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Ha ocnosi mamemamuunozo ma n02i4H020 MO0eN08AH-
HA Y CKAadi Kozenepauilinoi cucmemu po3pobdrena mexwo-
1021 PYHKUIOHYBAHHA CYWMUNBHOT YCMAHOBKU HA PIBHI npu-
lnammsa piwenv w000 6UPOOHUUMEA NeSemH020 NAIUSA.
3anpononosana inmezpoéana Cucmema OUIHKU 3MIHU 60J0-
208MicMy NOBIMPs 6 CYWUNLHIU Kamepi, W0 003680JIAE€ GUKO-
HY8amu 3Miny UmMpamu noeimps, w0 NO0AEMbCA Ha Nidiepis,
HA 0CHOBI 3MIHU wacmomu obepmanns eiexmpoosuzyna nogi-
MPAHO20 BEHMUNAMOPA, NPU BUMIPIOBAHHI MeMnepamypu
nosimps na 6uxooi i3 CYymuvHoi Kamepu

Kanrouoei crosa: mexnonozis, cyuuabHa ycmanosxa, 60710-
208MiCI NOGIMPSL, MamemamuuHe ma n02ivHe Mo0ea06aHHS,
KozeHepayiiina cucmema
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Ha ocnose mamemamuueckozo u Jj102u1ecKozo mooeuu-
poeanus 8 cocmase K02eHEPAUUOHHOU CUCHEMbL pa3pado-
mana mexnonous QPYHKUUOHUPOBAHUS CYWUNLHOU Ycma-
HO6KU HA YpO6HEe NPUHAMUSL PeuleHUll 01 Npou3eoocmea
nennemnozo monausa. Ilpedcmasnena unmezpuposannas
cucmema OueHKU UIMEHEHUs 6]1a20CO0ePHCAHUsL 8030YXa 8
CYMULHOU Kamepe, KOMopas no3eousem uzMeHsIms pacxoo
6030yxa, nodasaemozo Ha nodozpes, HA OCHOBE U3MEHEHUS
4acmomol 8paujeHUs 3aeKmpooeuzamens 6030YulHo20 6eHMU-
asMopa, npu usmMepeHuu memnepamypol 6030yxa Ha 6vixode
U3 CYWUNLHOU Kamepovl

Knrouesvie cnosa: mexnonozus, cywunvHas ycmauosxa,
8a1azocodepicanue 6030yxa, MamemMamuveckoe u 102utecKoe
Modenuposanue, K02eHepAUUOHHAS CUCTEMA
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1. Introduction

Due to the opportunity of selling energy at “the green
tariff”, the use of the bio fuel as a renewable energy source is
a stimulating factor for producing both electricity and heat
from one energy source [1, 2]. In the production of the pellet
fuel, the costs of timber drying make up to 25 % of the to-
tal costs. The moisture content should not exceed 10-12 %,
and raw timber, for example, may contain about 50 % of
water. In order to support the energy-saving temperature
and the aerodynamic regimes, drying must take place in
the approved interactions which is possible to obtain with
using the cogeneration technologies, which have a primary
engine, an electricity generator, a heat utilization system and
a system of the control and management. Moreover, the mea-

surement of the temperature and the air humidity as a drying
agent in the drying chamber and the humidity of the dried
timber, are not always used appropriately to support timber
drying due to the complexity of measurements, which makes
it impossible to use the measurements in the coherence to
prevent the influence on the change in the parameters of
drying for ensuring the continuous production of the pellet
fuel. All these facts substantiate the relevance of this work.

