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INTRODUCTT ON

Ow 4 .
leng to the ability of microwaves to penetrate into foods and directly heat the interior,
JLCroway heating offers prospects for rapid and mild heating of foods. Today microwave heat-

in & : . 2 y : - - a L. . 3
€ has institutional and domestic applications for reheating and cooking of foods in micro-

i:\e ovens, A great number of applications of microwave heating in the food industry have been
tiVestigaled in the laboratory and pilot plant scale. An account of these different applica-
°ns have been made by Bengtsson and Ohlsson (1074). They present more in detail some of the

QDDlications of greatest industrial use, among others the cooking of meat products.
f?liﬂdusrr?§£ piqnt‘fgr frying and cooking of ground meat products has hgnn Pr§>un1€d by
Step%?”vKTQ’»)' In FhlS me thod (the So\c%llgd Tnpro—m¢lhod) Ihu.prchss is 41V1dod 1nlohtwo
Quok§’ ?? prefprownlng and formatlon‘of I#ylng crust in a two-sided belt grill and ?J finish
ry‘lng in a microwave tunnel oven. Experiments have shown that the time for formation of a

? st is independent of product thickness, while the time for raising the core tempera-

Wl;:-: using (':unlac_L fr"ying is hjtghl_\' dependent oit ‘Fh? th'L(‘l.(I]("HS. In Flm [1{}‘][‘()—[[1(&[[1()(1‘[he m?cro-
esjd?uwnr input is 1nsfea§ adjusted so that sujll?]enl 41rec1 heating of the core is achieved.
ecohoﬁs the advantages 1& 1n§reased ratv‘and‘caparlty, Nl?SSUH states lhgt better process

fat fmi-a“d product qgalltylls reached, The 1mpqueT?an‘19 product quality compared 19 deep
foundrblng have been investigated by Asp et al., (1975). Using the same ground meat recipe they

& that the Inpro-processed meat patties had a slightly lower fat content and a higher
Fa%fee of unsaturated fatty acids than the deep fat fried patties. Also the protein efficiency
10 (PER) values were better for the Inpro-proces

ssed meat patties.

o
hzzzaifﬁw?N between experimental and calculated temperaluro prur?loh iot_mirruwavo heating
estitdr¥lel been reported by Ohlsson and Bengtsson (1971) and'hlpk‘glg,))._Jg these two in-
Gﬁod €ations the same calculation methods were used (the numerical finite difference méFhod).
_@8reement was reached between experimental and computer simulated temperature profiles
Omlbl“anP heating at 2 450 MHz of slabs of salted ham, beef and a phantom food material.
hlsﬁun
?23 Calculated temperatures in experiments using agar gels., In addition Kirk (1975 studied

o influence of a number of different parameters on the developed temperature profiles, Cal-
Jla[iwus

and Bengtsson, 1971). Also Kirk (1975) reached good agreement between experimental

and studies of the temperature development in biological tissues on diathermy treat-

Mey. gice
't have also been presented (Cook, 1952 and Chan et aly 1973 )%
Iy :
L : . ' , . . . ; : b
i this paper computer simulations are presented on the time-temperature distribution in in
Bty - e L i . : s o o OE g f alenes s
M‘Lrldl frying and cooking of ground meat patties and the influence of varying thickness,
i ; . = ™ . ~ 3 -1 o .
e“er density and of one- or two-sided microwave heating.The same time for pre-browning has
bein used throughout irrespective of the thickness of the products. Comparison is also made
Ween calculations and experimental results from an industrial plant.
Mp-
® FH ODs
ehumerical calculation method was chosen, based on finite difference approximations of the
I 3 & " . .
angperﬁ'“rb derivates., This choice also enabled the use of temperature dependent dielectric
Pre thermal data, The theoretical background and the employed equations have earliexr been
difsenled by Ohlsson and Bengtsson (1971). In the calculation program the temperatures at
8. °rent depth are calculated at each time step in the central portion of a slab. In the

imyyg s ” ; = st A
umuld'luns the conveyor speed through a microwgve oven of given dimensions was adjusted so

