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ABSTRACT
Relevance. To solve most of the tasks facing the housing and communal services of the country, it is necessary to create and
implement new efficient energy-saving technologies and units, the development of which will solve the problem of reducing heat
consumption and metal consumption when using individual heat points in district heating systems.
Goal. Increase in the efficiency of autonomous heat supply systems (AHSS) for housing and communal services objects.
Ensuring effective means of analyzing complex systems and processes in multi-circuit heat exchangers for heating and hot water

supply systems.

Method. To achieve this goal, a systematic approach was applied to the analysis of thermal and hydraulic processes occurring in
the autonomous heat supply systems and modeling of heat exchange processes in multi-circuit heat exchangers. To solve the
boundary value problem, an iterative procedure is proposed. On the experimental stand, the model is explored, experimental data are

obtained.

Results. The dependence of the coolant consumption in the circuits and the amount of heat are established theoretically and
experimentally. An iterative procedure is developed. Studies were carried out on the basis of the experimental stand. Based on the
results of the experiments, a nomogram of thermal calculation of a multi-circuit heat exchanger was constructed.

Conclusions. The experiments carried out on the experimental stand developed by the authors of the experiment fully confirm
the correctness of the theoretical results obtained and provide an effective tool for constructing industrial samples.

KEYWORDS: autonomous heat supply system, heat exchangers of a coiled type, tank-accumulator, basic design parameters,

optimization of energy resources, experimental stand.

ABBREVIATIONS

HW — hot water supply;

AHSS — automated heat supply systems;

TA — tank-accumulator;

HE — heat-exchanging unit;

MHUT - a multi-loop unit with the accumulating
tank;

ITP — individual thermal point;

HAU - heating-accumulating unit.

NOMENCLATURE

Tenv — the environmental temperature;

At - the temperature of the premier contour;

T — the time period;

Q; —heat power;

G; — outlet temperature in the i-contour;

¢, — heat capacities of the incalescent heat carriers in the i-
contour;

tl»l — the temperature at the entry of the i-contour;
tl-Cp — average temperatures of the i-contour heat carriers;

t,-H — the temperature at the exit of the i-contour;
F,— diameter of the i-contour;
k; —heat consumption in the i-contour;

k — total heat consumption;
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4;
carrier contour (i=1), heat system contour coil (7=2), hot
water supply system coil (=3), hot water tank-

accumulator (=4).

— square of the tube cross-section of the heat

INTRODUCTION

Development and improvement of the energy-saving
technologies in the modern heat exchanging systems is
restrained in many respects by the absence of the
calculating method and modern computing complexes
allowing to adequately forecast the state of such systems
in the whole equipment load range. The list of unsettled
issues regarding the improvement of the centralized heat
supply systems requires the scientific search and
development of the recommendations for their practical
application. That is why the work efficiency and heat
supply systems exploitation increase at the expense of the
new models (units) development resources saving
technologies implementation is a highly relevant scientific
and technical problem for Ukraine. In this respect, one of
the heat exchanging unit prospective models is the model
of a heat exchanger of a coiled type with the tank-
accumulator patented by one of the authors [1].

In fig. 1 the MHUT cross-section, which heat
exchanging processes are investigated in this work, is
presented.
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Figure 1 - MHUT of a coiled type cross-section

The MHUT work is realized in the following way: the
premier heat carrier enters the HE intertube space, created
by the frame and the coiled tubes. Having given its heat
through the surface of the heating and hot water supply
systems coils and the surface of the tank-accumulator
frame goes back to the heat source. The running water
heats and enters the hot water supply system coil, where it
heats up to 55-60°C and afterwards it flows into the
accumulating container, from which the water is
consumed for the hot water supply needs. The heating
water is constantly circulating in the second coil with the
help of the noiseless pump.

1 PROBLEM STATEMENT
The known parameters in the heat-exchanging unit are

temperatures of the hot heat carrier tll and tIH at the entry
and exit of the heat exchanging unit frame; temperatures

of the incalescent heat carriers of the heating contour té

and tél with the consumption Gj; temperature of the
incalescent heat carriers of the third contour of the hot
water supply system t3H and t3[ with the consumption G,

which flows into the hot water tank-accumulator.

