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Abstract. The article deals with the problems of the influence of rational operating modes of
baking ovens, which is an important task of the oven operation for significant fuel savings. In
bakery ovens, one of the main quantities most sensitive to load changes is the temperature of the
gases that go into the environment.

The purpose of the article is to evaluate the process of establishing the dependence of the
exhaust gas temperature on the oven performance and to determine the most rational performance
for this type of oven.

To achieve this goal, the following tasks were performed: to establish the regularities of
external heat and mass transfer during the heating of baked dough pieces; to establish the
regularities of internal heat and mass transfer in the phase transition zone of baked dough pieces
and bakery products;, a comprehensive study of the influence of the radiation-convection baking
regime on the quality indicators of bakery products and technological costs caused by heat and
mass transfer in baking ovens, a methodology for thermal calculation of baking ovens for practical
use in creating energy-saving baking techniques was specified.

Key words: dough piece, bakery products, bakery oven, rational mode, fuel, temperature,
heat, productivity.

Introduction.

Bakery products are produced at agricultural raw material recycling facilities,
where raw materials are collected during the technological process to create multi-
component food products.

A bakery oven is one of the main units that determines the technical level of
bakery production. The oven must ensure good product quality, a high degree of
mechanization, the lowest specific fuel consumption, and low thermal inertia. During
the baking process in the baking chamber, heat is transferred to the dough pieces by
radiation from the heating surfaces, convection from the vapor-gas environment of
the baking chamber, and thermal conductivity from the bottom of the oven to the
bottom surface of the dough piece [1-4].
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Research methodology. A baking oven can operate with different productivity
G, while the value of specific fuel consumption b=f (G) will vary. The rational
operation of the oven is achieved when the specific fuel consumption reaches the
minimum value. Determining the rational performance in terms of heat savings is an
important task. In industrial furnaces, one of the main values most sensitive to
changes in performance is the temperature of the exhaust gases tex, which leave the
furnace and enter the environment. This, in turn, is associated with a significant heat
loss with exhaust gases q,. The latter value determines the change in fuel
consumption, which is not directly related to the furnace performance. Therefore, the
task of determining the rational performance of the furnace is mainly reduced to
establishing an exact or approximate dependence of the value of the exhaust gas
temperature on the performance [5-9].

Research results. During the development of the new energy-saving ovens,
special attention was paid to solving the problems that largely affect the efficiency of
baking ovens. This is, first of all, a reduction in heat energy consumption due to:
reducing heat emissions into the atmosphere with exhaust gases; reducing heat
generation by the outer surfaces of the oven; reducing irrational heat consumption in
the baking chamber; high-quality fuel combustion; reducing steam consumption for
hygrothermal treatment of dough pieces and, accordingly, reducing heat consumption
to produce this steam [10-14, 18-20].

In order to determine the necessary functions of exhaust gases to increase the
productivity of ovens with recirculation of combustion products, studies were
conducted under variable conditions using a K-PHM-25 baking oven. The K-PHM-
25 bakery oven is a metal block structure with a cradle conveyor and a channel
heating system with forced gas recirculation. The oven is designed for baking wheat,
rye and rye-wheat bread.

Figure 1 — Baking oven K-PHM-25
1 — loading and unloading device; 2 — steam humidification system; 3 — all-metal
construction; 4 — thermal insulation; 5, 13 — upper and lower heating channels;
6, 12 — upper and lower flues; 7 — furnace; 8 — mixing chamber, 9 — muffle;
10 — burner; 11 — baking chamber, 14 — cradle conveyor
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The baking oven is an all-metal structure assembled from separate modules and
insulated from the outside (Fig. 1) and consists of a loading and unloading device 1, a
steam humidification system 2, and a housing, which is an all-metal structure
assembled from separate modules and insulated from the outside with mineral wool
4. In the middle of the furnace, there are upper 5 and lower 13 heating channels,
above which there are upper 6 and lower 12 gas flues, respectively, which have gates
for supplying heating gases.[15-17].

The furnace and igniter unit consists of a furnace 7, a mixing chamber 8, a
muffle 9, and an igniter 10. Dough pieces are moved by a cradle conveyor 14. The
heating gases are supplied to the gas flues of the baking chamber 11 by a
recirculation fan.

The principle of operation of the oven is based on the supply of heating gases,
which are obtained by burning fuel in the furnace 7, to the heating channels of the
baking chamber 11, where the set temperature is maintained. Baking of dough pieces
takes place on a cradle conveyor 14, which passes through the baking chamber 11
together with the dough pieces. The finished products are fed to the discharge
conveyor by a special unloading device [21-24].

The study was carried out at LLC «Khmelnitsky Khlib» during the baking of
«Zapashny» bread with a weight of 0,77 kg in the entire range of productivity
changes practically appropriate for this oven G = 0,068-0,078 kg/s, (in percent) G =
100-114,7 %, if the load G = 0,068 kg/h is taken as 100%.

The main technological parameters of semi-finished products (sourdough,
dough, dough pieces) were determined during the research: temperature, humidity,
acidity, fermentation time, proofing and baking time.

The quality of the finished product was assessed by physicochemical (humidity,
acidity, porosity) and organoleptic parameters (bread surface condition, porosity
structure, elasticity and bakedness of the crumb, crust thickness).

To evaluate the baking mode of the baking oven, the temperature of the baking
environment, relative humidity, the temperature of the center of the bread crumb and
crust were measured. During the study, the weight and baking of the dough piece,
oven performance, fuel, steam, and electricity consumption were determined [25-30].

Table 1 shows that the dependences of the exhaust gas temperature t.x, and the
heat loss with exhaust gases qex g 0n the productivity G were linear.