2. Analysis of scientific literature and
the problem statement

The means of improving the timber drying technology
is based both on the intensification of the heat exchange




processes in the drying chamber and on the improvement
of the management systems of the drying process. In [3], for
example, the advantage of mechanical activation of the dried
material is determined, but at the expense of the extra costs
in electricity. In the work [4] it was determined that the
quality of drying is influenced by the structural parameters
of a drying chamber, but the assessment was made with the
measurement of the drying parameters in the drying cham-
ber. In the work [5], the influence of the modes of drying
parameters on the quality of drying was defined without
coordinating the thermal and the aerodynamic modes of
drying of the material. In the work [6], the recommenda-
tions on the intensification of the heat exchange in a drying
chamber, but without the possibility of their use in the actual
operating conditions of the drying chamber, were given.
The most important indicator of raw materials drying is the
drying capacity, which must be more than 1 and present the
quantitative ratio of the moisture content of raw materials to
its balanced moisture content.

The balanced moisture content of timber is almost equal
to the stable moisture content, which depends on the tem-
perature of the air and its relative humidity [7]. To support
the capacity of the timber drying, the expert systems are
used, which are based on the measurement of air tempera-
ture and the humidity in a drying chamber with measuring
the timber humidity. The complexity of the measurements
and the impossibility of using them in coherence can lead
to the accumulation of the moisture by timber or the termi-
nation of the drying process [8, 9]. To maintain the quality
of drying, it is necessary to coordinate the temperature and
the aerodynamic timber drying modes on the basis of the
prediction of the air moisture content change in a drying
chamber by measuring the air temperature at the outlet
of a drying chamber to notice the change of heater air
consumption, on the basis of changes in the rotation fre-
quency of the electric engine of the air blower.

3. The purpose and objectives of the study

The aim of the work is to develop energy-saving technol-
ogy of the drying plant functioning as a part of a cogenera-
tion system.

The set goal requires solving the following tasks:

— to develop a structural scheme of the complex mathe-
matical simulation of the dynamics of a drying plant to ob-
tain the standard assessment of the changes in the moisture
content;

— to develop structural schemes of the logical simulation
for obtaining the functional information for decision-making
to maintain the operation and the identification of a drying
plant state as a part of cogeneration system;

—to offer the integrated assessment of changes in the
moisture content of the air in a drying chamber concerning
the energy-saving technology of the drying plant functioning;

—to evaluate the practical relevance of the obtained
results.

4. Energy saving technology for the operation of a
drying plant as a part of the cogeneration system

On the basis of the methodological and mathemat-
ical substantiation of the architecture of technological

systems [10], the architecture of the cogeneration sysem
that is based on a dynamic basis — the integrated dynamic
subsystem, and contains the cogeneration and drying
plants, was developed (Fig. 1). A drying chamber, a heat
exchanger of the air heated by the cogeneration plant and
an air fan were suggested to be included to the drying
plant. The other units in the structure of the cogeneration
power system are the unit of reducing and increasing the
rotations frequency of the electric engine of the air fan,
the unit of unloading the dried wood and loading the
fresh material and the unit of the functional efficiency
assessment (Fig. 1).

Dynamic sybsystem

Fig. 1. Architecture of the cogeneration power system:

1 — the unit of reducing the rotations frequency of the
electric engine of the air fan; 2 — the unit of increasing the
rotations frequency of the electric engine of the air fan;
3 — the unit of unloading the dried wood and loading the
fresh material; 4 — the unit of the functional efficiency
assessment

Using the formula (1), the mathematical substantiation
of the cogeneration system architecture was described:

[DP()(x, (1), x(2),£(7), K (%), y(2),d(0)), R (%), P(1)) |

CS= ’ (1)
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where CS is the cogeneration system; D is the dynamic
subsystem (cogeneration and drying plants); P are the prop-
erties of elements of the cogeneration power system; t is the
time, s; x are the influences; f are the diagnosed parameters;
K are the relations if D, CS respectively. Indices: i is the
number of elements of the cogeneration power systems; 0, 1,
2 are the initial stationary mode, external, internal character
of influences.

