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Annotamusi. I]ens. Pa3paboTka MeToma pacuera Iporiecca pa3MOpPaKMBAaHHS YIVII B IIOJMyBaroHax Hepex Iojadedl ux B
BaroHOONPOKU IbIBaTeNb. CyIIECTBYIOIINE METOIBI pacieTa OCHOBBIBAECTCS B OCHOBHOM Ha HCIIOJIB30BAHHH PErPEeCCHOHHBIX Mojenei
MIOCTPOGHHBIX IyTeM O0OpaOOTKM pe3ylbTaTOB AKCIEPUMEHTAa. ODTH MOJEIH HMEIOT Y3KYI0 30HY INPUMEHEHHS, IIOCKOJIBKY WX
BO3MO)KHOCTH OTIpaHHMYCHHBIE IHara3oHaM pabodnX HapamMeTpoB, KOTOpPBIE ObUIM pealn30BaHBI IPH MPOBEICHUH SKCIIEPHMEHTOB.
AHanMTUYECKUE MOJICIIH JIAI0T YIPOIICHHYIO KapTHHY HpoLecca pa3sMOpaKUBaHUs U MOTYT OBbITh HCIIOJIb30BaHbI JIMIIB JUIS OLICHOYHBIX
pacuy€roB. YncieHHbIe MOJEIH TPEOYIOT 3HAUMTENBHBIX 3aTpaT KOMIBIOTEPHOTO BPEMEHHM IPH IPAKTHYECKOH peanu3alMy H HX
HPUMEHEHHE OTPaHUYCHO B HACTOSIIEE BPeMs B MH)KCHEPHOH MPakTHKH. [109TOMy BO3HMKAEeT HEOOXOAMMOCTh Co3aaHus 3 eKTHBHBIX
METOJIOB pacuera HpoLecca pa3MOPaKMBAaHMS YIUIA, KOTOpble He TpeGoBamu OONBLIMX 3aTPaT NMPH IPAKTHYECKOH pealu3aluy Ha
KOMITBIOTEpE M OCHOBBIBAIHCH Ha (DyHIAMEHTAIBHBIX YPaBHEHMSX TeIioMacconeperoca. Memoouka. Pa3paboTaHHBIN MeTo]| pacuera
mporiecca  pasMOPaXKHMBAaHHSL YISl B IIOJYBaroHaxX OCHOBBIBACTCS HA YHWCICHHOM HHTETPHPOBAHUHM OJHOMEPHOTO YpaBHEHHUS
TEIUIONPOBOTHOCTH. PacyeT ocyIecTBIIeTCs ¢ IMOMOIIBIO HESIBHOTO IMOIEpeMeHHO — TpeyronbHoro Merona A. A. Camapckoro. Ipu
MPaKTHYECKOH peann3aly JaHHOTO METO/Ia 3aTPaThl KOMITBIOTEPHOT'O BPEMEHHU COCTAaBILIIOT MEHee OTHOH ceKyHIbl. Pesynismamaor. Ha
OCHOBE TTOCTPOCHHOW YHCIICHHON MOjeNnu pa3paboraHa mporpamma Ha anroputMmuueckom sibike FORTRAN. C momombio gaHHON
HIPOTPaMMBbI BBITIOJTHEH BHIYHMCIIUTENbHBIN SKCIIEPUMEHT M0 OLICHKE JHHAMUKH Pa3MOPaKMBAHMS YT B MOJIyBaroHe. Pacyer BbINOIHEH
B Y3KOH TMO/I30HE pACIONOXCHHON BOJM3M CTEHKHM MOJyBaroHa, KOTOpas IPOrPEBAcTCs 3a CYET MCIIOJb30BAHMUS AJICMEHTOB
UH(PAKPACHOTO M3IIYYCHHs. Y CTaHOBJICHO BPEMsl IPOrPEBa 30HbBI IS JIBYX Pa3IMYHBIX 3HAUCHWH TEMIIEpaTypbl CTCHKH MOJIyBaroHa.
Hayunasn noeusna. Pazpabotan >((EeKTUBHBIH METOJ SKCHpecC pacyeTra Mpolecca pa3sMOPKMBAHMS YIJIi B MOJIYyBaroHax IIpH
HCIIOJIB30BAaHUHM DJIEMEHTOB HMH(PAKPacHOTO M3IydeHHs. MeroJ pacdueTa OCHOBaH Ha YHCICHHOM HWHTETPUPOBAHUM YpPaBHEHHS
temonepenoca. Ipakmuueckas 3nauumocms. Pa3paboTaHHas KOMITBIOTEpHAsl MpOrpaMMa MO3BOJIIET ¢ MHHHMAJIBHBIMH 3aTpaTaM
paboyero BpeMeHH MPOBOJIUTH CEPUHHBIE PAacuEThl 0 0OOCHOBAHUIO MApaMETPOB 3JIEMEHTOB MH(PAKPACHOTO M3ITy4EHHs M BHIOOpa
PaILMOHAIEHOTO PeXKMUMa UX PabOoTHI P Pa3MOPAKHBAHUHM YIJIS B rapakax pa3sMOPaKUBAHMUSL.

