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Pedepar. [l nosbinieHus 3pGEKTUBHOCTH SKCIUTyaTallUK TEIUIOBBIX CETel, Pa3MEICHHBIX B HEPOXO/HBIX KaHAaX, paHee
MPEUIOKEHO CXEMHO-CTPYKTYPHOE pPEILIeHHe PereHepaTHBHO-YTHIIN3ALHOHHOTO TEIIONCIIONb30BaHUS B CUCTEMaX LIEHTpalH-
30BaHHOTO TemiocHatxeHus. HeBO3MOKHOCTD CO3[aHHsl HATYpPHOW JKCIEPHUMEHTAJIBHON YCTAaHOBKH, OXBATHIBAIOIICH HYXK-
HbIH Anana3oH (HakTopoB U 00JaCTh UX M3MEHEHHMS, CIIOKHOCTb IIPOBEICHHUS IACCHBHOIO AKCIIEPHMEHTA Ha CYIIECTBYOIINX
TeIIoTpaccax MPUBEIM K HEOOXOAUMOCTH pa3pabOTKH BHPTYyallbHOW Mojenn Ha 6a3e mporpamMMHoro xommiekca ANSYS.
Ha »Toii BUpTyanpHOW MOZAENHN MPOBE/IeH MIeCTU(HAKTOPHBIN IKCIIepUMEHT. [1oyueHbl ypaBHEHHST perpeccuu AJIs ompeee-
HMS Haropa, Tpedyemoro s oOecredeHHs IPOLyBKH KaHaa BO3/LyXOM, a TaKXkKe TEIIooOMeHa ¢ TpyOonpoBoiaMu mpsMoi
1 00paTHOH ceTeBOH BOABI, PACIOIOKEHHBIMH B KaHalle, U TeMJI000MEHa ¢ IPYHTOM BOKpYT kaHana. Kpome Toro, BeIBeieHa
perpeCcCuoOHHasd 3aBUCUMOCTDb U1 HAXOXJACHUA HMHTETPAJIBHOTO MOTOKA TEIUIOTBI OT NEPECUYHCICHHBIX OMBIBAEMBIX IMOBEPX-
HOCTeH K NMOTOKY Bo3myxa. OCyIIecTBIeH mepexon oT Oe3pa3MepHEIX (akTopoB K HarypanbHbIM. C momomipio kapT [lape-
TO ompeseneHsl Hanbonee 3HaunMble (GakTopbl. B wactu 1 craTbu mpoBeneHa BepHQHKAIMS MOTYUCHHBIX 3aBHCHMOCTEHL.
C HCHONIB30BaHNEM CTAaHIAPTHBIX CTATHCTHYECKHX METOJOB OIEHOK Ha 0a3e pacCUMTaHHBIX 3Ha4eHHH kpurepueB dumepa,
CTpIOZICHTa M JIPYTHX ONpeJeNieHa aJeKBaTHOCTh ypaBHEHHUIl perpeccuu. [IpuBeNeHBI M NMpoaHATM3UPOBAHBI TOBEPXHOCTU
OTKJIMKA C MOMOIIBIO ABYMEPHBIX CEUCHUH M psna (GpakTopoB MpH GUKCHPOBAHHBIX 3HAUYCHUSX OJHUX U W3MEHEHUH ABYX
HanboJlee XapaKTepHbBIX, GU3UIECKH BECOMBIX JUISl JaHHOH (GyHKnnu oTkinka. Ha 6a3ze aHanmm3a perpecCHOHHBIX 3aBHCHMO-
cTeil BBITIONIHEHA UX Banupanus. IlorydeHHbIe perpecCHOHHBIE YPAaBHEHHS OXBATHIBAIOT MPAKTHYECKN BECHh CIIEKTP BO3MOXK-
HBIX THAMETPOB TEIIOTPACC, YTO MO3BOJIIET UCIIOIB30BATh UX TIPH pa3paboTke YHEProcOeperarux MPOeKTOB.

KumroueBble ciioBa: TemuocHa0XeHHE, HEPOXOIHBIE KaHAIBI, TEIMIIOTPAcca, TEMIIO0OMEH, a3pOJANHAMUYECKOE COMIPOTHUBIIE-
HHE KaHaJlla, UCTI0JIb30BaHUE TEIUIOTHI TPYHTA, YPABHEHUE PErPECCUH, IECTH(HAKTOPHBIA SKCIIEPUMEHT
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Heat Transfer Research
in Blown-Through Non-Passable Heating Mains Channels

Part 2

V. A. Sednin®, T. V. Bubyr?

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. A schematic and structural solution of regenerative-utilization heat use in centralized heat supply systems
was previously proposed in order to increase the efficiency of operation of heating networks located in non-passable channels.
The impossibility of creating a full-scale experimental setup covering the required range of factors and the area of their
change, the complexity of a passive experiment on existing heating mains led to the need to develop a virtual model based
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on the ANSY'S sofware package. A six-factor experiment has been carried out on this virtual model. Regression equations
have been obtained to determine the pressure required to provide air purging of the channel, as well as heat exchange with
pipelines of direct and return network water located in the channel, and heat exchange with soil around the channel. In addi-
tion, a regression relationship has been derived to find the integral heat flux from the listed washed surfaces to the air flow.
The transition from dimensionless to natural factors has been made in the paper. The most significant factors are identified
with the help of Pareto cards. The obtained dependencies have been verified in Part 1 of the paper. The adequacy of the ob-
tained regression equations has been determined using standard statistical estimation methods based on the calculated values
of the Fisher’s, Student’s and other criteria. The response surfaces are presented and analyzed using two dimensional sections
for a number of factor values at fixed values of one and a change in two most characteristic, physically significant for a given
response function. They have been validated on the basis of the analysis of regression dependencies. The obtained regression
equations cover almost the entire range of possible diameters of heating mains, which makes it possible to use them in the

development of energy-saving projects.

