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Pezrome: Lenv. [ 1a6H0U yenvlo uccie008anusl AGNAEMCs AHAIU3 GIUAHUSA KOHCMPYKYUU U CHO-
0008 N0002pesa BeHMUNAYUOHHO20 KAHALA CUCMEMbL C MEN08blM NOOYIHCOeHUeM Ha popmuposanue
CB0000HBIX KOHBEKMUBHBIX meyeHull 8030yxa 6 nem. Memoo. Hccrnedosanue c60000HOU KOHBEKYUU 6
VCIOBUAX 8HYMPEHHEU 3a0ai NPOBOOUNIOCH C NOMOWbI0 npocpammuo2o obecnevenus CFD, ocnosan-
HO20 HA Memooe KOHEeUHO20 00beMda ¢ HeCMPYKMYPUposanHot cemkou. B kauecmee pacuemnozo uH-
cmpymenma ucciedosanusi uchonvzosanacy npoepamma ANnsysFluent, umerowas evicoxuii yposens
CXO0UMOCMU YUCTICHHBIX PeUleHUli U HAMYPHBIX USMEPEHUL KOHBEKMUBHBIX meyeHull. /i oyenku 0o-
CMOBEPHOCMU NOJIYYEHHBIX Pe3yibmamos UCNONb3Yemcs npoyeoypa 8aiuoayul, Komopas no3eoJisem
onpeoenumns, HACKOILKO MOYHO 8blOPAHHASA KOHYENMYalbHAs MOOElb ONUCLIBAem Uccieoyemoe me-
yeHue nymem CpAGHeHUsl IKCNEPUMEHMATIbHLIX U YUCTEeHHbIX OanHblx. Pe3ynemam. B cmamve npeo-
CMaeienvl pe3yibmamsl YUCIeHHO20 MOOeNUPOBAHUS C60OOOHOKOHBEKMUBHBIX NOMOKOS8, 803HUKAIO-
WUX 8 HA2pesaeMoM KaHale CUCmeMbl 8eHMUIAYUU NOCTeOHe20 IMANCA MHOL0IMANCHO20 IHCUTLO20
30anus. B xo0e uccredosanus ObLiU 8bIAGNIEHbL 3A6UCUMOCIIU CKOPOCIU OBUNCEHUS 8030YXA HA 8X00€
8 BEHMUIAYUOHHBII KaHal om pacuemuou pasnuysl memnepamyp 0,°C npu pasziuynvix cnocobdax
Hazpesa. Ilpu pacuemnoii paznuye memnepamyp 0> 20 °C nabriooaemcs nocmenennoe ygeauyeHue
PAcxoxcoeHus pe3yibmamos YUCIeHH020 MOOeIUPOBaHUs U IKCnepumenma. /lanHoe seneHue ceéa3aHo
€ mem, umo npu ygeaudeHuu memnepamypuvl Kabens 00Cmudb pagHOMEPHO20 NPOPeSa GEHMUNAYUOH-
HO20 KAHANA 8 PeanbHblX YCI08UAX O0CMAMOYHO MPYOHO, YMO OCOOEHHO 3AMEeMmHO NpU paccmompe-
HUU 8APUAHMA C HA2SPEeBOM 8ePMUKAILHOU Yacmu 8030yx0800a u omeooa. Ilpu smom makcumanvroe
OMKIOHeHUe NOJYYeHHbIX pe3yibmamos cocmasniem 4,4%. Ilpeocmaenennvie npogunu ckopocmeii 6
PACYEMHbIX CeYeHUsIX NOKA3bI8Alom GNIUAHUE 8eHMUNIAYUOHHO20 OMBOO0A HA XAPAKMmMep O8UMNCEHUs NO-
mokog 6030yxa. Bw16ood. O0num uz Hedocmamros cyujeCmsylouux Cucmem ecmecmeenHol 6eHmuisi-
YUU HCUNBIX 30AHULL ABTAEMCA HU3KAS IPDeKmusHocms pabomvl 8 Mmenvlil U NepexoOHblll Nepuoobl
2004, 0COOEHHO 8 NOMeWJeHUAX CaHUMAapHelX y3108. llpumenenue mennogo2o nobyxcoeHus ¢ epmu-
KAIbHbIM NO0002PEBOM BEHMUNIAYUOHHO20 KAHANA COBMECHMHO C OMBOOOM NO380JsAem o0becnedums
CMAOUILHBLU 8030YX000MEH 8 NOMEUEHUSIX.

Knrouesvie cnoea: ceob6ooHas KoHeekyus, menniogoe nobyxcoeHue, eHmMuIAYUsl, MUKPOKIU-
mam, 8030yX000MeH
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Abstract Objectives. The aim of the study is to analyse the effect of the design and methods for
heating the ventilation duct of a buoyancy-driven system on the formation of free convective air cur-
rents in it. Methods. The study of free convection under the conditions of interior problem was carried
out using the CFD software, based on the finite volume method with unstructured grid. Ansys Fluent
software was used as a calculation tool in the study, due to its having a high convergence of numerical
solutions offering full-scale measurements of convective currents.To evaluate the reliability of the re-
sults obtained, a validation procedure was carried out, allowing us to determine how accurately the
selected conceptual model describes the investigated flow through a comparison of experimental and
numerical data. Results. The results of numerical modelling of free convective currents occurring in
the heated channel of the ventilation system of the top floor of a multi-storey residential building are
presented in the article. In the course of the study, the air velocity at the entrance to the ventilation
duct was found to depend on the calculated temperature difference 6 °C for various heating methods.
A gradual increase in the discrepancy between the numerical simulation and experimental results is
observed if the calculated temperature difference 8> 20 ° C. This phenomenon is due to the fact that
with increased duct temperature, it is quite difficult to achieve even heating under actual conditions;
this is especially noticeable when considering the variant when the vertical part of the vent duct and
the take-off are both heated. The maximum deviation of the results is 4.4%. The obtained velocity pro-
files in the calculated sections indicate the impact of the ventilation take-off on the nature of the air
flow motion. Conclusion. One of the drawbacks of the existing systems of natural ventilation of resi-
dential buildings is the low efficiency of work in the warm and transitional periods of the year, espe-
cially in bathrooms. The use of buoyancy-driven ventilation with vertical heating of the vent duct com-
bined with the take-off allows a stable air exchange in the rooms to be provided.