Kniouesvie cnosa: pa3sMopaxuBaHHE YTIIsl, YUCICHHOE MOASIHUPOBAHNUE, TEIIONEPEHOC, PA3HOCTHBIE CXEMBI
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AHoTauis. Mema. Po3poOka MeTOly pO3paxyHKy NpoOLeCy pO3MOPOXKYBaHHS BYTiJIs B HamiBBaroHax repes Iojavero ix B
BaroHonepekuaaq. ICHyrui METoIi pO3paxyHKy IPYHTYEThCSI B OCHOBHOMY Ha BUKOPHCTaHHI perpeciiiHux monereil mobyaoBaHHX
[OUISIXOM OOpOOKH pe3ynbTariB eKcriepuMeHTy. Lli Momeni MaroTh BY3bKY 30HY 3aCTOCYBaHHS, OCKUIBKH 1X MOXIIMBOCTI OOMEXEH1
niarma3zoHax po0OYMX MapameTpiB, sKi OyJIM peasli3oBaHi NPHU MPOBEICHHI SKCIIEPUMEHTIB. AHAIITHYHI MOJEN NAIOTh CIPOLICHY
KapTHHY HPOLECY PO3ZMOPOXKYBAHHS 1 MOXKYTh OyTH BUKOPHCTaHI JIMILE JJIs OLIHOYHUX PO3paxyHKiB. UHCenbHI MOJeNni BUMararoTh
3HAQYHMX BHUTPAT KOMII'IOTEPHOTO 4acy MNpH NPaKTUUHIM peamizamii i iX 3acTocyBaHHS OOMEXeHE B JaHMH 4ac B iHXKCHEpHOI
npakTuki. ToMy BUHHMKae HEOOXiqHICTh CTBOPEHHS e€(EKTHBHUX METOMAIB PO3PaxXyHKY MPOLECY PO3MOPOXKYBAaHHS BYTILI, sKi HE
BUMarajiy BEJIMKUX BUTPAT NpH MNPaKkTHYHIN pearmizauii Ha koMm'otepi 1 IpyHTyBamucs Ha (GYHIAMEHTAIbHUX PIBHSIHHSX
TeriomMaconepenocy. Memooduka. Po3poOneHHII MeTOI pO3paxyHKY MpOLECY PO3MOpPOXYBaHHS BYTriUIsi B HaliBBaroHax
IPYHTYEThCS Ha YUCEIBHOMY iHTErpyBaHHI OJTHOBUMIPHOTO PiBHSHHS TEIIONPOBIAHOCTI. PO3paxyHOK 31iCHIOETBCS 3a JOIIOMOTOKO
HESBHOTO IIONIEPeMiHHO - TpHKyTHOro meromy A. A. Camapcekoro. I[Ipm mpaktudHOi pearnisamii JaHOTO METOXY BUTPATH
KOMIT'FOTEpHOTO Yacy CKJIaJaloTh MEHIIe onHiel cekyHau. Pesynsmamu. Ha ocHOBI 1oOymOBaHOI YHCENIBHOI MOJENi po3polbieHa
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nporpama Ha anroputMiuniii MoBi FORTRAN. C momomororo maHoi mporpamu BHKOHAHHH OOYMCIIOBAJIbHHN SKCIIEPHUMEHT IO
OIIHII AWHAMIKA PO3MOPOXKYBAaHHS BYTUUISL B HamiBBaroHi. Po3paxyHOK BHKOHaHMH y BY3bKiH HiI30HI pO3TAIIOBaHOI MOOIU3Y
CTIHKM HIBBaroHa, sika IMpPOTPIBA€THCS 32 PAXyHOK BHKOPHCTAHHS €IEMEHTIB iH(pauepBOHOr0 BUIPOMiHIOBaHHA. BcTaHOBIEHO Yac
IIPOTPiBY 30HH IS ABOX PI3HHMX 3HA4YeHb TEMIIepaTypH CTiHKM IiBBaroHa. Haykoea nosusmna. Po3po0ieHO e(peKTUBHUHA MeETOx
EKCIIPeC PO3paxyHKy IIPOIeCY pPO3MOPOXKYBAaHHS BYTUDIL B IIiBBaroHaxX IIpM BHKOPHCTAHHI €JIEMEHTIB iH(pauepBOHOTO
BUIIPOMIHIOBaHHA. MeTON pO3paxyHKy 3acHOBaHMH Ha UHCEIFHOMY IHTErpyBaHHI pIBHSHHS TeIuionepeHocy. IIpakmuuna
3Hayumicms. Po3pobiieHa KOMITIOTEpHA IporpaMa M03BOJLIE 3 MiHIMATBHUMH BUTpaTaMH poOOYOTo dYacy HpPOBOITHUTH CepiiHi
PO3paxyHKH MO OOIPYHTYBAHHIO MApaMeTpPiB €JIEMEHTIB iH(PauepBOHOTO BUIPOMIHIOBAHHS Ta BHOOPY PAaIliOHATBHOTO PEXKUMY iX
poOOTH ITpH pO3MOPOKYBaHHI BYTULIA B Tapakax PO3MOPOXKYBAaHHS.

