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IMPROVEMENT OF IR EMITTER
TO CREATE NON-REFLECTOR DRYER
FOR PLANT RAW MATERIALS

Yoockonaneno I'9-eunpominiosau na 0cHOBL ZHYUK020 NILBK0BO20 PE3UCTNUBHOZ0 eLeKmpoHazpisaua
BUNPOMINIOBANLHO20 MuUnNy 01 cmeopenns 6espepuexmopnux [9-cywapox pociunnoi cuposunu. Ile
3abe3neuums AMEHUEHHS MEMAIOEMHOCT YCMAMKYBANH, PIBHOMIPHICTD PO3NOOLLY MENI0BUX NOMOKIE
HA NPUUMATOHUX NOBEPXHSX (CImuacmux nid0doHax i3 CuposuHow ) ma niodeuUusums AKicmy OMpPUMYEaAHUX
cyuenux nanispabpuxamie. Jlocaionceno noziunaiviy 30amuicms POCIUHHOL CUPOSUHUL, W0 nidmeep-
Oarcye egpexmusnicmo suxopucmanms 80ockonarernozo 14-sunpominiosaya.

Kmouosi cnosa: ziyuxuil niieKosuil pesucmusnuil eiexkmponazpisea, 6espepaexmopui I9-cywapru
POCIUNHOT CUPOBUHIUL, AKICMb CYUEHUX HANIBHadpuKamie.

1. Introduction

One of the ways of processing plant raw materials
in dried semi-finished products is the use of IR technolo-
gy [1-3]. IR dryers, which are used today [4], equipped
with inertial IR emitters with high temperatures of working
surfaces and fixed geometric dimensions and reflector blocks.
This increases their metal consumption and does not al-
ways ensure a uniform heat flow on the receiving surfaces,
which leads to losses of its biologically active substan-
ces (BAS) and a change in the color of the dried semi-
finished product. Therefore, it is necessary to investigate

in more detail the possibility of using modern low-inertia
emitters that do not require the use of reflectors and are
capable of ensuring the uniformity of thermal energy at
the receivers. So, it is actual to study ways to improve
the process of IR drying of semi-finished products from
plant raw materials and its instrumental design.

2. The ohject of research and
its technological audit

The object of research is an improved flexible film re-
sistive electric heater of emitting type (FFREHET) for
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creating a non-reflector IR dryer and vegetable raw mate-
rial on the example of Antonovka apples.

The disadvantages of using known IR emitters (tu-
bular heating element, quartz lamp, etc.) include metal
consumption, inertia, fixed geometric dimensions and high
temperature of the working surfaces. This leads to opera-
tional complications of drying equipment and significant
losses of BAS in the resulting dried semi-finished pro-
ducts. The reasons for this, according to the authors of the
study, are the insufficient number of fundamental studies
related to the interaction of the spectral properties of the
IR emitter and the dried raw materials and doubts about
the possibility of using more modern emitters.

In order to confirm the possibility of using the ad-
vanced FFREHET for the creation of non-reflector drying
equipment, a technological audit was carried out, the
purpose of which was to determine the spectral-optical
properties of plant raw materials and IR emitters, as well
as the properties of the improved heater (FFREHET). The
research was carried out at the Department of Processes,
Devices and Automation of Food Production, Kharkov State
University of Nutrition and Trade (Kharkov, Ukraine).
Modern methods and spectral-optical equipment of the
Institute of Single Crystals of the National Academy of
Sciences of Ukraine (Kharkov, Ukraine) were used, and
a vertical cylindrical (VC) IR dryer with a vibrating
mechanism and a heat exchanger was designed.

The conducted experimental researches on the object
have shown that the improved FFREHET has a low metal
consumption. In addition, the emitter is easy to install,
has a low inertia, a low temperature of the working sur-
face (45...85°C), an acceptable length of the IR wave for
carrying out the drying processes of plant raw materials.
The emitter is capable of following any geometric shape
of the working chamber of devices without the use of
reflector blocks.