Keywords: free convection, buoyancy-driven, ventilation, microclimate, air exchange

Bgenenue. CyiiecTByrome KaHaJIbHBIE CUCTEMbl €CTECTBEHHON BEHTWIISIUU KUJIBIX 3[1aHUN
00J1a1a10T PSIJIOM HEIOCTATKOB. EC/IM B XOJOHBIN MEpHOJ TOJIa €CTECTBEHHAsI BEHTUIISIIIUS B TTOJTHON
Mepe 00ecreurnBaeT Co3/laHne U MoIIepKaHue TPeOyeMbIX MapaMeTPOB BHYTPEHHETO MUKPOKIUMATa
B TIOMENICHUH, TO B TEIUIBIA M MEPEXOIHBIN MepruoAsl (TIpU TeMIlepaType HapyKHOTO BO3/yXa BBIIIC
5°C) pabota cuctem oka3bIBaeTcs HeCcTabumbHOM [1].

dakTUUeCKH, B JAHHOE BpeMs roja, BEHTHISIUS KBApPTHP OCYIIECTBISETCS B OCHOBHOM 3a
CYeT OpTraHU3allMd €CTECTBEHHOTO MPOBETPUBAHUS, OJAHAKO, JAHHBIM MOJIXOJ MOPOXKIAET MPOOIeMy
MOJ/IEPKaHUsI PAaCUETHOTO BO3yX000MEHA B TOMEMICHUIX CaHUTapHBIX y3i10B [2]. Kpome Toro, ycra-
HOBKa OCEBBIX BEHTUJISITOPOB, CITUT-CUCTEM U COBPEMEHHBIX IUIACTUKOBBIX OKOH 3HAYUTEIBHO Me-
HSET a’POJMHAMUKY €CTECTBEHHOW BEHTWIAIIMHM, TEM CaMBbIM TOPOXKJasl IEIbIA Psij mpoOsieM: BO3-
HUKHOBEHHUE OOpaTHOW TsTW, YXYAIIEHHE KauecTBa BHYTPEHHETO BO3IyXa, 0OpazoBaHuEe TpHOKOB U
IJIECEHU B CAHUTAPHOM Y3JI€.

s obecrnieueHus: cTaOMIBHON pabOThl €CTECTBEHHOW BEHTHWIIAIIUM TUIIOBBIX MHOTOATAKHBIX
3IaHUIA MCTIONB3YIOTCS CIIEIUATU3UPOBAHHBIE METONKH, TPUHITUIIBI PA0OTHI KOTOPBIX, MOXKHO pa3jie-
JUTH HA TPH TPYIIIBI: THOPHUIHBIE CHCTEMBI [3-4], CUCTEMBI C BETPOBBIM [5-6] M TETIOBBIM MOOYXK/Ie-
HueM [7]. Jlo HacTosI1Iero MOMEHTa, B COBPEMEHHBIX HayYHBIX MCCIIEIOBAHUIX, KACAIOIINXCS TEII0-
BOTO MOOYKJICHHs CHUCTeM BEeHTWIsIUK [8-11] paccMaTpuBaCh UCKITFOUUTENIBHO CHCTEMBI C pajina-
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[MOHHBIM TOJIOTPEBOM BEHTWISIIIMOHHBIX KaHanoB. OIHAKO B yCIOBHSIX XOJIOAHOTO KJIMMAaTa CyIIle-
CTBYET Psi/I NPEMSATCTBHNA, KOTOPBIC 3a4acTyIO0 NPUBOMAT JAHHYIO CHCTEMY B Hepabouee COCTOSHHE
[12]. B manHO# cTaThe MPeACTaBICH METO]] TEIUIOBOTO MOOYK/IECHUSI KAHATBHBIX CUCTEM BEHTWIISIINAH,
Ha OCHOBE KOTOPOTO OBLIO MPOBEICHO YMUCICHHOE MOJICIHMPOBAHNE CBOOOTHOKOHBEKTUBHBIX TEUCHUM
C IEIBI0 ompeeNeHus Hanooaee 3(h(HEKTUBHBIX CIIOCOOOB MOOTPEBA BEHTUIISIIHOHHOTO KaHAA.

IMocTanoBKa 3axauu. B HacTosiee BpeMsi B COBPEMEHHBIX MHOTO3TaXKHBIX MOHOJIMTHBIX JKU-
JBIX JIOMaX MPOCKTHPYIOTCS CUCTEMBI €CTECTBEHHON BEHTWJISIMH C BEPTUKAIBHBIM COOPHBIM KaHa-
JIOM, BBITIOJTHEHHBIC U3 CTAJbHBIX BO3IYXOBOJOB MIPSIMOYTOJIBHOTO M KPYIJIOTO CEYCHUSI.

3arpsa3HEHHBI BO3AYyX M3 MOMEIIECHUS YepPe3 BBITSIKHYIO PEIICTKY MOCTYIAET B OTBETBIICHUE
BEHTHISIIIHOHHOTO KaHalla, HA3bIBAEMOT'0 «CITYTHHKOMY», M JlaJie€ B MEXKyITAXKHOM NEPEKPBHITUH HAJI
CIIEIYIOIIUM 3TaXXOM TIEPEITyCKAeTCsl B MaruCTpaibHBI COOpHBIN KaHan — «ctBoi» [13]. IIpu sTom
NOCJICTHUI U TIPEIIOCICTHIA dTaXK, UMECIOT COOCTBEHHYIO, OTIICNBHYIO cucTeMy. KBapTupsbl, pacmo-
JIO)KEHHBIC Ha TIOCTIEHUX 3Ta)XXaX HAXOJATCS B HauOoJiee CIIOKHOW CUTYaIlMU C TOYKU 3PCHHS adpo-
JMHAMUKHA €CTECTBEHHOW BEHTHJISIMH, BCICICTBHE HU3KOTO YPOBHSI PacrioiaraéMoro Haropa, 3aBH-
CSIIETO OT JUIMHBI BEHTWISIIMOHHOTO KaHana. TakuM oOpa3oM, B Ka4eCTBE PAaCYCTHON MOMIEIH IS
UCCIICIOBaHMSI CBOOOIHOM KOHBEKIMH ObLIa IPUHSTA CUCTEMA TTOCIICIHETO ITaXKa.

dusndeckas MOCTAHOBKA 33JIa4H UCCIICIOBAHMSI: paccMaTpuBaeTcs (GopMupoBaHUE CBOOOIHO-
KOHBEKTHBHBIX TCUCHHN B HE3aMKHYTOW OTPAaHUYCHHOW 00JIacTH 21, BO3HHKAIOIIEE 32 CUCT HATUYHSI
MPOCTPAHCTBEHHON HEOJIHOPOIHOCTH INIOTHOCTH, BBI3BAHHOW HEOTHOPOJIHOCTHIO TEMIIEpaTyphl (pHC.