Keywords: heat supply, non-passable channels, heating main, heat exchange, duct aerodynamic drag, use of soil heat, regres-

sion equation, six factor experiment
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BBenenne

Panee aBTOpamm mokaszaHa Iie1eco00pa3HOCTD
CXEMHO-CTPYKTYPHOTO pEIICHHs] YTHUIM3aLUun
TEIJIOTHI, paccerBaeMoil TpyOONpoBOJaMHU TEIIO-
Tpacc, pa3MEIICHHBIMH B HETPOXOJHBIX KaHalax,
C OJJHOBPEMEHHBIM HCIIOJIb30BaHUEM TEIJIOTHI TPYyH-
Ta BOKpYT KaHaiyoB [1, 2]. B wactu 1 nanHO# ctathn
OIMCaHa peann3alys MeCTU(aKTOPHOTO 3KCHEpU-
MEHTa, MOJYYeHbl YPaBHEHHUsI PErPECCHU IS OIIpe-
JeJeHnsl Hamopa, TpeOyemoro s oOecredeHus
NPOAYBKH KaHalla BO3AYXOM, a TaKKe TeriooOMeHa
¢ TpyOomnpoBomamu mpsimoii cereBoit Boabl (IICB)
u obpatHoii cereBoit Boabl (OCB), pacmonoxeH-

HBIMHU B KaHase, ¥ TEII00OMEeHa C TPYHTOM BOKPYT
kaHama. Kpome Toro, BbIBeJ€Ha perpecCHOHHAs
3aBHCHMOCTh JJIS HAaXOXKIEHHUS HMHTErPajJIbHOTO
MOTOKA TEIIOTHI OT MEPEYNCIEHHBIX OMBIBAEMBIX
MOBEPXHOCTEH K TOTOKY Bo3ayxa. I[IpoBeneHbl
MpPOBEpKa Ha a/IEKBATHOCTh PErPECCHOHHBIX COOT-
HOIIICHUH B UX BEepUPUKAIHSL.

B o0mem Bume ypaBHEHHE Ui MOBEPXHOCTHU
OTKJIMKa BTOPOTO TOPSIKA IMPEACTaBICHO B Yac-
TH 1 cTaThu, TaM ke MpOBeAeHa Bepu(UKaLUs CO-
OTBETCTBYIOIIMX PETPECCHOHHBIX YpaBHEHUH. 3Ha-
YeHUsl pa3MepHBIX K03(D( UIIMEHTOB 3TUX YpaBHe-
HUH IpuBeeHbI B Ta0. 1.

Tabauya 1

3Ha4yeHus K03(pGUIHEHTOB B yPABHEHUAX Perpeccun
Coefficient values in regression equations

q)yHKIII/ISI OTKJIMKa IJIs1 pacdyeTra
Koadpdurpenrt
YpaBHCHUS MOHIHOCTB YACJIbHOI'O TEIUIOBOTI'O IIOTOKA, BT/M2 yHen},HLIe oTepu
perpeceut Crﬁhgipé{in ot I1CB qpics ot OCB qocp OT IPYHTA naops Hlfl[a};‘;[aCTKe Yo

1 2 3 4 5 6

Sy 64 2,090000 0,83 7,2 -0,164000
51 -0,239000 0,115000 0,0546 -0,178000 0,000296
o2 0,002160 —-0,000268 -0,0002 0,000682 1,96E-06
33 -103 12,700000 10,6 —14,800000 0,307000
84 154 —-0,319000 -5,58 81 2,480000
S5 -0,565000 0,500000 0,508 5,320000 0,126000
O -0,141000 —-0,044100 —-0,0425 —-0,394000 0,004760
&7 —0,710000 0,088000 0,095 -0,313000 -0,001920
Og 0,004870 0,001250 -3,73E-06 0,001500 1,05E-05
Sy -1,490000 -0,159000 -0,217 —-2,970000 —-0,000290
810 0,0134000 0,002130 0,00084 0,006100 3,69E-05
O 0,065000 —-0,479000 -0,237 2,060000 —0,004590
812 0,168000 0,027100 0,0109 0,045000 0,000291
813 -0,295000 —-0,246000 -0,129 0,234000 -0,001130
O14 0,019300 0,000586 0,00062 0,005300 —7,5E-05
815 -0,000450 —-0,000402 —9,3E-05 —6,4E-05 —7,5E-08
d16 0,005380 0,000288 0,000355 0,002530 1,7E-07

817 -0,005710 —0,000160 -0,00026 —0,002690 -5,3E-07
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Okonuanue mabn. 1
End of Table 1

1 2 3 4 5 6
O 3,220000 0,000550 -0,084 —4,060000 —-0,457000
d19 0,125000 0,138000 0,061 0,036800 —7,9E-05
820 0,164000 —-0,270000 -0,226 3,550000 0,005080
S -0,595000 0,070000 0,072 -3,570000 —0,000400
822 0,002800 0,001270 0,000465 0,000384 1,6E-06
O3 -0,087000 -0,001970 -0,002250 —0,087000 -0,00022
824 0,086000 0,000940 0,001660 0,090000 1,52E-05
S5 0,000810 —-0,000310 -1,8E-05 -0,000240 1,9E-07
826 -0,011100 0,000505 0,000572 0,003570 3,96E-06
8y7 -0,001790 —-0,000240 —6,5E-05 -0,00212 1,85E-06

