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HaBeneno pesymbrati dYmcensHO-
TO MOJIETIOBAaHHS TIEPEHOCY TEIUIOTH 3
OyniBiti uepe3 QPyHIAMEHT Yy 30BHILIHIN
npoctip. Pe3ynbrard  mOpiBHIOIOTBCS
3 JIaHMMH, OTPHUMaHUMH 32 BIIOMUMH
METOJMKAMH Ta 3 EKCIEPHMEHTOM.
Bim3HaueHO BIUTMB TeOMETPUIHOI (op-
MU (yHIaMEHTY Ha PiBHI TEIUIOBTPAT.

IIpencraBiieHBl pe3yNbTaThl YHUC-
JICHHOTO MOJIEJIMPOBAaHUsl IEPEHOCa
TETJIOTHI U3 3aHHS uepe3 QyHIaMEeHT
BO BHEIIIHEE NIPOCTPAHCTBO. Pe3ynbra-
Thl CPAaBHUBAIOTCS C JAHHBIMM, IOJTY-
YEHHBIMH IO U3BECTHBIM METOUKAM H
¢ sKcriepuMeHTOM. OTMEUEHO BIUSHUE
reoMeTpuieckoil GopMel GyHIaAMEHTa

The results of numerical modeling
of heat transfer through the building
foundation to the environment are
presented. The results were compared
with those obtained by known methods
and with experiment. The influence of
the geometric shape of the foundation
on the levels of heat loss is noticed.

Ha yPOBHU TEIUIONOTEPb.

bu6n. 3, puc. 4.

KioueBbie cjioBa: (1)}/H)IaMCHT 3J1aHuA, TCIIJIOBBIC ITOTCPH, YUCICHHOC MOJACIIMPOBAHNE.

F, M*> — momans;

H, M — rmyOuHa TpyHTOBOTO MacCHUBa;

0O, BT — TermioBoii MoToK;

¢, BT/M>— IJIOTHOCTB TEIJIIOBOTO MOTOKA;

R, M*-K/BT — TepMuYeCKO€E COIIPOTUBIICHUE;

t, °C — remneparypa;

X; Y; Z, M — IPSIMOYTOJIbHBIE KOOPIUHATHI;

o, Br/(M*-K) — ko3 dhunpenT rermoornadm;

A, M — TOJIIIINHA;

A, Br/(M*K) — ko3 duimeHT TernnonpoBoJHOCTH.

Beeoenue

[Totrepu TennoTel yepe3 PyHIaMEHT 3JaHUS CUU-
TaKTCS CPABHUTEIBbHO HEBBICOKMMU 10 CPABHEHUIO C
TEIUIONOTEPSAMU Yepe3 APYTHUE YACTU OTPaKJAIOLIUX
KOHCTpYKIIMI. BMecTe ¢ Tem, TOUHBIM pacyer yka-
3aHHBIX TEIUIONOTEPh BCIEICTBUE CIOXKHOCTHU IPO-
1ecca TeIonepeHoca U3 OTalIMBaeMoro noMenie-
HUS K HApy)KHOMY BO3/YXYy Y€pe3 I'PYHT COIPSIKEH C
OIpeAeIEHHbIMU TPYAHOCTAMH. [[71s1 uX yuera oObIu-
HO HCIOJNIB3YETCs] MPUOIMKEHHBIM METOM, KOTOPBIiA
IIpEIoaraeT paseicHue ojla HIKHEro dTa)a Ha
YETBIPE XapaKTEPHBIE 30HBI. 30HAMU CUUTAIOTCSA I10-
JOCHI, MapajuleIbHble OOKOBBIM CTE€HAM IIMPUHOM
2 M. Hymepanus 30H npou3BoauTCs B 3aBUCUMOCTH
OT MX PACIOJIOKEHHSI OTHOCUTEIHHO OOKOBBIX CTEH.
[Tomoca, 6mmkaifias K HApY>KHOW CTEHE, CIMTACTCS

Hwuknne nHaexcol:

max — MakCUMaJIbHbIN;
B — BHYTPECHHUU;

I' — I'PyHT,

311 — 3/1aHUE;

H — HapYKHBIN;

CT — CTCHa;

¢ — dyHaaMeHT.