1).

tyé})&
| trc
Q;,
Ny
bl -

Qo>
Puc.1 Cxema pacyeTHoi Moaeaun
Fig.1 Scheme of the calculation model

'y siBAsIeTCSt BXOJIHBIM CEYEHHEM, Yepe3 KOTOPOe BO3AYX M3 momenieHus (oomacts Q) ¢ TeM-
nepatypoit t, u naBiaeHueM P, mocTymaer B KaHal. ' — BBIXOJIHOW CeyeHME, Yyepe3 KOTOPOe BO3AYX C
TeMIepaTypoi ty ynangerca B armocepy (€23). YcioBHas TemrepaTypa Ha CTEHKE BEHTHJIALIMOHHOIO
KaHaJla IPUHUMAETCs] paBHOU 1.

Metoab! ucciaenoBanms. [lpencrasnennas 3anaya GopMUPOBaHUS CBOOOIHO KOHBEKTHBHBIX
TedeHul onuchiBaeTcst ypaBHeHussMu ObepOeka-byccunecka [14]:

((0vy , Ovy v, _ 1 (dpx , Opy , 0Dy 0%vy | 0%vy 9%y,
Gr+or+5e) v= -2 (ot )+ (Gr+52+55)+
+g:B-T
< OB (LR R s (1)
dx ay 0z dx2 dy?2 dz2
Ovx , Ovy |, 0vz _

\ ox ay 0z

T7ie, V - CKOPOCTh JBMKEHHUS BO3IYITHOTO MOTOKA, M/C;

P - KOHBEKTHBHAsl J00aBKa K THIPOCTATHYECKOMY JABJICHUIO, COOTBETCTBYIOIIEMY CPEIHUM
TeMIepaType U IIOTHOCTH, [1a;

p - CpelHssl TNIOTHOCTb, Kr/M>;
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T - Temnepatypa, OTCUMTBIBaeMasi OT HEKOTOPOTO cpeiHero 3HaueHus, K;

g - YCKOPEHHE CHITBI TSUKECTH, M/C;

VU H Y - KOOPUIHCHTHl KHHEMATHYECKON BSI3KOCTH (MZ/C) Y TEeMIIEPaTypOIPOBOJHOCTH (MZ/C),
IpeJloJiaraeMble MOCTOSIHHBIMU;

p - oO0beMHbIH KOdhPuHeHT TeroBoro pacmmpenus, 1/K.

OcCHOBHBIE NPEIIOI0KEHUS, UCTIONb3YEMBbIE JIJIsl HIOCTPOEHUSI MAaTEMATUYECKON MOJEIN:

1. JIBmwxeHue Bo3Ayxa B KaHaje, 00YCIOBIEHHOE HAMYMEM CBOOOJHON KOHBEKIIMH, BO3HUKAET
U3-32 Pa3HOCTH IJIOTHOCTEH BO3/yXa B MOMEIICHUU U B paCCMaTPUBAEMOW O0JIACTH BEHTHIISA-
IIMOHHOTO KaHana

2. llpennonaraercsi, 4TO HEOJHOPOJHOCTH IUIOTHOCTH, BbI3BAHHBIE HEOJHOPOAHOCTBIO J1aBJICHUS
MaJjibl, © UMH MOKHO TIpeHeOpedb [15]. Bo3HUKHOBEHHE KOHBEKTHBHBIX TCUCHHH OIPEACIIsICT
HaJIMYMe TEIJIOBOTO PaCIIMPEHMsI BO3AYILIHBIX MAacC Yy HarpeThIX MOBEPXHOCTEM.

Jlnst onrcanus 3aBUCUMOCTH INIOTHOCTH OT TEMIIEPATypPhbl UCIIOJIb3YETCsl TUHEIHAsT allpOKCH-

Mamws [15]:

3. p=p-(1-p-AT), )

rae, AT — OTKJIOHEHHUE TeMIlepaTypbl OT PAaBHOBECHOT'O COCTOSTHUSI.

4. Bo3ayx B KaHase MPO3padyeH il TEMJIOBOTO U3yYEHHS CTCHOK;

5. Bo3myx Bo BHemHHX o0aacTsax ;1 ()3 MOKOUTCS, a pacipeielieHue 1aBJICHU B HUX OIpese-
JIA€TCS TUAPOCTATUKOM [16];

6. 3ajaua sABJISETCS CTALlMOHAPHOIM;

7. Pexxum IBUKEHHS BO3/1yXa SBISETCS JIAMUHAPHBIM;

8. B cBs3u c Tem, uto B ypaBHeHHe OOepOeka - ByccuHecka BXOJUT BETUYMHA JCHCTBYIOIIETO
JABJICHUS, TIPEJICTABIISIIONIAst CO00I pa3HOCTh NEHCTBUTENHLHOTO U THIPOCTATHYECKOTO JIaBiie-
HHsI, TO BO BXOJHOM ceueHuHd [ 1 BeIXoaHOM cedenuu ', 3amaercs ycmosue p = 0 [16].

B kadecTBe pacyeTHOro MHCTPYMEHTa MCCIEI0BaHMS MCIOJb30Bajgach mporpamma AnsysFlu-
ent, umeroIas BRICOKUI YpOBEHb CXOIMMOCTH YMCIICHHBIX PEIIEHU U HATYPHBIX U3MEPEHUIH KOHBEK-
THUBHBIX TeyeHuit [17-19].

O0cy:xnenune pe3yabTaToB. OJTHUM U3 OCHOBHBIX MCKOMBIX IapaMETPOB YMCIEHHOTIO MOJie-
JUPOBAHUS SIBISUIACH CKOPOCTh ABM)KEHHS BO3JyXa Ha BXOAE B BEHTHISIIMOHHBIA KaHam Vi, M/C
(puc.2). Kak nmokasanu npoBeIeHHbIC UCCIICIOBAHUS, V1 3HAYUTEIILHO 3aBHCUT OT PACUYETHOM pa3HOCTH
temmeparyp 6 = t, — t,, °C.

[_: 0,6 7
= S:f 0,5 - Harpes Bcero kanana
220 04
% § = 0,3 BeprukanbHblii HarpeB
= : E 0.2 (c oTBOIOM)
% = g 0’ 1 === BepTUKAIbLHBINA HATPEB
z 1
8" S
S 0 @ == o | OpU3OHTAIbHBIN
a 0 4 8 12 16 20 24 28 32 36 40 Harpes (¢ OTBOXOM)
Pacuernas paznocts Temneparyp, °C

Puc.2. I'padukn 3aBUCHMOCTH CPeHell CKOPOCTH HA BX0/Je¢ B BEHTHJIAALMOHHBINA KaHAT Vi, M/C
Mpu pa3jindHbIX cnoco0ax ero Harpesa B 3aBUCHMOCTH OT pacquﬂoifl pPasHUIbI TEMIIEPATYP 0, °C
Fig. 2. Graphs of the dependence of the average velocity at the inlet to the ventilation channel v;, m/ s,
for various methods of heating it, depending on the calculated temperature difference 0, °C
Hcxons U3 npencTaBieHHBIX TpaduKoB (puc.2), MOXKHO CHIeNaTh BBIBO, YTO Hauboisee 3pdex-
TUBHBIM CIIOCOOOM TEIJIOBOTO MOOY>KICHHUS SIBISIETCS HArpeB BCEro BEHTWIISILIMOHHOTO KaHaua.
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OnHako B CBSI3U C TE€M, YTO MPU MOHTAXE CUCTEMBI JJIMHA TOPU30HTAIBHOTO YYacTKa 3aBUCUT
OT MECTOPACIIOJIOKEHUS BBITSYKHOM PEIIETKH M BEHTWISILIMOHHOW IIAXThI, 111 YHU(PUKAIIUN TOTy4YEeH-
HOM CXeMBbI IIpeJiaraeTcsi IPOU3BOJAUTh HATPEB BEPTUKAJILHON YaCcTH KaHaA.