The unknown parameters are the following seven
parameters:

— consumption of the premier heat carrier G;;

— initial and terminal water temperatures ¢, in the tank-
accumulator;

— water consumption with the TA, entering the hot
water supply system according to the daily consumption
schedule Gy ;

— diameters of the first, second, third and fourth
contours of the heat exchanging unit , F,, F and F,.

It is necessary to solve the following tasks for the chosen
MHUT construction:

— to define the principles of the constructive
parameters basic meanings calculation in the fixed work
regime;

— to develop the algorithm of the energy resources
optimization during the MHUT exploitation.
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2 REVIEW OF THE LITERATURE

It is known that the most complete evaluation of the
created heat exchanger efficiency has to take into
consideration the convection, mass, volume and cost
characteristics, units and components workability and
unification degree indexes, exploitation indexes. Hence,
during the analysis of any heat exchangers, it is necessary
to take into consideration so many parameters that at first
sight there seems to be no use in the analytical solution
receiving trial, which might allow getting the desired
evaluation. Especially taking into account that the
analytical solution of the full Navier-Stokes equation has
not been found yet [3].

While creating the new and more effective heat
exchangers the aim is to decrease the specific
consumption of materials, work, resources, energy,
consumable during the work comparing to the existing
heat exchangers indexes. The specific consumption for
the heat exchanging units is the consumption related to
the thermal productivity under the set conditions [4].
Until recently the heat exchanging units calculation has
come to the fixed work regimes calculation and finding
such parameters as the temperatures average difference,
heat transfer coefficients, heat transfer surface and
hydraulic bearings [5]. However, during the modern
automated autonomous heat supply systems creation, it is
necessary to have the quantitative dependencies in the
form of mathematical models characterizing both fixed
and flexible heat exchanging units work regimes. Partially
these issues have been considered in the work [6] in
which the scientific foundations of the mathematical
description of heat transfer processes in the heat
exchanging units multithreaded stage have been
developed in the form of the ordinary linear differential
equations system as the simplified longitudinal model of
the full Navier-Stokes equation. In the article [7], the
modelling of the heat exchange process in the
intermediate heat exchanger of a coiled type, which is a
part of the heat extraction contour of the “UNITERM”
reactor unit fulfilled using the hydro and gas dynamical
package ANSYS CFX, is considered. The given article is
the further development of the works mentioned above
oriented towards the AHSS of the housing and communal
services.

3 MATERIALS AND METHODS

The calculation of the constructive parameters of the
heat exchangers of a coiled type for the independent
heating and hot water supply systems is based on the
thermal balance equation and the heat transfer equation
combined solution.

We define the MHUT thermal power for the heating
0O, and hot water supply Q3 system contours from the

formulae:
0, =Gy oyt ~13), (1)

0;=Gy-3(tf -13), @)
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where C, and Cj is the thermal capacity of the heat

carriers with the 75”7 and ;¥ average heat carriers

temperatures:
11 1
ty +t 13 +t
tgpzz 2 Ht§p=323, 3)

Considering the thermal losses through the external
surface of the tank-accumulator we define the premier
heat carrier consumption from the formula:

_ O+

= Nmor- @)
(el 1)

If the premier heat carrier is the vapor, then the
formula (4) becomes:

_ O +0s
(iﬁ—t,[()nHOT’ %)

where Acy is the premier heat carrier thermal capacity at
the average temperature; m,,,, — the heat losses through
the HE external surface coefficient. At that:

17 =05 ~1), (6)

t," - the saturated vapor enthalpy at the Psat pressure; t;' —
the water enthalpy on the saturation line at the Psat
saturation pressure;

Further, we write the thermal balance equations:

— heat exchange between the premier heat carrier and
the heating contour heat carrier:

O, =K -FK? —t§()) , @)

— heat exchange between the premier heat carrier and
the hot water system contour heat carrier:

O3 =Ky F(t? -15°) )

— heat exchange between the premier heat carrier and
the water in the HE through the heat exchanger frame:

04 =K3 R —15) )

At that, the average temperatures of the premier
warming heat carrier and the heat carriers incalescent in
the coils of the heating contour and the hot water supply
and the water in the TA are respectively equal:

17 =05+, (10)

157 =0.5(t5 +13),

(11)
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¢ I 1
t3p = 05(t3 +t3 ),

(12)
1 =054 +14), 13

The heat quantity which is perceived by the heat
carrier of the heat supply system contour:

i
0r =Gy -cp(ty +13).