Knrouoei cnosa: po3MOpoKyBaHHS BYTLLIS, YHCEIbHE MOCTIIOBAHHS, TEIUIONEPEHOC, PI3HULIEBI CXEMHU
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Abstract. Purpose. Development of the method of calculating the thawing coal in the gondola car before feeding them into the car
dumper. Existing methods of calculation is based mainly on the use of regression models constructed by processing the results of the
experiment. These models have a narrow area of application, as their ability to limit the range of operating parameters that have been
implemented in experiments. Analytical models provide a simplified picture of the defrosting process, and can only be used for
valuation calculations. Numerical models require significant computer time in the practical implementation and their use is limited at
present in engineering practice. Therefore there is a need for effective methods of thawing coal calculating, which would not require
large expenditures in the practical implementation on a computer and based on the fundamental equations of heat and mass transfer.
Methodology. The developed method for calculating the thawing coal gondola cars based on numerical integration of the one-
dimensional heat equation. The calculation is performed using the implicit alternating - triangular method A. Samara. In the practice
of this method, the cost of computer time is less than one second. Findings. On the basis of the numerical model, a program in the
algorithmic language FORTRAN was developed. With the help of this program, the computer experiment for assessing the dynamics
of thawing coal in the gondola car was done. The calculation is performed in a narrow sub-zone located near the wall of the gondola,
which is heated by the usage of infrared radiation elements. Warm-up time zones for two different values of the temperature of the
wall of the gondola were established. Originality. An efficient method for calculating the express defrosts coal gondola cars using
infra-red radiation elements was developed. The calculation method is based on numerical simulations of heat transfer. Practical
value. This computer program allows carrying out calculations with minimal staff time to substantiate the serial parameters of
infrared elements and the choice of a rational mode of operation during defrosting of coal in the garage thawing.