The foundation for the maintenance of the temperature
and the aerodynamic regimes of timber drying regarding
obtaining both standard and functional information is a
mathematical model of the drying plant dynamics. The sys-
tem of nonlinear differential equations includes the equa-
tion of the state as a physical model of the heat exchanger,
the equation of energy of the transmission medium — the
heater fueled by the cogeneration power plants, the equa-
tion of energy of the accepting environment — the air, in
which the change in the air moisture is estimated both by
time and along the spatial coordinate of the axis of the heat
exchanger, which coincides with the flow direction of the
medium movement, and the equation of thermal balance
for the wall of the heat exchanger. As a result of the im-
plementation of the mathematical model, the transmission
function for the channel: “moisture content of the air — con-
sumption of the air» was obtained:
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where t, s, q are the air temperature, the temperature of
the heat transfer agent, the temperature of the wall heat
exchanger, K, respectively; G is the substance consumpt-
ion, kg/s; C is the heat capacity, KJ/(kg-K); i is the enthal-
py of the working body, KJ/kg; w is the moisture content
of the air; a is the connective heat exchange coeffici-
ent, kW/(m?%K); h is the specific surface, m?/m; g is the spe-
cific mass of the substance, kg/m; z is the coordinate of the
length of the heat exchanger, m; T;, Ty, are the constants of
time, which characterize the thermal accumulative capacity
of the air, metal, s, respectively; m is the indicator of the de-
pendence of the heat transfer coefficient on the consumption;
S is the parameter of the Laplace transformation; S=wj; o is
the frequency, 1/s. Indices: i — inside flow — the air; m — the
metal wall; e — external flow — the heat transfer agent; w —
moisture content of the air; 0, 1 — input conditions, inlet into
the heat exchanger.

To use the transmission function as a part of a complex
mathematical simulation of the dynamics of the drying
plant, a real part O (®), which has the following form, was
determined:

O(@)=(C,L ~DM)(K, /K,). 3

For obtaining the coefficients as a real part O (®), the
following expressions were received:
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The temperature of the separating wall 6 which is a part
of the coefficient K;:

9=(ai(612+62)+A(t12+t2)]/(06i+A), 5

where oy, 69 are the temperature of the heat transfer agent,
heating at the inlet an the outlet of the heat exchanger, K,
respectively; tq, toare the temperature of the air at the outlet
and at the inlet of the drying chamber, K, respectively: o is
the connective heat exchange coefficient, kW/(m?K); Index:
i — inner flow — the air.

A=\ (©)

where § is the wall thickness of the heat exchanger, m; o is
the connective heat exchange coefficient, kW/(m?K); A is
the thermal conductivity of the metal of the heat exchanger
wall, kW/(m-K). Index: e — external flow — the heat trans-
fer agent.

Using the integral of the transition from the frequency
range to the time range, the change of the moisture content of
the air both by time and along the spatial coordinate of the axis
of the heat exchanger for heating the air, is defined as follows:

w(T,2)= i]:O((D)SiH(T(D / )do, )

where 7 is the time, s.

For the complex mathematical simulating of the drying
plant dynamics, the block diagram that is presented, for ex-
ample, for the input data of the pellet plant with the capacity
of 680 kg/day of timber was developed (Fig. 2).

Output data
Drying plant capacity, Q=680 kg/day, G=1,8 kg/s; #,=90 °C; ,=60 C;
=55 °C; 1,=85 °C; balanced air humidity, wy=20 %

Determination of the total heat flow from the heating agent
to the heated air; G.=0,4343 kg/s
Limit variable #, 55 °C...45 °C
W, 20 %, 15 %, 12 %
First level: 55 °C—85 °C; second level: 52,6 °C—80,8 °C; third level:
51,3 °C=77 °C. Determination of the air consumption 1,8 kg/s;
1,68 kg/s; 1,65 kg/s
Determination of the coefficient of the connective heat transfer and
of heat transfer
¥
| Heat exchange surface, F, m? l
/
v
Constants of time and coefficients of the mathematical model of the
air moisture content dynamics
¥
| Standard dynamic characteristics of the air moisture content |