AHaJN3 perpecCHOHHBIX 3aBHCHMOCTeil

[ToydeHHBIE pErpecCHOHHBIC 3aBHCHMOCTH
OXBATHIBAIOT MPAKTHYECKH BECh JIMAIa30H TeOMeT-
Pl HETIPOXO/THBIX KAHAJIOB U HAPYKHBIX JIUAMET-
POB TEIUIOTpace, YTO MO3BOJISIET HETIOCPEICTBEHHO
MPUMEHSTh UX B MPAKTHUYECKUX pacuerax. B aTom
CIy4ae OTHajaeT HeoOXOAMMOCTh pPa3pabOTKh
KPUTEPUAIBHBIX 3aBUCUMOCTEH i 000OIICHUS
Pe3yIbTATOB AKCIEPUMEHTAILHOTO UCCIICIOBAHUS
C LENBI0 PAaCIpPOCTPAHCHUS WX Ha TEIUIOTPACCHI
WHBIX XapaKTEePHBIX pa3MepoB MOMEPEYHBIX ceve-
HUl. DTO omNpenenseT NAIbHEUIIMHA aHAU3 pe-
IPECCHOHHBIX COOTHOIICHHUH C NENBI0 MX BaJIUIa-
ruu. [y perreHuss TaHHOW 3ajaydl ynoOHO Tpu-
OCTHYTh K IOCTPOCHUIO JIBYMEPHBIX CCUCHHU TH-
MEPIOBEPXHOCTEH, COOTBETCTBYIOIIUX TOJYYCH-
HBIM YpaBHEHHSM perpeccuu, GUKCUPYS CeUeHHS
Ha 3aJ]aHHBIX 3HAYCHHUSX TEX WJIM WHBIX (HaKTo-
pos [3-11].

[Ipexnae Bcero, ciieayeT MOHATh, O KaKUX 3Ha-
YEHUSAX TMOTEepPh HAmopa BO3IYIIHOTO IMOTOKAa U
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JUIMHAX YYacCTKOB TETUIOTPACC JJIsi OpTaHH3aluu
YTUIMA3aUN PAa3IMYHBIX TEIUIOBBIX MOTOKOB MO-
KeT WJTH pedb, KAKHE TATOMAYThEBbIC YCTPOUCTBA
noTpeOyIOTCs AJsl OPraHU3aluy MPOTOKa BO3IyXa
Yepe3 TOT WIM WHOW y4acTOK HEMPOXOJHOTO KaHa-
na temorpacc. Ha puc. 1 mokazaHo M3MeHeHHE
MOTeph HANoOpa NMpH M3MCHEHHWH CEYCHUS KaHala
W CKOPOCTH MPOIyBaeMOT0 BO3IyXa.

CedeHue KaHaJIOB TEILUIOTPACC MPAKTUYECKU HE
BJIMSACT Ha MOTEPU HAmopa MpH CKOPOCTAX MOTOKa
BO3yXa 10 6 M/C W JHIIb NP TPEBBIIIEHAHN dTON
CKOpPOCTH OTMEYaeTCs BIHSHHUE TMOMEPEYHBIX pa3-
MEpOB KaHala Ha ToTepu Hamopa. Bo Bcex ciyua-
X HE CIIEAYyeT OCYIIECTBISTH MPOLYBKY CO CKOPO-
cTaMHU Bo3myxa Oonee 8 m/c. llpm mcmomp30BaHNU
BEHTHJISITOPOB M JBIMOCOCOB, XapaKTepU3yEeMBIX
co3znaBaeMbiM Hamopom a0 3—4 klla, nnmuna mpo-
JyBaeMOT0O y4acTka KaHaJla MOXET JOCTHraTh He-
CKOJIBKUX KHJIOMETpoB. M 3TO yke oTBewaeT pe-
QIBHOW CHUTYyallUM PAacCIHONOXKEHUS NPUTOYHOTO
Y BBITSDKHOTO CEUSHHH TIOTOKA BO3/lyXa B KaHAle.

0,45 :
035 —
0,30
= 0250 O\
5 020 '
0,10{ [ // &~ L
\ |/ v !
0,05 J 0.6
0 2 4 6 8 10 12,
v, m/C -0,2

Puc. 1. JIBymMepHBIC ceUeHUs THIIEPIIOBEPXHOCTH, ONMCHIBAIONIEH ITOTEpH yeIbHOro Haropa R
TIpH IPOJYBKE C Pa3HON CKOPOCTBIO MMOTOKA BO3/yXa JUIs KAHAJIOB PA3JIMYHbIX MOMEPEYHBIX Pa3MEPOB
IPH TIOCTOSIHHBIX OCTaBIIUXCS YeThIpeX (paKkTopax Ha HYJICBBIX 3HAYCHUSX IUIaHA

Fig. 1. Two-dimensional sections of hypersurface describing specific head loss R when blowing with different air flow rates
for ducts of different transverse dimensions with constant remaining four factors at zero values of plan
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MHTerpanbHplid MOTOK TEIUIOTHI, KOTOPHIA B
XOJIe TPOMYBKU KaHAJIa MOXET OBITh TOIBEICH
K BO3IyXY AJis JaJlbHEHIEeH YTUIN3aluu, Onpese-
JSETCSl C TIOMOIIBI0 YPaBHEHHUS PETPECCHH, OIH-
CBIBAIOIIIETO MOIITHOCTH YJIENHHOTO TEIIOBOTO TIO-
TOKAa, CEUCHHUS TUIIEPIIOBEPXHOCTH KOTOPOTO MpHU-
BeJieHbl Ha puc. 2—4. CorjmacHo aHanmu3y KapThl
ITapero, Hambonee BIUsOMUMH (aKTOpaMHu Ha
HWHTETpajbHbIN TEIJIOBOM MOTOK K BO3/IyXY OT BCEX
OMBIBaEMBIX TIOBEPXHOCTEH KaHama SBISIOTCS
TeMIepaTypa BO3/AyXa B HayaJle y4yacTKa, CKOPOCTh
MOTOKA BO3JyXa B KaHaje W TeMImeparypa TpyHTa
BOKpPYr KaHama. PaccMOTpUM cedeHHs COOTBET-