(14

The heat quantity received by the heat carrier of the
hot water supply system contour:

03 =Gy c3(t] +17).

(15)

The heat quantity used for the TA water heating, at the
dewatering decrease for the water supply through the heat
exchanger frame:

C C|
Q4 :G4 'C4(tlp +t4p).

(16)

In that way, the unknown parameters calculation is
based on the thermal balance equation and the heat
transfer equation combined solution:

O =k - B (7 =15F)
O3 =ky - F3(t7 —15")
Or4 =ky - (T =1,F)
0y =Gy cy(t +13))
03 =Gy -c5(t5 +13))

C, C
04 =Gy -cq(ty? +1,1)

amn

where: 17 =050 —t), 1 =053 —13),

7 =058 —11), 1 =05 ~13)

temperature of the heat carrier in the respective contour.
The equations system (17) is the system of equations

with twelve unknown values: Q,_,, O3, Oi_4, >,

I I
F;’Fla G2at2’t2 > G4’ Q27 Q4'

In the given equations the tI2 value can be accepted
equal to the t, based on the MHUT construction
distinguishing features. Hence, the value (", —',) must be
close to zero. Its deviation from zero may serve as the
acceptable  simplifications  validity = measure. If

the average

(tél —té )0, it is necessary to increase the heat
exchanging surface of the MHUT heating contour coil
and if (té[ —té )0, the heat exchanging surface may be

left unchanging while the Gj premier heat carrier

consumption may be decreased. Setting a number of the
known constructive parameters it is possible to define the
others using the given fixed temperature regimes. The
received basic values of the constructive parameters have
to answer the total thermal balance equation:
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/i .1 1 a1 1
Gt =11 )=Gy-cr(ty —12)+G3-c3(t3 —13)+ Gy -4ty —14)+ Gy c4(ty —tox);

koo - F M =k - Fy (P — 1) + kg - Fy (6P =657 )+ ky - PO (1 —t8) + kg - F{A(E ~15,)

cp

We shall consider the power inputs optimization at the
given AHSS exploitation. The autonomous heat supply
system of the private building based on the MHUT is
shown in the fig. 2.

In fig. 2 the MHUT with the consecutive joining of
the pointed contours coils is shown for the heating and
HW contours presentation clearness. However, in the
given work the parallel joining of the coils (fig. 3) is
considered further as the more effective from the MHUT
composition and the heat exchange processes point of
view.

Here, Tif, T,, T3, T, T, T — are the
temperatures of the warming heat carrier and the heating
and HW heat carriers contours at the entry and the exit
respectively, 4, A4,, A; — are their cross-section

squares respectively.

In the given AHSS two main work regimes — the
transitional and the fixed — can be distinguished.

The transitional regime. In the given article the
MHUT AHSS heating contour outlet to the nominal
(fixed) work regime at the presence of the temperature
regime in the tank-accumulator and thus in the HW
contour is considered. As far as the temperature is

Heating 4

r

aPz

(18)

associated with the heating contour, the task is to settle
the set water temperature value both in it and in the
heating contour. It may occur through the coil of the
premier heat carrier in the form of the hot liquid from the
boiler or the geothermal source; through the coil of the
premier heat carrier in the form the heated gas; through
the special coil with the built-in electrical spiral.

In any case (except geothermal sources), the AHSS
outlet to the set temperature regime requires the energy
sources consumption. That is why the optimization from
the energy sources consumption in the transitional regime
minimization point of view is the important objective.