Fig. 2. The block diagram of a complex mathematical
simulation of a drying plant: G, G; are the consumption
of heat transfer agent, the air, kg/s, respectively; ty tpare
the temperature of the heat transfer agent at the inlet into
the heat exchanger and at the outlet of the heat exchanger,
K, respectively; t3 tsare the air temperature at the inlet to
the heat exchanger and the outlet of the heat exchanger, K,
respectively

According to the proposed block diagram (Fig. 2),
within the limits of the defined cyclic structure, the fol-
lowing levels of the drying plant functioning regarding
the changes of the air temperatures at the inlet to the heat
exchanger and at the outlet of the heat exchanger were es-
tablished: the first level: 55—85 °C; the second level: 52,6
80,8 °C; the third level: 51,3-77 °C, corresponding to the
change in the balanced humidity of 20 %, 15 %, 12 % and
the flow of air to 1.8 kg/s, 1.68 kg/s, 1.65 kg /s, regarding



reducing the moisture content of the raw material from
40 % to 12 %. In Tables 1, 2, the results of the complex
mathematical modeling of dynamics of the drying plant
regarding the maintenance of changes in the moisture
content of the air in the drying chamber are presented.

Table 1

Parameters of the heat exchange in the heat exchanger of
the air heating

Functional Parameter
level 0, Wt/(m2K) | a5, Wt/(m2K) | k, Wt/(m2K)
First level 3050,67 254,33 233,05
Second level 2912,86 242,84 222,59
Third level 287791 239,92 219,94

Note: o, is the coefficient of connective heat transfer from the
heat transfer agent that heats up the walls of the heat exchan-
ger Wt/(m?-K); a; is the coefficient of heat transfer from the wall of
the heat exchanger to the air, Wt/(m?-K); k is the coefficient of the
heat transfer, Wt/(m?-K)

Table 2

Values of the constants of time and the coefficients of
mathematical model of the dynamics of a drying plant

Func-
tional
level
First
level

*

Ti, Y Trn: S € C.: Lev m Liv m Le K\\'

0,0048{0,6149(14,547(0,146|33,26|483,89(0,029|-0,9646

Second
level
Third

level

0,0050{0,6440(14,547(0,136|32,51|472,99(0,030|—1,2848

0,0051(0,6518|14,547(0,134|32,32|470,19(0,030|-1,6060

The presented block diagram allows, having obtained the
constants of time and the coefficients of the mathematical
model of the dynamics of the moisture content of the air,
determining the maximum admissible change in the mois-
ture content of the air for the established levels of function-
ing [10]. For more information about (1)—(4) (Fig. 3) regard-
ing making a decision on maintaining the operation of the
drying plant, a logical model of the serviceability control of
the drying plant based on the method of graph causal con-
nections, was developed [2].

It is suggested to maintain the functioning of the drying
plant as a part of the cogeneration power system with the
continuous measurement of the air temperature at the outlet
of the drying chamber, which is compared with a standard
value of the level of functioning. Thus, the use of the logical
structure within the cycle allows making decisions based on
the information assessment (1), (2) to increase or decrease
the air flow supplied to the heat exchanger of heating, with
using the frequency changes of the electric motor rotation
of the air fan, respectively. Obtaining the same summary
information (3) indicates the completion of timber drying
and requires a decision on the unloading the dried timber
for further use in the technological process of the production
of pellet fuel. Obtaining information (3) corresponds to the
achievement of the air temperature at the outlet from the
drying chamber of an extremely low level — 44 °C. Loading
of the fresh raw materials occurs on the basis of the informa-
tion assessment (4) when deciding on setting the tempera-
ture at the inlet to the drying chamber at the level of 85 °C
regarding the air consumption of 1,8 kg /s (Fig. 4).