Keywords: defrost coal, numerical simulation, heat transfer, finite difference schemes

nadppakpacupiM m3nydernneM (UK) (puc. 1). OnnHako B

BBenenue o
HACTOSIIEE BPEMS CYIIECTBYET ONMPEACICHHBIN TeUIUT

Kak u3BecTHO, B YKpanHe ObIBAIOT YacThble Tepenabl
TeMIlepaTyp B 3WUMHHUI TEpHOJ BpPEMEHH, KOTOPHIC
CO37aI0T MPOoOJIEeMbl MPU TPAHCIOPTUPOBKE U BBITPY3KE
YIS u3 KEJIE3HOJOPOKHBIX MOJTyBaroHOB.
JlanbHEepUBO3HBIE YIIM TIOCTYNAlOT HAa CTaHIUKA B
CWJIBHO 3aMOPOXXEHHOM COCTOSIHUM, YTO 3HAYUTEJIBbHO

3aTpyAHAET ONEPAaTUBHYK BBITPY3KY IOJYyBAarOHOB.
3auacTyr0 MOJYBaroHsl I10OCIIE€ BarOHOONPOKHJIbIBATEINS
NPUXOJUTCS  3a4MINATh  «BPYYHYIO», HCIOJIB30BaTh
rpeiidepsr  w  apyryroo  TexHuky. [Ipu  aTom

MIPOU3BOIUTEIHHOCTh TPYAAa HEBBICOKA, MOBPEKIAOTCA
BaroHbl, OYEHb BEJIMKA BEPOSITHOCTH POU3BOJCTBEHHOTO
TpaBMaTu3Ma. Iloaromy mepen BBIIpY3KOH yrisi U3
BarOHOB HCHOJB3YeTCS Ppa3JIMYHBIE TEXHOJIOTHH IO
pa3sMOpakHBaHUIO CHIMTYYHX TPpy30B [9]. OnHON n3 Takux
TEXHOJIOTHI  SABJISIETCS NPHMEHEHHWE JJEMEHTOB C

pacyeTHbIX METOJIOB, C IOMOIIBI0 KOTOPBIX MOKHO OBLIO
65 060CHOBATh PEXHUM pa3MOpakMBaHUs Tpy3a. Taxkum
00pa3oM, BO3HUKAET BaXKHAsl 33/1a4a MO CO3JAaHUI0 TaAKHX
METOJIOB pacyeTa.

AHanu3 JIUTEpaTYpHBIX HCTOYHHKOB.
pacdera  pasorpeBa  3aMOpPOXXGHHOTO  TIpy3a B
MOJyBaroHax  yAeIsjach  JOCTaToyHo  Oomblnoe
BHUMaHMe. J[1s1 pemieHust 3ToH 3a7a4y MCIOJIb30BAIHNCH
pasMuHble MaTeMaTHYecKHe  MOJEIH, a HMEHHO,
perpeccHoHHbIe MOJIeNH, IOCTPOSHHBIE Ha OCHOBE
MHOTOYHUCIICHHBIX 3KCIEPUMEHTAJIbHBIX HCCIIE0BaHUI
[4,5,6,7,8,], anamutrueckue Mozenu [ 15], unciennsie [3,
10, 11] m wumurammonHoe MojenupoBanue [13]. Otm
MOJICTIH TO3BOJIAIOT Y4YECTh T€ WJIM HHblE (HaKTOpBHI,
BIIMSIIOIIME Ha ITpoliecc pa3orpesa rpys3a. OHako BOmpoc
co3manusl A(PQPEKTUBHON NPUKIAAHOW MOIENH IS

[TpoGneme
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pacdyera TEIUIOBBIX IIPOLECCOB B paMKax JaHHOU
npoOJieMbl  OCTaeTcs eIie OTKPHITHIM. B Hacrosiiee
BpeMsI MHXXEHEphl HY)XKHAIOTCS B JOCTATOYHO IIPOCTOM
METONKE pacuera pa3MopaxuBaHUS yris,
MO3BOJLIIOIIEH  ydecTh Hamboiee CYIIECTBCHHBIC
¢usmgeckre GakTophl, BIUSIONINE HA 3TOT MPOIIECC.