It is known that the heat transfer process is followed
by water mixing process, i.e. recirculation process. Hence,
this process can be described by the differential equations
system with the delayed argument, which are the
simplified model of the Navier-Stokes equations [3,5,9].
At that, the delay value t in our case can be defined on
the basis of the constructive parameters of the heating
contour and the nominal water circulation. As the result,
the heating contour structural scheme can be presented in
the following way (fig. 4).
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Figure 2 — The autonomous heat supply system of the building based on MHUT
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T5.43

Figure 3 — The parallel joining of the heating and HW
contours coils
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Figure 4 — The heating contour structural scheme

For it, we can write the following differential-residual
equations with the afteraction system:

0O g0l karae- 9 -0}
dx;’t(t) = ky; k3 () =3, (1= 1)] (19)

under the set boundary conditions: x;(¢),x,(¢) is the
temperature in the batteries and the coil of the heating
Kp > xl(T):x2(T):T°

The optimal control objective is to ensure the heating

contour; x1(0)=x,(0)=T,

contour temperature outlet to the set value T° at the final
moment. For the objective setting the cost functional is
defined with the expression:

T
I= [xl (T) - T0]+ [euf @yt
0

(20)

Also, we will consider, that the temperature in the
tank-accumulator at the time period [-7,0] is equal to the

environmental temperature Tenv, which corresponds to the
real state of the heating system before the starting. The optimal
objective solution for the system (22) is very difficult and
impossible in the analytical form because of the afteraction
effect. The slack variable method, which allows bringing the
initial system with the afteraction to the ordinary differential
and transfer equations (to which the known optimization
methods are applicable) system is suggested by the authors.
Taking into consideration the aforementioned, we pass
from the recording (19) to the recording of the form:
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20 g, [0} ale20- 0}
dx, (¢
%() = kyu; = ks[x (1) = 7 (0]
@2y
dy(2,0) dy,(2,9) 0
+k =—k t,0)-T
Ul 4T 5 [yl( ) ]
dy,(1,0) dy,(,0) 0
+k =—k t,0)-T
0 4= 5 [yz( ) ]
under the boundary conditions:
yl(oae) :O’yZ(O’e) :0’ (22)

»1 (t’O) =X (t): Y2 (I,O) =X (t):

where Zl(l)zyl(t,e),Zz(t):yz(l‘,e),xl(l‘),)ﬁ(l‘)* is the
temperature in the heating radiator and the heating
contour coil respectively; y(¢,0);1,(¢,0)— is the

temperature in the pipelines; u=u is the equation
connected to the energy consumption for the heat carriers
temperature change (0<u; <upy,y); T° is the set
temperature; k; is the constant. The maximum method is

used as the optimization method [10].
Hamiltonians are composed for the equations of the
system (29) and (30):

Hy =yoe O+ w1 | T0 + ks (s (60— () |+
+\V2[ku“i —k3(x3()y; (l‘»f)l
K\, =—01ks [)ﬁ(f,e)—To]—

_¢2k5[y2(t’e)_T0]:

(23)

where ;,;—are auxiliary variables.

In this case, the conjugate equations system and the
boundary conditions have the form:

X0 _ o MO _ 4y ks (1) — ks (10),

ot ot
220 kg1~ ks92(0.0), (24)
Yo(T) = ey (T) ==2(x (T) = T,y (T) = 0.
%”ﬂ% = ks(Pl;aaitz+k4aaie2 =ks¢y,
91(4,7) =’;—iw2(t);<p2<t,r> =%wl(t), @5)

01(T,0)=0;0,(T,0)=0;t € [0,T}0 [0, 7]

As far as the optimal equation has to ensure the
hamiltonian maximum, therefore:
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0, whenk—”\VZ (0,
2¢

uheat (t) — k_u’ When0<k—u < umax s (26)
2c 2c

k
u
Umax When—“)ipay -
2c

To define the trajectory change rule vy, it is necessary
to solve conjointly the auxiliary equations (24), (25) and
equations (21), (22) using the optimal equation formula.
The combined solution of the stated equations is the
boundary-value problem solution. In the common case,
such problems solution requires calculus mathematics
methods application [8].

In this case, the next iterative procedure can be
suggested.

Step 1. To set some initial value x|(7’) and calculate

wi(T)=2-2(q(1)-T7).

Step 2. To integrate the conjugate equations system
(24) in the reverse time from =7 to t=0 and define
Y2 (2) and yy(7).

Step 3. To define u(¢) from (26).