CornachHo [20], npu KOHCTPYUPOBAHUHU CUCTEMBI €CTECTBEHHOM BEHTWISIIIUU C BEPTUKAIbHBIM
COOpHBIM KaHAJIOM HEOOXOIUMO CTPEMHUTHCS K MUHUMABLHOU JUIMHE «CITYyTHUKA», HO HE MEHee 2M.

Ha puc.3 u puc.4 npencraBieHO CpaBHEHHE ABYX PACUETHBIX MOJENEN C BEPTHUKAIbHBIM
HarpeBOM C OTBOJIOM (BapuaHT 2) u 6e3 Hero (Bapuant 1). JImuHa BEpTUKAIBHOTO y4acTKa MPUHUMA-

J1lach paBHOM 2M.

tB

Puc. 3 Cxemsbl BEHTUJIAIUOHHOT0 KaHA/Ia ¢ BEPTUKAJBHBIM IMOAOIPEBOM:
cjeBa — BApHaHT 1, cipaBa — BapuaHT 2
Fig. 3 Schemes of the ventilation duct with vertical heating:
on the left - option 1, on the right - option

iy 4 dm 7
| 6 | 6

5  _m | 5
‘‘‘‘‘‘ 4 4
m{ 3 M 3

=M= l// |

Puc. 4. IIpodunn ckopocreii 1151 BapuanTa 1 1 BapuaHTa 2 IPpA pacyeTHOH pa3HuIe
Temnepatyp 6=10°C
Fig. 4. Speed profiles for option 1 and option 2 for the calculated
temperature difference 0 = 10°C

[IpencraBiennple MPoQUIM CKOPOCTEH MOKA3BIBAIOT, YTO OMOJTHHUTEIBHBIA HArpeB OTBOJA
MO3BOJISIET BBIPOBHATH MOTOK BO3/AYyXa, MPOXOAIINAN Yepe3 BEHTHIISIIIUOHHBIN KaHal.

Haunnas ¢ ceuenus: 4, mpoOUCXOAUT MOCTETIEHHOE (POPMUPOBAHKE PA3BUTOTO KOHBEKTHBHOTO
TEUYEHUSI, XapaKTePHON OCOOEHHOCTHIO KOTOPOTO SBJSETCS HAIMYKE CEII000pa3HOro mpoduiis CKo-
pocreii [12], KOTOpBIN BOZHUKAET B CBSA3H C TEM, MPOTPEB MPUCTEHOUYHBIX CIIOEB IMPOUCXOANT OBICTpEE,
YeM SJIpa MOTOKA.

JInst OLleHKH TOCTOBEPHOCTHU IMOJYYEHHBIX PE3YJIbTATOB UCIIOIB3YETCS MPOLEaypa BaIUudaluH,
KOTOpasi IO3BOJIIET ONpPEAETUTh, HACKOJIbKO TOYHO BBHIOpaHHAs KOHIENTyallbHas MOJENb OMHCHIBAET
UCCIIeyeMOe TEUCHHE ITyTEM CPaBHEHUSI SKCIIEPUMEHTANIBHBIX U YUCIEHHBIX JaHHBIX [21].
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OKcrepuMEHTalIbHAsE YCTaHOBKA COCTOMT M3 CTAJIbHOIO OIIMHKOBAaHHOI'O BO3JyXOBOJA, TOJI-
mmHo# 0,5 MM (puc. 5). Harpes kanana ocymiecTBIS€TCS ¢ OMOIBIO PE3UCTUBHOM IPEIOLIEH JIEHThI
OHIJI-1 (mar mpoxnanku kadens coctaBmit 90 MM), KOTOpast MOAKITIOYAETCS. K CETH MEPEMEHHOTO TO-
ka yepe3 Tepmoperyasitop APT-18-10H. CrannapTHas pa3sHHIIa MEKIY TEMIIEPaTypaMH BKJIFOUCHHS H
BBIKJIFOUEHHUS (TUCTEPE3UC) TepMOoperysitopa coctasisieT 2°C.

4

~—@

2000
(‘E

HRERERENERERN

120

150x150
>

500
Puc. 5. Cxema 3xcnepuMeHTAIBHON yCTaHOBKM: 1 — BO3AYX0BO/, 2 — pe3uCTHBHAA HArpeBaTelIbHas
JIEHTa, 3 — TepMOPery.JsTop, 4 — 1aTYUK TeMIepaTypsbl
Fig. 5. Scheme of the experimental installation: 1 - air duct, 2 - resistive heating tape, 3 - temperature
controller, 4 - temperature sensor

Jiis obecrieueHnss MAaKCUMAaIbHOTO KOHTaKTa MEXKIy HarpeBaTeIbHBIM KaOelIeM U BO3yXOBO-
JIOM HCIIOJIb30BaJlaCh CAaMOKJICIOIIAsICS alFOMUHNEBAas apMUpPOBaHHas JieHTa (puc. 6).

Ha mecre xoHTpOJst TemMmnepaTypbl ObUT 3aKperuieH TepMmodiekTpuueckuii matauk KTY-81-
110, MO3BOJISAIONIHIA U3MEHSITH PACUCTHYIO pasHHIly Temmepatyp 6, “C.

JInsi CHYDKEHMS TETUIOBBIX MOTEPh, CHAPYKM BEHTUJISIHMOHHOTO KaHajla MPOKJIAIbIBAETCS TEIl-
JIOU3OJISIITUOHHBIN CIIOM, TAKUM 00pa30M, YTOOBI «XOJIOTHBIN KOHEID» KaOess OCTaBaICsS CHAPYKH.

