—77:16,76 °C;
t, =18—(18—(-27)) x

10,02
[87+ 192}
X~ 722 216,73 °C;
4,45

Ta6u. 1. [IpeaBapuTensHO IPUHATHIE 3HAYCHNS TEMIIEPATyp B y37Iax

3Havyenus Temneparyp ais oceii 1, 5, 7, 9, 11 nait-
JIeM KaK CpeIHee apru(pMETHICCKOe MEKIY 3HAYCHUSIMH
st ocer 3 u 6:

P 16,84 + 16,76

= =16,8 °C;

- 16,55 +16’73:16,64 °C;
‘= 12,60 + 15,42 14,01 °C;
‘= _26’30_23’48:—24,89 °C;
¢ :M:—ZS,IS °oC,

4 2

JanpHEHINI pacdeT cBOAUM B TaOIUIHYIO (hOpMy

(tabn. 1-12). IIpouecc pacyera ocTaHABIMBAEM Ha TPH-

V3en 1 2 3 4 5 6 7 8 9 10 11
A -25,15 | =26,56 | 26,56 | —26,56 | 25,15 | 23,74 | 25,15 | 26,56 | 25,15 | 23,74 | 25,15
B —24.89 | 26,30 | —26,30 | —26,30 | —24,89 | 2348 | 24,89 | 26,30 | 24,89 | 2348 | 24,89
C 14,01 12,60 12,60 12,60 14,01 15,42 14,01 12,60 14,01 15,42 14,01
D 16,64 16,55 16,55 16,55 16,64 16,73 16,64 16,55 16,64 16,73 16,64
E 16,8 16,84 16,84 16,84 16,8 16,76 16,8 16,84 16,8 16,76 16,8

Taba. 2. 1-e npubnmxenne

V3en 1 2 3 4 5 6 7 8 9 10 11
A -25,69 | —26,57 | -26,57 | 26,57 | 25,69 | 24,81 | 25,69 | 26,57 | -25,69 | 24,81 | —25,69
B 2487 | -26,28 | —26,28 | 26,28 | 24,87 | 23,48 | 24,89 | 26,44 | 24,89 | 2348 | 24,89
C 14,51 12,66 12,61 12,66 14,67 15,32 14,60 12,69 14,60 15,32 14,64
D 16,60 16,55 16,55 16,55 16,62 16,71 16,58 16,53 16,58 16,71 16,66
E 16,81 16,85 16,85 16,85 16,80 16,83 16,81 16,85 16,81 16,83 16,81

24
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Tabu. 3. 2-e npubnmxenne

Vien 1 2 3 4 5 6 7 8 9 10 1

25,68 | —26,56 | —26,56 | —26,56 | 25,68 | —24.81 | 25,69 | —26,66 | 25,69 | —24.81 | —25,69

2540 | 26,29 | 26,29 | 26,29 | 2540 | 2454 | 2542 | 2644 | 2542 | 2454 | 2542
1447 | 12,68 | 12,61 | 12,69 | 14,65 | 1534 | 1455 | 12,69 | 1455 | 1534 | 14,65
16,65 | 16,56 | 16,56 | 16,56 | 16,66 | 16,76 | 16,63 | 16,55 | 16,63 | 16,76 | 16,70
16,77 | 16,85 | 16,85 | 1685 | 16,79 | 1681 | 16,76 | 1683 | 16,76 | 1681 | 16,82

OO W]~

Taou. 4. 3-e npudnuxeHue

Vaen 1 2 3 4 5 6 7 8 9 10 11

26,01 | 26,57 | 26,57 | 26,57 | 26,01 | 2547 | 26,02 | 26,66 | 26,02 | —2547 | —26,02

2539 | 26,28 | 26,28 | 26,28 | 2539 | 2454 | 2542 | 2654 | 2542 | 2454 | 2542
1449 | 12,69 | 12,62 | 12,70 | 14,66 | 1535 | 1457 | 12,71 1457 | 1535 | 14,67
1661 | 1656 | 16,56 | 16,57 | 16,65 | 16,75 | 1658 | 1653 | 16,58 | 16,75 | 16,71
1682 | 1685 | 1685 | 1685 | 1682 | 1685 | 1680 | 1685 | 1680 | 1685 | 16,86

= OO W~

Ta6a. 5. 4-e npubnmkenue

Ven 1 2 3 4 5 6 7 8 9 10 11
-26,00 | —26,56 | —26,56 | 26,56 | 26,00 | 2547 | 26,02 | 26,72 | 26,02 | 2547 | 26,02
25,72 | =26,29 | 26,29 | 26,29 | 25,72 | 25,20 | 25,75 | 26,54 | 25,75 | 25,20 | 25,75
14,46 12,69 12,62 12,71 14,66 15,35 14,52 12,68 14,52 15,35 14,68
16,65 16,57 16,56 16,57 16,68 16,78 16,62 16,55 16,62 16,78 16,75
16,78 16,85 16,85 16,86 16,81 16,84 16,76 16,83 16,76 16,84 16,87

| OO =~

Tao6un. 6. 5-¢ npubImKEeHNE

Vaen 1 2 3 4 5 6 7 8 9 10 11

A4 | 2621 | 26,57 | 26,557 | 26,57 | 2621 | 2588 | 26,23 | 26,72 | 2623 | —25,88 | 26,23
B | 2571 | 2628 | 2628 | 2628 | 25,71 | 2520 | 25,75 | 26,60 | 25,75 | —2520 | 25,75
c 1448 | 12,70 | 12,62 | 12,70 | 1467 | 1535 | 1454 | 12,70 | 1454 | 1535 | 14,70
D 1661 | 1657 | 16,56 | 16,58 | 16,67 | 16,77 | 16,58 | 1653 | 16,58 | 16,77 | 16,76
E 1682 | 1686 | 1685 | 1686 | 16,84 | 1687 | 16,79 | 1685 | 1679 | 1687 | 16,90

Tao6un. 7. 6-¢ npubImKeHNe

Vaen 1 2 3 4 5 6 7 8 9 10 11

26,20 | —26,56 | 26,56 | —26,56 | 26,20 | —25.88 | —26,23 | 26,76 | 2623 | —25,88 | —26,23

2592 | 2629 | 26,29 | 2629 | —25,92 | 25,61 | —25,96 | 26,60 | 2596 | 25,61 | —25,96
1444 | 12,70 | 12,63 | 12,71 | 1466 | 1534 | 14,51 12,67 | 14,51 1534 | 14,70
16,65 | 16,58 | 16,56 | 16,58 | 16,70 | 16,80 | 16,61 16,55 | 16,61 16,80 | 16,79
16,78 | 16,86 | 16,85 | 1687 | 16,83 | 1686 | 16,76 | 1683 | 16,76 | 1686 | 1691

||| =~

Tao6un. 8. 7-¢ npubImKeHue

Vien 1 2 3 4 5 6 7 8 9 10 11

-26,34 | 26,57 | —26,57 | 26,57 | —26,33 | 26,14 | -26,36 | 26,76 | 26,36 | —26,14 | —26,36

