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A mathematical model is formulated to describe the plasma treatment of spent nuclear fuel
(SNF) reprocessing wastes, which are fed into an air-plasma flow as dispersed aqueous-salt-organic
compositions (ASOCs) containing ethanol or acetone as organic additives. The model describes the
coupled kinetics of droplet heating and evaporation, interphase momentum exchange, and heat and
mass transfer within a one-dimensional two-phase-flow framework, which is cast in dimensionless
form to enable parametric analysis and scale-up. Thermochemical calculations are used to determine
optimal ASOC formulations that provide an adiabatic combustion temperature of approximately
1500 K, thereby ensuring energetically efficient plasma operation and complete oxidation of the
organic fraction. The influence of key operating parameters — initial plasma temperature and
velocity, droplet size and injection velocity, and liquid-to-gas mass ratio — on the spatial extent
of droplet evaporation is investigated numerically using a fourth-order Runge-Kutta integration
scheme with controlled accuracy. The results show that, at temperatures above about 1500 K,
the overall rate of plasma utilization is governed by solvent (water) evaporation, whereas further
increases in inlet plasma temperature have only a weak effect on the length of the complete-
evaporation zone. In contrast, droplet size and flow hydrodynamics exert a dominant influence:
reducing the initial droplet diameter from 100 to 40 pm and decreasing the gas-flow velocity
from 90 to 10 m-s~* lead to multi-fold reductions of the evaporation length, allowing complete
evaporation within reactor lengths not exceeding 1 m. The resulting model serves as a physically
sound and computationally efficient means of forecasting and refining droplet-evaporation dynamics
in air-plasma reactors designed for processing wastes from spent nuclear fuel reprocessing and
other liquid radioactive waste streams.

CdopmynrpoBaHa MaTeMaTHYecKasi MOfesb [J1s ONHMCAHUs II1a3MeHHOH 06paGoTKH OTXOIOB Ie-
pepa6otku oTpabdorasiiero simepHoro tomuBa (OST), koTopsle MOKAOTCS B MOTOK BO3LYIIHOH MJIas-
MBI B BHJE IHCIEPCHBIX BOAHO-cosleopranudeckux komnosuuuii (BCOK), comepxaliux 3TaHOJ WK
alleTOH B KauecTBe OPraHHYeCKHX N00aBOK. Mozesb ONMMCHIBAeT COBMECTHYIO KHHETHKY Harpesa
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W HCMapeHHsl KaleJsb, MexX(asHblH 0OMeH HMMIYJbCOM, a TaKXKe TeljJo- U MaccooOMeH B paMKax
OZIHOMepHOT0 AByX(asHoro nortoka. Mopesnb npeacraBieHa B Ge3pa3MepHOM BHAE, UTO MO3BOJSET
NPOBOAMTH NapaMeTpUUYeCKHH aHanu3 U MaciuTabupoBaHre. C MOMOLIBIO TEPMOXHMHUUECKHX PacyeToB
OblIM onpeneseHbl onTHMabHEle cocTaBbl BCOK, obecneunBaroiine teMneparypy agnabaTHuecKoro
ropenust okoso 1500 K, uto rapantupyer sHepreTHueckd 3()(eKTHBHYI PaboTy IMJa3Mbl U MOJHOE
OKHCJ/IeHHe opraHu4eckod ¢pakuuH. BinsHHe 0CHOBHBIX pabGo4HX NMapaMeTpOB — HauajbHOH TeMIle-
paTypbl U CKOPOCTH I1J1a3Mbl, pa3Mepa ¥ CKOPOCTH MOJa4M KaleJb, a TakKe MacCOBOI'O COOTHOLIEHHS
KUIKOCTH M rasa — Ha MPOCTPAHCTBEHHBIH MacluTa® HClapeHHsl Kalesb HCC/eJ0BaHO YHCJIEHHO
C HCIO0JIb30BaHHEM CXeMbl HHTerpupoBaHusi PyHre—KyTTa ueTBepToro mopsiika ¢ KOHTPOJMPYeMOH
TOYHOCTbIO. Pe3ysbTaThl N0Ka3bIBAOT, 4ToO NpH TeMmeparype Bolie 1500 K obuiast ckopocTs ncnoss-
30BaHUS IJIA3MBl OINpeJeJIseTcsl UCIapeHueM pacTBOPUTeJst (BOIBI), B TO BpeMs Kak jajbHefillee
TOBbILIEHHe TeMIepaTypbl IOCTyNaoLlel Ma3Mbl OKa3blBaeT JIULIb He3HAUUTeIbHOe BJAMSHHE Ha [JH-
HY 30HBI MIOJIHOT'O HcnapeHusi. B To ke BpeMs pasMep Kamnesb ¥ HAPOJMHAMHKA NTOTOKA OKa3blBaIOT
IOMUHHpYIOLIee BJIMSHHE: yMeHblIeHHe HaualpHOro nvaMerpa kamesab co 100 mo 40 MKM u CHH-
JeHHe CKOpOCTH MoToka rasa ¢ 90 no 10 M-c™' NpUBOAAT K MHOTOKPAaTHOMY COKpAIIEHHIO JJIHHbI
HCHapeHHs, YTO M03BOJgeT MOJHOCTbIO HCIApUTb Kallld B peakTope AJHHOH He Gosee 1 M. [Tosy-
YyeHHasi Mofieslb siBseTcss (PHM3UUeCKH 000CHOBAHHBIM U 9(D(eKTHBHBIM C TOUKH 3DEHHS BbIUMCJ/IEHHH
Crnoco60oM NPOTHO3MPOBAHHUSA W yTOUHEHHS] NMHAMHMKH HCIapeHHUsl Kalesb B BO3LYLIHO-MJa3MeHHbIX
peakTopax, MpelHa3HAuUeHHBIX A/ nepepaboTku oTxonoB OAT M APYruxX KHUAKHUX PaAHOAKTHBHEIX
OTXOJI0B.
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