(CT(), (x, (D), X, (DG, ()(0), G, (D)(0), ;e (O()H))s Z,, (D),
X

(CTLO (OO e D)) Zo (D),
I
(CT (DK (DK, (DD Zs (1),
X
| (CT, (D (O(w(T)(0)))), Z 4 (1), |
I
| (CTy () (D) (~Aw() ] A (DF)))).Zes (1), |
I
| (CT.(D)(—Aw(t)/ Aw, (1) >
> AW, g (1) Aw, (1)) <0).
5 (CT.(D)(—Aw(t)/ Aw, (1) <
AW, g (D Aw, (1)) <0).
3.(CT.(0)(—Aw(t)/ Aw, (1)) > 0.
4.(CT.(D)(—Aw(t)/ Aw, (1)) > —1.

Fig. 3. Block diagram of serviceability control of the drying
plant: CT is the action control; Z is the logical relationship;
d are the dynamic parameters; w is the moisture content of
the air; t is the air temperature, K; 0 is the wall temperature
of the heat exchanger, K; x are the influences; f are the
diagnosed parameters; y are the output parameters; K are

the coefficients of mathematical description; K :—1/%
is the coefficient of the mathematical model of the dyr%mlcts
of the drying plant where i is the enthalpy of the working
body, kJ/kg; w is the moisture content of the air; G is the
consumption of the heat transfer agent, kg /s; Indices:
¢ — the serviceability control; outlet — outlet of the air from
the drying chamber; i — the air: e — external flow — the heat
transfer agent; s. c. f — sustainable calculated parameter
value of the first level of functioning; c. level — calculated
level; 0, 1, 2 — initial stationary mode, external, internal
parameters; 3 — the coefficients of equations of dynamics;
4 — the essential parameters that are diagnosed;
5 — dynamic parameters

Level of drying plant functioning >—

Y
| Standard dynamic characteristics of the air moisture content |
¥

| Measurement of the air temperature |

ti el (T) < tis aulen(T)

2

Obtaining result information (1)
7

| Decrease in air consumption; fiimeT) = fis inleti+1(T) |

. 4

| Obtaining result information (2) |
¥

Increase in air consumption; fimle(t) = fis mleri -1(7)

s

| Supply of dried timber for production (3) |

l Loading of fresh timber on the basis (4) |

Fig. 4. Block diagram of the maintenance of the timber drying
process at the level of decision-making, where t;injet, tis inet,
ti autlet, tis autiet @re the functional and standard temperature
at the inlet to the drying chamber and at the outlet of the

drying chamber, respectively, K; i is the number of levels of
functioning; 1 is the time, s



Confirmation of the correctness of the made decisions
is carried out on the basis of the proposed block diagram of
the identification of the state of the drying plant as a part
of a cogeneration system (Fig. 5), which was designed on
the basis of the identification part of the graph of causal
connections [2].

Unit of identification of
the wall temperature of
the heat exchanger, ST»

(STLOU (MO() =0 evet (). Z5 (D),

Unit of the coefficient
ST(DK (D) =K, 1o (D). Z5(T),
identification, K, ST ( 3( )( v»( ) Whnew lexel( ))) 53( )
x
Unit of identification of air moisture LJ (ST (DD (T) = W e (D) Z.: (T).
content, STy
I
Unit of i.dentiﬁcation of (ST; ()(d(x)(Aw(r)/ Aw,  ; (1) =
dynamic parameters, i o
STs = Aw(T)/ AW, ¢ £ peretenat (1)) Z5 (T
E 2
Unit of identification (ST, (r)(P(r) (new state of drying
of the drying plant [} lant function o)
state, ST, plant functioning

Fig. 5. Block diagram of logical simulation of the identification of
state of the drying plant: ST is the identification of the state; P are the
properties of the drying plant; Z is the logical relationship; d are the
dynamic parameters; f are the parameters that are diagnosed; y are
the outlet parameters; K is the coefficient of mathematical description;