MEPBOM 30HOU, CIEAYIOIIUE JIBE MOJOCHI — BTOPOU U
TpeTbeid. OcTanabHas MOBEPXHOCTh MOJa CYUTAETCA
4yeTBepTOM 30HOW. Kaxknoi 30HE CTaBUTCSA B COOT-
BETCTBHE YCIOBHOE CONPOTUBIICHUE TEIUIONEPEAAYE.
Ecnu pynnameHT 3nanus — HEyTEIJICHHBIN, U TETJI0-
MIPOBOTHOCTH OTIPEICTICHHBIX CIIOEB Toja u (pyHma-
MeHTa He HUke 1,2 Bt/(M-K), 3HaueHus1 yCIOBHBIX
COMPOTHUBJICHUH TeIIoNnepeaue MPUHUMAIOTCS PaB-
upiMu: R, = 2,1 M°K/BT — 1 mepBoii 30851, R, = 4,3
M’K/BT — 11 BTOpoit 30mbI; R, = 8,6 M°K/BT — 115
TpETEH 30HBI, M U1 R, = 14,2 M*K/BT — 1151 yeTBep-
TOM 30HHI [1].

Temonorepu yepes HEYTETUICHHBIN MOJ PacCUH-
THIBAIOTCS IO (popmyrie

Q=m—m§§u (1)
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OueBUAHO, YTO TaKOW MOJXOJ HE YUYUTHIBAET
dbopmy, a TakKe APyTHE XapaKTEepHbIE OCOOCHHO-
CTH KaXJOTO 3[IaHUs, W MO3BOJIACT JIMIIb TPUOIIU-
YKCHHO OIICHHUTH MMOTEPHU TEIUIOTHI Yepe3 PyHIaMEeHT.
[Ipu ero uCHoONIb30BaHUM HE YUMTHIBAETCS TaKKeE
peasibHasl TEIJIONPOBOJHOCTh TPYHTA U €CTECTBEH-
HOE M3MEHEHHE TEMIIEpaTyphl Mo ero riryoune. Kak
U3BECTHO, HIKE HEKOTOPOW IyOuHbI H, 3HaueHue
KOTOpOW 3aBUCUT OT TE€OJOTHMYECKUX IPOLECCOB,
XapaKTEePHbIX I JaHHOW MECTHOCTH, TeMIeparyp-
HBI PEXUM — CTAOWJIBHBIA B TEYEHHE BCETO Tona
[2]. Kak nmoka3ano B [3], mst KueBa, Hanpumep, Ha
1youne H ~ 5M temrieparypa rpyHTa B TEUE€HUE BCe-
rO rojia MPaKTUYECKU HE U3MEHSIETCSI U COCTABIISIET
t ~89...9,1°C.

st yrouHeHus1 TerioGu3n4ecKord Mojieau Te-
peHoca TEIIOThI U3 MOMEIICHUS Yepe3 HEyTEIJICH-
HBIH (YHJIAMEHT B OKPYKAOIIYIO CPEAy MPOBOIUT-
Csl paCu€THbBIN aHaJIM3 IaHHOTO MPOIIECCa Ha OCHOBE
peuieHusi ypaBHEHUS TEIIONPOBOHOCTH JJIsl TPYH-
TOBOI'O MAaCcCHBA, HA KOTOPOM PACHOJIOKEHO 3[aHKUE.

Ilocmanoeka 3a0auu

TemneparypHoe mojie B TPYHTOBOM MacCHUBE
OMUCHIBACTCSl YpaBHEHUEM TEILJIONPOBOHOCTH
ot 0t 0t

+—+—=0.

or 2
o’ ot o @

OO6nacTh pemieHUs ypaBHEHHUs (2) mpencTaB-
JseT co0oi TPSMOYTOJBHBIN Mapauleenumesn,
OXBAaTBIBAIOIMI HEKOTOPBIA y4YacCTOK TI'PYHTOBO-
ro maccuBa. Ha ero moBepxuoctu (z = () pacrmo-
JIOKEHO 37aHUe TMPSMOYTOJIBHON (QopMbl, 3maHue
3aHUMaeT yqaCTOK NOBEPXHOCTH: —X, < X < X