-2591 | 26,28 | —26,28 | 26,28 | —2591 | -25,61 | 25,96 | —26,64 | —25,96 | —25,61 | —25,96
14,47 12,70 12,62 12,71 14,68 15,36 14,52 12,69 14,52 15,36 14,72
16,61 16,58 16,56 16,59 16,69 16,79 16,58 16,53 16,58 16,79 16,80
16,82 16,87 16,85 16,87 16,86 16,89 16,78 16,85 16,78 16,89 16,94

SIICIEIEIES

Taou. 9. 8- npudIMKeHNe

Vaen 1 2 3 4 5 6 7 8 9 10 11

2633 | 26,56 | 26,56 | 26,56 | —26,33 | 26,14 | 2636 | 26,78 | —26,36 | —26,14 | —26,36

26,05 | 2629 | 26,29 | 26,29 | 26,04 | 2587 | 26,09 | 26,64 | 26,09 | —2587 | —26,09
14,44 | 12,71 | 12,63 | 12,72 | 1467 | 1535 | 1450 | 12,67 | 1450 | 1535 | 14,73
16,65 | 16,58 | 16,56 | 16,59 | 16,72 | 16,82 | 16,60 | 16,55 | 16,60 | 16,82 | 16,83
16,78 | 16,87 | 16,85 | 16,88 | 1685 | 1688 | 16,76 | 16,83 | 16,76 | 16,88 | 16,95

SIICIEIETIES

25
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OMKEHUH, B KOTOPOM TEMIIEPATyphl OT HPEIbIAYILIEro
npuOIIKeHus omyarorcst He Oonee yem Ha 0,1 °C.

Hessi3ka 3HaueHnit remmneparyp npuOmmxeHus 11
orHocuTenbHO npuommkenus 10 ve npessimaer 0,1 °C,
pacyeTr OKOHYEH.

Ha ocHOBaHUM NONTy4eHHBIX TEMIEPATYp B y31ax
OrpakJaroIel KOHCTPYKIMU CTEHBI OIPENEIUM TOYHOE
3HaYeHHUE COMPOTHUBIICHUS Temuonepenaye. s 3Toro
paccunTaeM BEJIMYUHY CPEIHETO TEIUIOBOTO MOTOKA,
MPOXOIAIIETO Yepe3 KOHCTPYKIMIO OrpaxaeHus, Br/m?:

+
g = @
IJie ¢, — TEIIOBOH MOTOK, IPOXOJIAIINI Yepe3 BHYTPEH-
HIOIO MTOBEPXHOCTh OrpakaeHus1, Br/m?%; g, — TEIUIOBOH

IIOTOK, HpOXO}IHHH/Iﬁ qepeB BHCIIIHIOKO HOBerHOCTL
orpaxenusi, Br/m?;

qx - U'B(ts o tscp)’ (5)
e o, — KO3(Q(MIMEHT TEMIOOTAa49M BHYTPEHHEH T10-
BEPXHOCTH Orpakaaromeit koHcrpykuuu, Br/(m?-°C);

o .

{ — TeMIlepaTypa BHYTPEHHETO BO31yXa, C; tmp
CpeIHsIs TEMIIEpaTypa BHyTPEHHEN OBEPXHOCTH OTPaK-
Jarorei KoHeTpykuuy, °C;

qu = an(tu - ZLucp)’ (6)
e 0, — KOO()QUIMEHT TETIOOTAAYN HAPYKHOU MO-
BEPXHOCTH Orpakaaromeil koHetpykuuu, Br/(m?-°C);

(o] .

{,— TeMIieparypa HapyKHoro Bo3ayxa, °C; £, — cpen-
HSISL TEMIIEpaTypa Hapy>KHOH TTOBEPXHOCTH OTPAXKIAr0-
e koHcTpykiuu, °C.

~26,47-0,4225+(~26,57)-0,845 +(~26,57)-0,845 +
+(~26,57)-0,845 +(~26,46)-0,8725 +(~26,39)-0,900 +
+ (~26,49)-0,935 +(~26,79)-0,970 + (~26,49)-0,935 +

+ (~26,39)-0,900 + (~26,49) - 0,450

= = = —26,52 °C;
e 0,4225+0,845+0,845+0,845+0,8725+ 0,900 +
|: + 0,935+0,970+ 0,935+ 0,900 + 0,450 ]
16,82-0,4225+16,87-0,845+16,85-0,845+ |
+16,89-0,845+16,89-0,8725+16,93-0,900 +
+16,76-0,935+16,85-0,970+16,76-0,935 +
+16,93-0,900+17,00-0,450
Ly = =—=16,86°C;
0,4225+0,845+0,845+0,845+0,8725+ 0,900 +
{ +0,935+0,970+ 0,935+ 0,900+ 0,450 }
Taou. 10. 9-e npubnkeHue
V3en 1 2 3 4 5 6 7 8 9 10 11
A -26,42 | -26,57 | 26,57 | -26,57 | 26,41 | 26,30 | -26,44 | 26,78 | 26,44 | -26,30 | 26,44
B —26,04 | —26,28 | 26,28 | 26,28 | 26,04 | 25,87 | 26,09 | 26,66 | 26,09 | 25,87 | —26,09
C 14,46 12,70 12,63 12,72 14,69 15,37 14,51 12,69 14,51 15,37 14,75
D 16,61 16,59 16,56 16,60 16,71 16,81 16,58 16,53 16,58 16,81 16,84
E 16,82 16,87 16,85 16,88 16,88 16,91 16,77 16,85 16,77 16,91 16,97
Taou. 11. 10-e npubnrwkeHne
V3en 1 2 3 4 5 6 7 8 9 10 11
A —26,41 | -26,56 | —26,56 | 26,56 | -26,41 | -26,30 | 26,44 | 26,79 | 26,44 | 26,30 | —26,44
B -26,13 | 26,29 | —26,29 | 26,29 | 26,12 | 26,02 | 26,17 | 26,66 | —26,17 | 26,02 | —26,17
C 14,43 12,71 12,63 12,73 14,68 15,36 14,49 12,67 14,49 15,36 14,76
D 16,65 16,58 16,56 16,60 16,74 16,84 16,59 16,55 16,59 16,84 16,86
E 16,78 16,88 16,85 16,89 16,87 16,90 16,76 16,83 16,76 16,90 16,98
Taba. 12. 11-e npubmmxenne
V3en 1 2 3 4 5 6 7 8 9 10 11
A -26,47 | -26,57 | 26,57 | -26,57 | 26,46 | 26,39 | 26,49 | 26,79 | 26,49 | 26,39 | —26,49
B -26,12 | -26,28 | -26,28 | -26,28 | 26,12 | -26,02 | 26,17 | 26,67 | 26,17 | -26,02 | 26,17
C 14,46 12,70 12,63 12,73 14,70 15,38 14,50 12,68 14,50 15,38 14,77
D 16,61 16,59 16,56 16,61 16,73 16,83 16,58 16,53 16,58 16,83 16,87
E 16,82 16,87 16,85 16,89 16,89 16,93 16,76 16,85 16,76 16,93 17,00
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q,=8,7(18 — 16,86) = 9,92 Br/w;
q,=23(-26,52+-27)) = 11,04 Br/v;

