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N3yuenne MexaHI3MOB PEIAKCALINN YTIIEKUCIIOTO ra3a nMeeT GhyHIaAMEHTAb-
HOe 3HAYEHUE I PAa BaXKHBIX 00JIacTell, BKITIOUAs jIa3epHble TEXHOJIOTUH, T'H-
TIEP3BYKOBYIO adPONMHAMUKY KOCMIYECKIX aIlllapaTOB U SKOJIOTUIO B CBI3U C 3a-
nagaMm 00 M3MEHEHU! KJImMaTa.

Ilannas paboTa MOCBSIIEHA MOIEINPOBAHUIO PETAKCAIINN YTJIEKUCIOTO Ta3a
B IMOCJIEpa3PSAMHON 30HE pa3psiaa MOCTOSHHOTO ToKa. llenb 3akimodyaeTcs B pea-
JIM3aIIy CAMOCOTJIACOBAHHOIO pacueTa TeMIEPATYPHI ra3a 1 3aceJIeHHOCTEN KO-
1e6aTeTbHBIX YPOBHEN YTJIEKUCIIOTO T'a3a, BaIUOaIlly MOOEJIEN OMICAHUS KOJle-
06aTeIbHBIX YHEPTOOOMEHOB U BBIIEJIEHIN IIPOIECCOB, OKA3BIBAIOIINX HANOOJIIbIIIEe
BIIMSIHUE HA OCHOBHBIE MAaKPOIapaMeTPHhI.

amaua perragach MPUMEHATENBHO K yCIOBUSM SKcrepumenTa [1], B koTo-
POM UMITyJIbCHBI Pa3ps MOCTOSHHOTO TOKa (POPMUPOBAJICS B TPYOKe MMITYIIb-
coM mmTenbHOCTRI0O At = 5 Mc ¢ cunoit Toka 150 MA mpu masieHun 5 TOPP.
ITockompky MomeTmpoBaHIe OXBATHIBAJIO NCKIIOUNTEIIHLHO [TOCIIEPA3PSIHY O 30HY,
B Ka4YeCTBe HAYAJLHBIX YCJIOBUI HMCIOIB30BAIINCH DKCIEPUMEHTAILHO M3MEPEH-
HBIE 3HAUEHNUS TEMIIEPATYPHI ra3a u KojebaTeIbHBIX TEMIIEPATYP B MOMEHT OKOH-
YaHUS pa3psaa.

3amada mpeanosaraeTcss 0CECUMMETPUYHON, IOMUMO 3TOrO I'a3 CUNTAETCS
OHOPOIHBIM BHOJIb OCH TPYOKHU, TMOITOMY MOINETINPOBAHUE IIPOBOOUIOCH C WC-
IOJIL30BaHUEM HYJIBMEPHON CHCTEMBI Ta30QMHAMUIYECKIX YPAaBHEHUN B IIOYPOB-
uesoM nonxoze [2]. Oco6eHHOCTBIO TOYPOBHEBOIO MOAXOMA ABILIETCS PACCMOTDE-
HUE KaXKJIOTO 3JIEK TPOHHO-KO0JIE0ATETHbHOTO COCTOSHIS YaCTUAIBI KaK OTIETEHOTO
copTa dactuil. Takoe meTagbHOE PACCMOTPEHUE TO3BOJISIET TOUHO OMUCHLIBATD
pa3IuYHbIe YHEPTrOOOMEHBI: KO0Je0aTeIbHO-IIOCTyIaTeIbHbIe, KOIe0aTeTbHO-KO-
nebaTenbHbIe U KOJleOaTeTbHO-3JIeK TPOHHEIE.

IIpr MomemupoBaHUK yUINTHIBAINCH TOJIBKO KOJIeOaTEIbHBIE SHEPrOOOMEHHI,
6e3 xuMuueckux peaknnit. s pacueToB K03GPUIIMEHTOB CKOPOCTH SHEPTOOOMe-
HOB mcmonb3oBamuck wmomenb 1IIBapra Crasckoro I'eprudensna (SSH —
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Puc. 1 CpaBHenue paccunTaHHBIX 3HaUeHUN (KpuBbIE) TemmepaTypsl rasa (1)
u kosnebarensHbx TeMuepaTyp 11s (2) u T3 (3) ¢ sKCIepuMeHTAILHBIMI 3HAUCHUAMY
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Puc. 2 Cpasnenue paccunTaHHbIX 3HaUeHUil (KPUBBIE) 3aCEIEHHOCTEN KoebarTeb-
HBIX ypoBHen (iz = 0, 43 = 0) ¢ 5KCHEpUMEHTAILHBIMU 3HAUeHUsMU (3Haukm): 1 —
ia = 2; 2 — 3; 3 — 12 = 4. 3mecy nog — xonnentpanus CO2 B HaYaILHBIA MO-
MeHT BpeMenu t = At; g; — CTATUCTUYECKUI BEC, COOTBETCTBYIOIINI KOJIE6ATETHLHOMY
COCTOSAHUIO 7} 0; — MoBaBKa, IMO3BOJISIONIAS COBMECTUTH HAYAILHBIE 3aCEJICHHOCTH C DKC-