v, <y <y, Benencreue npennonaraeMon CUM-
MeTpHI/I 3):[aHI/15[ (mockoctn cummerpun: x = 0;
v = 0) 3amaua TeruionmepeHoca pemaercs A Ya-
CTH 00nacTH, MPHJIETaloleil K OJHOM dYeTBEepTH
3nanus. IlosepxHocth z = 0 pacuerHol oOmactu
COOTBETCTBYET IOBEPXHOCTH TPyHTa, OIHA YaCTh
KOTOPOH pAacCIONIOKEHA MO MPSMOYTOJIBHBIM 37a-
aueM (0 < x <x ;0 <y <y ), a npyras 4acTb
(x,<x<x_ v, < Y <y_.)— BHE 31aHus. YYacTKH
(x —A Sx<x g y A y<y ) COOTBETCTBYIOT CTe-
Ham 3nanns. Ha HOBCpXHOCTI/I rpyHTa HAXOJSTIICHCS
IO/ 3/1aHUEM, TIPOUCXOTUT TEIJI00TAa4Ya OT BO3IyXa
BHYTpPH MOMEIIEHUS K TPYHTY. BHe 31anus npoucxo-
JUT TETUIOOTAa4Ya OT MOBEPXHOCTH TPYHTA K HAPYXK-
HOMY BO3IyXy. YYacTKH 3[IaHUs, COOTBETCTBYIOIINE

OOKOBBIM CTEHAM, CUUTAIOTCS N30JIMPOBAHHBIMU IS
TEIJIOBBIX TOTOKOB, HAIIPABJIEHHBIX BA0Jb ocu 0Z. B
COOTBETCTBHUU C U3JIOKCHHBIM, Ha YKa3aHHBIX y4acT-
Kax noepxHocTu z = 0 11t ypaBHeHus (2) 3a0a10Tcs
IpaHUYHbIC YCIOBUS B BUJIE:

-upuz=0;0=<x<x -A ;0=<y<y —-A:

s g—a(t—t) 3)
' oz
-TpU z = O’ xgﬂ—ACT< x< xw 5 yu— ACT< y< yw:
ot
Z-0
oz 4)
-mpuz=0;x <x<x_ ;y <ysy .
ot
_ﬁ_—a(z‘—lﬂ). (5)
z
Temneparypa BO3myxa BHE 31aHHs f  COOT-

BETCTBYET YCJOBHSIM 3UMHero mnepuoaa ronga. He-
YTETUIEHHBIM (yHIaMEHT 3[aHHuS 3aHUMaeT yda-
CTOK pacyeTHOW oOnacTu —A <z<0;0=<x<ux;
0<y<y,,. Tepmuueckoe COHpOTI/IBJIeHI/Ie (bszLaMeH-
Ta B ycnoBusix (3) — (5) He conepKUTCs, TOCKOJIbKY
€T0 TEIUIOMPOBOTHOCTh CYUTACTCS OJIM3KOM K TEIJI0-
IIPOBOTHOCTU TPYHTA, U OH paccMaTpuBaeTcs Kak
4acTh FPYHTOBOI'O MacCHBa.

Ha ropuzoHTanbHON MOBEPXHOCTU PaCUETHOU
obmactu z = -H 3amaercs Temmeparypa TpyHTa I,
KOTOpasi CYUTAETCS] IOCTOSSTHHOM M HE 3aBUCALLIEH OT
TEMIIEPATYPhI HAPY)KHOTO BO3/yXa
-mpuz=-H;0<x<x_ ;0<y<y :t=t. (6)

Beprukansasie miockoctu x = 0; y = 0 cuura-
I0TCS INIOCKOCTSIMM CUMMETPUH 31aHUsL. BepTukaib-
HE IUIOCKOCTH X = X_ ;y =Y _, OTPAaHUYMBAIOIIHE
pacueTHyo 001acTh, CYHUTAIOTCS TEIIIOM30JIMPOBaH-
HBIMH. TakuM 00pa3om, TpaHUYHBIE YCIOBUS HA 00-
KOBBIX TMOBEPXHOCTSAX PacuyeTHOW 00JacTH 3ammuchl-
BalOTCS B BUJIE:
npu -H<z <0;x=0;x_:

o, (7)
o
Hé)l/l -H<z <0;y=0;y

max”

(8)

Pemenue ypaBHeHus (2) ¢ rpaHUYHBIMU yCJIOBH-
aMu (3)—(8) BBINOIHAETCS METOJOM KOHEYHBIX pa3-
HocTel. TernonoTepu 31aHus Yepe3 HEYy TeIIEHHbBIN

6x
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(yHIITaMEHT pacCUUTHIBAIOTCSA 1O opmyIie:
Xy =D Vayea
34 cT 2% cT at
0-s1 ] |2

0 0

dydx.

z=0

©)

