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CUCTEMHO-IMHAMIYHE MO/IEJTFOBAHHSI KOMILJIEKCHOI
OIIHKU AITAPATA APXKM-0.07-1

B.O. IIoranos, C.M. KocTenko
Lnaxom cucmemHo-OUHAMIYHO20 MOOENIO8AHHA BUKOHAHO KOMNJEKCHY

OYyinKy anapama 3 pegrekmopom O iHppauepeoeo  JHCApeHHs M ACHUX
naniegpadbpuxamie APXKXM-0.07-1. Ananiz npodyxmuerocmi, eHepeoEMHOCHI,
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MEMANOMICIMKOCME Ma  NUMOMOI 6UMPAMHOCHE  00800UNb, WO GUKOPUCHIAHHS
8100UBAYIE NPOMEHEB020 NOMOKY € NPOOYKIMUSHUM | NEPCNEKMUGHUM.

Knrwuosi cnosa: cucmemna ounamira, imimayiiina mooens, iH@paiepsone
Jicapenns, 8iobusay, digpuimexc, sumpamu.

CUCTEMHO-JUHAMHNYECKOE MOJEJIMPOBAHUE
KOMILJIEKCHOM OIIEHKHU ATIITAPATA APKM-0.07-1

B.A. Iloranos, C.H. KocTenko

Ilymém CUCMEMHO-OUHAMUYECKO20 MOOenUpOBaHUs 8bINONHEHA
KOMWIEKCHAL OYeHKA annapama ¢ peuekmopom Ons UHGPAKPACHOU JHcapKu
MacHBIX  nonyghabpuxamos  APXKM-0.07-1. Ananuz  npodykmugHocmu,

IHEP2OEMKOCIU, MEMANIOEMKOCIU U YOCIbHOU 3aMPAmHOCIU 0OKA3bI8Aem, Ymo
UCRONL306AHIE OMpPaAdICAMeENell TIy4ego20 NOMOKA SGIAEMCs NPOOYKMUBHbIM U
nepcneKmuGHbIM.

Knrouesvie cnosa: cucmemHas OUHAMUKG, UMUMAYUOHHAS MOOENb,
uH@paxpacrHas xcapka, dupumerc, 3ampamol.

SYSTEM-DYNAMIC MODELING OF COMPLEX ASSESSMENT
OF ARIJM-0.07-1 APPARATUS

V. Potapov, S. Kostenko

In this work the comprehensive assessment of the apparatus with a reflector
for the infrared frying of meat semi-products ARJM-0.07-1 by system-dynamic
modeling is carried out. Analysis of productivity, power intensity, steel intensity and
specific expenses parameters proves that the using of radiation flux reflectors is
productive and perspective.

Keywords: system dynamic, simulation model, infrared frying, reflector,
steak, expenses.

Statement of the problem. The food production enterprises require
the implementation and use of infrared equipment with high comprehensive
characteristics. Simulation provides a system-dynamic foundation for
intensification of the frying process and optimization of the infrared frying
equipment.

Review of the latest research and publications. The infrared frying
foods equipment is extremely energy-intensive and does not provide a
uniform irradiation of convex receiver, reducing the quality of the product
[1; 2]. The use of profiled heat flux reflector provides the uniform aggregate
irradiation of the convex surface of product [3; 4]. Physical, analytical and
system-dynamic modeling of meat semi-products infrared frying in
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apparatus ARJM 0.07-1 became the basis of a comprehensive assessment of
the effectiveness of the use of heat flux reflectors [5; 6].

The objective of the research is the comprehensive assessment of
ARIM-0.07-1 apparatus with a reflector for the frying of meat semi-
products and its comparison with the apparatus without reflector by the
system-dynamic modeling at software complex Vensim.

Presentation of the research. Unit of measurement of model time is
minute in accordance with the minimum delay in the process frying of
steaks. Modeling term is 20 minutes. The simulation model is shown in Fig. 1.

i m —— frying losses
: obtaining semi sending semi =
sliced beef ———m fnished finished \ /
ﬁying semi reflector
finished coefficient
steak sending L obtainingl pre}.leatmg frying time
realization steak steak time g
power of apparatus <Time>———————productivity mass of apparatus mass of reflector

T

power intensity ———» specific expenses 4—————steel intensity

Fig. 1. Simulation model

The assumptions in the model:

1) beef supply is a non-recurrent pulsing;

2) delays in operations comply with the recommendations in
manuals;

3) thermal processing times correspond to types of equipment;

4) operating losses correspond to the experimental studies;

5) product no residue;

6) product quality is constantly.

The controlled exogenous variables:

1) mass components (sliced beef, mass of apparatus, mass of
reflector);

2) energy components (reflector coefficient, preheating time, power
of apparatus).

The controlled endogenous variables:

1) frying losses is 33%, multiplied by reflector coefficient;

2) frying time is 15 minutes, multiplied by reflector coefficient;
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3) frying semi-finished is determined by delay fixed of sending
semi-finished at the sum of preheating time and frying time, taking into
account frying losses;

4) productivity is determined by the steak realization in an hour;

5) power intensity is the ratio of power of apparatus to the
productivity;

6) steel intensity is the ratio of the sum of mass of apparatus and of
reflector to the productivity;

7) specific expenses are determined by multiplying the power
intensity to steel intensity.