Step 4. Having put the defined value u(¢) in (19) and
integrated the given system from ¢=0 to ¢t =T, to define
the new value x; (7).

Step 5. If the defined value x;(7') differs from the one

set initially, we pass to step 1. If they are close (according to
the set accuracy degree), the defined decision is optimal.

The fixed regime. It is concluded in the set
temperature regime stabilization (maintenance) at the
small changes of the environmental temperature and the
current volume of the hot water consumption. It is
considered that the premier heater temperature is stable
and corresponds to the set temperature regimes. The main
possibility condition for the heating contour is that the
heating time period in the heating contour coil has to be
much less than the water circulation time period in this
contour. In this case, the temperature regime stabilization
is ensured by the circulation pump with the corresponding
water circulation speed change. HW supply contour
temperature regime is totally defined by the tank-
accumulator temperature stability, which in its turn can be
ensured both by the constructive feedback, suggested by
the authors, and the water consumption automatic
compensation. At that, the main condition is that the
water heating time period in the HW contour coil, defined
from the MHUT dynamic model, has to be much less than
the water mixing time period in the tank-accumulator.

4 EXPERIMENTS

To carry out the experiments and approve the
correctness of the received theoretical results the authors
have created the MHUT experimental stand (fig. 5a, b).

!
N e
e 7
7
7 ) L
i / /1.

Figure 5 — The MHUT: a — experimental stand scheme; b — full-sized model
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Here: 1 — boiler (Novater.50); 2 tank-accumulator
(431.); 3 — radiators; 4 — expansion pneumatic tank
(4l); 5 — safety group (manometer, air valve, waste
valve 300...); 6 — heating contour coil; 7 — hot water
contour coil; 8§ — warming heat carrier circulation pump
(Wilo-StarRS25/4); 9 warming heat carrier
flowmeter ..—1.5..., 90°C, H=1..., G=1,5m’/h); 10 —
heating carrier flowmeter for the heating (..—1,5...,
90°C, H=1..., G=1,5 m3/h); heating contour circulation
pump (Wilo-StarRS25/4); 12 — cold water flowmeter
(..1.5..., 90°C, H=l.., G=1.5 m’h); 13 — step-up
station; 14 — bimetallic radial thermometer (... 0 —
150°C, 2.5 % accuracy class) — 7 pieces; 15 — globe
valve ¢ 20 mm.

Both coils are placed separately in the MHUT
frame, as it is shown in the fig. 5a. The coils heating is
arranged from the boiler 1 with the warming heat
carrier which is circulating in its contour with the help
of the pump 8, and the consumption is fixed according
to the flowmeter 9 indications, the temperature of
which may vary within the bounds from 40° to 90°C.
The water volume increasing at the temperature rising
is compensated with the help of the expansion vessel 4.
The secondary heating contour water is heated in the
coil 6 and circulates in the heating contour with the

Table 1 — Obtained results

help of the pump 11, and the heated water quantity is fixed
with the flowmeter 10. The cold tap water in the hot water
contour is heated in the coil 7 with the warming heat carrier
from the boiler 1 and flows into the HAU tank-accumulator
2, from which with the help 12 is forwarded into the hot
water supply system of the building with the temperature
50°-60°C. The first, second and third contours heat carriers
consumption is regulated with the help of the respective taps
15, and the total water consumption is fixed with the help of
the flowmeters 9, 10, 12 in each separate contour.

S5 RESULTS

On the basis of the experimental stand, the MHUT
research has been carried out for the independent heating
system as well as for the hot water supply system. The
obtained results are listed in the table 1, where 7t is the set
temperature regimes at the entry and the exit, F, Fheat, Fhw
is the coils surface for the heating...hot water supply systems
contours and the HE frame, m is the quantity of the
consumers. On the basis of the table 1, a whole range of the
temperature dependences for the MHUT energetic balance
check has been obtained. In particular, the diagrams
(presented in the fig. 6) have been built for the MHUT
energetic balance check.