Table 1 — Changes in the exhaust gas temperature tex.g depending on the
furnace capacity G

Ne Productivity, kg/s Exhaust gas Heat loss with exhaust
temperature, °C gases, %
1 0,068 300 7,5
2 0,071 316 7,8
3 0,075 320 8,0
4 0,078 338 8,3

At the same time, the average temperature of the exhaust gases, taking into
account the burner performance, is approximated by the calculated dependence:
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texg = 218 +1485G , °C,

where G is the productivity, kg/s.

The linear dependence of the exhaust gas temperature on the furnace
performance can be explained by analyzing the nature of the change in the main
experimental and calculated operating parameters (Table 2). The parameters in Table
2 are given for clarity only for four characteristic modes that lie on the boundaries
and in the middle of the studied performance range.

Table 2 - Changes in the main experimental and calculated parameters of

operation
Heating modes
Parameters 1 5 3 4
Load G, % (kg/s) 100 105 110 114,7
(0,068) | (0,071) | (0,075) | (0,078)
Temperature of working gases t,, °C 528 550 575 590
Fuel flow rate B, m*/year 41,0 43,0 45,0 47,0
Volume of recirculated gases V., m*>/m’ 92 87 82 76
Alr consumptlon coefficient 2.8 2,76 2,72 X
in the working gases a,
Recycling coefficient r 2,68 2,56 2,31 2,22
Heat (;utput of combustion products Al, 20.1 19.3 18,7 18.3
MJ/m

Based on the data in Table 2, the components of the furnace heat balance were
calculated. The results of the calculations are shown in Table 3. The heat loss for
heating the ventilation air was calculated at an average productivity of 107,35 %.

Table 3 - Calculation of specific heat

Ne The type of heat consumption on: Designation Value, kJ/kg
1 baking T 442

2 steam overheating ,bC 102

3 heating of ventilation air qs 255

4 heating of transportation devices qa 78

5 environment gs 40

Using analytical and experimental correlations, the fuel consumption for the
idling of a baking oven, i.e., for the operation of the oven with normal thermal
parameters (temperature in the baking chamber), but without production, was found.
Calculations of the fuel consumption for the oven idling showed that Ic = 9,11

m?3/hour.

The furnace idling factor is defined as the ratio of fuel consumption for furnace
idling to fuel consumption at normal (calculated) furnace performance.
The furnace idling coefficient is 0,251 at a fuel consumption of 43,0 m3/t.
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Conclusions. In baking ovens, the volume of recirculating gases decreases with
increasing load. This is due to the fact that the recirculation fan cannot change its
characteristics when the oven capacity changes. At the same time, the change in the
heat flow in the working chamber is determined by the change in the temperature
head from the heating gases.

Based on the results obtained, it can be stated that the introduction of new
energy-saving designs of baking ovens into production ensures an improvement in
the quality of bakery products by means of zone regulation of energy supply and the
use of radiation-convective heating systems with a developed heat exchange surface.
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Anomauin. Y cmammi posensdaiomscs npoodiemu 6nausy payioOHAIbHUX PedcumMie pobomu
X7IOONeKapcyKux nevetl, Wo € 8aNiCIUB0I0 3a0ayero pobomu neyi 01 3HAYHOI ekoHoMii naiusa. ¥V
XNIOONEeKapcoKux neuax OOHIEI0 3 OCHOBHUX GelUYUH, HAUOIIbW YYMMEGOD 00 3MIHU
HABAHMAIICEHHS, € MeMnepamypa 2asis, wo i0yms y HA8KOIUWHE cepedosule.

Memoto cmammi € oyiHka npoyecy 6CMAHOBIEHHA 3ANEHCHOCMI  memnepamypu
8I0NpaAYbOBAHUX 2a3i6 6i0 NPOOYKMUBHOCMI Neyi | GU3HAYEHHS HAUOLIb pPaAyioHATbHOL
npOOYKMUBHOCMI 015l neyeli 0aH020 Muny.

lna Oocacnenns nocmagnenoi memu Oyau BUKOHAHHI HACMYNHI 3A80AHHA. 6CHIAHOBIEHI
3AKOHOMIPDHOCMI  308HIUHbO20 MENJIOMACOOOMIHY Npu NPOSPIBAHHI MICMOBUX 3A20MIBOK, WO
BUNIKAIOMBCS, BCMAHOBIEHO 3AKOHOMIPDHOCIE 6HYMPIUWUHBbO2O MENIOMACOOOMIHY, 8 30HI (ha306020
nepexooy micmogux 3a20mieox, Wo GUNIKAIOMbCA, XA1000Y10UHUX 8UPOOI8; NPOBEOEHO KOMNIEKCHE
00CNI0JCEeHHs 6NIUBY pedicuMy padiayiliHO-KOHEEKMUBHO20 GUNIKAHHA HA HNOKASHUKU AKOCHI
Xi000YI0UHUX 6UPODOI6 | MEXHON02IUHI eumpamu, sKi 00YMOBIeHI MEenIoMACOOOMIHOM 6
X71IOONeKapcyKux neuax, YmouyHeHo MemoouKy menio8o2o po3paxyHKy XaiOonekapcoKux nedei o
NPAKMUYHO20 GUKOPUCMAHHA NPU  CMBOPEHHI eHepeo3aowacdcyiouoi MmexHiKu SUNIKAHHA
Xi600Y10UHUX 8UPOOIS.

Knrwowuoei cnosa: micmoea 3acomiexka, Xx1i0600ynouHi 6upobu, XnibOonekapcoka niy,
PAYIOHANLHULL pedicuM, NAIUBO, memMnepamypa, menioma, nPooyKMuUEHiCmo.
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