CTBYIONIMX TUIIEPIIOBEPXHOCTEN B 3aBUCUMOCTH OT
YKa3aHHBIX ()aKTOPOB.

Otcekast 4acTU CEYEHHUs], TJIe CKOPOCTh BO3IyXa
MPEBBIIIACT YCTAHOBICHHYIO IpaHully 8 m/c (puc. 1),
MOXXHO OTMETHTH, YTO B OCEHHHI MEPHOJI, KOT/1a
TeMIiepaTypa TpyHTa MaKCHMalbHa, MOIIHOCTb
TEIUIOBOT'O0 TOTOKA K BO3JyXy MOXET JOCTUTATh
mopsiaka 0,05 KBT/MZ, omyckasch 1o 0,03 kBr1/m?
B 3UMHHE MeECSIBl OTOMHUTEIHLHOTO NEepHUOa.
[NonmxeHue TeMmmepatypsl BO3AyXa B Hauaje
y4acTka OTBedaeT (PU3UYECKUM MpelCTaBICHU-
SIM Ha YBCJIMYCHHE TCILIOBOTO MOTOKAa K BO3MAY-
xy (puc. 3, 4).

2 4 6 8 10
tp, °C

Puc. 2. JIByMepHBIE CEUCHHS THIICPIIOBEPXHOCTH, OMHCHIBAIONICH MOIHOCTD YACILHOTO (Ha | M? OMEIBAGMBIX IOTOKOM BO3IyXa
MOBEPXHOCTEH KaHaa) TeII0BOr0 MOTOKA U0, B 3aBUCHMOCTH OT CKOPOCTH IIOTOKA BO3/lyXa B KaHAJIe M TeMIIepaTypbl IPyHTa
BOKpYT KaHala, P MOCTOSHHBIX JutiHe yyacTka (L = 60 M), Temmeparypax Bo3ayxa B Hauase ydactka (t,,, = —1,6 °C)

o npsiMoii 1 06patHoii ceteBoit Boasl (tcg = 90 °C, tocp = 49,5 °C)

Fig. 2. Two-dimensional sections of hypersurface describing power of specific (per 1 m? washed by air flow channel surfaces)
heat flow g, depending on air flow rate in channel and soil temperature around channel, with constant section length (L = 60 m),
air temperatures at the beginning of section (t,, = —1.6 °C) and direct (DNW) and return (RNW) network water
(tDNW =90 °C, tRNW =495 OC)

B - 80
I < 64
<44
B - 24
.-

64

30 25 20 -15 -10 -5 0 5 10 ‘2‘:

tumy °C — 4

Puc. 3. JIByMepHBIE CEUCHHS THIICPIIOBEPXHOCTH, OMHCHIBAIONICH MOIHOCTD YACIBHOTO (ia | M? OMEIBAGMBIX IOTOKOM BO3IyXa
MOBEPXHOCTEH KaHasa) TEMIOBOTO MOTOKA (0; B 3aBUCHMOCTH OT TEMIIEPATyphl BO3yXa B HaYaje y4acTKa
U TEMIIepaTypbl IPYHTa BOKPYT KaHaia (IIPH MOCTOSHHBIX (paKTOpax, COINACHO PHC. 2, Ha HYJICBBIX 3HAYCHUSX IUIaHA)

Fig. 3. Two-dimensional sections of hypersurface describing power of specific (per 1 m? washed by air flow channel surfaces)
heat flow g, depending on air temperature at the beginning of section
and soil temperature around channel (at constant factors, according to Fig. 2, at zero values of plan)
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Il > 30
I <380
B <80
[1<40
B <20
Il <0
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Puc. 4. JIByMepHbIE CEUEHHUS THITEPTOBEPXHOCTH, OMHCHIBAIONIEH MOITHOCTh YETBHOT0 (Ha 1 M? OMBIBAGMBIX TIOTOKOM BO3/IyXa
TIOBEPXHOCTE KaHaa) TEIUIOBOTO IOTOKA (g; B 3aBUCHMOCTH OT TEMIIEPATYpHI BO3yXa B Hadalle y4acTKa
U CKOPOCTH BO3/yXa (IIpH MOCTOSIHHEIX (haKTOpax, COTIACHO PHUC. 2, Ha HyJICBBIX 3HAUCHUSX IIJIaHA)

Fig. 4. Two-dimensional sections of hypersurface describing power of specific (per 1 m? washed by air flow channel surfaces)
heat flow g,;; depending on air temperature at the beginning of section
and air speed (at constant factors, according to Fig. 2, at zero values of plan)