Puc.6. @010 3KCIepUMEHTATbHOI YCTAHOBKH
cJieBa: MPOKJIAKa Pe3UCTHBHOIO rpemomero kadeass JHIJI-1, cnpaBa: pukcanust kadessi ¢ MIOMOIILIO
apMHPOBAHHOM JEHTBI
Fig.6. Photo of the experimental setup
On the left: the laying of the resistance heating cable ENGL-1, on the right: fixing the cable
with reinforced tape

N3mepeHne oceBOM CKOPOCTH M TEMIIEPATYpbl BO3AYIIHOIO MOTOKAa HAa BXOAE M BBIXOJAE M3
BEHTHIJISILIHOHHOTO KaHaJIa TIPOU3BOJIMIIOCH C MOMOIIBI0 MHOTO(YHKIIOHATEHOTO Tiprbopa Testo AG
435-4, 000pyIOBaHHOTO 30HIOM C 00OTPEBAEMON CTPYHOU CO BCTPOCHHBIM CEHCOPOM TEMIIEPATYPHI U
BJIQYKHOCTH Ha TEJIECKOMMYECKON pykosiTke. Mojens npubopa BHeceHa B I'ocynmapcTBeHHbIN Peectp
Cpenct nusmepenuii PO.
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[Ipu pacuetHoil pasznmie TemmepaTrypf>20 °C HaOmoaeTCs MOCTENEHHOE YBEIWYEHUE pac-
XOXKICHHSI pe3yJIbTaTOB YMCICHHOTO MOJICIIMPOBAHUS U SKCIIepUMeHTa (puc.7).

0.8

—#— Bep THKalbHbI1 HArp €6
(3KCITepUMEHT)

0.7 -
—&— Bep THKaIEBHbE! Harp ek (pacyer)

Harpee Bep THKANEHOI'0 KaHAmNA ¢
OTBOIOM (3KCTTEPUMEHT)

—=<—Harp eB Bep THKAIIEHOI'O KaHAaJA C
OTBOHOM (pacyerT)

Ocepan CKOPOCTh MOTOKA HA
BX0J€e B BeHT. KAHATL, M/C
(=]
L9%}

0 6 10 15 20 25 30 35 40
PaciueTHasA pAZHOCTH TeMmeparyp, °C

Puc.7. CpaBHeHHe PE3YIAbTATOB YUCJICHHOI0 MOJC/IMPOBAHUA U IKCIICPUMEHTA.
Fpat])mm oceBOM CKOpPOCTH MMOTOKAa HA BX0/1€ B BeHTI/IJIHIIPIOHHLIﬁ KaHaJ IPpA pasjindIHbIX crocodax
HarpeBa B 3aBUCHMOCTH OT PACYETHOH Pa3HOCTU TeMIepaTyp
Fig.7. Comparison of the results of numerical simulation and experiment.

Graphs of the axial flow velocity at the inlet to the ventilation duct for various heating methods
depending on the calculated temperature difference

JlaHHOE sIBJIEHHE CBSI3aHO C TE€M, YTO NPHU YBEJIWYEHUU TEMIIEpaTyphl Kabess 10CTUYb paBHO-
MEPHOI'0 MPOrpeBa BEHTUWISILIMOHHOIO KaHaja B PEalbHbIX YCIOBHSX JOCTAaTOYHO TPYJHO, YTO OCO-
OEHHO 3aMETHO IPU PaCCMOTPEHMM BapHaHTa ¢ HarpeBOM BEPTHKAJIBHOM YacTH BO3JyXOBOJAA U OTBO-
na. [Ipu 3ToM MakcuMallbHOE OTKJIOHEHHE MOJTyYE€HHBIX Pe3yiIbTaToB cocTasisieT 4,4%.

BeiBoa. IIpoBeneHHOE dKCIIEPUMEHTAIIBHOE HCCIIEI0BAaHUE IMO3BOJISIET CAENIATh BBIBOJ KaK O
JIOCTOBEPHOCTH PE3YJIbTaTOB IKCHEPUMEHTOB B PAacCMaTpUBaeMOM JHAara30HE 3HAUYEHUH OCHOBHBIX
napameTpoB, Tak U 0 Bo3aMoxkHocTu CFD moznenupoBanus cBOOOIHOKOBEKTUBHBIX TEUEHHUH B YCIIOBH-
X BHYTPEHHEH 3aa4H.

W3 npoBeAeHHBIX TEOPETUYECKUX UCCIIEN0BAHUM, MOYKHO CIIENATh BBIBOJ, YTO CYIIECTBYIOLINE
CUCTEMBbI €CTECTBEHHOW BEHTWJISALMU KWIbIX 3[JaHUI HE CIOCOOHBI 0OecreuuTh TpeOyeMblii MUKpO-
KJIUMAaT B [IOMEIICHUH B TEYEHUE BCETO TOAA.

TennoBoe noOy>kaeHNE ABISETCS OAHON U3 TEXHOJIOTMM MOBBIIEHHS A3P(HEKTUBHOCTH pabOThI
CHCTEM BEHTUJISLHH.

YucneHHOe MOAETMPOBAHNE KaHAJIbHOM CUCTEMbI BEHTHIIALIMU C TEIJIOBBIM MOOYKIEHUEM T10-
Ka3aJo, 4TO BEPTUKAJIbHBI HarpeB KaHajaa COBMECTHO C OTBOJOM, C OJHOW CTOPOHBI MO3BOJISET CO-
3/1aTh CTaOMJIBHBIN MOTOK BO3]yXa, C APYrod CTOPOHBI, ABJISETCS Hanbojee YAOOHBIM MPH MOHTaXe
CUCTEMBI.

Bubanorpadguyeckuii cnucok:

1. Barun H.U. CucteMbl BEHTHIIALUY JKWIBIX TOMEIICHU MHOTOKBapTUPHBIX IOMOB: ydeOHoe mocobue. / H.U. Ba-
tuH, T.B. Camoruric. — Cn6.: U3n. Cankr-IlerepOyprekuii rocyaapcTBEHHBIH MOINTEXHUYECKUH YHUBEPCUTET,

2004. — 66 c.
2. JluBuak 1.®. BeHTUIAMS MHOTOATAXHBIX JKWIbIX 31aHuil / U.®. Jlupuak, A.JI. Haymos. - M.: ABOK-IIpecc,
2005. - 133 c.

3. CIBSE - Mixed mode ventilation: CIBSE applications manual AM 13. - London: Chartered Institution of Build-
ing Services Engineers, 2000. — 77p.