3. The aim and ohjectives of research

The aim of research is to intensify the process of IR
drying of plant raw materials and its instrumentation
using an improved IR emitter. This will ensure a reduc-
tion in the metal consumption of equipment, the uni-
formity in the distribution of heat fluxes on receiving
surfaces and the quality of the resulting semi-finished
products.

To achieve this aim it is necessary to:

1. Determine the spectral-optical properties of plant
raw materials.

2. Determine the properties of the improved FFREHET.

3. Develop non-reflector VC IR-dryer on the basis of
FFREHET.

4. Research of existing solutions of the
prohlem

The IR dryers used today for the processing of plant
raw materials are characterized by the duration of heat
treatment, the uneven distribution of heat fluxes on the
receiving surfaces. At the same time, a significant num-
ber of them are characterized by a lack of energy-saving
properties, which leads to an increase in energy consump-
tion, a decrease in the quality of finished semi-finished
products and an increase in their prices [1-4].

One of the main directions of increasing the efficiency
of production is the conservation of energy resources during
drying processes on existing equipment due to its modern-
ization or the creation of fundamentally new equipment.

The main disadvantages of the existing equipment are [4]:

— low uniformity of distribution of heat fluxes from

IR emitters due to the complexity of manufacturing

reflector blocks of rational form;

— increase of metal intensity of devices due to the

use of reflector blocks;

— ignoring the spectral-optical component of the ob-

jects «plant raw materials — IR emitters;

— insignificant energy saving.

These disadvantages belong to the structural and in-
strumental defects, which affect the quality of drying of
plant semi-finished products. Therefore, there is a need
to use modern low-metallic IR emitters [5] with a clear
dynamics of operation and low temperature of the working
surface (Fig. 1). One of the varieties of such IR emitters
is FFREHET, which differs in its simplicity of instal-
lation, low metal consumption, inertness and simplicity
of automation, ease of design of the emitter, low ener-
gy consumption and low temperature of the working
surface (40..85°C). For a preliminary determination of
FFREHET efficiency, let’s compare it with the available
IR emitters (Table 1) [5-10].

The analysis of the obtained comparative parameters
of IR emitters, given in Table 1, causes the need for de-
tailed studies of the use of FFREHET in the design of
modern non-reflector IR dryers. It should be noted that
the disadvantage of existing FFREHETSs in the conditions
of their use in IR dryers is the possibility of getting
a vapor-containing component at the junction with the
electric grid and low mechanical strength.

It is proposed to improve the FFREHET by spraying
a resistive element based on current-conducting nichrome
paste on a flexible electrical insulating film with additional
coating on top and bottom by layers of a flexible elec-
trical insulating film. Also, FFREHET is provided with
drainages for connection to the power grid.

IR drying systems [11] are popular in terms of signifi-
cant heat and mass transfer. By means of infrared drying,
rapid heating can be performed in a short period of time
compared to other drying methods. Most dryers of plant
raw materials have their disadvantages associated with
design parameters (metal consumption, energy consump-
tion). The simplest form of IR dryer is a solar dryer [12],
which consisted of a solar air heater and a drying cham-
ber. Using this type of dryer reduces drying time and
provides quality products, but its effectiveness depends
on the length of a sunny day.

For example, in a combined dryer [13] with electro-
magnetic emission and hot air, a significant amount of
energy is consumed not only for drying the raw materials,
but also for heating hot air. Very promising for Ukrainian
farms is an industrial dryer [14], located in trucks and
providing a significant reduction in costs for the drying
process.

Infrared food processing will continue to gain popularity
in comparison with conventional treatments, as compared
to conventional treatment, it has uniform heating with
insignificant duration and minimal loss of quality properties
of raw materials, compact equipment design, significant
energy and metal efficiency [15].
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Fig. 1. A photo of the modern IR emitter of the
firm «Monocrystal» (Ukraine)

Tahle 1

Comparative characteristics of modern IR emitters in accordance
with the specified technical parameters

Technical parameters Geometric shape, metal

IR emitter and repair possibility consumption and inertia of the
IR-emitter
from 0,5...3 kW, Fixed geometric shapes and di-
tnax = 800 °C, mensions, high temperature of
Efficiency = 0,95, the working surface, inertia, the
TEH A=23 pm need to using reflectors, which
Ppower = 2,2 W/ tm?, leads to an increase in the metal
T, = 10000 hours, content
Can't be repaired
from 1...2,5 kW, Fixed geometric shapes and
thax = 1800 °C, dimensions, high temperatures
Tubular Efficiency = 0,92, of working surfaces, inertia and
A=1,3...3 pm, low metal intensity due to the

quartz lamp P = 2 W/em?