CrnexyeT OTMETUTH OTPEAETSIONIEe BIHSIHUE
TEMIIEpaTyphl BO3[yXa B Hadaje ydacTKa B cede-
HUAX puc. 3, 4. Ilpm >TOM BIUSHUS W3MCHCHHMA
TEMIIEpaTyphl TPYHTa MPAKTUYECKU HE 3aMETHO,
MIPUTOM YTO W3MEHEHHE CKOPOCTH MOTOKA BO3IyXa
BJTHSIET CHUIbHEE HA MOIIHOCTD yenbHOro (Ha 1 M
OMBIBaEMBIX MOTOKOM BO3[yXa MOBEPXHOCTEH Ka-
Haja) TEeIJIOBOTO IMOTOKA (g

XapaxkTep paccesHUs] TEIJIOThl CETEBOM BOJbI,
KaK TpsIMOH, TaKk W OOPaTHOW, WJIEHTHYEH, YTO
MOXXHO CBSI3aTh C HHUBEIUPYIOIINM BO3ACHCTBHEM
W30JIAIIMM HA TEMIIEPaTypy OMBIBAEMBIX BO3AY-
XOM TIOBEPXHOCTEH 000HMX TPyOOmpoBomOB. Bmecte

Jnics, B/ M2

(=4

LM = Il >29,0
> v,m/c [l <285
" =275

e <25

<255

C TeM MpH HMACHTUYHOM BIHUSHUU (AKTOPOB Ha
paccesiHUE TEIUIOThl TPyOOIIpOBOJAaMH TEILUIOTpac-
CBI TIPH OYEBHUJIHOM OTJIMYHUU TEMIIEpaTyp yKa3aH-
HBIX TEIUIOHOCUTENIE HMMEeT MECTO OXXHMJAeMoe
OTIMYUe a0CONIOTHBIX 3HAYEHUIl IOTOKOB pacces-
HUS TEIUIOTHI (puc. 5, 6).

W neHTnyHOCTh M3MEHEHUs! TOTOKOB paccesHus
TEIUIOTHl TPYOONpPOBOAAMHM CETEBOM BOJBI, Kak
MpSAMOiA, Tak U 00paTHOH, MO3BOJISIET OTPAHUIHUTH-
Cc1 PACCMOTPEHHUEM H3MEHEHHS MOTEpPh OJHOTO
U3 JByX YKa3aHHbIX TPyOONpPOBOAOB CETEBOI
BOJIbI (puc. 7-11).

M0

28,5
27,5
26,5
255

v, m/C

Puc. 5. JIByMepHBIC ceUeHHs THIIEPIIOBEPXHOCTH, OIHICHIBAIONICH MOITHOCTH yIEIBHOTO (Ha 1 M2 TMOBEPXHOCTEH TPyOOTIPOBOIa
HpsAMOM CETEBOM BOJIbI) TEIIOBOIO MOTOKA (- B 3aBUCUMOCTH OT JUIMHBI y4acTKa U CKOPOCTH MOTOKA BO3/yXa
(Ipu IOCTOSTHHBIX (haKTOPaX, COTJIACHO PHC. 2, Ha HYJCBIX 3HAUCHUSIX IIJIaHA)
Fig. 5. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of direct network

water pipeline surfaces) heat flow gonw depending on section length and air flow rate
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 6. [IByMepHBIC ceUeHHs THIIEPIIOBEPXHOCTH, OIHMCHIBAIONICH MOITHOCTD yIeIbHOTO (Ha 1 M2 TMOBEPXHOCTEH TPyOOTIPOBOIa
00paTHOI CeTeBOI BOJIbI) TETIOBOTO NMOTOKA (-p B 3aBUCHMOCTH OT JUIMHBI y4acTKa U CKOPOCTH MOTOKA BO3/yXa
(TIpH TOCTOSTHHBIX (haKTOPaX, COTJIACHO PHC. 2, Ha HyJEBHIX 3HAUCHUSX IIIAHA)
Fig. 6. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of return network
water pipeline surfaces) heat flow grvw depending on section length and air flow rate
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 7. JIBymepHbIe ceueHHs THIIEPIIOBEPXHOCTH, OIHMCHIBAIOIIEH MOITHOCTD yIAeIbHOTO (Ha | M2 HOBEpXHOCTeH TpydompoBoaa
00paTHOI CETEBOI BOJIbI) TEMIOBOTO NMOTOKA (- B 3aBUCUMOCTH OT XapaKTEPUCTHUK IIONEPEYHOT0 CEYEHHs KaHaIa
" TeMIEepaTypbl CeTeBOH BOJBI (HpPI IIOCTOAHHBIX q)aKToan, COrJjIaCHO pHucC. 2, Ha HYJICBBIX 3HAYCHUAX nnaHa)
Fig. 7. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of return network

water pipeline surfaces) heat flow grnw depending on characteristics of channel cross-section
and water network temperature (at constant factors, according to Fig. 2, at zero values of plan)

U TemmepaTypa TEIJIOHOCUTENS, H XapaKTepH-
CTHKHM KaHaja TeIUIOTPAcChl HMEIOT MPUMEPHO
paBHOE BIIMSHHE Ha paccesHHe TeIIOThl TpyOo-
mpoBoJiaMu ceTeBoi Bozbl. ObOa dhakTopa ompee-
JSIFOTCS CETeBBIMH paliloHaMU B KOHTEKCTE TpeOdy-
E€MBIX PACXOOAO0B TEIIOTBI U TCILUIOTCHEPHUPYIOUINX
HMCTOYHUKOB, MIOATOTABINBAIOIINX TEIUIOHOCHUTEIb.
OjHaKO MOXKHO cJIeNlaTh BBIBOJI, YTO paccMaTpHBa-
eMYIO YTHJIM3aluIo Hanbosee 1enecoodpasHo pea-
JIM30BBIBATh JIJISL TEIUIOTPACC C OONBIIUMH pac-
XO0JAMH TEIJIOTHI W B OTOMUTEIBHBIA TMEPHOI.
Ju1st Bcex 3Ha4YeHH TeMIepaTypbl CETEBOM BOJIBI