4. bobposunkmii M.1., lllunkue H.B. T'nOpuaHas BEHTWIAINS B MHOTO3TXHBIX KUIbIX 3aanusax. / .U, Bobpo-
punkuid, H.B. ITmikun // ABOK — 2003. - Ne10. —c. 16-27.
https://www.abok.ru/for_spec/articles.php?nid=4573

142


https://www.abok.ru/for_spec/articles.php?nid=4573

Becmuux [Jazecmanckozo cocyoapcmeentozo mexuuueckozo ynugepcumema. Texuuueckue nayku. Tom 44, Ne3, 2017
Herald of Daghestan State Technical University. Technical Sciences. Vol.44, No.3, 2017
http://vestnik.dgtu.ru/ISSN (Print) 2073-6185 ISSN (On-line) 2542-095X

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

T. van Hooff. A venturi-shaped roof for wind-induced natural ventilation of buildings: wind tunnel and CFD
evaluation of different design configurations. / T. van Hooff, B. Blocken, L. Aanen, B. Bronsema // n Building

and Environment — 2011. - Ne 46. — p. 1797-1807.http://www.sciencedirect.com/science/article/pii/
S0360132311000576

Kleiven T. Natural ventilation in buildings: architectural concepts, consequences and possibilities: PhD thesis /
Tommy Kleiven — Norwegian University of Science and Technology, 2003. - 305 p.

https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural Ventilation_in_Buildings
Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-

in-Buildings-Architectural-concepts-consequences-and-possibilities. pdf

Xapurono B.II. EcrectBennas BenTmmsamus ¢ moOyxaennem / B.I1. XaputonoB // BeHTwismms, oToIIIeHHE,

KOHIWITMOHNPOBAHNE BO3yXa, TEIUIOCHAOKEeHUE U cTpouTenbHas Temtopusuka (ABOK) — 2006. - Ne3. — c. 46-

55.https://www.abok.ru/for_spec/articles.php?nid=3201

Bansal N.K. Solar chimney for enhanced stack ventilation / N.K. Bansal, R. Mathur, M. Bhandari // Building and

environment — 1993 — V. 28. Ne 3. — p. 373-377.

http://www.sciencedirect.com/science/article/pii/0360132393900422

Hirunlabh J. New configurations of a roof solar collector maximizing natural ventilation / J. Hirunlabh, S. Wachi-

rapuwadon, N. Pratinthong, J. Khedari// Building and Environment — 2001. - Vol. 36 - Ne. 3. - p. 383-391.

http://www.sciencedirect.com/science/article/pii/S0360132300000160

Lal S. Solar chimney: a sustainable approach for ventilation and building space conditioning / S. Lal, S.C.

Kaushik, P.K. Bhargav // International Journal of Development and Sustainability — 2013. — Vol.2 - Ne 1. — p.

277-279 https://isdsnet.com/ijds-v2n1-20.pdf

Tongbai P. Enhancement of roof solar chimney performance for building ventilation / P. Tongbai, T. Chit-

somboon // Journal of power and energy engineering — 2014. - Ne2. — p. 22-29. https:/file.scirp.org/pdf/

JPEE_2014060916330973.pdf

Pemmapos A.l'., A6pamkuna J[.B. Crctemsl ecTecTBEHHOH BEHTIIAINH C TEIDIOBEIM oOYyxaeHneM / A.I'. Prima-

pos, JI.B. A6pamkuna// Hayunoe 0603penue — 2016. Ne9 — c. 43-46. https://elibrary.ru/item.asp?id=26206445

Manseuna E.I'., KuraitneBa E.X. EctecTBeHHast BeHTHIAIMS KuibiX 3aanuii / E.I'. Manssuna, E.X. Kuraiiniena

//BeHTHIAINS, OTOIUICHHE, KOHIWI[MOHUPOBAHUE BO3AyXa, TEIUIOCHAOKEHHWE W CTPOHMTENbHAs TEIUTO(MH3HUKa

(ABOK) —1999. - Ne 3. —c. 35-43.

https://www.abok.ru/for_spec/articles.php?nid=67

OctpoymoB I'.A. CBoOoaHas KOHBEKIHS B YCIOBUAX BHyTpeHHeH 3amaun / [.A. OctpoymoB. — M.-JI.: TUTTII,

1952. - 286 c.

Tlepuryru I'.3. YcroitunBocts koHBekTHBHBIX TeueHul / I'.3. I'pemrynu, E.M. XyxoBunxuii, A.A. HemomHsimuii.

— M: Hayxka. I'n. pen. ¢us.-mar. mut., 1989. — 320 c.

Bapamaes B.H. MaremaTnueckoe MOJeNUpOBaHKE 3a/1a4 BHYTPEHHEH a’pOJWHAMHKH M TEIUIOOOMEHA 3MaHWi /

B.H. Bapanaes, E.X. Kuraitnesa. — M.: U3a. CT'A, 2008. — 337 c.

Ky3H6LIOB I".B. EcrecrBennas KOHBCKIHA B 3aMKHYTOM IMapauICJICIUNIEAC TPU HAJTUIUHN JIOKAJIbHOTO UCTOYHHKA

snepruu. / I'.B. Ky3uenos, B.M. Makcumos, M. A. Illepemer // [IpuknanHas MexaHHKa U TeXHU4YecKas (usnka —

2013 —-T. 54 Ne 4. — c. 86-95.

http://www.sibran.ru/upload/iblock/3a3/3a3fe0339a7a2861ffedf697d79a4e8f.pdf

Obula Reddy Kummitha, Pandey K.M. Experimental and numerical analysis of forced convection heat transfer in

turbulent flows / Obula Reddy Kummitha, K.M. Pandey // Procedia Engineering — 2015. - Ne127. — p. 711-718.

http://www.sciencedirect.com/science/article/pii/S1877705815037352

Tpydanosa H.M., HaBanuxuna E.}O., Mapkosckuii M.B. MaTemaTtudeckoe MOJETUPOBAHNE HECTAllMOHAPHBIX

MPOLIECCOB TETUIOMACCOIEPEHOCca B NPSIMOYToJibHOM KabesnsHOM KaHaie. / H.M. Tpydanosa, E.JO. HaBanmixuHa,

M.B. Mapkogsckwuii / BECTHUK ITHUITY — 2014. - Ne 11. — ¢. 55-66.

https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-

v-kabelnom-kanale

CrpaBounoe nmocooue k CHull 2.08.01-89. OToruieHre u BeHTHWIAIUS KWIbIX 31aHuin. — M.: Ctpoiinzaar, 1990.

- 19c.

XapuronoB A.M. O BepupuKauuu ¥ BaJUJAINMN MOJAETIEH W METOJOB YHCIEHHOTO MOJCIMPOBAHUS IPOCTpPaH-

CTBEHHBIX TeueHuH. / A.M. Xaputonos // MexyHnapoanas koHpepeHust «CoBpeMeHHbIE MTPOOIEMBbI MPUKIIa-

HOM MaTeMaTUKU U MEXaHWKH: TEOpHsl, SKCIIEPUMEHT U IpakThka», HoBocubupck, 30 mas — 4 mrons 2011 r. —

2011. —c.1-7.