- w — 10,48 Br/um’.

qcp

3Has BCJIMYMHY TCIJIOBOT'O IMMOTOKA, HPOXOAAIICTO
HUepes3 OrpaxaAcHuc, HaﬁﬂeM COIIPOTUBJICHUC TCTIIIOTICPC-
Jadyc orpaxcaalomeﬁ KOHCTPYKIIUU U3 (bOpMyJ'ILIZ

R = t,+1, :
qcp 7
(18 = (-27)) ™
R™ = ~———— 71— 429 °C/Br.
10,48

YT00BI IPOBEPUTH, OTBEYAET KOHCTPYKIIHS TpeOo-
BaHUSAM TEIUJIOBOM 3alIUTHI WJIM HET, HaliJleM HOpMUpYe-
MYIO BEJIMYHMHY COPOTUBJICHHSI TEILIONIepeaade Jyisl CTe-
HBI ¥ CPAaBHHM €€ C TIOTyYeHHO! B XOJIe pacyera.

OmnpenensieM Tpagyco-CyTKA OTOUTEIHHOTO TIepH-
ona:

ICOIll=(, 1t ) Z =(18-(-39) 201 =
=4402 °C-cyr,

TJIe {, — TEMIIEpaTypa BHYTPEHHETO BO3/TyXa B TIOMENIE-
uum, °C; £ — CpelHsAs TeMIEpaTypa OTONHUTEILHOTO
Mepro/ia co CPEAHECYTOUHON TeMIepaTypoi Bo3tyxa,
He npesbinatoniei 8 °C; Z  — KOIMYECTBO CYyTOK OTO-
MIUTEIBHOTO MEPHO/IA CO CPEAHECY TOUHOW TeMIIeparypon
BO3/1yXa, He mpeBbiaomnei § °C, cyT.

Paccunrtaem 6a30Boe 3HaUEHHE TPEOYEMOTO COIPO-
TUBIICHHS TEIUTOTIEpeiaye:

R =a-TCOIl+b=0,00035 - 4402 + 1.4= (g
=2,941 > °C/Br,

rne a, b — 3HavYeHus, KOTOpbIe CIeayeT NMPUHUMATH
JUTS. COOTBETCTBYIOIINX TPYII 3MaHUNA (OTPEAeISIOTCS
mo CIT 50.13330.2012 «TenumoBast 3ammra 30aHAI).

OnpenensteM kod3pPUIEEHT 7;:

0 = t, —t, _ 18—( 3,9)=1. )
t,—t, 18—(=3,9)

YMHO)KaeM 0a30BOe 3HAYCHHE TPEOYEMOTO COTpO-

THBJICHHS TETLIONEPEIade Ha KOSQQUIHENT 71,;

R = R -n, =2,941-1=2,941 M*-°C/Br. (10)

PaccunteiBaeM HOpMHUpYEMOE 3HaYEHHE [TPUBEICH-

HOT'O 3HAYEHUsI COMPOTUBIICHUS! TEILIONIepeaue OrpaK-
Jlarolel KOHCTPYKIIUHU:

Ry™ = R -m, =2,941-1=2,941 M*-°C/Bt, (11)
e m, = 1 — KOd(PPUIHUEHT, YUUTHIBAIOMINN PETUOH
CTPOMTEITHCTBA.

RI™ =2,941 M’ °C/Br < R]” = 4,29 °C/Br.

[IpuBeseHHOE CONPOTHUBJICHHE TEIIONepesaye
0oJIbIlIe HOPMHUPYEMOTO, CIIEA0BATEIbHO, KOHCTPYKIIMS
CTEHBI OTBEYAET TEIJIOTEXHUYECKHM TPEOOBAHUAM.
Omnpenenum K03(QQUIMEHT TerIonepeaadn orpax/Iaro-
I1ei KOHCTPYKIIMU:

=L"=L=O,Z33 Br/m*-°C. (12)
R 4,29

[onyueHHble pe3ynbraThl CPAaBHUM OTHOCHUTEIBHO
BEJIMYMH, MPUHSTHIX JJISI PACYCTOB MIPEABAPUTEIBHO (CM.
Tabm. 1, 12).

Jis pacyera II0CKOTO TeMITepaTypHOTO OIS OTIpe-
JITIMM HEBSI3KY MOJyYEHHOTO 3Ha4eHUsT Kod(h(HUIreHTa
TEIUIONepeiadyl OTPAXKIAIOIIEH KOHCTPYKLIUH C KO3(]-
(hPUIIMEHTOM TeIUIONepEaadH, MOTyIaeMbIM IIPH PacueTe
T0 3HAYCHUSAM 13 TaOI. 1:

~25,15-0,4225+(~26,56)-0,845 +(~26,56)-0,845 +
+(~26,56)-0,845 +(=25,15)-0,8725+(~23,74)-0,900 +
+(~25,15)-0,935 +(~26,56)-0,970 +(~25,15)-0,935 +

+(-23,74)-0,900 +(~25,15)-0,450
_ = 25,42 °C;
e {0,4225 +0,845 +0,845+0,845 + 0,8725 + 0,900 1

+0,935+0,970+0,935+0,900+ 0,450

16,8-0,4225+16,84-0,845+16,84-0,845+
+16,84-0,845+16,8-0,8725+16,76-0,900 +
+16,8-0,935+16,84-0,970+16,8-0,935 +
. +16,76-0,900+16,8-0,450

ro= = 16,81 °C;
> {o, 4225+0,845+ 0,845+ 0,845 +0,8725 + 0,900 1

+0,935+0,970+0,935+ 0,900 + 0,450
q. =8,7(18-16,81) =10,35 Br/m’;
q. = 23(~25,42—(-27)) = 36,34 Br/m’;

qcp

=23,35 Br/™m?;

(18— (-27))

=1,93 °C/Br;
23,35

m _
Ry =

27
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Ta6a. 13. Hesi3ka 3HaueHMi TeMiieparyp B y3nax, %

Vien 1 2 3 4 5 6 7 8 9 10 11
A 5.2 0,04 0,04 | 0,04 52 11,2 53 0,9 53 11,2 53
B 49 0,1 0,1 0,1 4,9 10,8 5.1 14 5,1 10,8 5,1
c 3.2 0,8 0,2 1,0 4.9 0,3 3,5 0,6 3,5 0,3 5.4
D 0,2 0,2 0,1 0,4 0,5 0,6 0,4 0,1 0,4 0,6 1.4
E 0,1 0,2 0,1 0,3 0,5 1,0 0,2 0,1 0,2 1,0 1,2

k= % =0,518 Br/m*°C.