[ Hayka
wrexHuka. T. 20, Ne 3 (2021)

CKOpPOCTh TIOTOKa BO3/AyXa B KaHalle HE CleayeT
yBennuuBaTh OoJiee yeM Ha 6 M/c (puc. 8). [nmHa
MPOAYBAEMOTO Y4YacTKa BIHSAET HE3HAYUTENHHO
B CJIydae ero HeOOJbIIONH MPOTSKEHHOCTH, OAHAKO
C YBEJIMYCHHWEM JUIMHBI OTMEYaeTCs TEeHICHIHS
K BO3pacTaHUIO €¢ BIWSHHUS Ha YAEJbHbIC Tell-
sornoTepu (puc. 9).

B pamkax yCTaHOBJIEHHOTO paHee auara3oHa
ckopocTeit (6—-8 m/c) moToka BO3Ayxa B KaHale
paccesiHUE TETUIOTHI TPYOONPOBOIAMH TEIIOTPACC
pacTeT C yBEJIMYEHHEM pa3MEpOB MOMEPEUHOTO
ceyenns kanana (puc. 10). Ilpm sTomM BepxHHi
JIana3oH CKOPOCTH COOTBETCTBYET 6 M/C.
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Puc. 8. JIByMepHBIC ceUeHHs THIIEPIIOBEPXHOCTH, OIHICHIBAIONICH MOITHOCTD yIeIbHOTO (Ha 1 M2 TMOBEPXHOCTEH TPyOOTIPOBOIa
00paTHOM CEeTEeBOM BOJIbI) TEMIOBOIO MOTOKA Uy B 3aBUCUMOCTH OT CKOPOCTH BO3/lyXa B KAHAJIE U TEMIIEPATYPhI CETEBOH BOMIBI
(TIpH TOCTOSTHHBIX (haKTOPaX, COTJIACHO PHC. 2, Ha HyJEBHIX 3HAUCHNUSX IIJIAHA)

Fig. 8. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of return network

water pipeline surfaces) heat flow gruw depending on air speed in channel and temperature of network water
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 9. JIByMepHBIC ceUeHHs THIIEPIIOBEPXHOCTH, OIHCHIBAIONICH MOITHOCTD yIeIBHOTO (Ha 1 M2 TMOBEPXHOCTEH TPyOOTIPOBOIa
OGpaTHOfI CETEBOM BOHLI) TCIIJIOBOT'O IIOTOKA qOCB B 3aBUCHMOCTH OT JJIMHBI y4aCTKa KaHalla U TEMIIEPATYPhL CceTeBOM BOJBI
(TIpH TIOCTOSTHHBIX (haKTOpaX, COTJIACHO PHC. 2, Ha HyJEBHIX 3HAUCHUSX IIIAHA)

Fig. 9. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of return network

water pipeline surfaces) heat flow grvw depending on channel section length and temperature of network water
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 10. [IByMepHbIE CEYEHUS TUIIEPIIOBEPXHOCTH, ONUCHIBAIOLIEH MOIIHOCTD YAENbHOrO (Ha 1 M2 MOBEPXHOCTEH TpyOompoBoaa
00paTHOI ceTeBO BOJIbI) TEIUIOBOTO NOTOKA (p B 3aBUCUMOCTH OT CKOPOCTH BO3/lyXa B KaHaje
U XapaKTePHUCTHUK €ro MONEePEeuHOro ceueHus (IPH MOCTOSHHBIX (haKTOpax, COTJIACHO PUC. 2, HA HyJEBBIX 3HAYCHHSAX IIAHA)

Fig. 10. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of return network
water pipeline surfaces) heat flow gryw depending on air speed in channel
and characteristics of its cross-section (at constant factors, according to Fig. 2, at zero values of plan)
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IIpm ManpIx QIMHAX TMPOAYBAEMOTO YYacTKa
OTIpEIETISIONIEE BIMSIHUE HAa TEIUIONOTEPH UMEIOT
pasmepsl ceyenusi kanana (puc. 11). Ognako npu
JUTMHE KaHaJIoB Ooiyiee 60 M BIMSHUE pa3MEPOB UX
TIOTIEPEYHOTO CEUCHUS] HUBEIUPYETCS U yAeTIbHbIC
TEIUIOTIOTEPH 3aBHCAT MPEXKAE BCErO OT IJIUHBI
KaHaja.

O00011ast TIONMy4YEHHBIE PE3YNbTaThl 3aBHCUMO-
CTH MHTETpalbHOTO Y/ENBHOIO TerwioBoro (xa 1 m°
OMBIBAaEMBIX BO3IYXOM IOBEPXHOCTEH KaHana) Mo-
TOKa (g; K BO3AYXY, NPOAYBAaEMOMY uepe3 KaHal,
1 MOTOKA yIETbHBIX (Ha 1 M° moBepxHOCTEH TpyOo-
OPOBOJOB CETEBOH BOJBI) TEIJIOBBIX IOTEPh
TEIUIOTPAcC (g, € YYETOM COOTHOIIEHMS IUIOIIA-
Jiell Hapy>KHbIX MIOBEPXHOCTEN TEIIOTPACC U OMBIBa-

M- 19
Mors M -<18
M <17
<16
<15
B < 14
M <13

110 B . . - . —
100

eMBIX BO3J[yXOM BCEX TIOBEPXHOCTEH BHYTpHU KaHa-
ma (T MAHUMAIBHOTO pasMepa TpyOOIpoBOIOB
Y JUTMHBI B HYJICBOH TOUKE TUIAHA: TIJIOMIA/Ib KaHAJIA —
175,2 M, IIommanp MOBEPXHOCTH TPYOOIPOBOLOB —
50,1 M% I MaKCHMAIIBHOTO AMAMETPa TPYOOIpo-
BOJIOB COOTBETCTBeHHO 660,0 1 2585 MZ), MOYKHO
OTMETUTb, YTO 3HAYUTEIHHBIA BKIIAJl TEIUIOBBIX II0-
TOKOB K BO3JyXy OCYIIECTBIISICTCS 332 CUET OTBOJA
TEIJIOTHl OT TPYHTa, YTO MPOAEMOHCTPUPOBAHO
Ha rpadukax puc. 12-16.