T, = 8000 hours,
Can't be repaired

use of a reflector block

from 1...2,8 kW, Fixed geometric shapes, high
tnax = 1000 °C, temperature of the working sur-
Efficiency = 0,93, face, inertia, the need for using
Ceramic elec- A =1,2...3 pm, reflectors and increasing the

Prower = 2,1 W/ tm?,
T,, = 9000 hours,
Can be repaired

from 0,100...0,480 kW,

tric heater metal content

Flexible geometric shapes and

. . tnax = 40...85 °C, sufficiently low temperature of
Flexible film X ) .
- Efficiency = 0,98, the working surfaces provides
resistive elec- L . .
tric. heater of e=0,96, a low inertia, easy installation
A=3...15 pm, and automation, without the use

emitting type
(FFREHET)

Ppower = 35...85 W/m?, | of reflectors
Ty. = 15000 hours,

Can be repaired

5. Methods of research

A study of the effectiveness of the use of the improved
FFREHET was carried out on the basis of a pre-designed
model of VC IR dryer with a vibrating mechanism and
a heat exchanger [16]. To determine the properties of mo-
dern infrared emitters, an automatic control system (ACS)
was used in real time with the help of the TPM101 moni-
toring and measuring device (Ukraine) [17].

Determination of the spectral component of the IR
emitter interaction with fruit and berry raw materials was
carried out with the help of the OME Elman spectrome-
ter (Russia) using the example of apple raw material for
the Antonovka variety with an initial moisture content
of 86 %. During the studies, a silite rod (globar) was
used as the source of infrared emission, which actually
corresponds to the Planck law for IR emission of an ab-
solutely black body with a relative intensity distribution,
and a special tablet is used as the solvent — potassium
salt of hydrobromic acid (kBr).

6. Research resulis

Improved FFREHET (Fig. 2) consists of a flexible
electrically insulating film 1, on the surface of which is
applied to the resistive element through the conductive
nichrome paste in the form of series connected rectangular
taps 3, which are disposed perpendicularly to the busbars
4 provided by drainages 5 for connection to the electrical
network and further covered the top and bottom layers of
flexible insulating film 2 and 6. The insulating layers of
flexible film 1, 2 and 6 are followed geometric shape of
the resistance element and connected by lamination that
provides high mechanical and electrical strength.

Lo 1:2:6
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Fig. 2. Schematic diagram of an improved flexible film resistive electric
heater of the emitting type 1, 2, 6 — flexible electrical insulating film;
3 — nichrome resistive rectangular bands; 4 — conductive copper busbars;
5 — taps of busbars (4)

When FFREHET is connected to the electric network
with the help of taps 5 connected to busbars 4, current
flows into series-connected rectangular taps from a resistive
element based on current-conducting nichrome paste 3.
Due to the resistance of element (3), the process of uniform
emission in significant lengths of infrared waves throughout
isothermal surface of the electric heater is carried out. In
this case, the resistive element is located on the flexible
electrical insulating film 1, which is additionally covered
from above and from below by layers 2 and 6 of the same
electrical insulating material [18].

Due to this, it is ensured a long period of use of envi-
ronmentally friendly FFREHET, which does not burn oxygen
and is quite suitable for use in dryers for drying plant raw
materials. The presence of several electrical insulation layers
increases its mechanical strength and electrical safety.

The technical result of the improvement of FFREHET
is the increase of electrical safety, reliability, mechani-
cal strength, moisture resistance, as well as the achieve-
ment of environmental friendliness in the operation of
FFREHET, which contributes to its use in drying non-
reflector equipment.