>

OnpeenuM HEBSI3KY BEJIMUUH MEXIY k 1 k*:

0,518 - 0,233
0,518

100 =55 %.

3AKJTIOYEHHUE U OBCYXJIEHHUE

B paMKax HpOBelIeHHOFO HCCICO0BAHUA MOXHO
YTBEPKAaTh, UTO JTaHHAS HEBSA3KA XapaKTEPH3yeT ITOBBI-
IIeHHE TOYHOCTH pacyeTra ko3 HUIreHTa TeTionepea-
91 METOZIOM TeMIIEPaTyPHOTO TOIIs Ha 55 % 1 TaHHOH
OrpakIaromeld KOHCTPYKIINH.

Taxoke onpeneiM HEeBs3KY 3HAYCHUI TeMIIeparyp
B y3Jax.

Kak BumHO 13 Ta0m. 13, HEBsA3Ka MEXKIY TEMITepary-
paMH, pacCINTaHHBIMU METOZIOM TIOCKOTO TeMIIEpaTyp-
HOTO TOJIsl, ¥ TEMH, YTO OBUIN B3SITHI H3HAYAILHO, M-
eT HauOoJblIee 3HaUCHNUE B y3Jax, [Ie TeIlonepeaada
B COCEJHME y3JIbl UJET MO0 HECKOJIbKHM MaTepuasam,
JPYTHMH CIOBaMH, B y3J1ax, Ie HaOIrofaeTcs Hanbob-
I1asi HEOJHOPOIHOCTh KOHCTPYKIIHH.

Ha ocHOBaHNY 5TOr0 MOJKHO CAAEIATh BBIBOI, UTO HC-
TOJTb30BaHUE METO/Ia TEMIIEpaTypPHBIX MOJIeH A1 pacueTa
Koa(dunreHTa Teronepeaadn HeOqHOPOIHONW KOHCTPYK-
IIM ONPaB/bIBACT ceOsl, €CIIM HE0OXOMMa HanOOIbIIast
TOYHOCTb pacyera. Jljist onpeseneHust TeMIeparyp B TOI-
I1l¢ KOHCTPYKLUH, OCOOCHHO B MeCTaxX HauOOMIbILIeH He-
OIHOPOJHOCTH, CJIElyeT UCIOIb30BaTh METO I TeMIIepa-
TYPHBIX TOJIEH, TaK KaK OH 3HAUUTEJIBHO YBEIMUHBACT
TOYHOCTb pacyeTa.
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INTRODUCTION

The main measure to counteract moisture con-
densation on the inner surface of the enclosure is to re-

duce the humidity of the air in the room, which can be
achieved by ventilation efforts (the dew point is reduced)
or by increasing the thermal properties of the wall (in-
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creasing the heat transfer resistance of the enclosure R,
or reducing the resistance to heat penetration R, [1-12]).
A good option is when the internal surface temperature is
5-10 °C above the dew point temperature.

For the correct choice of building structures of buil-
dings at the stage of their design, it is necessary to carry
out a thermal calculation.

Nowadays, in most cases, the design is based
on a multi-layer homogeneous wall structure.

This paper presents a study of plane temperature
fields in the thickness of a heterogeneous insulated ex-
terior wall with a monolithic reinforced concrete frame
according to the method developed by K.F. Fokin.

Calculation of the temperature field is important not
only for solving the issues of building thermal engineer-
ing, but also for determining the temperature stresses in
the frame elements. In particular, when designing high—
rise buildings with a steel or reinforced concrete frame
with rigid reinforcement, the calculation of the tempera-
ture field of the frame elements allows designers to cal-
culate the stresses in the frame material more accurately
[13-21].

MATERIALS AND METHODS

The object of the study is an external heterogeneous
enclosing wall structure of an average modern residential
building, namely a commercial space on the ground floor
(0.000) in a residential building, located at the address:
97 A Pobeda Avenue, Penza. The section of the external
wall running along axis | was calculated.

Air characteristics outside the building for Penza
are determined according to CP 131.13330.2020 “Build-
ing Climatology”. Outdoor and indoor air parameters:

1) operating conditions — A;

2)1,092=-27°C;

3) @, = 84 %;
4)1=18°C;
5) ¢, = 60 %.

The characteristics of the external wall materials are
taken according to CP 50.13330.2012 “Thermal Protec-
tion of Buildings” and are given below:

* layer No. 1: decorative facade plaster on glass
mesh—&,=0.02m; A, =0.76 W/(m-°C); y, = 1,800 kg/m’;
u, = 0.09 mg/(m-h-Pa);

* layer No. 2: insulation from EPS—16F polystyrene
foam boards, GOST 15588-2014 — 6 = 0.15 m; A, =
=0.039 W/(m-°C); v, = 16 kg/m’; u, = 0.05 mg/(m-h-Pa);

* layer No. 3: masonry of ceramic slotted stone
KM-1250x 120 x 140/2,1NF/100/1,2/25/ GOST 530-2012
on mortar M50 — 8, = 0.25 m; A, = 0.64 W/(m-°C); y, =
= 1,400 kg/m’*; p, = 0.14 mg/(m-h-Pa);

* layer No. 4: monolithic reinforced concrete —
8,=0.27 m; A, = 1.92 W/(m-°C); v, = 2,500 kg/m’*; p, =
=0.03 mg/(m-h-Pa);

* layer No. 5: lime—sand plaster for interior fini-
shing—6,=0.02m; A, =0.7 W/(m-°C); v, = 1,600 kg/m?;
u, = 0.12 mg/(m-h-Pa).

A general view of the wall structure is shown in Fig. 1.