The model reaction is specific expenses. All factors have a combined
effect on the model reaction. The following levels of factors have been
taken:

— sliced beef'is of 2 pieces of 200 grams each;

— mass of apparatus is 3.5 kg;

— mass of reflector is 0.5 kg;

— reflector coefficient equals 0.6, i.e. the ratio of 9 minutes (frying
with reflector) to 15 minutes (frying without reflector);

— pre-heating time is 2 minutes;

— power of apparatus is 1 kW.

The experiment was performed for apparatus with reflector (reflector
coefficient 0.6, weight of the reflector 0.5 kg, Current 06), and for apparatus
without reflector (reflector coefficient 1, weight of the reflector 0 kg,
Current 1).

The steak realization is shown in Fig. 2.

=u'&*| B Graph for steak realization ox = &I B Table Time Down olx|
Time (Minute ~ "steak  steak realization

steak realization 0 realization” 0 0
1 Runs: 0 0
04 2 Current 06 0 0
3 Curent 1 0 0
4 0 0
5 0 0
03 a b 6 0 0
7 0 0
2 02 8 0 0
i 9 0 0
10 0 0
11 0 0
0.1 12 0 0
13 032 0
14 0 0
15 0 0
0 16 0 0
0 2 4 6 8 10 12 14 16 13 20 17 0 0
Time (Mimute}) 18 0 0

steak realization : Current 06 :g g g 266667

steak realization - Current 1 -
« . »

Fig. 2. Steak realization (kg): a — Current 06, b — Current 1
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The productivity is shown in Fig. 3.

=i & | 8| Graph for productivity Ox|  |=d& @ Table Time Down ol x]
.. Time (Mimite "productivity” productivity
productivity 0 Rus: 0
Current 06

=

Caurrent 1

0 2 4 6 8 10 12 14 16 18 20 17
Time (Minute) 18

productivity : Current 06

0
0
0
0
0
0
0
0
0
0
11 0
0
12
0
0
0
0
0
0
productivity : Current 1 0

Fig. 3. Productivity (kg / hour): a — Current 06, b — Current 1
The power intensity is shown in Fig. 4.

=o' &/ B | Graph for power intensity ox =df &8 [ Table Time Down o/x|
Time (Minute ~ "power  power intensity
power mtensity 0 intensity” 0

Runs:

=]

Current 06
Current 1

7812

b4

0 2 4 6 g 10 12 14 16 18 20 17
Time (Minute) 18

power intensity - Current 06
power intensity : Current | ‘

oc—~ococcocCcoCcOooCCoCoCD0oOo

0
0
0
0
0
0
0
0
0
0
11 0
0
0
0
0
0
0
0
0
0

Fig. 4. Power intensity (kW hour / kg): a — Current 06, b — Current 1

The steel intensity is shown in Fig. 5.
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=" &8 Graph for steel intensity olx]| =d & B Table Time Down ol
X . Time (Minute ~ "steel  steel infensity
steel intensity 0 intensity” 0 0
1 Runs: 0 0
6 2 Current 06 0 0
3 Current 1 0 0
4 0 0
5 0 0
45 6 0 0
a b 7 0 0
8 0 0
3 9 0 0
10 0 0
11 0 0
15 12 0 0
13 3.125 0
14 0 0
15 0 0
0 16 0 0
0 2 4 6 8 10 12 14 16 18 20 17 0 0
Time (Minute) 18 0 0 .
steel intensity - Current 06 iﬁ g 3'3 -
steel intensity : Current 1 . - ;

Fig. 5. Steel intensity (kg hour / kg): @ — Current 06, 5 — Current 1

The specific expenses are shown in Fig. 6.

=& (/B Graph for specific expenses olx| = &8 | Table Time Down olx|
X Time (Minute  "specific  specific expenses
spec1ﬁc CXpenses 0 expenses’ 0 0
1 Runs: 0 0
6 2 Current 06 0 0
3 Current 1 0 0
4 0 0
5 0 0
3 6 0 0
a b 7 0 0
8 0 0
3 9 0 0
10 0 0
11 0 0
L5 12 0 0
13 244141 0
14 0 0
15 0 0
0 16 0 0
0 2 4 6 g 10 12 14 16 18 20 17 0 0
Time (M 18 0 0

(M) 19 0 546875

specific expenses : Current 06 20 0 0

specific expenses : Current | a i v

Fig. 6. Specific expenses (kW kg hour / kg): a — Current 06, b — Current 1

Thus, the use of heat flow reflector provides the following
advantages:

— increase in steak realization (Fig. 2) by 0.32/027-1=
=12-1=0.2,1.e. 20%;

— increase in productivity (Fig. 3) by 1.28 /0.8—1=1.6—-1=0.6,
i.e. 60%;

— decrease in power intensity (Fig. 4) by 1.25/0.78-1=
=1.6-1=0.6, i.e. 60%;
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— decrease in steel intensity (Fig. 5) by 4.38/3.13-1=
=14-1=0.4, 1. 60%;

— decrease in specific expenses (Fig. 6) by 547/2.44—-1=
=224-1=1.24,iec. 124%.

Conclusion. Using the system-dynamic modeling to compare the
complex quality characteristics of the apparatus with a reflector for the
frying of meat semi-products ARJM-0.07-1 and of apparatus without
reflector proves that the presence of the reflector causes an increase in
productivity and decrease in power intensity and steel intensity. This fact
significantly reduces the specific expenses with improving the quality of
food products. Comprehensive assessment and system optimization of the
infrared equipment for food production is impossible without the use of
system dynamics simulation. It is necessary to expand the number of factors
affecting the model reaction for a more complete assessment.
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