References:

Vatin N.l., Samoplyas T.V. Sistemy ventilyatsii zhilykh pomeshcheniy mnogokvartirnykh domov: uchebnoe
posobie. S-Pb.: I1zd. Sankt-Peterburgskiy gosudarstvennyy politekhnicheskiy universitet; 2004. 66 s. [Vatin N.I.,
Samoplyas T.V. Ventilation systems for living quarters of apartment buildings: a tutorial. S-Pb.: lzd. St. Peters-
burg State Polytechnic University; 2004. 66 p. (In Russ.)]

143


http://www.sciencedirect.com/science/article/pii/%20S0360132311000576
http://www.sciencedirect.com/science/article/pii/%20S0360132311000576
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural_Ventilation_in_Buildings_Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural_Ventilation_in_Buildings_Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural_Ventilation_in_Buildings_Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
https://www.abok.ru/for_spec/articles.php?nid=3201
http://www.sciencedirect.com/science/article/pii/0360132393900422
http://www.sciencedirect.com/science/article/pii/S0360132300000160
https://isdsnet.com/ijds-v2n1-20.pdf
https://file.scirp.org/pdf/%20JPEE_2014060916330973.pdf
https://file.scirp.org/pdf/%20JPEE_2014060916330973.pdf
https://elibrary.ru/item.asp?id=26206445
https://www.abok.ru/for_spec/articles.php?nid=67
http://www.sibran.ru/upload/iblock/3a3/3a3fe0339a7a2861ffedf697d79a4e8f.pdf
http://www.sciencedirect.com/science/article/pii/S1877705815037352
https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale
https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale

Becmuux [Jazecmanckoeo cocyoapcmeentozo mexuuueckozo ynugepcumema. Texuuueckue nayku. Tom 44, Ne3, 2017
Herald of Daghestan State Technical University. Technical Sciences. Vol.44, No.3, 2017
http://vestnik.dgtu.ru/ISSN (Print) 2073-6185 ISSN (On-line) 2542-095X

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Livchak I.F.,, Naumov A.L. Ventilyatsiya mnogoetazhnykh zhilykh zdaniy. M.: AVOK-Press; 2005. 133 s.
[Livchak I.F., Naumov A.L. Ventilation of multi-storey residential buildings. M.: ABOK-Press; 2005. 133 p. (In
Russ.)]
CIBSE - Mixed mode ventilation: CIBSE applications manual AM 13. London: Chartered Institution of Building
Services Engineers; 2000. 77p.
Bobrovitskiy I.I., Shilkin N.V. Gibridnaya ventilyatsiya v mnogoetazhnykh zhilykh zdaniyakh. ABOK. 2003;
10:16-27. https://www.abok.ru/for_spec/articles.php?nid=4573 [Bobrovitskiy I.1., Shilkin N.V. Hybrid ventilation
in multi-storey residential buildings. ABOK. 2003;10:16-27. https://www.abok.ru/for_spec/articles.php?nid=4573
(In Russ.)]
Van Hooff T., Blocken B., Aanen L., Bronsema B. A venturi-shaped roof for wind-induced natural ventilation of
buildings: wind tunnel and CFD evaluation of different design configurations. Building and Environment. 2011,
46:1797-1807. http://www.sciencedirect.com/science/article/pii/S0360132311000576
Kleiven T. Natural ventilation in buildings: architectural concepts, consequences and possibilities: PhD thesis.
Norwegian University of Science and Technology, 2003. 305 p.
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303 Natural Ventilation_in_Buildings
Architectural_concepts_consequences and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-
in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
Kharitonov V.P. Estestvennaya ventilyatsiya s pobuzhdeniem. Ventilyatsiya, otoplenie, konditsionirovanie
vozdukha, teplosnabzhenie i stroitel'naya teplofizika (ABOK). 2006;3:46-55. https://www.abok.ru/for_spec/ arti-
cles.php?nid=3201 [Kharitonov V.P. Natural buoyancy-driven ventilation. Ventilation, heating, air conditioning,
heat supply and construction thermal physics (ABOK). 2006;3:46-55. https://www.abok.ru/for_spec/ artic-
les.php?nid=3201 (In Russ.)]
Bansal N.K.,Mathur R., Bhandari M. Solar chimney for enhanced stack ventilation. Building and environ-
ment.1993;28(3):373-377. http://www.sciencedirect.com/science/article/pii/0360132393900422
Hirunlabh J.,Wachirapuwadon S., Pratinthong N., Khedari J. New configurations of a roof solar collector maxim-
izing natural ventilation. Building and Environment. 2001; 36(3):383-391.
http://www.sciencedirect.com/science/article/pii/S0360132300000160
Lal S.,Kaushik S.C., Bhargav P.K. Solar chimney: a sustainable approach for ventilation and building space con-
ditioning. International Journal of Development and Sustainability. 2013;2(1):277-279. https://isdsnet.com/ijds-
v2n1-20.pdf
Tongbai P.,Chitsomboon T. Enhancement of roof solar chimney performance for building ventilation. Journal of
power and energy engineering. 2014; 2:22-29.https://file.scirp.org/pdf/JPEE_2014060916330973.pdf
Rymarov A.G., Abramkina D.V. Sistemy estestvennoy ventilyatsii s teplovym pobuzhdeniem. Nauchnoe obozre-
nie. 2016;9:43-46. https://elibrary.ru/item.asp?id=26206445 [RymarovA.G., AbramkinaD.V. Naturalbuoyancy-
drivenventilationsystems. Scientific Review. 2016; 9:43-46. . https://elibrary.ru/item.asp?id=26206445 (In Russ.)]
Malyavina E.G., Kitaytseva E.Kh. Estestvennaya ventilyatsiya zhilykh zdaniy. Ventilyatsiya, otoplenie, kon-
ditsionirovanie  vozdukha,  teplosnabzhenie i  stroitel'naya  teplofizika  (ABOK).1999;3:35-43.
https://www.abok.ru/for_spec/articles.php?nid=67 [Malyavina E.G., Kitaytseva E.Kh. Estestvennaya ventilyatsiya
zhilykh zdaniy. Ventilyatsiya, otoplenie, konditsionirovanie vozdukha, teplosnabzhenie i stroitel'naya teplofizika
(ABOK).1999; 3:35-43. https://www.abok.ru/for_spec/articles.php?nid=67 (In Russ.)]
Ostroumov G.A. Svobodnaya konvektsiya v usloviyakh vnutrenney zadachi. M.-L.: GITTL; 1952. 286 s. [Os-
troumov G.A. Free convection under the conditions of interior problem. M.-L.: GITTL; 1952. 286 p. (In Russ.)]
Gershuni G.Z., Zhukhovitskiy E.M., Nepomnyashchiy A.A. Ustoychivost' konvektivnykh techeniy. M: Nauka;
1989. 320 s. [Gershuni G.Z., Zhukhovitskiy E.M., Nepomnyashchiy A.A. Stability of convective currents. M:
Nauka; 1989. 320 p. (In Russ.)]
Varapaev V.N., Kitaytseva E.Kh. Matematicheskoe modelirovanie zadach vnutrenney aerodinamiki i teploo-
bmena zdaniy. M.: 1zd. SGA; 2008. 337 s. [Varapaev V.N., Kitaytseva E.Kh. Mathematical modeling of problems
of internal aerodynamics and heat exchange of buildings. M.: 1zd. SGA; 2008. 337 p. (In Russ.)]
Kuznetsov G.V., Maksimov V.I., Sheremet M.A. Estestvennaya konvektsiya v zamknutom parallelepipede pri na-
lichii lokal'nogo istochnika energii. Prikladnaya mekhanika i tekhnicheskaya fizika. 2013;54(4):86-95.
http://www.sibran.ru/upload/iblock/3a3/3a3fe0339a7a2861ffedf697d79a4e8f.pdf[Kuznetsov  G.V., Maksimov
V.1., Sheremet M.A. Natural convection in a closed parallelepiped in the presence of a local energy source. Jour-
nal of Applied Mechanics and Technical Physics. 2013; 54(4):86-95. http://www.sibran.ru/upload/iblock/3a3/
3a3fe0339a7a2861ffedf697d79ade8f.pdf (In Russ.)]
Kummitha O.R., Pandey K.M. Experimental and numerical analysis of forced convection heat transfer in turbu-
lent flows. Procedia Engineering. 2015;127:711-718.http://www.sciencedirect.com/science/article/pii/
S1877705815037352
Trufanova N.M., Navalikhina E.Yu., Markovskiy M.V. Matematicheskoe modelirovanie nestatsionarnykh
protsessov teplomassoperenosa v pryamougol'nom kabel'nom kanale. VESTNIK PNIPU. 2014;11:55-66.
https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-
v-kabelnom-kanale [Trufanova N.M., Navalikhina E.Yu., Markovskiy M.V. Mathematical modeling of non-
stationary processes of heat and mass transfer in a rectangular cable channel. PNRPU Bulletin. Electrotechnics,