We select a section of the envelope with two mono-
lithic nodes and two masonry nodes. Next, we parti-
tion this section with a coordinate grid so that at each

]1\ B 2.
S |
l,Of SIS DAY P
g‘ 3.380 | 1,800 il 946 | 1,800
| Jr 1
1-1 2-2
g r\/ . /> m/
1! 1] ;
2| 2}
3 4. A
—) 51 [X y - "
) e
X[
f\/ ¢ /\/ ;
20 | 1500 250 | |20 20 | 150/ 270

Fig. 1. Construction of heterogeneous insulated exterior wall with monolithic reinforced concrete frame: layer No. 1. Decora-
tive facade plaster over glass mesh; layer No. 2. Insulation made of polystyrene foam boards EPS—16F, GOST 15588-2014;
layer No. 3. Ceramic slotted stone masonry KM—r 250 x 120 x 140/2.1NF/100/1.2/25/ GOST 530-2012 on M50 mortar; layer
No. 4. Monolithic reinforced concrete; layer No. 5. Lime—sand plaster for interior finishing
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Fig. 2. Schematic diagram of node breakdown of a heterogeneous insulated exterior wall with a monolithic reinforced concrete frame

place where the material changes, a new node is marked
(Fig. 2). Afterwards, we calculate the temperatures
of each node depending on the four neighbouring nodes.

In this paper detailed calculations are described for
node A1. Other nodes are calculated by analogy.

To node A2 the heat transfer passes through the plas-
ter layer: the distance between these nodes A = 0.845 m;
the area over which the heat transfer takes place is F' =
=0.02/2 = 0.01 m?; the heat transfer coefficient between
the materials is A, = 0.76 W/(m-°C).

Let us determine the heat transfer coefficient, W/°C,
from node 41 to node 42 taking into account the heat
transfer area:

A 0.76
k =— - F=——-0.01=0.009 W/°C.
A A 0.845 M
Let’s calculate the value of heat transferred to node

A2, W:

QAI—AZ = (tAl ' tAZ)kAI—AT (2)
To node B1, heat transfer is also performed along
the plaster layer, but in the perpendicular direction:
the distance between the nodes A = 0.02 m; the area over
which heat transfer takes place, F'= (0.845 + 0.600)/2 =
=0.723 m?; the heat transfer coefficient between the ma-
terials A, = 0.76 W/(m-°C).
Let’s set the heat transfer coefficient, W/°C, from
node 41 to node B1 taking into account the heat transfer
area:

kg g = %'0.723 =27.474 W/°C.

Let’s calculate the value of transferred heat, W, to
node B1:

QA]—BI = (tAI. tBl)kAl—Bl'
To the outside air, heat transfer occurs over an area
of F=0.723 m* at a, = 23 W/(m*°C).
Determine the heat transfer coefficient, W/°C, from
node A41 to the outside air:

k, ,=o-F=23-0.723=16.629 W/°C.
Let’s find the amount of transferred heat, W, from

node A1 to the outside air:

QAF() = (tAl ' to)kAFo'
Let’s derive the heat balance equation for node 41:

2QAI—A2 + QAI—BI + QAl—n = O

Node 42 in the calculation is taken with a coef-
ficient of 1.71, because node A1 is located on the axis
of symmetry of the envelope and on the opposite side
of the axis there is a node of 600 mm.

Let’s substitute the values of the heat values:

L71- (¢, —t )k, . T, — 1)k

+
‘Al1-A42 ‘Al-B1
+ (tAl - to)kAH; =0.
Letusexpress the temperature atnode 41 from the equa-
tion:

_ 171 .kAI—AZtAZ +kAI—BltBl + kAl—o[u
Ly= N )]
L7k kg + K

Al—o

Substituting the values of heat transfer coefficients,
we obtain:
_1.71-0.009¢ ,, + 27.474t,, +16.629¢,

A4 1.71.0.009 + 27.474 + 16.629
=0.00037,, +0.6231,, +0.377t,.

RESEARCH RESULTS

Thus, the calculation of the temperature field of
an inhomogeneous insulated exterior wall with a mono-
lithic reinforced concrete frame is reduced to solving
the following equations:

t,, =0.003¢,,+0.623t, +0.377¢ ;

t,,=0.002¢, +0.623¢,, +0.0002¢ , +0.377t ;

t,,=0.002¢  +0.623¢,, +0.0002¢ , +0.377t ;

t,,=0.002¢ ,+0.623¢, +0.0002¢  +0.377¢ ;
t,,=0.002¢ ,+0.623¢, +0.0002¢, +0.377¢ ;
t,,=0.002¢  +0.623t, + 0.0002¢, +0.377¢ ;
t,,=0.002¢, +0.623¢,, +0.0002¢  +0.377t ;
t,s=0.002¢ +0.623¢, +0.0002¢ , +0.377t ;
t,,=0.002¢  +0.623¢,, +0.0002¢,, +0.377¢ ;
t,0=0.002¢,,+0.623¢, +0.0002¢, +0.377¢;
t,, =0.002¢,,+0.623¢, +0.377t ;

t,,=0.992¢, +0.00071,, +0.0077,,;
t,, = 0.992¢ , +0.0004¢,, + 0.0004,, + 0.007%,.;
t,, = 0.992¢  +0.0004¢,, + 0.0004¢,, + 0.007%,;
t,, = 0.992¢,, + 0.00041,, + 0.00047,, +0.007¢,.;
t,s = 09921+ 0.00041,, + 0.00047, +0.007,;
£, = 0.993¢, +0.0003¢,, + 0.0003¢,, + 0.007¢,;
t,, = 0.993¢, +0.0003¢,, + 0.0003¢,, + 0.007%,;
= 0.993¢  +0.003¢,, + 0.0031,, +0.0077,;

8
t, = 0.993¢ , + 0.00037,, + 0.00037,,, + 0.007¢

B10 9?

Ly = 0.993t,/+0.00037,  +0.0003z, , +0.007¢,,;
t,,,=0.993t, +0.0007z, +0.007z,, ;

c11’
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t., = 0.0461, +0.099¢,.+ 0.0247,, + 0. 83ltD1,
(.= 0.0851,, +0.0381, +0.038L., +0.8397,
(.= 0.0851, +0.0381, +0.038L,, +0.83r,,
(.= 00851, +0.038. + 0,038, + 0.839104;
{05 = 0.0441,,+0.0197, +0.053,, + 0.8841,;
0 = 0.030z,, +0.035¢. +0.035, + 0.8997,.;
t, = 0.0461,,+ 00517, +0.016z,, + 0.8877, ;
£, = 0.087¢,, +0.030¢_, + 0.030z,, + 0.8547,;
L. =0.0461,, +0.016(_ +0.0511, ,+0.8871
— 0,030, +0.035., +0.035(.,

~0.0451,,,

L +0.8997
L £0.0521., +0.0171, + 08861, -
tm =0.071¢., +0.0097, +0.002¢,, + 0.918¢, ;
t,,= 0.068, +0.0037, +0.0037,, +0.926t,,;
£,,=0.068¢_ +0.003, +0.0037,, +0.9261,_;
£,,= 0.068¢, +0.0037,  +0.0037,  +0.9261,,;
£ys=0.072¢, +0.0027,, +0.005¢, +0.9221,;
t,,=0.077t. +0.003,_+0.0037, +0.9201,;
t,,=0.072¢_ +0.0041, +0.0017, +0.922,;
= 00681, +0.0021, +0.0021 +0.9271.;

= 0.072( +0.0011,, +0.004r,  +0.9221,

L =0.077L, +0.0031, +0.003, +0.920r,, ;
[ =0.050c. +0.003¢., +0.00le, +0.9461, ;
t,,=0.873¢, +0.0006t, +0.0002¢, +0.126t,;

= 0.8011,, +0.0002t,, +0.0002., +0.1997.;

(. =0.8011,, +0.0002,, +0.0002r,, +0.1997.