Ananu3z pe3yiomamoe HuCji1eHH0o20 uccieo00eanus

B kauecTBe mpmmepa paccMmarpuBaeTCs TEIUIO-
MEpEeHOC Yepe3 HEeyTeIUICHHBIH (yHIaMEHT 31aHHs,
OCHOBAaHHME KOTOPOTO MMECT pasMephl 2y, = 60 M;
2x = 18 m; Tomuuna crer A = 0,3 m. [l pere-
HUd 3ala9H NPHHAMAIOTCA CEIYIOWIKE SHAIEHHA
ONPECIISAIONMX mapamMeTpoB: x = 19 m; y = 40 m;
H=6wm1 =20°C;t =8°C; -15°C <t <+5°C
o =23 BT/(MZK) o =38 6BT/(M2K) 2.=0,993 BT/(M K).
PacnpegleneHHe TeMnepaTypH BILIOCKOCTH X =0 IpyH-
TOBOIO MaccuBa Jyis ciyyas ¢, = 0 °C mpencTasieHo Ha
puc. 1, a. Crpenkamu Ha puUCyHKe 00O3HA4YeHbI Ha-
MIPABJICHUS TETUIOBBIX MTOTOKOB B JAHHOM TJIOCKOCTH.
Jlis cpaBHEHUS, Ha puC. 1, O IpecTaBIeHbI pe3ybTa-
ThI PEILICHUS aHAJIOTUYHON 3a/1auu, OJIy4YE€HHbIE IPU
YCIIOBHH, YTO IUIOCKOCTb Z = -/ — TeIJION30JIMPOBaHa.
B sToM ciiyuae nipu perieHun 3aa4u BMECTO yCIOBUS
(6) ucnonb3yeTcs yciaoBHe

R

"ozl

- =0 (10)

Kak BunHO u3 puc. 1, a, B ciayyae 3aj1aHus cTa-
OMIBbHOM TEMIIEpaTyphl / HAa HUKHEH TPaHULE pac-
YeTHOW oOnactu z = -H , 3HaueHUEe KOTOPOW BHIIIIE,
4YeM 7, HO HWKE, YeM [, Ha YKa3aHHOW T'PaHUIIE Ha-
OJII0/1at0TCsl TEIJIOBBIE TOTOKM, MMEIOIIME KaK I0-
JIOKUTEIIbHOE TaK M OTPULIATENIbHOE HAlpaBICHHUS.
OtpurarenbHble TEIUIOBBIE TIOTOKH XapaKTEPHBI
Ui 0071acTH, paclojIOKEHHON MOJ 37JaHUEM, a IO-
JIOXKHUTENbHBIC — 7151 00NacTH BHE 37aHus. U3 aToro
CJIEyeT, YTO U3 3[aHus yepe3 QyHIaMeHT TerioTa
MIEPEHOCUTCS HE TOJIBKO BO BHEILHEE BO3IYLIHOE
MPOCTPAHCTBO, HO U B IIyOWHY TPYHTOBOIO Mac-
cuBa. JlaHHO€ OOCTOATENBCTBO, MO-BUANMOMY, HE
YUUTBHIBaeTCs BbIpakeHHeM (1), koropoe OOBIYHO
HCHOJIB3YETCsl IPU pacyeTe TeIJIOBBIX NOTEPh Yepe3
¢byngameHT. B cioyuae e 3aaHus yCIOBUNA TEIIo-
U30JIALIMY TP z = -H, Tenjaora u3 31aHus MepeHo-
CHUTCS TOJIBKO K Hapy>KHOMY BO31yXxy (puc. 1, 6).

PacnpeneneHue IIOTHOCTH TEIJIOBOIO IOTOKA
Ha [MOBEPXHOCTH IPyHTOBOro Maccusa (z = 0) B1oJsb
ocu 0X npu y = 0 (TVIOCKOCTh CUMMETPHUH) U TIPHU Y
=y, — A, (OKOJIO CTEeHBI) MPECTaBICHO Ha puc. 2.
PaccmarpuBaroTcs ciiyyau Temmeparypbl BO BHEIII-

