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Ilposedeno imimayitine mMooento8anHHa KiHemuku mevnepamypu M AcHux
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NMUTAIIMOHHOE MOJEJIMPOBAHUE .
TEMIIEPATYPHOU KHUHETUKHN UH®PAKPACHOU
KAPKH MACHBIX NOJY®ABPUKATOB

B.A. IToranos, C.H. Kocrenko

IIposedeno umumayuonHoe MoOOeEUposanue KuHeMuKL meunepamypbol
MACHBIX nonyguabpuxamoe npu un@gparpacnon owcapke. Coszdannas Mooerlb
nossonsiem onpedeiams CpeoHIo memnepamypy GHYMpPeHHUX Cloé NPoOYKmd 6
COOMBemMCMe U ¢ UM EHEHUAMU MUNA MACHO20 CbIPBL U MOWHOCMU U YYAM sl
annapama.

Knioueevle cnoea: umumayuonHas Mmooelb, UHGpAKpacHas oHapKa,
KUHemuKa mewnepamypul, MacHoUl nonygabpuxam.

SIMULATION MODELING
OF TEMPERATURE KINETICS OF INFRARED
FRYING OF MEAT SEMI-FINISHED PRODUCTS

V. Potapov, S. Kostenko

Infrared frying of meat semi-finished products is a complex mass-exchange
process, qualitative research and optimization of that are possible only through
system-dynamic modeling, which is based on analytical connections of the system
and physical experiment. The aim of the study was to areate a simulation model for
the temperature of meat semi-finished products during the infrared frying using the
Vensim sofiware package and determining the influence of the type of meat raw
material and the power of the emitter of the apparatus on the temperature of inner
layers of the product. In previous studies, the authors obtained an equation
describing kinetics of temperature of the inner layers of the product, what became
analytical basis of the simulation model. The heat receiver is a meat semifinished
product, normal cut of which is a semi-ellipse. 1o verify the results, real frying was
carried out in the apparatus ARJM-0.07-1 that became physical basis of the
simulation model. Using the software complex Vensim, a computer experiment was
conducted: the temperature of inner layers of meat semi-finished from pork and beef
was determined for their identical form and identical power of the emitter, as well
as the temperature of inner layers of beef semifinished products at different emitter
power. Comparison of the obtained results of the simulation model of temperature
kinetics and real frying proves the adequacy of the areated model. Use of the
simulation model allows optimize the process of foods products based on the
selected reactions through a computer experiment with change and combination of
criteria values, providing a quality product.

Keywords: simulation modeling, infrared fiying, temperature kinetics, meat
semi-finished product.
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IlocranoBka mpoOiaemu Yy 3aragdbHoMy BHnIAdi. Kapenus
M’ SICHHX HamiB(paOpHKaTiB € CKJIIAMHUM MacoOOMIHHHM TIPOIECOM, SKiCHE
JOCITI/DKEHHSI Ta ONTHUMI3allis SIKOTO MOXKIIMBI JIUINE IIISXOM CHCTEMHO-
TUHAMIYHOTO MOJIEIIIOBAHHSA, K€ IPYHTYEThCI HA AHATTHYHHUX 3B’ SA3Kax
CHCTeMH Ta (Pi3MIHOMY eKCHepHUMeHTi. IMiTariifHe MOJETIOBaHHS TOYHO Ta
BceOiYHO BimoOpakye AHWHAMIKY (QYHKIIOHYBaHHS CHCTEMH, TOMAI 5K
3BHUaliHEe (i3UUHE YN aHATi THYHE MO/ CIIOBAHHSI OOMEXKYETHCS CIIO CTEp e-
JKEHHSIM Ta (Op MTbHUMH CTaTHCTUYHU MU 3B’ I3KaMU MiXK 11 eJIeMEHT aM U.

AHani3 ocra”Hix [gocaifzkeHb 1 myOaikamii. 3abesned eHHs
eHepreTnyHoi eQeKTHBHOCTI 1H(pPa4YepBOHOrO OONaTHAHHA XapYOBUX
BHUPOOHUIITB YCKJIQAHEHO THUM, IO iCHYIOYl MOJENi JKapeHHS Iiep eBAKHO
Opi€EHTOBaHI Ha Np MKJIaHI iHKEeHepHI po3paxyHkH [1-3].

Mera craTTi — CTBOpEHHs iMiTalliifHOT MOmeni KiHETHKH TeMIIe-
parypu M’sicHUX HamiB(aOpukariB mig dYac iH(padepBOHOTO Kap eHHSA
LUISIXOM BUKOPHUCTAHHS MPOIPaMHOTO KOMIUIEKCY Vensim Ta BU3HAY CHHS
BIUIMBY THITy M’ SICHOI CHPOBHHH Ta TOTY)KHOCTI BHIIPOMiHIOBada arapaTa
Ha cep eAHI0 TeMIIepaTypy BHYTPIIIHIX MIapiB MPOAYKTY.

