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MODELLING OF A HEAT OUTPUT OF HEAT TREATMENT EQUIPM  ENT
IN INDUSTRIAL PREMISES OF RESTAURANT COMPLEXES

Statement of the problem The evaluation of a temperature mode in restauwramplexes is a
very important issue. Increasing temperature intbe shop due to heat coming from thermal
processing equipment leads to lower productivityd aompromises the safety in the workplace.
The evaluation cannot be carried out with the aateucalculation of the average temperature of
the inside of a premise of a restaurant complersélcalculations are elaborate since the average
temperature depends on a range of factors as wdibat emissions of the current technological
equipment. The aim of this work is to develop a glaif thermal processing equipment in restau-

rant complexes.

Results and conclusionsThe results of the modeling of heat emission enhhbt shop of a restau-
rant complex in humid and heat treatment of praglace presented. A thermal and physical model
of the equipment of humid and heat treatment oflpco was developed, which will determine the
total amount of thermal energy supplied duringehgre cycle of its operation in the work area of

industrial premises restaurant complexes.

Keywords: restaurant complexes, thermal processing equiprheat transfer, thermal and physical model.
Introduction

The evaluation of a heat mode of restaurants isrg pressing and complicated issue
[3, 6, 7, 11, 13]. It cannot be carried out withthe accurate evaluation of the average tem-
perature of the inside surfaces of restaurants.cBlmilations associated with the process are

complex and dependent on the number of factorselisas a heat output of the current cook-
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ing technology equipment. Heat emissions (heattgyieat outputs) in restaurant premises
are made up of heat fluxes, Watt (Fig. 1):

from peopleQ,.o;

— solar radiation (in the warm or intermediate seay@q,.. pao;
— artificial light Qys;

- cooking heating system (in the cold seas@y) s

- thermal technology equipment in the premiQgs:. osop-

Light heat output ~ People heat output

Heat losses
through the external enclosures;T” -
ot L - Heat losses
Heat losses__. | N F:Fhﬂucugh the external enclosures
through the glass{-; “™—-Heat losses
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Heating i

system oufput~J|- ¢ o through the glass
o i 5 .
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= L system output
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of technilogical equipment

Fig. 1. Heat flows and heat losses in restaurant premises

Generally, the total heat output is thus describethe equation

ZQFIZ/YOIPHT. = 1100 + ch + Qm.npuﬁ + %060;7 + (Qzl.pad . (1)

Heat losses in restaurant premises are made upedidat losses through the external

enclosures and glass (windows). The total heaesosan generally be described by the equa-
tion

ZQTEIZ/YOHOTEPI/I = Qt.o + Qcm ) (2)

whereQ,., andQ,.,, are the heat losses through the external encloamekglass respective-
ly, Watt.
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1. Developing a thermal physical model of thermalechnology equipment in food

processing

It is of particular scientific interest to identifhe heat output of technological equip-
mentQ,.x. osop [2, 8, 9] The previously suggested methods for calculatirghiiat output of
technology equipment are based on large indicatodsare largely too general and inaccu-
rate. In order for the calculations to be more eat®y) a thermal physical model of thermal
technology equipment in restaurant premises neetle tleveloped for each cycle of the op-
eration of the equipment to identify the total heatissions from thermal technology equip-
ment over the entire cooking cycle. The main puepos$ this research is to study non-
stationary processes of moist heat processingra.tlrhe mathematical description of a spa-
tial temperature field of thermal technology equgmwill be as followst =t (X, y, z,1)
wherex is a coordinate that changes inside the premisey, imma coordinate that changes
along the premises itself, rajs a coordinate that changes vertically throughbetpremises,

m; t is time,c.

For a general mathematical description of a nonestary temperature field of thermal

technology equipment Fourier differential equatamplies:

a( oty af. o) af. ot ot
O\ ) 91\ 01, 9y %) aixy zT)- oL =0, 3
ax[Xaxj ay[ yayj ai 20; a(x v 21)= oo ®)

whereq (X, y, z;1) is a function of the heat source distributioridesthe premises and change
of their productivity in timeg is a specific heat capacity, Watt/(%g); p is the density,
kg/m®; & is a coefficient of heat conductivity, Watt/§).