HEM BO3/yIIHOM npocTpancTBe ¢ =+5°Cu ¢ =-15°C
npu ycnoBus (6) Ha rpanune z = -H. Kak BugHO U3
puC. 2, NIOTHOCTH TEIUJIOBBIX MOTOKOB Ha MOBEpX-
HOCTHU HEYTETJICHHOTO (yHAaMEeHTa, a TAKXKe Ha T0-
BEPXHOCTHU TpyHTa BHE 3[JaHUS HMHTEHCUBHEE BCETO
W3MEHSIIOTCSl Ha paccTositHuu 1,5...2 M OT CTEHBI.
OKoJI0 caMUX CT€H OHU JIOCTUTal0T MaKCHUMabHBIX
1o a0COJTIOTHOM BEJTMYMHE 3HaYeHUM. J[anee oT cTeH
a0CoIOTHBIE 3HAYEeHUA ¢ yMeHbInatoTces. [InmotHocTn
TEIJIOBBIX IOTOKOB, PACCUUTAHHBIE HA IUIOCKOCTH
cummeTpuu 3anus y = 0, mpu x < 6 M crabo 3aBH-
CSAT OT 3HAYEHMsI TEMIIEPATYPhl HAPY>KHOT'O BO3yXa
(puc. 2, @) u cocrassitot g ~ 2,0...2,6 Br/(M*K) npu
t =+5°Cug~20..3,6 Br/(MK) npu ¢, = -15 °C.
JlaHHBIE BEIMUYMHBI MIJIOTHOCTEH TEIMJIOBBIX MOTOKOB
OIpENEISAI0TCSA, B OCHOBHOM, Pa3HOCTBIO TEMIEpa-
Typi ui. OTMeTHuM, YTO 3HAYEHHUE ¢, PACCUMTAHHOE
o

bopmyie q= bl

Va,+HIA

TOJIBKO TEIJIONEPEHOC BIIyOb I'pyHTa, COCTABIISET
q = 1,95 Bt/(M?K). OxoJio CTE€H IJIOTHOCTH TEILIO-
BBIX TIOTOKOB 3aBHUCST B OOJBIIECH CTENEHH OT pas-
Hoctu Temneparyp { u ¢ . Ilpu ¢ = +5 °C miot-
HOCTh TEIUIOBOTO TIOTOKa OKOJIO CTEHBbl paBHA
g =23,5 Br/(M’K), anpu ¢ =-15 °C — coOTBETCTBEH-
HO ¢ = 51,4 B1/(M°K).

Pacnipenenenne 1mioTHOCTEM TEMJIOBBIX IO-
TOKOB BJIOJIb CTEHBI NPH y =y — A TIpeicTaBie-
HO Ha puc. 2, 6. Kak BUIHO W3 pUCyHKa, 3Ha4Ye-
HUS ¢ OKOJO CTEHBI CYIIECTBEHHO BHINIE, Ye€M Ha
IUIOCKOCTU cUMMeTpuu 31aHus y = 0. OTu 3Haue-
HUSL OTPEIEIIAIOTCS, IIIABHBIM 00pa3oM, pa3HOCThIO
Temreparyp f u ¢t . MakCMManbHUX 1O a0CONIOTHOM
BEJIMYMHE 3HAYCHHWH ¢ MOCTUTAIOT B yIWaxX 3/IaHus
v=y,-Asx=x,-A). llpn¢ =+5°C 3xade-
HUE g OKOJIO yTiia cocrasiser — 41 7 Bt/(M*K), a ipu
t =-15°C —q=-93,4 Br/(Mm°K). To 06cTOsTENBCTBO,
YTO OKOJIO YIJIOB 3/IaHUS TEIUIOMOTEPH MAKCHUMAaITb-

YUUTBHIBAETCS TaKXKe METOIUKOW pa3iesieHus
nosia 30Hbl. I[Ipu pacuere miomaau nepBol 30HBI
Y4acTOK IUIOHIaAbI0 2X2, MPUMBIKAIOIIMN K YIIIY,
YUYUTBIBaeTCS ABaXIbI [1].