. =—1/—1 is the coefficient of mathematical model of the dynamics
of th(\eNdryer, where i is the enthalpy of the working body, kJ /kg; w
is the moisture content of the air; t is the air temperature, K. Indices:
s — state; new level — a new level of functioning; s. c. f — sustainable
calculated parameter value of the first level of functioning;

2 — internal options that are diagnosed; 3 — the coefficients of
the equations of dynamics; 4 — the essential parameters that are
diagnosed; 5 — dynamic parameters

On the basis of the proposed architecture of the cogene-
rating system (Fig. 1) and the developed structural diagrams
(Fig. 2-5), which were tested for maintaining the drying
chamber functioning for a fixed time interval [10], there was
developed the integrated system of the drying plant func-
tioning (Table 3), which provides the opportunity to make a

decision on the power change of timber drying with
the continuous measurement of the air temperature
at the outlet of a drying plant.

The moisture content in the drying chamber at
a definite time is determined as follows:

Witt (D)=Wi((AW 41 (T)/AWs ¢ 1 (T) —
—AW; (1)/AWs ¢ (1)) (W2—W1)), ®)
where w is the moisture content of the air in the
drying chamber, %; w1, wy are the moisture content
of the air at the inlet to the heat exchanger of the air
heating and at the outlet of the heat exchanger, %,
respectively; i is the number of levels of timber
drying; 7 is the time, s. Index: s. c. f. — sustainable
calculated value of the first level of functioning.

Thus, for example, in 4400 s after loading raw
wood to the drying chamber, it was established
that the aerodynamic mode of the drying chamber
regarding the air supply of 1.8 kg/s into the heat
exchanger does not correspond to the reduction
of the air temperature at the outlet of the drying
chamber to the level of 52 °C and requires to make
a decision on the change of air consumption to
the level of 1.68 kg/s regarding the coordination
of aerodynamic and thermal regimes of timber
drying. The absolute value of the air humidity
in the drying chamber at this period of time was
determined as follows:

18,87 %=17,46 %-+((0,8048—0,7544)(40 %12 %)).

Table 3
Integrated system of the drying plant functioning maintenance
Time, T, . L. . o
100's Change of the moisture content of the air in the drying chamber Aw(T)/Awses(t) | w(T), %
11 Loading raw timber. Making decision on the air supply of 1.8 kg/s air: toy1e=55 °C; tinler=85 °C -1 12
22 Air supply of 1,8 kg/s. Timber drying: toyec=54 °C; tinle=84 °C -0,9107 14,5
33 Air supply of 1,8 kg/s. Timber drying: toytec=53 °C; tine=82 °C -0,8048 17,46
44 Making a decision the air supply of 1.68 kg/s: touter=52 °C; tiner=80,5 °C —-0,7544 18.87
Identification of the new conditions of functioning: air supply of 1,68 kg/s:
5| =52 °C; 11,1 =80,5 °C ~0.7532 1887
66 Air supply of 1,68 kg/s. Timber drying: touet=51 °C; tiner=76,6 °C -0,5674 24,07
77 Making decision regarding the air supply of 1,65 kg/s: toutler=51 °C; tine:=76,6 °C -0,5778 24,36
Identification of the new conditions of
88 functioning: air supply of 1,65 kg/s: touer=51 °C; tine=76,6 °C —0,5778 24,36
99 Air supply of 1,65 kg/s. Timber drying: toutet=50 °C; tiner=76 °C -0,4801 27,10
110 | Air supply of 1,65 kg/s. Timber drying: toutec=48 °C; tinler=75 °C -0,3021 32,08
121 | Air supply of 1,65 kg/s. Timber drying: touet=45 °C; tine=75 °C -0,1277 36,96
132 | Unloading dried timber for production of the pellet fuel: touge=44 °C; tinler=74 °C —-0,0190 40

