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TEPMOAUHAMUNYECKUE MOAEAU 3ATNPABKU PE3EPBYAPA

KPUOTEHHOM XUAKOCTbIO

Ha ocrose nepsoeo zakona mepmoournamuku 04 OMKPOLIbLX CUCEM pa3padomarl Mo-
deau 3anpaski KpUOeHHO20 pesepsyapa ¢ OMKPbLMoLM 2a30cOpocom npu nodade HHuoKkoc-
mu ceepxy (Ha yposero acudkocmu) u cHu3y (noo yposero JauoKocmu), a maKie mooess
b6eadpenascrHoll 3anpasku pezepsyapa (¢ 3akpoimoim eazcopocom). Henoarvzosanue amux
modeaell no360a5eM OYeHUMb 3HAYEHUS OCHOBHbIX NAPAMempos 3anpasku: OAUMeNb-
HOCMb, usMerHerue 0asieHus 8 pesepsyape, nomepu sjcudkocmu npu 3anpaske. [lokasaro,
4mo npu HUdMCHel 3anpaske ménaoeo cocyda OAUMeNbHOCMb NPOUecca MeHbULe, Yem npu
sepxnell sanpaske. Onpedenervl Ycao8uUs COKpauleHus OALMesbHOcmu 6e30peHantcHoLl
3anpasKu KpUOeeHHoeo pesepsyapa.

Karuesoie cnosa: Tepmodunamuka omipoimolx cucmem. Kpuoeennas scudkocmo. Corcul-
acernoll npupodroil eas (CIHI). Kpuoeennolitl pezepsyap. 3anpaska Kpuo2eHro2o pesep-
syapa. laumeaorocmo 3anpasku. [lomepu kpuoeenHou HuOKOCHLL.

S.P. Gorbachev, K.I. Koledova, S.D. Krasnonosova

THERMODYNAMIC MODELS OF A FILLING TANK BY THE CRYOGENIC LIQUID

For opened systems models of filling a cryogenic tank with open vent at supply liquid down-
right on the fluid level and frombelow the fluid level, also a model of filling a tank with
closed vent were developed on the bases of the first law of thermodynamics. Using these
models allows estimating values of key parameters of the filling: duration of the filling,
changing pressure in the tank, liquid losses at the filling. It is shown that duration of the
process is less at the bottom filling of warm tank than at the top filling. The conditions for
reducing the duration of filling with closed vent the cryogenic tank are defined.

Keywords: Thermodynamics of open systems. Cryogenic liquid. Liquefied natural gas
(LNG). Cryogenic tank. Filling a cryogenic tank. Duration of refuelling. Losses of cryogenic

liquid.
1. BBEAEHUE

3anpaBka (3amosiHeHHe) pe3epByapa KpHOTEHHOH
JKUJIKOCTbIO — HauboJiee pacnpocTpaHEéHHbIH Mpouece B
KPHOTreHHOH TexHHuKe. Ero ocoGeHHOCTb 3akJjioyaercs: B
TOM, UTO MPH 3anpasKe, HAPsILY C 3aMOJHEHHEM, TIPOU3-
BOJIUTCSl OXJAXKIEHHE CTEHOK cocyld. DTO MPUBOIMT K
YaCTHUYHOMY HCTTapPEHHIO 2KUJIKOCTH H YBEJHUEHHIO Pacxo-
Jla Tasa Ha BbIxoJie U3 cocyna. OCcHOBHas 3ajiaua npu rnpo-
BEJICHHH 3aMpaBKK — MOJIHOE OXJaXK/IeHHe CTeHOK COoCy-
Jia, 4ToObl MCKJIOUUTh MOTEPH XKUAKOCTH TMPH AaJbHEH-
uiem eé xpaHeHuu y norpeburess. OnpenesneHue Bpeme-
HH OXJIQXKJIeHHs] CTEHOK COCy/la M MOTePb XKUAKOCTH TPO-
BOJIMTCS, KAK MPABUJIO, MyTEM pelleHust 3a1a4l HeCTallu -
OHaApPHOH TeMJONPOBOJAHOCTH J/Is1 CTEHOK COCY/a M TerJIo-
BOH M30JISILMU C YUETOM TEMI00OMEHa MEKJLy KHIKOCTbIO
1 CTEHKAMH COCYJla B [1POLIECCE 3al0JHEHHUSI.
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B cBsI3H ¢ MCMOIb30BAHHEM CHKHIKEHHOTO TPHPOJIHO-
ro rasa (CIII") B kauecTBe MOTOPHOTO TOMJIMBA K 3aNpas-
K€ KPHOTEHHBIX GOPTOBBIX TOMJIMBHBIX CHCTEM MPEIbSIB-
JIIOTCS1 HOBblE TPeGOBAHHSI: COKpallleHHe BpeMEeHH 3arl-
paBKH, OTpaHHueHHe HJIH MOJHOE HCKJII0YeHHe BBIGPOCOB
rasa B OKpyzKalolllylo cpejly, 3arpaBka KpHOreHHoro 6axa
TOMIMBHOK CHCTEMBI MPH MOBBLILIEHHOM JIaBJEHHH, 3arl-
paBKa Kak «Ténjoro» 6aka (Temrepartypa 6/M3Ka K TeM-
riepaType OKpYXKalollel Cpeiibl), TaK H <XOJOJHOTO»,
YaCTHYHO 3aM0JIHEHHOTO 2KHIAKOCTbIO 1 1p. [t pelieHus
9THX 3aad NoTpe6oBasoch, B YACTHOCTH, pa3paboTaTh
HOBble (PU3HKO-MaTeMaTHUeCKHe MOJEJ/H rpoliecca 3arl-
paBku. Llesb 1anHoil paGoTbl — paccMOTpeThb Tporlecce
3ampaBKM KPHOTEHHOTO pe3epByapa C HCIMOJIb30BaHHEM
arnaparta TepMOJITHAMHKH OTKPBITBIX CHCTEM.

CxeMa 3ampaBKH KPHOT€HHOTO pe3epByapa OT MHTa-
Iolllero pe3epByapa mpeacTaBieHa Ha puc. 1. [lomaua