he d? Urmdor»rmjned final temporaturf in the core of the maéf ?agiifs wi; ;G%Ehiigoisrt:if
Mﬂeéxfrwronl thicknesses the processing was starte@ by the gél«u‘dt%unﬂ]."I(;“-{Aanel i
Plag, Contact frying of the patties., Prior to the microwave U\fn dn\(gu? 1:Te;i Foet wig
Wayo d. The microwave heating tunnel had an active heatlgg longlh‘il /fo\m:. ... , ier
- Power was in the simulation applied both from two sides and from one side only.
I
]Enihe calculations thermal and dielectric data for a commp?riulﬁﬁrqqﬁﬁ Twui mif;ggi fézg:SiSé
}H'L?'\7 specific heat and thermal cunductivity‘werv dotwrm1n0@ d““’t{H{\Tf1M()J¥‘}aii:;:”
W”L“““I“khw and Sorenfors (1976). The diQLGCIFIC-pIUpCFlLCH of Fhw “]]w{n3‘1 T&%‘ LL qj ha e
1x[|_(1’ termined using measurements according In.]{].*imall and Bengtsson | ‘ vdH‘A Be “ff 5\,_5“1) nd
Me g et (1971). The ventilation air temperature in the tunnels varied according to exp&xlmtgta%
Uu?nr”m‘uvw. 'he heat transfer coefficient Waf chosen to h§vu a U”“i(H”i,\d%”P ”f TO‘Hicm‘, C
-igﬁﬁ””“” the tunnels, owing to the difficulties to determine true values, i.e. for evapora-
2t high surface temperatures.
l{[.\( s
SPS
»Ih 5‘1{; 1 ! i 60 i or Y : ies of 3 different thicknesses (12 20
g A2 the temperature distribution for meat pf!ll - : ; v » ‘ y
30 mm is shown, 1) direetly after frying for 70 seconds, 2) before and 3) after the
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microwave finish cooking. The temperature differences between surface and center o - T U0 I 5
strated in fig. 2 for different microwave power densities (energy levels)and thicknesses
investigated in the simulations,

DISCUSSION

The computer calculated temperature distribution is made for an infinite slab. The results
are thus mainly valid for the central part of a sample with significantly smaller thicknesS$
than other dimensions. In practise, edges and corners are heated more rapidly, both from &
heat transfer point of view and because of reflections and cancentrations of the microwave
energy. It can thus be anticipated that the problems with too high temperatures in edges,
corners and surfaces may be larger in practise than indicated by the simulations. However,
the overall validity of the calculation program has earlier been demonstrated by the author
in studies where good agreement was reached between experimental and calculated temperature®
profiles on microwave heating of meat, ham and phantom food material. (Ohlsson and Bengtssom!
1971, and Ohlsson, 1976).

In the comparison between calculated and the experimental results for Inpro-processed meat
patties of 12 mm thickness, good agreement was reached for central and average temperatures:
However, the experimental microwave power input was higher than the calculated, probably b&
cause of losses due to evaporation of drip resulting from protein coagulation and shrinkag®
in the temperature range of 60 to 70°Cc (Dagerskog and Bengtsson, 1976).

The simulations of microwave finish cooking of pre-fried meat patties of different thicknes?®
show that quite thick products can be microwave heated with small to moderate temperature€
differences between surface and center, if a sufficiently low power density is used. (See
fig. 2). However, the heating times will then be long, making coordination between the con-
veyor speeds of the belt grill and of the microwave tunnel difficult. Higher power density
means faster cooking, but also larger tendensies for surface overheating. The choice of
power density for different sizes and thicknesses must therefore be governed by the temp€-
rature differences that can be accepted in practise.

The simulations clearly show that two-sided heating is to be preferred over one-sided |
heating, even for low power densities and thin samples. This can be explained by the fact

that the dielectric penetration depth in the pre-fried meat patties is only about 7 mms
at 60°C according to the measured dielectric values.

The comparison between the heating times for the combined method using belt grills and m _
wave heating and the time for finish cooking using a belt grill only, show that the differe?
ces in processing times are small. The advantages using the combined method are found in the
much more even temperature profile reached during and after the processing, giving lower
cessing losses and a superior final product quality for the Inpro-processed meat patties
(Nilsson, 1975). The calculations also show that for thicknesses of 10 mms and lower the
microwave heating tunnel does not give any noteworthy advantage over the belt grill alone
except to increase the speed of temperature equilibration, and thus reduce the conveyor
length of the processing line, However, if a subzero initial product temperature is used,
for which there is a trend in meat processing today, microwave finish cooking might be tT
benificial even for thinner meat patties.

joTls

224

uly

In conclusion the presented results demonstrate that simulations of the time-temperature

distribution in microwave heated foods can be useful tools in studies of the influence ©

the different process parameters, extending experimental results, although the calculated
temperatures only refer to the central part of the samples.
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