Note: touser, tinier are the air temperature at the outlet of the drying chamber and at the inlet of the drying chamber, respectively, °C; w is the
moisture content of the air in the drying chamber, %. Index: s .c. [. (sustainable calculated upper) — sustainable calculated value of the pa-

rameter of the first level of functioning



For further timber drying, it is necessary to control
the air temperature at the outlet of the drying chamber by
reducing the power of the air fan regarding the air supply of
1.68 kg/s, which in 6600 s, makes 51 °C, and to make the
further timber drying to the air humidity in the drying
chamber, for example, of 24.07 %, calculated as follows:

24,07 %=18,87 %+((0,7532-0,5674) (40 %—12 %)).

And if the air temperature at the outlet of the drying cham-
ber decreased to 44 °C, which corresponds to the increase in
the air humidity in the drying chamber up to 40 %, it is nec-
essary to unload the dried timber to the pellet plant and load
raw materials, ensuring setting of the thermal and aerodynamic
parameters of the drying plant of the first level of functioning.

5. Discussion of the results of studying the energy-
saving technology of maintenance of the drying plant
functioning as a of part of the cogeneration power system

As aresult of the research, there was developed an integrat-
ed system of changes in the moisture content of the air in the
drying chamber, which allows maintaining the timber drying
capacity based on the changes in the air consumption that is
supplied to the heat exchanger, using changes in the rotation
frequency of the electric engine of the air fan. There was ob-
tained the analytical evaluation of changes in the moisture
content of the air in the drying chamber due to the unreliable
use of the measurements because of the difficulty of getting the
measuring results in cohesion. It was suggested to measure the
air temperature at the outlet of the drying chamber for making
the objective decisions regarding the change in the air con-
sumption for heating the air to maintain the drying capacity.

It makes it possible to objectively ensure the change in the
air humidity in the drying chamber and prevent the reverse
process of the moisture accumulation by the raw materials.
The exact term of unloading the dried timber to the pellet
plant and loading the raw materials to the drying plant was
determined. The uninterrupted functioning of the cogenera-
tion power systems for the additional production of energy,
taking into account frequency regulation of the electric motor
of air fan for drying raw materials allows reducing the cost of
the production of electrical energy and heat. The presented
results of the investigation are the continuation of working
in the direction of harmonizing the production and the con-
sumption of bio fuels [2]. The approbation of the results of the
research under the conditions of using pellet plants of various
capacities as parts of the cogeneration systems was planned.

6. Conclusions

1. The production of pellet fuel requires the use of the
integrated evaluation system of changes in the moisture
content of the air in the drying chamber regarding the co-

ordination of the temperature and aerodynamic modes of
timber drying with the use of the cogeneration technologies
to maintain the drying capacity.

2. There was suggested the structural scheme of the com-
plex mathematical simulation of the dynamics of the drying
plant which gives an opportunity to determine the tolerances
on the change in the air moisture content in the drying cham-
ber for the determined functional levels, which correspond
to the change of the air temperature at the inlet to the heat
exchanger of the air heating and at the outlet of the heat ex-
changer according to a change in the balanced air humidity in
the drying chamber and a change in the air supply.

3. The structural scheme of the logical simulation regard-
ing the drying plant serviceability for getting the final func-
tional evaluation of changes in the air moisture content in the
drying chamber was suggested. This scheme, which operates
by the principle of causal connections, includes the following
units: the unit of the evaluation of the changes of air tempera-
ture at the outlet from the drying chamber that are measured,
the unit of the change of the temperature of the walls of the
heat exchanger for heating air, the coefficient of the mathe-
matical model of the dynamics of the air moisture content, Ky,
the unit of the dynamic parameters of the change in the air
moisture content, the unit of the serviceability control.

4. The structural scheme of maintaining timber drying
at the level of decision-making was suggested. A special
feature of this scheme is the comparison of the measured
air temperature at the outlet of the drying chamber with a
standard value and the determination of the summary infor-
mation regarding making decisions to change the rotation
frequency of the electric engine of the air fan or the change
of the dried and raw wood.