(. =0.8011,. +0.0002. +0.0002r.. +0.1997.
L, = 0.8841,. +0.00011, +0.0003,. +0.1167,;

[, =0.9161, +0.00021,. +0.00021.. +0.083,;

= 0.8811,. +0.0003, +0.0001r. +0.1197.:

[, =0.8011,, +0.0002t, +0.00021,, +0.1997.
= 0.8811, +0.00017, +0.0003, , +0.119 ;
L = 09160, +0.0002(,, +0.00021, +0.0831,;
Iy

E11
= 0.882¢, +0.00031, +0.00017, + 0.1,

Calculations are carried out by iteration method
(successive approximation) in tabular form. For the first
approximation, the temperature values are found using
the equation of heat transfer through a flat wall. For this
purpose, we calculate the cross sections of the wall along
the coordinate axes 3, 6.

For calculations we set the value of the internal air
temperature at 18 °C and take the outside air temperature
equal to the temperature of the coldest five—day period
for Penza (according to CP 131.13330.2020 “Building
Climatology” is equal to —27 °C).

Let’s calculate the cross—section of the wall along
axis 3:

I 002 025 0.15 0.02
0 =—— + + +
87 192 192 0.039 0.76

+ 1. 4.45 W/(m-°C);
23

1 002 025 0.15 0.02
—+ +

R, = + +
87 0.7 064 0.039 0.76

+ L 4.17 W/(m-~C);
23

32

0

7
= 18- (18 (-27)) 2072 =16.84°C;

(L, oo

87 07

=18—(18—(-27))-~ 2L 12—
=16.55°C;

t. =18—(18—(-27))x
(1 002 025
87 0.7 0.64

) = 12.60°C;
4.45

t, =18—(18-
(1 0.02 025 j
—+ + +
(87 07 064 0.039)_ 5c350c.
4.45

(-27))x

0.15

1, =18—(18—(-27))x

( 1 002 0.25 N 0.15 +0.02
8. 7 0.7 0 64 0.039 0.76
4.45
These values are taken for axes 2, 3, 4, 8.
Let’s calculate the cross—section of the wall along
axis 6:

) =-26.56 °C.

1 002 025 0.15
+ +

=T + +
87 0.7 0.64 0.039
+ m+L =4.17 W/(m-°C);
0.76 23
t,=t,—(t,—t )ZR =

1

=18—(18-(-27)) -(48;17):16.76 °C;
=18 (18(-27)) »

t,
(1 0.02
7

@

te =18—(18—(—27))x
(1 0.02 025

87 192 1.92

4.45

j =16.73 °C;

) =15.42 °C;

ty =18—(18—(-27))x

(1 0.02 025 0.15

—+ + +

87 1.92 1.92  0.039
4.45

) =-23.48°C;
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1, =18—(18—(-27))x

( 1 0.02 025 0.15 0.0Z)

—+ + + +

y 87 192 192 0.039 0.76 — 2374 °C.
4.45

These values are taken for axes 6, 10.

The temperature values for axes 1, 5, 7, 9, 11 are
found as the arithmetic mean between the values for axes
3 and 6:

 16.84+16.76

tp=—————=168°C
, 165163 e
2
RCLLC
. —26.302— 248 400 oc

-26.56 — 23.74
t,=—"—
2
Further calculation is summarized in a tabular form
(Table 1-12). We stop the calculation process at the ap-
proximation in which temperatures differ from the previ-
ous approximation by no more than 0.1 °C.

=-25.15 °C.

The discrepancy between the temperature values
of proximity 11 and proximity 10 does not exceed 0.1°C,
the calculation is over.

Based on the obtained temperatures at the nodes
of the wall envelope, we determine the exact value
of the heat transfer resistance. For this purpose, we cal-
culate the value of the average heat flux through the en-
closure structure, W/m?:

9,4,

Qo =" “
where g, is the heat flux passing through the inner sur-
face of the enclosure, W/m?; ¢ is the heat flux passing
through the outer surface of the enclosure, W/m?;

g, = a(t,~1,). 5)

where o, — heat transfer coefficient of the internal sur-
face of the enclosing structure, W/(m*-°C); ¢, — temper-
ature of the internal air, °C; ¢, — average temperature
of the internal surface of the enclosing structure, °C;

qo = ao(to B toav)’ (6)

where o — heat transfer coefficient of the external sur-
face of the enclosing structure, W/(m*-°C); ¢ — outside
air temperature, °C; ¢ — average temperature of the ex-
ternal surface of the enclosing structure, °C.

26.47-0.4225+(~26.57)-0.845 +(~26.57)-0.845 +
+(~26.57)-0.845 +(~26.46)-0.8725+(~26.39)-0.900 +
+ (~26.49)-0.935 +(~26.79)-0.970 +(~26.49)-0.935 +

+(—26.39)-0.900 +(—26.49) - 0.450

touv = = = —26.52 OC;
0.4225+0.845+0.845+0.845+0.8725+0.900 +
+ 0.935+0.970+0.935+0.900+0.450
16.82-0.4225+16.87-0.845+16.85-0.845+ |
+16.89-0.845+16.89-0.8725+16.93-0.900 +
+ 16.76-0.935+16.85-0.970+16.76-0.935 +
+ 16.93-0.900+17.00-0.450
tiav = = :1686 OC.
0.4225+0.845+0.845+0.845+0.8725+0.900 +
+ 0.935+0.970+0.935+0.900+0.450
g,=8.7(18 - 16.86) = 9.92 W/m?*;
q,= 23(-26.52+(-27)) = 11.04 W/m?*;
o292 LOE 6 4 wime,
Table 1. Preliminarily accepted values of temperatures in nodes
Node 1 2 3 4 5 6 7 8 9 10 11
A -25.15 | -26.56 | —26.56 | —26.56 | -25.15 | -23.74 | -25.15 | -26.56 | -25.15 | -23.74 | -25.15
B —24.89 | -26.30 | —26.30 | —26.30 | —24.89 | —23.48 | -24.89 | -26.30 | —24.89 | 2348 | —24.89
C 14.01 12.60 12.60 12.60 14.01 15.42 14.01 12.60 14.01 15.42 14.01
D 16.64 16.55 16.55 16.55 16.64 16.73 16.64 16.55 16.64 16.73 16.64
E 16.8 16.84 | 16.84 | 16.84 16.8 16.76 16.8 16.84 16.8 16.76 16.8
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Table 2. 1st approximation