Bukiaax ocHoBHOro martepiany pocaigxkeHHs. PiBHIHHA, 110
OIMMCY€ KiHETHKY TeMIIepaTyp ¥ BHYTPIIIHIX IIapiB MPOAYKTY [4], BUIIsAIae
TaKUM YH HOM:

TznPE+TA+ TO—UPE— ", |rexp | - 2K 2 BIF 7| M
as a S cpR R,Big+1

VY piBusinsi (1):
a=20 BT/(MZ' C) —xoedirienT TewIoBiaaadi,
1n="0,2 — xoedilieHT OTIMHAHHS MOTYKHO CTi,
T, = 5°C —no4atkoBa TeMIepaTypa BHYTpPIillIHIX IIapiB TPOIYKTY,
T,= 20°C — TemnepaTypa MOBIiTps BCepeIHHI anap ara,
Pr— noTyXHICTh 1HpPaYEPBOHOTO BUIIPOMIHIOBaYa,
€ — TIUTOMa TEIUIO MiCTKICTh MPOIYKTY,
£ —TYCTHHA NIPOAYKTY,
A— Koe(ilieHT TeIUIo IPOBIJHOCTI MPOIYKTY,
S — mIonIyHa 30BHINIHBO! MOBEPXHI MPOIYKTY,
Ry — BigHOmEHHS 00’ €My TIPOAYKTY 10 IDIOMIMHH HOTO MOBEPXHI,
Bir= o R, /(2KrA) — monudikosane uncno bio,
K —xoedimieHt Gpopmu MpoayK Ty,
T — 4ac.
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KoedimierT popmu K BpaxoBye reomMerpito NpoaykTy [5]:

R R 2
K, =1+—+—, @
R, R,

e R, — namiBTOBIIMHA IPOAYKTY; R, Ta R, — MOJIOBUHHI PO3MIpHU MPOTYKTY
3a JIBOMa KOOpAMHAaTaMHu (R,, R, R, B3a€MHO TIepIEHIUKYIISAPHI).

[puiivagem Temma € M scHu HamiB(aOpukar, HOpMaTbHHUM
riepepi3oM Koro € HamiBerinc i3 HamiBocsMu 0,05 m Ta 0,0225 M. JloBxiHa
HariB(abpukaTa cranoBuTh 0,2 M [4].

I3 BUKOpPHCTaHHAM TPOTPaMHOTO KOMIDIEKCY Vensim CTBOPEHO
IMITaIiifHy MOJENh KiHETUKHW TEeMIIep aTypy M SICHMX HariB(aOpukaTiB i
yac iH¢padepBoHoro xapenus (puc. 1). Jlua Bepudikamii pe3yabTaTiB
peanbHe JKap eHHs 31ilicHoBatocs B anapati APXKM-0.07-1 [6].

'--"fwa.a:e e i

armepensa TomuEE ——— ToREIHA
= y npoaETy

npompTy npomyRTy " ___ npox

FLOCTHE BepRELl A v

; obem 4
[ E— : mpomyTy anco Bio
- i~ | - - r .
- —— | -~ =
7 s R —————
! !
| -
| e J =
reunepaTip I| TIOTYRHICTE J wosfiicrr normamn e
oBitpd & anapar BAMPONIEHRBETA / meTyRMoCT T
% f o i 4
2 PATIP woeghlylenm monloposaduocmi
sy TP mapis npanyk

AANF saa
cepenmn temneparips A
BHYTPHIAI WAPIs POIVETY Bl

Puc. 1. ImiTauilina Moae1b KiHeTHKH TeM epaTypu

Hexaii mnutoMa TemIoeMmHicTh sanoBmuMHM ¢ = 3500 JIx/(kr °C),
ceunnan 3000 JIx/(xr °C); ryctuna smoBuuuHu p = 1100 KI/M , CBUHUHH
1100 KF/M3; KOe(IIEHT TEIo MPOoBiAHOCTI smoBuuman A = 0,5 BT/(M2 °C),

2 o, . .
ceuanan 0,4 Br/(m” "C). [loTyxHicTh BuIpoMiHIOBaua Py CTaHOBHUTb
1000 Brt. 3a TemmepaTtypu rotoBHocTi 75 °C cBMHMHA roToBa uepes 521 ¢
(8,7 xB), smoBmumHa TOTOBa 4epes 635 ¢ (10,6 xB) (puc. 2, 3), mo
BIJINIOB1/1a€ peaibHOMY KapeHHIO.
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—o &8 ol x
Cepe/lHA TEMMNEepaTypa BHYTPIIIHIX IMapiB MPOLYKTY

200

0 90 180 270 360 450 540 630 720 810 9S00
Time (Second)
capamen TemepaTypa Ty TRiumIR 1Tapls DPOTYETY © CHOGEE
‘CRDAITAN THMTRpATYEL Dmspiz mpomyETy -