5. The structural scheme of the logic simulation regard-
ing the identification of the state of the drying plant for
confirming the made decisions was suggested. It includes
the following units: the unit of the change of the wall tem-
perature of the heat exchanger for heating air, the coefficient
of the mathematical model of the dynamics of the air mois-
ture content, Ky, the unit of the dynamic parameters of the
change in the air of the moisture content, the unit of the
identification of the drying plant state and allows setting the
new state of the drying plant functioning.

6. There was suggested the integrated system of the
changes in the air moisture content that allows maintaining
the timber drying capacity on the basis of the changes in
the air consumption regarding the change in the rotating
frequency of the electric motor of the air fan with the mea-
surement of the air temperature at the outlet of the drying
chamber, making the timely supply of the dried timber for
the pellet fuel production and loading the raw wood.

7. Coordinating the temperature and the aerodynamic
modes of the timber drying provides an opportunity, for exam-
ple, for the production of 5.8 thousand tons of wood pellets per
year to reduce the cost value of the electricity and heat produc-
tion by 20—30 % and to get the 40 % savings of the financial re-
sources with using pellet fuel for heating and hot water supply.
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Hocaidxcena mexnonozis suxopucmanus 6000-
nanueHux emyaociti nio uac po6omu cyoem, wo
oocayzosytomv Hadmosudodyeni naamopmu. Ipu
ananizi npouecy naiueoniozomoeKu po3eJAnHy-
mo OCHOBHI meopemuuni Memoou ma pe3yivmamu
MO0eN0B8aAHHS 20PIHHA KANL 6000NATIUBHOT eMYJlb-
cii. Iloxazano, wo npucymuicmo 600U npu nesHUx
YM08ax MoONHCE NOZUMUBHO GNIUBAMU HA NPOUEC
20piHHsA, WO NPpueode 00 NOJINUWEHHS XapaKmepuc-
mux odepoicyeanozo Qarxena 2opinns i menaosudi-
JIeHHS naauea

Kmouosi crosa: emyancisn, 0éuzyn cyona, cymiu
600u i duzens, oucnepeysanus, memnepamypa cna-
naxy, KOHueHmpauis 600U, KOHUEHMPAYis KOMNO-
HeHmu

=, ]

Hccnedosana mexnonozus ucnonv308anus 6000-
MONAUBHBIX IMYNbCUT npu padome cyoos, o6Cy-
Jcusarowux Hepmedobvieaiowue naam@popmol.
IIpu ananuze npouecca monausonodz0mosxu pac-
CMOMPeEHbL OCHOBHLIE MeopemuuecKue memoovt u
pe3ynvmamot MOOEAUPOBAHUSL 20PEHUSL KANIU 8000~
monauenoii amyavcuu. Iloxazano, umo npucym-
cmeue 600bL NPuU ONPedeseHHbIX YCLOBUAX MONCEm
NOJIOHCUMEILHO 8JUAMb HA NPOUECC 20PEHUSL, NPU-
6005 K YAYHUWEHUIO) XAPAKMEPUCMUK NOSYHAEMO20
Qaxena zopenus u mennoevioeseHUss monaUea

Knrouesvie cnosa: amyavcus, 0suzamens cyouna,
cmech 8600bL u du3ens, ducnepeuposanue, memnepa-
mypa 6CnvluKU, KOHUEHMpPAuus 600bL, KOHUEHMPA-
YU KOMROHEHMbL

|l =,

1. Introduction

In most cases, when operating of ship power plants,
the ships do not use clean fuel, but the fuel emulsion with
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the presence of the water component [1]. The presence of
water in fuel in most cases cannot be avoided. The natural
processes of moisture condensation from the environment,
a technical failure in the sealing units and seals the fuel