Node 1 2 3 4 5 6 7 8 9 10 11
A —25.69 | —26.57 | -26.57 | —26.57 | -25.69 | 2481 | -25.69 | —26.57 | -25.69 | 2481 | -25.69
B —24.87 | -26.28 | —26.28 | —26.28 | —24.87 | 2348 | -24.89 | 2644 | 2489 | 2348 | —24.89
C 14.51 12.66 12.61 12.66 14.67 15.32 14.60 12.69 14.60 15.32 14.64
D 16.60 16.55 16.55 16.55 16.62 16.71 16.58 16.53 16.58 16.71 16.66
E 16.81 16.85 16.85 16.85 16.80 16.83 16.81 16.85 16.81 16.83 16.81
Table 3. 2nd approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —25.68 | —26.56 | —26.56 | —26.56 | —25.68 | —24.81 | -25.69 | —26.66 | —25.69 | —24.81 | -25.69
B —25.40 | -26.29 | —26.29 | —26.29 | 2540 | —24.54 | 2542 | 2644 | 2542 | 2454 | 2542
C 14.47 12.68 12.61 12.69 14.65 15.34 14.55 12.69 14.55 15.34 14.65
D 16.65 16.56 16.56 16.56 16.66 16.76 16.63 16.55 16.63 16.76 16.70
E 16.77 16.85 16.85 16.85 16.79 16.81 16.76 16.83 16.76 16.81 16.82
Table 4. 3rd approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.01 | —=26.57 | —26.57 | —26.57 | -26.01 | 2547 | -26.02 | —26.66 | —26.02 | 2547 | -26.02
B —25.39 | 26.28 | —26.28 | —26.28 | 2539 | 24.54 | 2542 | —26.54 | 2542 | 2454 | 2542
C 14.49 12.69 12.62 12.70 14.66 15.35 14.57 12.71 14.57 15.35 14.67
D 16.61 16.56 16.56 16.57 16.65 16.75 16.58 16.53 16.58 16.75 16.71
E 16.82 16.85 16.85 16.85 16.82 16.85 16.80 16.85 16.80 16.85 16.86
Table 5. 4th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.00 | —26.56 | —26.56 | —26.56 | —26.00 | -25.47 | -26.02 | -26.72 | -26.02 | 2547 | -26.02
B —25.72 | -26.29 | -26.29 | —26.29 | -25.72 | -25.20 | -25.75 | -26.54 | -25.75 | 2520 | -25.75
C 14.46 12.69 12.62 12.71 14.66 15.35 14.52 12.68 14.52 15.35 14.68
D 16.65 16.57 16.56 16.57 16.68 16.78 16.62 16.55 16.62 16.78 16.75
E 16.78 16.85 16.85 16.86 16.81 16.84 16.76 16.83 16.76 16.84 16.87
Table 6. 5th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.21 | -26.57 | -26.57 | —26.57 | 2621 | -25.88 | —26.23 | -26.72 | —26.23 | —25.88 | —26.23
B —25.71 | -26.28 | —26.28 | —26.28 | —25.71 | -25.20 | -25.75 | -26.60 | —25.75 | —25.20 | —25.75
C 14.48 12.70 12.62 12.70 14.67 15.35 14.54 12.70 14.54 15.35 14.70
D 16.61 16.57 16.56 16.58 16.67 16.77 16.58 16.53 16.58 16.77 16.76
E 16.82 16.86 16.85 16.86 16.84 16.87 16.79 16.85 16.79 16.87 16.90
Table 7. 6th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.20 | —26.56 | —26.56 | —26.56 | —26.20 | -25.88 | -26.23 | -26.76 | —26.23 | —25.88 | —26.23
B —25.92 | -26.29 | -26.29 | —26.29 | 2592 | -25.61 | —25.96 | —26.60 | 2596 | -25.61 | —25.96
C 14.44 12.70 12.63 12.71 14.66 15.34 14.51 12.67 14.51 15.34 14.70
D 16.65 16.58 16.56 16.58 16.70 16.80 16.61 16.55 16.61 16.80 16.79
E 16.78 16.86 16.85 16.87 16.83 16.86 16.76 16.83 16.76 16.86 16.91
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Table 8. 7th approximation

Node 1 2 3 4 5 6 7 8 9 10 11
A —26.34 | -26.57 | —26.57 | —26.57 | 2633 | -26.14 | -26.36 | -26.76 | -26.36 | —26.14 | —-26.36
B —2591 | —26.28 | —26.28 | —26.28 | 2591 | —25.61 | 2596 | -26.64 | —25.96 | —25.61 | —25.96
C 14.47 12.70 12.62 12.71 14.68 15.36 14.52 12.69 14.52 15.36 14.72
D 16.61 16.58 16.56 | 16.59 16.69 16.79 16.58 16.53 16.58 16.79 16.80
E 16.82 16.87 16.85 16.87 16.86 16.89 16.78 16.85 16.78 16.89 16.94
Table 9. 8th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.33 | —26.56 | —26.56 | —26.56 | —26.33 | -26.14 | -26.36 | —26.78 | —26.36 | —26.14 | —-26.36
B —26.05 | -26.29 | -26.29 | -26.29 | -26.04 | 2587 | -26.09 | —26.64 | -26.09 | —25.87 | —26.09
C 14.44 12.71 12.63 12.72 14.67 15.35 14.50 12.67 14.50 15.35 14.73
D 16.65 16.58 16.56 16.59 16.72 16.82 16.60 16.55 16.60 16.82 16.83
E 16.78 16.87 16.85 16.88 16.85 16.88 16.76 16.83 16.76 16.88 16.95
Table 10. 9th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.42 | -26.57 | -26.57 | —26.57 | -26.41 | 2630 | -26.44 | -26.78 | -26.44 | 2630 | —26.44
B —26.04 | -26.28 | —26.28 | —26.28 | -26.04 | —25.87 | -26.09 | —26.66 | —26.09 | -25.87 | —-26.09
C 14.46 12.70 12.63 12.72 14.69 15.37 14.51 12.69 14.51 15.37 14.75
D 16.61 16.59 16.56 16.60 16.71 16.81 16.58 16.53 16.58 16.81 16.84
E 16.82 16.87 16.85 16.88 16.88 16.91 16.77 16.85 16.77 16.91 16.97
Table 11. 10th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.41 | -26.56 | —26.56 | —26.56 | —26.41 | 2630 | —26.44 | -26.79 | -26.44 | 2630 | —26.44
B -26.13 | -26.29 | -26.29 | -26.29 | -26.12 | -26.02 | -26.17 | -26.66 | —26.17 | -26.02 | —26.17
C 14.43 12.71 12.63 12.73 14.68 15.36 14.49 12.67 14.49 15.36 14.76
D 16.65 16.58 16.56 16.60 16.74 16.84 16.59 16.55 16.59 16.84 16.86
E 16.78 16.88 16.85 16.89 16.87 16.90 16.76 16.83 16.76 16.90 16.98
Table 12. 11th approximation
Node 1 2 3 4 5 6 7 8 9 10 11
A —26.47 | —26.57 | -26.57 | —26.57 | —26.46 | 2639 | 2649 | -26.79 | 2649 | -26.39 | —26.49
B —26.12 | -26.28 | —26.28 | —26.28 | —26.12 | -26.02 | -26.17 | -26.67 | -26.17 | -26.02 | -26.17
C 14.46 12.70 12.63 12.73 14.70 15.38 14.50 12.68 14.50 15.38 14.77
D 16.61 16.59 16.56 16.61 16.73 16.83 16.58 16.53 16.58 16.83 16.87
E 16.82 16.87 16.85 16.89 16.89 16.93 16.76 16.85 16.76 16.93 17.00