Spectral-optical studies were performed using the OME
Elman spectrometer on the basis of the Institute of Single
Crystals of the National Academy of Sciences of Ukrai-
ne (Kharkov, Ukraine) to determine the efficiency of using
an advanced emitter of the FFREHET type for creating
drying equipment. The dependences of the transmittance
of apple raw materials for the Antonovka variety with
an initial humidity of 86 %, depending on the change
in the length of the IR wave in the spectral region, are
obtained (Fig. 3). Apple raw materials, like most vegetable
raw materials, have a clearly expressed absorptivity of IR
emission in wide ranges of waves provided by a significant
content of the liquid component.

As aresult, four intense IR regions were clearly defined,
namely 2.5...3, 6, 9 and 12..15 pm, which are acceptable
for carrying out drying processes (Fig. 3).
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Fig. 3. Interferogram of the transmission of apple raw
materials «Antonovka», obtained with the help of the OME Elman
spectrometer: 1 — raw apple; 2 — dried apple

Available IR emitters (tubular electric heaters, tubular
quartz lamps, ceramic electric heaters) in accordance with
Table 1 have high temperature parameters of working
surfaces with a high temperature range and inertia. This
makes it difficult to use them for drying plant raw ma-
terials [2-6].

Given the analytical data (Table 1), we can conclude
that these electric heaters are not able to fully meet the
requirements of the drying processes of plant raw materials.
Due to high metal consumption, fixed geometric dimensions,
high temperature of the working surface, the operation of
tubular electric heaters, tubular quartz lamps and ceramic
electric heaters does not correspond to design conditions
when used in cyclic modes (on/off), which will lead to their
failure, in contrast to the parameters of improved FFREHET.

To determine the inertia and dynamics of the known
IR emitters, the automatic control system (ACS) was used
in real time with the help of the TPM101 monitoring
and measuring device [12]. And the preset temperature is
60 °C, which corresponds to the maximum possible tem-
perature parameter during drying of plant raw materials
to preserve the BAS [1].

Based on the obtained data, it can draw the following
conclusions:

— The tubular electric heater (A) has a considerable

inertia at a temperature of 60 °C with a heating dura-

tion of T=68s, and time to the constantly uniform
temperature of the working surface (without inertia)
is /=96s;

— The tubular quartz lamp (B) has a less inertia at

a temperature of 60 °C with a heating time v/ =70 s,

and the time to a constant uniform temperature of the

working surface (without inertia) is =100 s;

— The ceramic heater (C) has a high inertia at a tem-

perature of 60 °C with a heating duration t=68s,

and the time to the constantly uniform temperature

of the working surface (without inertia) is /= 94 s;

— FFREHET (D) has a low inertia at a temperature

of 60 °C with a heating time 1t/ = 87 s, simultaneously

corresponds to a constant uniform temperature of the

working surface and is characterized by a clear dyna-

mics of operation.

Analysis of the heating modes of IR emitters confirms
a clear dynamics of control in a cyclic mode precisely for
advanced FFREHET. This will save energy by low metal
consumption, a high degree of automation of equipment
and the preservation of BAS.

Also, on the basis of the improved FFREHET, an ex-
perimental VC IR dryer with a vibrating mechanism and
a heat exchanger was developed (Fig. 4).
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Fig. 4. Schematic diagram of the experimental model of vertical
cylindrical IR dryer with a vibrating mechanism and heat exchanger:
1 — working chamber; 2 — heat insulator; 3 — flexible film resistive

electric heater of emitting type; 4 — mesh pallet; 5 — supports;

B — distribution grid; 7 — control valve; 8 — vibrating mechanism;

9 — heat exchanging spiral device; 10 — anemometer;
11 — electricity meter; 12 — personal computer (PC); 13 — measuring
controller TPM101; 14 — exhaust fan connected to a thermally
insulated pipeline; 15 — scales

The vibration mechanism prevents the plant raw ma-
terials sticking together and ensures its mixing during
heat treatment, which allows to determine the influence
of vibration on the technological process of drying. Heat
exchanger enhances the energy efficiency of the process
by using the exhaust air to warm the cold air at the
entrance to the working chamber of the device.