Heanb

Lemnpto  maHHON  pabOTBI  ABISETCS  CO3JaHUE
3¢ (GEeKTHBHOTO METOJa pacyera pa3orpeBa TIPy30B
MoJIyBaroHa MpH HCIoNb3oBaHue dieMeHToB UK u
OCHOBaHHOI'O  Ha YUCJIICHHOM  WHTETPUPOBAHUU
YpaBHEHHUU B TEIIONEpEHOCa.

Puc. 1. Pazmewenue 6azona c yanem 6 yexy
yeneno02omosku. 1 — snemenmul ¢ UHGPaAKpacHvim
usnyyenuem ons pasmopasicusanus yens | Allocation of
wagon with coal in coalshop: 1 - infrared elements for
defrosting coal.

MeTtoauka

Jnst pa3paboTKu ONEpaTUBHOTO METOJa pacyera
mpolecca IporpeBa yrisl B IOJyBaroHe IpH padote
anementoB UK cpenaem psa ymnpowenuit. Ha puc. 2
MOKa3aHa CXeMa MOoJyBaroHa, TI/Ieé pPa3MeEIaeTcs
3aMOpPOKEHHBIN YTOJIb.

Puc. 2 Cxemamuszayus 30nvl pasmopasicusatust |
Schematization of defrosting zone

Pacuer mpoumecca mnporpeBa yriisi Npu TEMJIOBOM
BO37eHcTBUM OT 3iteMeHTOB MK OyneM BEIIONHATE BAOJ
MpsIMOM, Hayalo KOTOPOM HAXOJAUTHbCS Ha OJHOW H3
BEPTUKAJIBHBIX CTEHOK BaroHa (Hampumep, cteHka AC).
[Mockonbky K03()(UIUEHT TEILIOMPOBOJHOCTH CTAIEHOU
CTCHKH BaroHa 3HAYHTENLHO OOIbINe, 4eM K03 duimeHt

TEIUIONPOBOJHOCTH  yruis,,  OyzneM  mpeHeOperarb
TEIUIOBBIM CONPOTHBJICHHUEM CTAIbHOM CTEHKH BaroHa.
Takum oOpa3oM, Ha JIEBOW TPaHUIE pAaCUETHON O0JacTH
(x=0) TeMIeparypa Oyzmer COOTBETCTBOBATH
TeMIeparype, Kotopyro co3zpaer aneMeHT WK Bozne
CTEHKH BaroHa.

B sToM ciywae mozpenmpylomiee ypaBHEHHE HMEET
BUJL

oT _ o aT

A, a, ox ) (1)

X ox
A

rae a, = C—X , KO3 purmerT TemrepaTypornpoBoI-
0

HOCTH,
Ay — KO3 GULHEHT TEILIONPOBOAHOCTH,

C — K03 (DUIMEHT TEIUIOEMKOCTH,
p — IWIOTHOCTh YIJIst

Ha rpaHnmax pacyérHOro ydacTka 3aJaloTCs
TpaHWUYHBIC YCIOBHSA TMEPBOTO poOJAa, a B KadecTBE
Ha4aJlbHOTO YCJIOBUS MPHHAMACTCSA, UYTO Ha BCEM
yJacTKe TeMIlepaTypa paBHA TeMIIepaType 3aMepIIero
yIras, ¢ KOTOpPOW BaroH 3axoOUT B Tapax
pasmopaxkuBaHua. CTaBUThCS 3aada pacdeTa BPEMEHH
pa3sMopakuBaHMA yTJId BO3JE€ CTCHKH BaroHa.

YucieHHoOe pelieHUE MOJETUPYIOLIUX YPABHEHMIA.

Jlnsi  4YMCJIEHHOTO  WMHTErPUPOBAHMS  ypPaBHEHUS
TEIIONPOBOTHOCTH MIPUMEHSIETCS METO/ AA.
Camapckoro [12]. B aTom ciydau, 4uCIeHHbIE PELICHUS
YpaBHEHMsI TEIUIONIPOBOJHOCTH paclIeIUisieTcs Ha JBa
IIara ¥ pa3HOCTHBIE COOTHOIICHUS UMEIOT BUL.

s
0,5At

LT, _T"hrh

— i+1
AX?