144



https://www.abok.ru/for_spec/articles.php?nid=4573
https://www.abok.ru/for_spec/articles.php?nid=4573
http://www.sciencedirect.com/science/article/pii/S0360132311000576
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural_Ventilation_in_Buildings_Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural_Ventilation_in_Buildings_Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
https://www.researchgate.net/profile/Tommy_Kleiven/publication/267243303_Natural_Ventilation_in_Buildings_Architectural_concepts_consequences_and_possibilities/links/544e3c7d0cf26dda088e9459/Natural-Ventilation-in-Buildings-Architectural-concepts-consequences-and-possibilities.pdf
https://www.abok.ru/for_spec/%20articles.php?nid=3201
https://www.abok.ru/for_spec/%20articles.php?nid=3201
https://www.abok.ru/for_spec/%20articles.php?nid=3201
https://www.abok.ru/for_spec/%20articles.php?nid=3201
http://www.sciencedirect.com/science/article/pii/0360132393900422
http://www.sciencedirect.com/science/article/pii/S0360132300000160
https://isdsnet.com/ijds-v2n1-20.pdf
https://isdsnet.com/ijds-v2n1-20.pdf
https://file.scirp.org/pdf/JPEE_2014060916330973.pdf
https://elibrary.ru/item.asp?id=26206445
https://elibrary.ru/item.asp?id=26206445
https://www.abok.ru/for_spec/articles.php?nid=67
https://www.abok.ru/for_spec/articles.php?nid=67
http://www.sibran.ru/upload/iblock/3a3/3a3fe0339a7a2861ffedf697d79a4e8f.pdf
http://www.sibran.ru/upload/iblock/3a3/%203a3fe0339a7a2861ffedf697d79a4e8f.pdf
http://www.sibran.ru/upload/iblock/3a3/%203a3fe0339a7a2861ffedf697d79a4e8f.pdf
http://www.sciencedirect.com/science/article/pii/%20S1877705815037352
http://www.sciencedirect.com/science/article/pii/%20S1877705815037352
https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale
https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale

Becmuux [Jazecmanckozo cocyoapcmeentozo mexuuueckozo ynugepcumema. Texuuueckue nayku. Tom 44, Ne3, 2017
Herald of Daghestan State Technical University. Technical Sciences. Vol.44, No.3, 2017
http://vestnik.dgtu.ru/ISSN (Print) 2073-6185 ISSN (On-line) 2542-095X

20.

21,

Informational Technologies, Control Systems. 2014;11:55-66. https://cyberleninka.ru/article/n/vliyanie-
estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale (In Russ.)]
Spravochnoe posobie k SNiP 2.08.01-89. Otoplenie i ventilyatsiya zhilykh zdaniy. M.: Stroyizdat; 1990. 19 s.
[Reference guide to SNIP 2.08.01-89. Heating and ventilation of residential buildings. M.: Stroyizdat; 1990. 19 p.
(In Russ.)]

Kharitonov A.M. O verifikatsii i validatsii modeley i metodov chislennogo modelirovaniya prostranstvennykh
techeniy. Mezhdunarodnaya konferentsiya “Sovremennye problemy prikladnoy matematiki i mekhaniki: teoriya,
eksperiment i praktika”, Novosibirsk; 2011. S.1-7. [Kharitonov A.M. On verification and validation of models
and methods for numerical modeling of spatial flows. International Conference “Modern Problems of Applied
Mathematics and Mechanics: Theory, Experiment and Practice”. Novosibirsk; 2011. P.1-7. (In Russ.)]

CaeneHusi 00 aBTOpe:

Aopamkuna [lapssa BukTopoBHa — accucTeHT, Kadenpa Terora3ocHa0XeHNs M BEHTIILIUH.
Information about the author:

Darya V. Abramkina - Assistant, Department of Heat and Gas Supply and Ventilation.
Information about the author:

KoHpauKT HHTEpEecoB. Conflict of interest.

ABTOp 3asBISIET 00 OTCYTCTBUU KOH(DJINKTA HHTEPECOB. The author declarenoconflictofinterest.
Hocrynmuia B pexakmmio 31.07.2017. Received 31.07.2017.
MpunsiraBneuars 25.08.2017. Accepted for publication 25.08.2017.

145


https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale
https://cyberleninka.ru/article/n/vliyanie-estestvennoy-i-vynuzhdennoy-ventilyatsii-na-protsessy-protekayuschie-v-kabelnom-kanale