To confirm the effectiveness of using FFREHET for
drying plant raw materials, the known IR emitters were
compared using the example of apple raw material Anto-
novka, using the experimentally obtained kinetics of mois-
ture content in raw materials (Fig. 5).
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Fig. 5. Kinetics of moisture content of Antonovka apples: 1 — flexible
film resistive electric heater of emitting type; 2 — linear quartz lamp;
3 — tubular electric heater
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The shortest duration of the thermal process with
preservation of the BAS and natural color is observed
when using an improved FFREHET and the process dura-
tion is 160 s~'. A positive trend in the use of improved
FFREHET was observed during other experimental studies
using carrots, dogwood, chokeberry, pear and spicy-aromatic
raw materials. This confirms the previous theoretical and
practical conclusions regarding the effectiveness of its ap-
plication.

7. SWOT analysis of research results

Strengths. Among the strengths of this research it is
necessary to note the results confirming the possibility
of using an improved FFREHET to create non-reflector
IR dryers for the purpose of obtaining dried semi-finished
products of plant origin. Using the proposed development
will reduce the metal capacity of devices, provide an effec-
tive range of heat treatment of plant raw materials with
the preservation of BAS and their high quality.

Weaknesses. The main disadvantage of the research is
that vacuum deposition of a resistive layer in the production
of an improved FFREHET must be carried out in several
stages. First, apply a layer on the electrical insulation film
with the mounting of the taps on the copper busbars to
connect to the electrical network, and then laminate two
layers of additional electrical insulation, which provides
greater strength of the heater. This leads to an insignifi-
cant increase in the cost of emitter manufacturing, but
its positive properties eliminate this disadvantage.

Opportunities. Additional possibilities that ensure the
achievement of the aim of research are the possible exter-
nal factors associated with the existing drying equipment
that is used in the countries of Eastern Europe and
Ukraine («Camouox», «Yuisepcan — C/-4», «Ypau-70»).
In most drying equipment, inertial, metal-intensive IR
emitters with high temperatures of working surfaces are
used, which are predominantly obsolete physically and
morally. Therefore, it is necessary to introduce the de-
veloped or improved drying equipment on the basis of
fundamentally new or improved IR emitters. This will
ensure the efficiency of carrying out technological pro-
cesses of processing plant raw materials while preserving
the BAS, and also reduce the cost of operation of the
designed VC IR dryer with a vibrating mechanism and
a heat exchange spiral device.

Threats. The complexity of implementation of the ex-
perimental and practical results of the research is con-
nected with two main factors. The first is the condi-
tions for management of processing plants and farms that
operate the designed drying equipment on the basis of
an improved FFREHET. In particular, the contribution
of additional funds to purchase the necessary equipment
and the lack of a guaranteed result from implementation
are constraining factors for enterprise managers. At the
same time, the position of decision-makers is clear and
often justified. After all, improperly selected auxiliary
technological equipment and operating parameters may
not provide the expected positive result. The second is
the market of modern drying equipment, which is offered
by world leading companies [19, 20]. At the same time,
it should be noted that investing in acquiring new types
of facilities is more expedient than upgrading physically
obsolete ones.

Thus, SWOT-analysis of research results allows to de-
termine the main areas of activity for the successful imple-
mentation of the aim, namely the development of modern
refractory IR dryers based on the improved FFREHET.
This will ensure an increase in the energy efficiency of
drying equipment and a reduction in the costs of metal
during their production.

1. The spectral-optical properties of the Antonovka
apple are determined, namely the acceptable IR regions
of its absorbing capacity (2, 5..3, 6, 9 and 12..15 pm).
This confirms the effectiveness of using FFREHET during
the drying of plant raw materials.

2. It is determined that the FFREHET (D) has a low
inertia at a temperature of 60 °C with a heating duration of
T =87 s, simultaneously corresponds to a constant uniform
temperature of the working surface and is characterized
by a clear dynamics of operation.