YYUTBIBAOLICH

B coorBercTBHM ¢ XapakTepoM HM3MEHEHHsS Te-
IUIOBOTO IOTOKA I10 HEYTEIIEHHOMY IOJIy H3Me-
HSETCS TakXKe M ero Temmeparypa. MuHuUMasIbHbIE
3HAUEHUs TEMIIEPATypbl HAOIIONAIOTCS OKOJIO CTEH,
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a MaKCHMallbHble — B cpeaHel yactd nosa. Ilomy-
YEHHOE B pe3ylbTare pacueTa paclpeieiicHue TeM-
Ieparypsl IO MOy HEYTEIJIEHHOTO IEPBOTO 3TaxKa
paccMarpuBaeMoro 37aHus MPEICTaBICHO HAa PUC.
3. Ha oTOM K€ pPHUCYyHKE NpEACTABIIECHBI TAKXKE pe-
3yJbTaThl U3MEPEHUSl TEMIIEpaTyphl 10JIA, KOTOPBIE

o |

IpoBOAMINCH B BricTaBouHOM 3ane MHCcTHTYTA TEX-
Hudeckor teruiopusuku HAH VYipaunsr 4 mapra
2015 r. 3mepenune Temneparypsl Ha IOBEPXHOCTH
10jla TPOU3BOAMIUCH C TIOMOIIBIO TEIJIOBU30pa
TESTO 875. [l pacyeToB MIPUHUMAIIUCH SKCIIEPH-
MEHTaJIbHO HAlIEHHbIEC 3HAYEHUs TEMIIEPATypPhl BO3-

]

19
17t

ZA

I
1
15 E
}
i

il

< « = %% -
< = o« A %]+ o
x = o« x x|«
£ = « x x|«
« 2 4 x x|« 4
< 2 o« A |+
t = o« x x|« o
£ = « x x|«
« 2 4 x <]+ 4
<« 2 o« a4 % le
£ = o« x = |+
£ = o« % = |« =
£ 2 4 % % |+ =
« = o« x = |« =
£ = o« = = |+ =
£ = o« = = |« =
< = 4 % % |=

PRI PR

¥

Puc. 1. Pacnpedenenue memnepamypuvl u HanpaeieHus menjioevlx NOmMoKkoe ¢ ceyenuu x=0
2pynmoeozo maccusa nput =0 °C.

JlyIIHOW CPEIbl BHYTPU M CHAPYKH OMELIEHUS: =
+2°C; t =+13,5 °C (BrICTaBOYHBIH 3411 — c11a00 000-
rpeBaemblii). OcTaibHbIe UCXOAHBIC MTAPAMETPHI IS
penieHus 3aa4u MPUHUMAIIUCh TAKUMH Ke, KaK U B
paccMoTpeHHOM BbImIe cirydae. Kak BUgHO M3 pHC.
3, pacueTHbIE W DSKCIIEPUMEHTAIBHBIC PE3YJIbTaThl
YIOBJIETBOPUTEIHLHO COTIIACYIOTCS MEXy COOOM.
CymmapHbie TeIionotrepu d4epe3 (yHIaMeHT
3aHUS 1eIeCO00pa3HO OIEHWBATH TIO0 BEITMYHHE
yAEIBHOTO TEIUIOBOro noroka U = Q/(tB—tH), JUIA KO-
TOporo 3HaueHue () paccuumThiBaeTcs Mo Gopmyie
(9). 3aBUCHUMOCTh yKa3aHHOW BEJIUYHHBI OT TEMIIE-
paTypbl Hapy’)KHOTO BO31yXa {H IPU MOCTOSHHOM 7
= 20 °C npencrasnena Ha puc. 4 (kpusas 1, a). Kak
BUJIHO M3 PMCYHKa, C YMEHBLICHUEM [ , BEIMYHMHA
U yObiBaeT. DTO CBSI3aHO C YMEHBIIICHUEM BKJIaja

B CyMMapHbI€ TEIUIONOTEPH TMEPEeHOCca TEIUIOTHI B
ryOuny rpynra. IIpu NOHWKEHHUH £ , T.€. IPH POCTE
TEMIIEPATypPHOTO Hanopa At =t — ¢ , TEMNOTa U3 371a-
HUs depe3 (yHIaMEHT MEePEeHOCUTCS, B OCHOBHOM,
K Hapy»XHOMY BO3/yXy, ITOCKOJBKY B 3TOM CIlydae
! 3HAYUTETLHO HMXKE, 4eM . Bkmanx mepenoca Te-
IUIOTHI BINIyOb TPYHTOBOTO MAacCHBa B CyMMapHbBIE
TEIUIONOTEPU OKa3bIBAETCS MPU ITOM HE3HAUUTEIb-
HeM. [Ipy noHwxenuu TeMneparypsl ¢ 3Hadenus U
OKa3bIBAIOTCS OMM3KMMH K BeiawmunHe U*, xoTopas
HAXOAWTCS M3 PELICHHs JaHHOW 3aJa4d MPHU yCIo-
Buu (10), T.e. Mpu yCIOBUH TEIJIOU3OISAIUH TOBEPX-
HOCTU z = -H (nuHus 2, a).

