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ABSTRACT

Studyingtheeffectofmicrowavefieldsontheintensificationofheatandmoistureexchangeprocesses
inagranularlayerisarathercomplicatedtask,whichcannotbeeffectivelysolvedwithoutanadequate
researchmethodology.Inpresentedmaterials,asystemofprinciplesandapproachesforstudying
processesofmicrowave-convectivegraintreatmenthasbeendiscussed.Basedontheexplicitlydefined
processtarget,functional-physicalanalysishasbeenperformedthatmadeitpossibletospecifythe
mostessentialfactorsofprocess.Morphologicalanalysisofprocessesshallbeperformedinseveral
stages.Ateachstage,targetsofprocesshavetobesetbyexcludingcombinationsoffactorsthathave
noreasontobeconsideredatthisparticularstageofprocessdevelopment.Applicationofmathematical
simulationmethodsisadvisableforselectionofoptimaloptions.
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INTROdUCTION

Intechnologicalprocessesofgrainpost-harvesthandling,thoseinvolvingthermaltreatmentbelong
toleaders,intermsofenergyconsumption.However,itisimpossibletoavoidtheseprocessessince
theyarecommonlyappliedingraindryingandsanitationtechniques.Thatiswhyreductionofenergy
intensityoftheseprocessesisaproblemofprimeimportance.

Applicationofmicrowaveelectromagneticfieldsisregardedasoneoftheeffectivemethods
forenergyconsumptionreductioningraindryingandsanitationtechnologies,inwhichcasegrain
dielectricpropertiesareemployedforitsheating.Itmakesitpossibletoavoidenergylossassociated
withheatconsumedbyheat-carrierandremovedfromatechnologicalcycle.Incaseofgrainconvective
drying,gradientsoftemperatureandmoisturecontentareoppositelydirectional,withingrainseeds,
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whichadverselyaffectsprocesseffectiveness.Whenmicrowaveheatingisusedinternallayersof
seedsareheatedtohighertemperaturesowingtotheirhighermoisturecontent.Therefore,gradients
ofmoisturecontentandtemperatureareunidirectional.Thatiswhyenergyconsumptionforgrain
dryingislowercomparedtoconventionalconvectivedryingtechniques(Ospanov,Vasilyevetal.,
2017;Budnikov&Vasiliev,2018).

Studiesinthefieldofmicrowavetechnologiesapplicationingrainpostharvesthandling,particularly
forgraindrying,havebeencarriedoutformanyyears(Horynski,1999;Kupfer,1999;Barbosa-Canovas,
Vega-Mercado,&Gongora-Nieto,2001;Jumah&Raghavan,2001).Nevertheless,implementationof
thesetechnologiesinagriculturalproductionhasnotyetgaineddesirablescales.Itcanbeexplainedby
theneedtoemploymorecomplicatedequipmentcomparedtoconventionalconvectivedryingmethods.
But,inagreaterdegree,itisassociatedwiththeabsenceofrequirednomenclatureofreliableequipment
andmachinery.However,suchmachinerycannotbedesignedwithoutdetailedandcomprehensivestudy
ofconvectiveheat-and-moistureexchangeprocessesingrainlayerundertheeffectofmicrowavefields.
Forthispurpose,anadequateresearchmethodologyhastobedeveloped.

RESEARCH METHOd

Methodology,initspracticalsense,isasystemofprinciplesandapproachesforresearchactivities
thathavetobeadheredbyresearchersinthecourseofobtaininganddevelopmentofknowledge,in
theframesofaspecifiedproblem(Novikov&Novikov,2013;Lukashevich,2001,Ruzavin,1975).
Thefollowingsystemofprinciplesandoperationsequencewasappliedinthecourseofstudyingthe
processofmicrowave-convectivetreatmentofgrain:

1. Developmentofprocessblockdiagram;
2. Developmentofthetargetstatementfortechnologicalprocess;
3. Definingcontrolledparameters,controlactions,initialconditionsandstatusoptionsfortheobject

undercontrol;
4. Application of functional-physical analysis to controlled parameters, control actions, initial

conditionsandstatusoptionsofthecontrolledobject;
5. Morphologicalanalysisoftheprocessunderdevelopmentandselectionofappropriatevariantsof

initialconditions,controlledparametersandcontrolactions.Adjustingthepurposeoftheprocess;
6. Developmentofmathematicalmodelfortheprocessunderstudy:

a. Descriptionofdynamicpropertiesofthesubjectofresearch;
b. Specifyinginitialandboundaryconditions;

7. Methodselectionformathematicalmodelsolution.Solvingtheproblem;
8. Softwareselectionfordynamicprogrammingoftheprocessunderdevelopment;
9. Implementationofmathematicalmodelwiththeuseofcomputer.Programcheckout.Model-

basedanalysisoftheprocessunderstudy;
10.Optimization procedure. Application of computer simulation technique for optimization of

parametersoftheprocessunderstudyorforthatofdesignparametersofequipmentusedto
implementthisprocess;

11.Planningofexperimentalstudiesdesignedtocheckvalidityofmodel-basedanalysisresults;
12.Developmentofexperimentalequipmentandcarryingoutexperimentalstudies;
13.Experimentalresultsanalysis;
14.Adjustmentofthemathematicalmodeloftheprocess.

Inaccordancewiththedescribedsequence,it isadvisable,atthefirststage,todesignblock
diagram for technological process under study. For the process of microwave-convective grain
treatment,thisdiagramhasthefollowinglayout(seeFigure1).
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