3. Non-reflector VC IR dryer with a vibrating mechanism
and a heat exchanger is developed. Improved FFREHET
follows the geometric shape of the working chamber of the
device, ensuring a reduction in the geometric dimensions
and simplicity of device design. According to experimen-
tally obtained kinetics of moisture content for Antonovka
apples, the shortest duration of heat treatment is 160 s~
with conservation of BAS and natural color.
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YCOBEPLUEHCTBOBAHUE MK-U3NYYATENA ANA CO3NAHHA
BE3PE®NIEKTOPHOH CYIUMIKH PACTHTENBHOTO ChIPBA

Yeosepiiencrsoan MK-usiyuaresab Ha OCHOBE THOKOTO ILjie-
HOYHOTO PE3MCTHBHOTO 3JEKTPOHAIPEBATEJST U3JIYYAIOIero THIa
st cosnanus GespediiekTopHbix MK-cyuraok pacTUTENbHOTO
CBIPbsL. ITO OGECIEUNT YMEHBIIEHUE METAIIIOEMKOCTH 000py10Ba-
HUA, pPaABHOMEPHOCTD paciipe/ieJicHNA TEIJIOBBbIX IIOTOKOB Ha IIPHUEM-
HBIX TIOBEPXHOCTAX (CCT‘IaTbIX IIO/I/I0OHaxX C CI)IprM) N IIOBBICUT
Ka4yecTBO MOJIyYaeMbIX CylieHbiX mnosydabpukaros. McciaegnoBana
HOTJIOIIAOIIAsT CIOCOOHOCTh PACTUTETBLHOTO ChIPbS LIS OATBEPK-
nenust a(HEKTUBHOCTH MCIOJAB30BAHUS yCOBEPIIEHCTBOBAHHOTO
NK-uznyvaress.

Kmouesrie cnosa: ruGKUil [IEHOYHBINH PE3UCTUBHBIN AJIEKTPOHA-
rpesaresib, 6e3pediiektoprbie MK-Cymniku pacTUTETbHOTO ChIPbs,
KauecTBO CYUIEHBIX MMOaY(hHabpUKaTOB.
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OPTIMIZATION OF FORMULATION
COMPOSITION OF THE CRISPBREAD
WITH IMPROVED CONSUMER

PROPERTIES

Posensinymo numanns onmumizayii peuenmyprozo cKiady 3epHoGUX XIiOUi6 3 NONNUEHUMU CLONCUG-
numu eracmugocmsmi. O6rPYHmMosano ONMUMALLHI MACOBI YACKU NOPOULKY POSMOPONULL MA KYXOHHOT
coni — 5,27 ma 0,92 % 6i0nogiono sx xomnonenmie uirvosux npodyxkmie. /losedeno, w0 3eprosi xaiouyi
3 ONMUMATILHUM CKAAOOM XAPAKMEPUYIOMBCS NOJTNUEHUMU OP2AHOICNMUYHUMU, HOPMOBAHUMU (Di-
SUKO-XIMIUHUMU NOKASHUKAMU, BUCOKOI0 XAPU0B010, OI0L02ZIUHOI0 UIHHICIIO, € OGe3neunuMu.

Kmeouosi cneoBa: 3epnogi x1ibyi, cneivma, UilbHO3ePHOGI NPOOYKMU, ONMUMIAUIS PEUenmypHoz0

cmaay, KOMNAEKCHUU NOKASHUK SIKOCMI.

1. Introduction

A promising direction in the development of the food
industry is the creation of safe and, at the same time, high-
grade food and consumer properties. Such products are able
to maintain the health of consumers at the proper level,
as well as reduce the risks of a number of diseases [1].

The imbalance of modern nutrition, the inability to
provide the body with the necessary amount of essen-
tial nutrients and biologically active substances (BAS) is
a global problem in both developed and developing coun-
tries. Unfortunately, in recent years, nutrition quality of
the population has significantly worsened and this trend
continues. Consequences of such nutrition is a violation of
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