Ha puc. 4 mpuBoauTcs Takxke 3HAYCHUE yAETbHO-
0 TEIUIOBOTO MOTOKa U, HAiJEHHOTO 13 BBIPAKEHUS
(1), koTOopoe UCHoIB3yeTCs MPU pacuere TerIoNo-
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Tepb 30HAIbHBIM MeTOOM (KpuBas 3, a). CpaBHH-
Bas 3HAYCHUS YAENbHBIX TEIUIOBBIX MOTOKOB, Haii-
JICHHBIX PA3TUIHBIMU CTIOCOOAMH, MOJTHO OTMETHTb,
YTO B pacCMaTpPHBAEMOM [HUAla30He TEeMIIEPaTypbl
Hapy’)KHOTO BO3/lyXa { BEIMYUHBI U, OIyYEHHbBIE U3
pelIeHus 3a7a4u 3 TPAaHUYHBIM ycaoBHueM (6), 3aHU-
MAalOT MPOMEKYTOYHOE 3HAYCHUE MEXKTy BETMIMHA-

;’,BT/M2

a)

My U™, HaliICHHBIMH U3 PELICHUS 3a7a4M C yCIOBH-
SAMHU TEIUIOU30JILUHU TIpU z = -H, 1 BenuuuHamu U,
nojryueHHbIMH U3 Beipakenus (1). Cnenyert, oqHako,
OTMETHUTh, YTO PACCMOTPEHHBIN BBIIIE 30HAJIBHBIN
METOJl, @ TAaK)K€ COOTBETCTBYIOIIME €My 3HAUYCHUS
TEPMHUUYECKUX COINPOTUBICHUM KaXXIOWU 30HBI, pe-
KOMEH/I0BaHbl i1 (yH/IaMEHTOB U I'PYHTa, TEIIO-

q,BTIM2

\" !
20

=20

TN
40
-60

N
-80

-100

0)

Puc. 2. Pacnpedenenue ni1omuocmu menaioeo20 nOmMoKa no n08epxHocmu noaia
600 ocu 0X npuy=0(@unpuy=y A (0):1-t =-15°C; 2—t =+5°C.

MPOBOMHOCTh KOTOPBIX mpeBbimaer 1,2 Bt/(m-K).
Pesynbrarel pacuera TEMJIOBBIX NOTEPh, HAJACHHBIE
METOZIOM YHCJIEHHOTO MOJEIUPOBAHUS, TOITYUYCHBI
npu 4= 0,993 Br/(m-K).

PaccMoTpeHHBbIe BbIlIE pe3yabTaTbl OTHOCSTCS K
31aHUI0, QyHIaMEHT KOTOPOro uMeeT (hopMy MpsiMo-
YTOJIbHUKA, JUIMHA KOTOPOTo Oosiee YeM B TPH pasa
MIPEBBIIIAET €ro MUPHUHY. /{151 BBISICHEHHS BIUSHUSA
reoMeTpuueckoil opmbl QyHIaAMEHTa Ha 3HAYCHUE
VIEJNbHBIX MOTEPh TEIUIOTHI Yepe3 yKa3zaHHbIA (yH-
JaMEHT, PacCMOTPUM pe3yJbTaThl UX pacdera s
3maHus ¢ pyHIaMEHTOM KBajapaTHoOu ¢opmbl. [1mo-
Iaap KBaJpaTHOro (yHIaMeHTa MpPU 3TOM paBHA
IJIOUIAAM MPSAMOYTOJIBHOTO (pyHIaMeHTa, paccMo-
TPEHHOTO BBIIIE. YKAa3aHHbBIE PE3yIbTaThl MPEACTAB-
JIEHBI HA pUC. 4 KPUBBIMHU, UMEIOIIUMHU UHACKC (0).
Kak BUIHO U3 puCyHKa, yAelbHbIE TEIUIOBbIE TOTOKU
yepe3 (yHIaMEHT KBaJpaTHOTO CEYEHHsI OKa3bIBa-
IOTCS HIDKE aHAJIOTMYHBIX BEIUYMH, IMOJYYEHHBIX
s pyHAaMEeHTa MPsIMOYTOJIBHOTO CEYSHHSI TOU ke
mwiomanu. [lpu sToM 3HaueHus: U*, HaliiecHHBIE U3
pELICHUs 33a]]a4u C YCIOBUSMU TEIUIOU3OJISINH TIPU
z = -H, otmnyarores B 1,2 pasa, Benuuunsl U, nomy-
YeHHBIE ¢ UCToIb30BaHueM dopmynsl (1), — B 1,14

pasza, a U, paccuuTaHHbIE C TPAHUYHBIM yCIOBHEM
(6),—81,09...1,12 pa3za.
Buwieoown