In this case in order to determine a spatial teatpee field generated by the surfaces of
the thermal technology equipment of the restaurtistnecessary to solve the reverse prob-
lem [1, 4, 5]. There are the third order boundamyditions when there is a heat exchange be-

tween the cooking surfaces of the equipment aneénk@onment:

Ot (X, Yy 7
L ax:: ZnT)*“[t(men,%'T)‘%]:O’ )

wheren is a normal to the surface of thermal technolagyigment installed in the industrial

facility of the restaurant.
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In this chapter the function[t (x, y, z,7)] applies to the initial function. Moist heat
processing of foods produces heat on the surfadbesimal technology equipment on one
hand and there is a heat exchange between thenegpii@and environment of the restaurant
premises on the other. The major types of heatangd are heat conductivity, convection
and solar radiation. We thus have the equatioreaf balance of heat input into the premises

from the thermal technology equipmepy;:
Q06:Qm+Q7+Q<' (5)

whereQ,,, Q,, Q. is the heat power that comes into the environmasttd heat conductivity,

solar radiation and convection, Watt, respectively.

Developing a complex thermal physical model of dguipment, we designed and
solved thermal and physical equations considehiegcicles involved in the operation of the

equipment. The following allowances were made:

— heating temperature is distributed evenly throughba surface of the operating

parts;

— for each stage of the cycle the thermal and phlygiaeameters of technological

equipment are assumed to be stable;
— heat impact of the nearby equipment is not consdier
— cooking parts of the equipment are parallelepijes] |

— the heat exchange surface at less than 25 degrebe vertical is assumed to be

vertical;

- the heat exchange surface at 25 to 40 degreesusnad to be vertical; with the

correction factor in determining the heat excharwgfficient;
— transitional process taking place between the syate not considered.

The solution of the problem involved the developtnainsuch a thermal and physical
model of the equipment which would enable the datmn of the coefficients of convective

and radiative heat exchange.
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2. Design thermal and physical model (using the ergle of an electric pan)

For further research an electric pan (equipmentudher references) will be used as
one of the most common thermal technology equipni@ninoist and heat processing of

foods (or production for further references) inaesant premises [10, 12, 16]. T

he equipment is designed to consist of two pahmts:cboktop (which serves as a shield)
and the lower part (pans proper). The cycle ofsioeat processing of the production is pre-
sented as consisting of several; stages charaey different temperatures and position of
individual construction parts of the equipment feegcle is in seconds) (Table 1).

Table 1

Cycle of the operation of thermal technology equepin

Time after the start

Cycle of moist heat processing of the production of the cycle, sec

120| 600| 1200| 120 | 900

The equipment is open, the production is placetherower
part of the cooking surface

The equipment is shut, the production is steantdcea

The equipment is shut, the production is cooking

The equipment is open, the production is taken off

The equipment is open

Since different types of heat exchange are indegr@nd would be advisable to consid-

er them in isolation.

The first stagel et us discuss convective heat exchange. Foiitestage of moist heat

processing of the production (Fig. 2) the followiygical surfaces are identified:

— cooking surface 1 of the cooktop, vertical;
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— cooking surface 2 of the lower part (horizontal)andhthe production is placed;
— side surfaces 3 of the cooktop, vertical or horiabn

— side surfaces 4 of the lower part, vertical.

b)

=

Fig. 2.Electric panCOCM-02, the first stage of the cycle of moist heatcpssing:
a) general view; b) calculation scheme: 1 is a cogldgurface of the cooktop, vertical;
2 is a cooking surface of the lower part (horizntdoere the production is placed;

3 are side surfaces of the cooktop; 4 are sidacsesfof the lower part

Second stagd-or the second stage of the cycle moist heat psieg (Fig. 3) of the

production, the following typical surfaces are itied:
— side surfaces 1 of the cooktop, vertical;

— side surfaces 2 of the lower part, vertical.

)r\)

Fig. 3. Second stage of the cycle of moist heat processing
a) general view; b) calculation schemes:

1 are side surfaces of the cooktop, vertical,

2 are side surfaces of the lower part, vertical
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Third stage For the third stage of the cycle of moist heatpssing the typical heat ex-
change surfaces are identical to those in the sestage, their temperature changes and there
is no more steam treatment of the air of the reatdypremises.

Fourth stageFor the fourth stage of the cycle of moist heatpssing, the following
typical heat exchange surfaces are identified @)yg.

— cooking surface 1 of the cooktop, vertical;
— side surfaces 4 of the cooktop, vertical and haotialp

— cooking surface 2 of the lower part, horizontagseld with the production placed
on it 3;

— side surfaces 5 of the lower part, vertical.