IIEePUMEHTAJIBHBIMU 3HAYCHUSIMNI

Schwartz Slawsky Herzfeld) [3] u Momenb HATDYKEHHOIO IapMOHHYECKOTO OC-
mustopa (FHO — forced harmonic oscillator) [4]. Cpasrerue ¢ skcmepu-
MEHTAJIbHBIME JaHHBIMI [OKa3as10, 4TO npuMeHenne monenu SSH He mossos-
€T KOPPEKTHO OIHMCATH KOJIeGATEIbHYI0 TeMIEPATYPY TPEThEell MOIBI, HOYTOMY
IPUBEEHBl Pe3y/IbTaThL, HOJLy YeHHBIe ¢ Ucnoib3osanneM Monenu FHO.
Paccunransbie B X0 MOLEINPOBAHNS TEMIIEPATypa rasa, a Takke Koyeba-
TeJIbHBIE TEeMIEPATYPBI CBI3aHHBIX IEPBO I BTOPOIl MO I aHTUCHMMETPUIHOM
TpeThell MOIBI IIPENCTaBIIeHbl Ha puc. 1. Yucsossle mioTHOCTH (3aCEI€HHOCTN)
OTIENIBHBIX KOIe6aTeIbHBIX COCTOSHUIT IPUBEIEHBL Ha puc. 2. B nenoM cMonenu-
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POBaHHBIE XapPaKTEPUCTUKN NEMOHCTPUPYIOT XOPOIIIEe COTJIacUe C SKCIIePUMEH-
TaAIbHBIMU HaHHBIMEI. OIHAKO TEMIIEPATYpa ra3a HAUNHAET CHUKATHCS ITPeKIe-
BPEMEHHO, a KojlebaTerbHas pejlakKCals MeX Iy 00 beIMHEHHBIMI IEPBON BTOPON
MOIAaMU W TPEeThel MOMON MPOTEeKaeT CIUIIKOM OBICTPO.

Kpome Toro, mpemncraBieHBl pe3yIbTaThl aHAIN3A TYBCTBATEILHOCTH MO-
[EU K YUCIIy YINTHIBAEMBIX KOJIeOATETBHBIX COCTOSHIAN YT JIEKUCIIOTO I'a3a 1 BhI-
IeJIeHbl OCHOBHBIE KaHAJIbI KOJIe0aTeIbHON PeIaKCaIlun.

HccnenoBanne BBIIOIHEHO TIPH TMOAIEp:KKe Poccuiickoro HaydHOro (Gomma
(mpoexT Ne23-19-00241-1T).
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The study of carbon dioxide relaxation mechanisms is fundamental to several
critical fields, including laser technologies, hypersonic spacecraft aerodynamics,
and environmental research addressing climate change.

This work is devoted to modeling carbon dioxide relaxation in the after-
glow of direct-current (DC) discharge. The objective is to implement a self-
consistent calculation of the gas temperature and vibrational level populations
of carbon dioxide, to validate models describing vibrational energy exchanges,
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and to identify the processes that exert the most significant influence on the
primary macroparameters.

The problem was solved under the experimental conditions reported in [1]
where a pulsed DC discharge was generated in a tube using a pulse duration
of At = 5 ms, a current of 150 mA, and a pressure of 5 Torr. Since only
the afterglow zone was simulated, the experimentally measured gas temperature
and vibrational temperatures at the pulse termination were adopted as the initial
conditions.

The problem is assumed to be axisymmetric; furthermore, the gas is con-
sidered homogeneous along the tube axis. Consequently, the modeling was per-
formed using a zero-dimensional system of gasdynamics equations within a state-
to-state framework [2]. A key feature of the state-to-state approach is that each
electronic-vibrational state of a particle is treated as a separate chemical species.
Such a detailed formulation enables an accurate description of various energy
transfer processes, including vibrational-translational, vibrational-vibrational,
and vibrational-electronic exchanges.

Chemical reactions were neglected in the modeling; only vibrational energy
transfer processes were considered. To calculate the rate coefficients of these en-
ergy exchanges, the Schwartz Slawsky Herzfeld (SSH) model [3] and the forced
harmonic oscillator (FHO) model [4] were used. A comparison with experimen-
tal data showed that the SSH model fails to accurately describe the vibrational
temperature of the third mode. Therefore, the presented results were obtained
using the FHO model.

Overall, the calculated characteristics show good agreement with the experi-
mental data. However, the gas temperature begins to decrease prematurely, and
the vibrational relaxation between the coupled first second modes and the third
mode occurs too rapidly.

Furthermore, a sensitivity analysis of the simulation with respect to the
number of carbon dioxide vibrational states taken into account and highlights
the primary channels of vibrational relaxation is presented.
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