1. VI3 mpencTaBieHHBIX Pe3yIbTaTOB YHCIEHHO-
IO HCCII[IOBaHMs TEIJIOBBIX MOTEpPh 4epe3 HeyTe-
IUICHHBIA (DyHIAMEHT CIeNyeT, YTO TeIUIONepPEeHOC
BIIyOb I'pyHTa OKa3bIBae€T 3aMETHOE BIUSHUE Ha
CyMMapHbI€ TETUIOTIOTEPH B CIIydae OJM3KUX O 3HA-
YEHHIO TEMIIEPATYPhl HAPYXKHOTO BO3IyXa [ U TEM-
neparypel rpynTa ¢ Ha niyoune H. C moHWKEHHEM
TEeMIIEpaTypbl HAPY>KHOTO BO3/lyXa YKa3aHHOE BIIHSI-
HHE 0C1a0eBaerT.

2. [I70THOCTH TETIOBBIX MOTOKOB HA TOBEPX-
HOCTH HEYTEIUIEHHOTI'O 110J1a YBEINYMUBAIOTCS 10 ab-
COJIFOTHOM BEJIMYMHE B HANPABJICHUU CTEH 3/IaHUA.
MaxkcumanbHbIE TEIJIOBBIE TOTEPH Yepe3 MO Ha-
OnrofaroTcst B 00JacTH YIVIOB 37aHus. Temmeparypa
HEYTEIUICHHOT'O II0jla MO HANpaBJE€HUIO K CTEHaM
YMEHbIIIAETCS.

3. TermmoBsie oTepu yepe3 PyHIAMEHT MPSMO-
yToJabHON (hOPMBI, Y KOTOPOTO JUIMHA U IIUPUHA 3a-
METHO OTJIMYAIOTCS, BBILIE, YEM Yepe3 KBaJApaTHbIN
(byHIaMEHT TaKoM K€ TIOLIAIH.
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Puc. 3. Pacnpeoenenue memnepamypul no nogepx-
Hocmu nona 6001b ocu 0X npu y = 0 (na1ockocmo
cummempuu): t =+2°C; t, = +13,5 °C; cnaownasn
JUHUSA — pacuem;
mpey2onbHuUKU — IKCnepUMeHm.
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NUMERICAL SIMULATION OF HEAT
TRANSFER THROUGH
NON-INSULATED BUILDING
FOUNDATION

Basok B.l., Davydenko B.V., Novikov V.G,
Goncharuk S.M., Lysenko O.M.

Institute of Engineering Thermophysics of the
National Academy of Sciences of Ukraine, wvul.
Zhelyabova, 2a, Kyiv-57, 03057, Ukraine

The heat transfer from the room through the non-
insulated foundation to environment is investigated
by numerical modeling. Numerical analysis of
this process is carried out taking into account the
temperature stabilization of ground array at a certain
depth. Dependence of the relative heat flux through
the foundation of the building on the outdoor
temperature is obtained. It is shown that the losses
of heat through the foundation of square shape are

smaller than through the foundation of rectangular
shape whose length is considerably greater than the
width. The result of calculating of the temperature
distribution on the surface of the non-insulated floor
is in a good agreement with the experimental data.

References 3, figures 4.
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loss, numerical modelin.

1. Bogoslovskiy V.N., Skanavi A.N. Heating — M:
Stroyizdat. — 1991. — 735 p.

2. Nakorchevskiy A.lL, Belyaeva T.G. Regression
analysis of the depth of annual fluctuations
in temperature in the upper layers of soil //
Promyishlennaya teplotehnika. — 2005. — v.27, No
6. —P. 86 —90.

3. Nakorchevskiy A.l. Ground heat batteries and
modernization of municipal power system. — Kiev:
«Naukova dumkay. —2010. — 256 p.

Tlonyueno 30.03.2015
Received 30.03.2015

88 ISSN 0204-3602. Npom. TennotexHuka, 2015, m. 37, Ne3