AX® @

S AP L
AX?
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Ha ocHOBe maHHBIX pa3HOCTHBIX COOTHOLICHHUH
COCTaBJI€Ha MpOTrpaMMa Ha aJITOPUTMHUYECKOM SI3BIKE
FORTRAN.

Pe3yabTaTsl

Ha 6a3e mocTpoeHHO# YHCIIEHHON MOJICITH BHIITOTHEH
pacueT mporpeBa yrisi B HMOJyBaroHe (puc. 2) pacuer
BBITTOJIHSJICS TIPU CIIEAYIONIMX MCXOAHBIX MaHHbIX [1,2]:
JUIMHHA pacyeTHOW oOmacty 1,5 cm; koaddumument

temneparyponposoatoctn 0,013-10° M2/ [2];  ma
JIEBOW TpaHUIE PACUETHOTO y4acTKa MPHUHUMAETCS, UTO
TeMIeparypa TIOCTOSIHHA. BrruncnurenbHbIi
SKCHEpPUMEHT TMpPOBEIEeM [UJIs JBYX 3HA4YEHUH ITOM
TeMIlepaTypbl. B nepBoM BapuaHTe Ha JIEBOM IpaHULE
Temnepatypa cocrasiser 80 ‘C (Harpes 3a cueT paGoThI
snementos UK), a Bo Bropom Bapuante — 65 °C. Ha
IpaBoil TpaHMIE PACYETHOTO YYacTKa IOJATaeTcs, 4TO
Temnepatypa yris pagHa -10 “C. B HauanbHbIH MOMEHT

31



CBOPHUK HAYYHBIX TPYJIOB CTPOUTEJIBCTBO, MATEPHAJIOBEJEHUE, MAINMHOCTPOEHHUE.

Cepusn: Bezonacnocme scuznedesmenvnocmu. Boin. 83 — 2015

BPEMEHU I10JIATaeTCsl, YTO HA BCEM PACUETHOM y4acTKe
Temrepatypa yris coctasiser -10 “C.

B T1abnm. 1 w 2 TmpencTaBIeHB  Pe3yNBTATHI
BBEIYMCIIUTENIFHOTO dKcnepuMenTa. B Tabn. 1 moka3aHO
3HAUEHHWE TEMIEPATYphl YTl BOIM3M CTCHKH BAaroHa U
Kak 3Ta TEMIIEpaTypa U3MEHSETCSI C TCYEHHEM BPEMEHH.

Tabauya 1

JMHaMHKa mporpesa yris B Baroue (mepBblii
BapuanT) / Dynamics of coal warming up in the
wagon (the first option)

Paccrosme ot t=54 cex =125 cex =180 cex
CTEHKHU BaroHa
2 MM 49.31°C 59.63 °C 62.88 °C
5 MM 1158 °C 29.91°C 36.86 'C
7 MM -1.35°C 14.96 °C 22.52°C
9 MM -7.17°C 431°C 11.02°C
10 MM -8.51°C 0.418°C 6.29 °C

Kak BHIOHO W3 TIpeNCTaBICHHBIX MaHHBIX MPOTPEB
30HBI Ha PACCTOSHHUH TOPSAIKA 1CM OT CTEHKH BaroHa 10
TeMmepaTypsl nopsaka 5-6'C mpousoiieT B TeueHue 3x
MuHyT. s mporpeBa yriisi Ha OoJiblliee PAacCTOSHUE,
0e3yclIOBHO,  mOTpeOyercs  JanbHeWinas  pabora
anementoB UK.

Tabnuya 2

JMHaMHuKa Nporpesa yriisi B Baroue (BTopoii
Bapuant) / Dynamics of coal warming up in the
wagon (the second option)

Paccrosnue ot t=54 cex t=125 cex t=180 cex
CTEHKHU BaroHa

2 MM 39.41°C | 48.02°C 20.73°C

5 MM 7.96 °C 23.24°C 29.04°C

7 MM -2.81°C 10.79 °C 17.09°C

9 MM -7.66 °C 1.92°C 751°C

10 Mmm -8.76 °C -1.33°C 357°C
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