HauGonpmuii 3 QexT 3aMe4eH B XOJOIHBIC
MECSIIIBI OTOIHUTENHLHOTO MEPUOJIa, KOTAa TeMIlepa-
Typa BO3AyXa B HaYaJle y4acTKa HU3Ka, U CKOPOCTh
MPOAYBKH KaHajla BO3AYXOM JIOJDKHA OBITH OOIb-
meit (puc. 12).
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Puc. 11. JIByMepHbIEC CCYCHHUS TUTICPIIOBEPXHOCTH, OMUCHIBAIOIICH MOIIHOCTh YACIBEHOTO (Ha 1 Ve MOBEPXHOCTEH TPyOOIIpoBOIa
00paTHOI ceTeBOl BOJIBI) TEIIOBOTO MOTOKA (o-p B 3aBUCUMOCTH OT JUIMHBI y4acTKa KaHaa
Y XapaKTEPUCTHUK €ro TONEePEYHOro CEYCHUS (IIPHU MMOCTOSHHBIX (PaKTOPaX, COTIACHO PUC. 2, Ha HYJICBBIX 3HAUYCHHSX I1JIAHA)
Fig. 11. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of return network

water pipeline surfaces) heat flow grvw depending on channel section length
and characteristics of its cross-section (at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 12. JIByMepHBIC CEYCHUS THIIEPIIOBEPXHOCTH, OMUCHIBAIONICH MOIIHOCTh YIeIBbHOTO (Ha 1 M MOBEPXHOCTEH
OrpakJIeHHs KaHajla) TEMIOBOro IOTOKA TPYHTA (|, B 3aBUCHMOCTH OT TEMIIEPATyphl FPyHTa
¥ TeMIIepaTypsl BO3yXa B Ha4yaje ydacTka (IIpU IIOCTOSHHBIX (akTopax, COTJIACHO PHC. 2, HA HYJICBBIX 3HAUCHHUAX TUIaHA)

Fig. 12. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of channel barrier surfaces)

heat flow of soil g depending on soil and air temperature
at the beginning of section (at constant factors, according to Fig. 2, at zero values of plan)
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BrusiHue Temmeparypel CeTeBOW BOJBI Ha Tpacc. [IpOTsHKEHHOCTh YYacTKOB TEIUIOTPACC, TIIE
OXJIXKJICHWE TPYHTa MPAaKTUYECKH OTCYTCTBYET, BO3MOKHA OpPTaHU3aIHs HCIOJIb30BaHMS IMOTOKOB
YTO OXHUAaeMo. | TaBHOE BIUSHUE OKA3bIBACT TEM- TEIUIOTHI OXJIAXKIEHUS TPYHTA W YTHIU3AIUH TeTl-
mepaTypa rpyHTa BOKpyT kanana (puc. 13). JIOTIOTEPh TEIIOTPACC, MCXOAsI M3 BO3MOXKHOCTEH

OnpeessIFOUi BKIa B HArpeB BO3/lyXa BHO- TUIIOBBIX TATOMYTHEBBIX YCTPOMCTB OICHUBACTCS
CHUT TEIUIOBOW TOTOK IPOLIECCa OXIKICHUS TPYH- HECKOJIbKIMH KHJIOMETPaMU;

Ta, IPU 3TOM CKOPOCTh BO3JyXa CIIENyeT orpa-
HUYMBaTh MaKCUMaJIbHOW BEJIMYMHOW Ha YypOB-
He 6 M/c (puc. 14-16).

— BCJIMYMHA HU3KOTEMIICPATYPHOI'O0  YACIBHO-
Tro (Ha 1 M2 KaHana) TCIJIOBOT'O IMMOTOKA YTWIM3alluU,
OTBOAUMOI'0 C BO3AYXOM OT TI'pyHTA, OLICHUBACTCA

AHaJ‘II/I3I/Ipy$I IMOJIYYCHHBIC q)YHKLII/II/I OTKJIMKA, MOIITHOCTBIO ITOTOKA TCIJIOTHI OT 2,0 kB1t/M JJIA TCII-
MOXHO OTMETUTH CIICAYIOLICC: JIOTpacC ¢ MUHUMaJIbHBIM TUaMETPOM pr601'[pOBO,Z[a
— IIpOKa4yKa BO3AyXa 4€pe3 KaHallbl TCILIOTPACC pi (o) 3,6 KBT/M — ¢ MakCUMAaJIbHBIM AUaMETpOM, 4YTO
BO3MOXXHa C IPHUMCHCHHUEM THUIIOBBIX TATOAYThEC- COOTBETCTBYET COOTHOLICHHUIO HJIOHI&I[CFI Hapy>XHbIX
BBbIX yCTpOﬁCTB JUTA BCEH raMMBI pasMEPOB TCIIO- HOBerHOCTef/i CKBa’XHH U KaHAJIOB.
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Puc. 13. JIByMepHBIE CEYECHUS TUIIEPIIOBEPXHOCTH, OMUCHIBAIOLIEH MOIIHOCTh yIeJIBbHOTO (Ha 1 M2 MOBEPXHOCTEH OTpaXkAeHHs
KaHaJa) TEMIOBOro MOTOKa IPYHTa (|, B 3aBHCUMOCTH OT TEMIIEPATYP IPYHTA U CETEBOM BOAIBI (MPH NOCTOSAHHBIX (paKkTopax,
COTJIACHO PHC. 2, HA HYJIEBBIX 3HAYCHUAX IUIaHA)