Puc. 2. 3pocTaHHs cepeIHBOI TeM epaTypu BHYTPilIHIX IIApiB:
a — CBUHHHA; 0 — S1J10BHYHHA

=Sl
Time (Secom  "cepenH  CepelHA TEMNEPATYPA BHYTPUNHE Mapis npoaykTy = |
517 Tewneparypa 74 5896 629333
3le BHYIpmHER  74.7133 63.0378
319 mapie T483T 631424
520 nponykry” 749606 63 2465
1521 Pums: 750842 633514
522 cemEMEL 752077 63 4538
523 anoenamka 733313 63,5603
524 754547 63 6647
535 755782 63.769
336 a T5.T013 63.87TH 6
27 758249 639777
28 759482 64.082
529 60714 64,1863
530 76,1947 64,2906
531 763179 64,3948
532 76.441 64 400
533 76,5641 46031
534 T668T2 647072
Tine (Secons  "CtpeaHs  Cepelss TeMIICPATYPA BHYTRIUHIG mapis nponvery =
625 B1.TII2 0652
616 B.8417
627
628
628
630
631
632
633
634
635
636
637 a 6 |
638
639
640
641 89,6203
642 897481

Puc.3.T'0TOBHiCTH M SICHOTO NPOAYKTY: @ — CBUHUHA; 6 — 511 0BUYHHA
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[otyxHicte BunpoMiHtoBada Py craHosuts 1000 Bt ta 750 BTt. 3a
TemrnepaTypu rotosaocti 75 °C snoBuumHa rotoBa uepes 635 ¢ (10,6 xB) 3a
nmotyxsocTi 1000 BT, simoBwumma rotoBa uepe3 861 c¢ (14,4 xB) 3a
notyxHocTi 750 BT (puc. 4, 5), uio BiAnoBijgae peajbHOMY KapeH HiO.

=@~ B Graph for cepeass TeMnEpaTyRa BHYTRIWHIX Wapis npoaykTy. x|
CEpEMHA TEMIEPATYpa BHYTPIMIHIX IapiB MPOIAYKTY
200
150
o 100 N 1L
=
5 i) -_‘__d_:-—“"dff—
50 It e e
I P e g 6
o =l
0 "
0 9 180 270 360 450 540 630 720 BI10 900
Time (Second)
CApATI TMMEDATYT BHYTRIINIY. (aPIE RPQOVETY | MOTYaCETE 750
cepam 7y LISpiE TpOmyET ¢ !

Puc. 4. 3pocTaHHs cepeHbOI TeM IepaTypu BHYTPIilUHIX mIapiB:

=d' &8 Table Time Down alx|
Time (Secom  "cepeNHA  CepelHA TEMMEPATVpa BHYIPIIHIX AP MPOOyETY
627 Temmeparypa 57.5261

618 sHyTpmHx 576032

619 mapie

630 npoayETy"

631 Bumns:

632 noTykHicTs 57,

633 750

634 MOTYHRHICTS

635 1000

636

637

638 a 6

639 584491

640 585259

641 58.6026

a—1000Bt; 6—- 750 Br
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= ' @ Table Time Down ox
Tme (Secont  "cepenHs  cepenHs TeMrepaTypa BHYTPIIHIY MAapie MpooveTy

853 Temneparypa 74.4269 9
854 BHYTpIHE 144995

855 mape 145721

856 npomvery’  74.6446

857 Runs: 747171

858 noTyaHicTs 74.7896

859 74.8621

860 b 14.9345

861 1000 75.0069

862 75.0793

863 151517

364 a 75,241 g
865 75.2965

866 75.3688

867 754411
868 75,5134

Puc.5.T'otoBHicrb M’sicHoro npoaykry: a — 1000 Br; 6— 750 Bt

TakuM YHHOM, TMOPIBHAHHA OTPUMAaHUX pPE3yIbTATIB iMiTaIliHHOL
MOl KIHETHKH TEMIIepaTypHd Ta pEaTbHOTO JKapeHHS JIOBOIUTH
aJIeKBATHICTh CTBOPEHOI MOJIETI.

BucnoBkn. BukopucranHs — imiTamiiiHoi  Monenmi  JI03BOJISE
ONTUMI3yBaTH NPOLEC BUPOOHMITBA Xap4yoBOi MPOAYKLii 3a 0OpaHuMu
peakuisiMM IIJISIXOM KOMIT IOTEpHOTO  EKCIIEPUMEHTY 31 3MiHOI Ta
KOMOIHYBaHHSIM 3HaueHb KpHUTeEpiiB, 3a0e3Mmeuyloud SIKiICHUH MpPOIYKT.
[peaMeroM momaibIIUX MOCTIDKEHb CTaHE BPaXyBaHHS TEIUIOBHX BTpaT i
Macu MNPOAYKTY, a TAKOXX BIUIMB KONMIIEKCY EK30TCHHHMX 3MIHHUX Ha
TOTOBHICTh MPOAYKTY.
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