Knowing the value of the heat flux through the en-
closure, we find the heat transfer resistance of the enclo-
sure from the formula:

gv _
Ry =

giv _
Ry =

(13- (-27)

t+t

i o_.

qav

10.48

>

=4.29 °C/W.

0

To check whether the structure meets the thermal
protection requirements or not, we find the standardized
value of heat transfer resistance for the wall and compare
it with the value obtained in the calculation.

Determine the degree days of the heating period:

HDD=(t,-1, ) Z =(18-(-3.9)) - 201 =
=4,402 °C-day,
where ¢, — indoor air temperature, °C; 1,, — average
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temperature of the heating period with average daily air
temperature not exceeding 8 °C; Z, — number of days
of the heating period with average daily air temperature
not exceeding 8 °C, days.

Let’s calculate the basic value of the required heat
transfer resistance:

R =a - HDD + b =0.00035 - 4,402+ 1.4=

®)
=2.941 m*°C/W,

where a, b are the values to be taken for the respec-
tive groups of buildings (determined according to CP
50.13330.2012 “Thermal Protection of Buildings”).

We determine the coefficient n,:

£ -t —(—
n’ — 1 {]p — 18 ( 3.9) — 1.
t—t  18—(=3.9)

i op

©)

Multiply the base value of the required heat transfer
resistance by the coefficient n;:

R = R -n, =2.941-1=2.941 m>°C/W. (10)

Calculate the standardized value of the reduced value

of the heat transfer resistance of the enclosing structure:

RI°™ = RI-m, =2.941-1=2.941 m>°C/W, (11)

where m, = 1 is a coefficient that takes into account
the region of construction.

R)™ =2.941 m*>°C/W < R¥" = 4.29 °C/W.

The reduced resistance to heat transfer is greater
than the standard, therefore, the wall construction meets
the thermal requirements. Let’s determine the heat trans-
fer coefficient of the enclosing structure:

= L 1 0.233 W/m?-°C.
RY™  4.29

Let us compare the obtained results with respect to
the values taken for calculations beforehand (see Table 1,
12).

To calculate the flat temperature field, we determine
the discrepancy between the obtained value of the heat
transfer coefficient of the envelope structure and the heat
transfer coefficient obtained by calculation using the val-
ues from Table 1:

(12)

~25.15-0.4225 +(~26.56) - 0.845 +(~26.56)-0.845 +
+(~26.56)-0.845 +(~25.15)-0.8725 +(~23.74)-0.900 +
+(~25.15)-0.935+(~26.56)-0.970 +(~25.15)-0.935 +

*

+(—23.74) -0.900 4 (-25.15)-0.450

o = [0.4225+0.845+0.845+0.845 +0.8725+0.900 1

=-25.42 °C;

+0.935+0.970+0.935+0.900 + 0.450

16.8-0.4225+16.84-0.845+16.84-0.845+
+16.84-0.845+16.8-0.8725+16.76-0.900 +
+16.8-0.935+16.84-0.970+16.8-0.935 +

*

+16.76-0.900+16.8-0.450

t
“ [0.4225 +0.845+0.845+0.845+0.8725+0.900 +}

= 16.81 °C;

+ 0.935+0.970+0.935+0.900+0.450

q; = 8.7(18-16.81) = 10.35 W/m®;

. _ 10.35+36.34

av

Rgiv — (18_(_27)) :1 93 OC/W.
‘ 23.35 ' '

*

1
k' =——=0.518 W/m?2-°
193 /m?-°C.

Let’s determine the inconsistency of the values be-

tween k and k*:

0.518 - 0.233
0.518

100 =55 %.

36

=23.35 W/m’;

CONCLUSION AND DISCUSSION

Within the framework of the conducted study,
it can be stated that this non—convexity characterizes
an increase in the accuracy of heat transfer coefficient
calculation by the temperature field method by 55 % for
the given envelope structure.

We also determine the non—convexity of the tem-
perature values at the nodes.

As can be seen from Table 13, the discrepancy be-
tween the temperatures calculated by the flat temperature
field method and those taken initially has the highest value
at nodes where heat transfer to neighbouring nodes takes
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Table 13. Uncertainty of temperature values in nodes, %
Node 1 2 3 4 5 6 7 8 9 10 11
Y| 5.2 0.04 0.04 0.04 5.2 11.2 5.3 0.9 5.3 11.2 5.3
B 49 0.1 0.1 0.1 49 10.8 5.1 1.4 5.1 10.8 5.1
C 32 0.8 0.2 1.0 4.9 0.3 35 0.6 3.5 0.3 54
D 0.2 0.2 0.1 0.4 0.5 0.6 0.4 0.1 0.4 0.6 1.4
E 0.1 0.2 0.1 0.3 0.5 1.0 0.2 0.1 0.2 1.0 1.2

place through several materials, in other words, at nodes
where there is the greatest heterogeneity in the structure.
Based onthis, it can be concluded that the use of the tem-
perature field method for calculating the heat transfer
coefficient of an inhomogeneous structure is justified if

the greatest calculation accuracy is required. The meth-
od of temperature fields should be used to determine
the temperatures in the thickness of the structure, espe-
cially in places of the greatest inhomogeneity, as it sig-
nificantly increases the accuracy of the calculation.
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