Fig. 13. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of channel barrier surfaces)
heat flow of soil g.i depending on soil and network temperature
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 14. JIBymMepHBIE CEYECHUS TUIIEPIIOBEPXHOCTH, OMUCHIBAIOLIEH MOIIHOCTh yIeJIbHOTO (Ha 1 M2 MOBEPXHOCTEH OTpaXkKAeHHS
KaHaJa) TEMIOBOro MNOTOKa IPYHTa (;, B 3aBUCUMOCTH OT CKOPOCTH MOTOKA BO3/lyXa 1 TEMIIEPaTyphl BO3yXa B Ha4aje yqacTKa
(TIpH TIOCTOSTHHBIX (haKTOpaXx, COTJIACHO PHC. 2, Ha HyJEBHIX 3HAUCHUSX IIIAHA)

Fig. 14. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of channel barrier surfaces)
heat flow of soil g depending on air flow rate and air temperature at the beginning of ection
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 15. JIByMepHBIE CEYECHUS TUIIEPIIOBEPXHOCTH, OMUCHIBAIOLICH MOIIHOCTh yIeJIbHOTO (Ha 1 M2 MOBEPXHOCTEN
OTpakJIeHHs KaHaja) TEMIOBOrO IIOTOKA TPYHTA (|, B 3aBUCHMOCTH OT CKOPOCTH MOTOKA BO3yXa
U TEeMIIepaTyphl CEeTEBOI BOBI (TIPH IOCTOSHHEIX (haKTOpax, COTIACHO PHUC. 2, Ha HyJICBBIX 3HAUCHUSX IIIaHA)

Fig. 15. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of channel barrier surfaces)
heat flow of soil gy depending on air flow rate and network water temperature
(at constant factors, according to Fig. 2, at zero values of plan)
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Puc. 16. JIByMepHBIC CEYCHUS THIIEPIIOBEPXHOCTH, OMMUCHIBAIONICH MOIIHOCTh YIeIBbHOTO (Ha 1 M MOBEPXHOCTEHN
OrpakJIeHHs KaHala) TEIJIOBOro IOTOKA TPYHTA (, B 3aBUCMMOCTH OT CKOPOCTH IOTOKa BO3IyXa
U XapaKTePHUCTHUK MOMEPEYHOro ceYeH s KaHaia (IPH MOCTOSHHBIX (hPaKTOpax, COrNACHO PHUC. 2, Ha HyJICBbIX 3HAUCHHUSIX IUIaHA)

Fig. 16. Two-dimensional sections of hypersurface describing power of specific (per 1 m? of channel barrier surfaces)
heat flow of soil q.i depending on air flow rate and characteristics of channel cross-section
(at constant factors, according to Fig. 2, at zero values of plan)

BbIBO/JbL

1. TTonmy4eHbl PErpeCCHOHHBIC 3aBUCUMOCTH IS
OTIPEJIENICHUST TETUIOBBIX MOTOKOB OT MOBEPXHOCTEH,
OMBIBaEMBIX BO3/IyXOM, K IIOTOKY BO3/IyXa.

2. [poBenensl BepuduKays U BaTHIANNAS Pe-
3YJIBTATOB, YTO ONPEACIHIO TIPUTOJTHOCThH perpec-
CHUOHHBIX COOTHOIIEHHWH JIJIsi MPAKTHUECKOrO MpPH-
MEHCHUSI.

3. [Tony4eHHBIC 3aBUCIMOCTH MOTYT OBITH HC-
MOJIb30BAHBI JIJISI Pa3iWYHBIX IIeJel, HampuMmep
IUIS pa3pabOTKH YHEProcOSPeTarommnx MepOTPHs-
TUH B TEIUIOBBIX CETAX C HEMPOXOJHBIMH KaHaya-

[ Hayka
wrexHuka. T. 20, Ne 3 (2021)

MU IIyTEM pereHepayy MOTOKOB TEIJIOTHI, pacce-
MBaeMbIX TPYOOIPOBOAAMHU CETEBOM BOABI, YTHIIU-
3alUM TEIUIOTHl OXJIAXIEHUs TPyHTa U Hapy>KHOT'O
BO37yXa.

4. YMeHblIeHHEe pacxo/a TOIUIMBA B cHUCTEMax
TETJIOCHA0KEHUS 3a CYET pereHepanuyl TEIUIOBBIX
MIOTOKOB paccesiHUs OT TEIUIOTPAcC B HEMPOXOA-
HBIX KaHaJlaX B CyMME C TEIUIOTOW OXJIaXIEHUS
TpyHTa BOKPYT TEIUIOTpacc MoxeT focturars 10 %
TEIUIOTHI, JOCTABISIEMON MOTPEOUTENsIM, 4TO He-
JIaeT aKTyaJbHOM pelleHHe 3alaull UCTIOIb30BaHUS
YKa3aHHOT'O MOTOKA TEIUIOTHI.
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