4

=

‘ Fig. 4. The fourth stage of the cycle of moist heat

2| 3 processing: 1 is a cooking surface of the cooktepjcal;
5 )/ 2 is a cooking surface of the lower part (horizinta

where the production is placed; 3 is the produgtion
4 are side surfaces of the cooktop, vertical;

J O L 5 are side surfaces of the lower part, vertical

Fifth stage.During the fifth stage of the cycle the equipmenbpen with the produc-
tion on it with corresponding the temperatureshef surfaces.

Heat exchange during moist heat processing is atetdior by the fact that almost all bo-
dies are capable of emitting radiation or absorkiegtromagnetic waves of the thermal range [1,
14, 15]. The density of the radiative heat flowiigeen by Stephen- Boltzmann formula:

t,+273)" (t + 273
=elC f - £ : 6
2 OEF( 100 j ( 100 ” ©)
where Cp is a coefficient of the radiation of an absolutdiyack body which is
5.7 Watt/(nf-K*); ¢ is blackness of the radiation body.

The rate of convective heat exchar@eis described by the heat output coefficient and
is dependent on the temperature difference:

Q =a, [F[t,-t,), (7)
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whereqy is heat output coefficient, Watt/trdegree)F is area of surface, 2, is the tempera-
ture of the surface of the equipméxt; t, is the temperature of the air inside the premfées,

The solution of the thermal physical model is tkpression for determining heat emissions
Qk in one cycle of moist heat processing of the pcodn with the total off, se:

=] [alx Flt [t F]-t ) e, ®

a=a, +a,. 9)

The total amount of heat losses in thermal techookquipment in one cycle can be
expressed as the sum of the integrals in individtages of the cycles:

FTl

” ol #]1f 1. F]-1)oroF +] [ [1 gy [F] -t onor+

” o[t F]t,[F]-t,)otoF +”0(4[T F]dt,[F]-t,)otoF + (10)

FT1,

+JT°‘5[T’ F]ct,[F]-t,)oroF.

FT,
3. Calculation example

A calculation example using the suggested therimgipal model is identified in Table 2.

Table 2
Calculation data for a heat exchange coefficient
]
) (&)
O 3
o B _ @
=L 85 g g
(D) © Q- 0 ;
(o)) = @©
o Typical surfaces Q5 ?E = =
» £ o= = 3
= S < o T
"5 | 8% | ¢
c [
T
Cooking surfaces of the cooktop
1 _ 57 2.8 120 226.8
vertical
Side surfaces of the cooktop, 46 216
2 | vertical or horizontal ' 600 1512
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Table 2 (continuous)

® >
9 OQ' g RN ..(E +—
o g% | E5Y o | &
= (@© O = o
15 Typical surfaces L ® S e E = é o
n ) = 0 B o s
o= T8 & © T
=5 T 3 |E
|_
Cooking surfaces of the lower part
(horizontal) where the production 65 3.2 284.8
2 is placed 600
Side surfaces of the lower part,
_ 48 2.24 161.3
vertical
Side surfaces of the cooktop,
' 94 5.0 590.0
vertical
2 600
Side surfaces of the lower part,
_ 97 5.16 624.4
vertical
Side surfaces of the cooktop,
' 95 5.05 600.9
vertical
3 1200
Side surfaces of the lower part,
_ 97 5.16 624.4
vertical
Cooking surface of the cooktop,
' 78 4.12 420.2
vertical
Side surfaces of the cooktop,
' . 83 4.4 470.8
vertical and horizontal
4 Cooking surface of the lower part, 120
horizontal and closed by the pro- 89 4.74 535.6
duction placed on it
Side surfaces of the lower part,
_ 87 4.63 513.9
vertical
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End of Table 2

3
"
o 5 | ¢ _
0 2% | 52 | 2| &
[@)) - @© O 9 . 0
& Typical surfaces L® S e E, g =
@ £ 2 588 | 5 o
=5 % ©= ©
£
|_
Cooking surface of the equipment,
' 66 3.22 278.1
vertical
Side surface of the cooktop,
5 _ 60 3.1 900 260.4
vertical
Cooking surface of the lower part,
_ 68 3.56 327.5
horizontal
Total: | 2940| 6415.2
Conclusions

1. The suggested thermal physical model of the m@at processing of foods enable
the calculation of the total heat energy throughbetentire operation coming into the cook-

ing zone of the industrial facility of restauramemises.

2. A calculation example using this thermal phylsioadel is presented. The values and
calculation parameters of the total heat emiss{on®ne cooking cycle) from thermal tech-
nology equipment over 49 minutes of moist heat @semg; the total amount of heat was
6415.2 kWatt.
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