Ne Consumption, kg/s Temperature Drop, Heat Quantity, (I:—I::; Velocity, m/s
K,
/ / / / / / /
S Gl ks | Ghxgs | 930 | Atoc | ancC | ancC | Qs | Qan | Q3| | WL | w2 |,
kg/s ki/s: | Ki/s: | Kl/s: . m/s m/s m/s
m-C
1 2 3 4 5 6 7 8 9 10 11 12 13 14
m=100 | 4.08 2.34 1.74 | 80 25 50 1370 | 786 584 2.08 | 0.374 0.278
m=10 | 0.408 0.234 0.174 | 80 25 50 137 78.6 | 584 0.408 | 0.491 0.354
F=3,636 m"; For=11,63m"; Fpy=432m"
- 4.08 2.34 1.74 | 80 25 50 1370 | 786 584 4702 2.080 | 1.194 0.888
g 2.04 1.17 0.87 | 80 25 50 685 393 292 2355 1.041 | 0.596 0.444
0 1.02 0.586 0.434 | 80 25 50 343 179 146 1179 0.520 | 0.298 0.222
u 0.51 0.293 0.217 | 80 25 50 172 98.5 73 591 0.260 | 0.149 0.111
0.255 0.146 0.109 | 80 25 50 86 49.25 | 37 296 0.130 | 0.075 0.056
o 5.44 3.12 232 | 60 25 50 1370 | 786 584 6280 2.775 | 1.592 1.184
S 2.72 1.56 1.16 | 60 25 50 685 393 292 3140 1.388 | 0.796 0.592
@ 1.36 0.78 0.58 | 60 25 50 343 197 146 1572 0.694 | 0.398 0.296
u 0.68 0.39 0.29 | 60 25 50 172 98.5 73 788 0.347 | 0.199 0.148
0.34 0.195 0.145 | 60 25 50 86 49.25 | 37 394 0.174 | 0.099 0.074
o 8.16 4.68 348 | 40 25 50 1370 | 786 584 9420 4.163 | 2.387 1.775
g 4.08 2.34 1.74 | 40 25 50 685 393 292 4710 2.082 | 1.194 0.888
— 2.04 1.17 0.87 | 40 25 50 343 197 146 2355 1.041 | 0.596 0.444
u 1.02 0.586 0.435 | 40 25 50 172 98.5 73 1177 0.520 | 0.296 0.22
- 0.51 0.293 0.218 | 40 25 50 86 49.25 | 37 589 0.26 | 0.149 0.111
- 10.87 6.24 4.63 30 25 50 1370 | 786 584 12560 | 5.546 | 3.183 2.362
g 5.44 3.12 232 | 30 25 50 685 393 292 6280 2.775 | 1.592 1.181
= 2.72 1.56 1.16 | 30 25 50 343 197 146 3140 1.388 | 0.796 0.591
v 1.36 0.78 0.58 | 30 25 50 172 98.5 73 1570 0.694 | 0.398 0.296
0.68 0.39 0.29 | 30 25 50 86 49.25 | 37 785 0.347 | 0.199 0.148
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Figure 6 — The heating and hot water supply consumption of the
premier heat carrier

6 DISCUSSION
We will show the calculating method of the MHUT
constructive parameters, which has been built in the form
of the experimental model, by the example of the
energetic balance check.
The energetic balance can be written in the form of the
equation:
O =03 +04 +Orp 27)

where Qé — is the heat quantity, transferred by the
premier heat carrier into the heating system
/ / / /
0 =Gy -Cpy(11 +13), (28)
Qé — is the heat quantity, transferred by the premier
heat carrier into the hot water supply system

It is easy to make sure, that the heating and hot water
supply consumption of the premier heat carrier, obtained
at the experiments carrying out (table 1) and the ones
presented in the fig. 6, coincide with the computation
data, calculated from the formulae (27)—(30).

Moreover, on the carried out experiments results
basis, the MHUT heating calculation nomogram
presented in the fig. 7 has been built. The heating
calculation nomogram allows choosing the MHUT
construction optimal parameters, i.e. heat-exchanging
surface value correlation to the tank-accumulator
capacity.

The heat exchanger construction, at which the input
and output sockets of the premier heat carrier are placed
tangentially to the heat exchanger frame (Fig. 3), assists
in turbulization of the flow around the heat exchanging
surfaces of the heating and hot water supply system,
which improves the heat exchange. The secondary heat
carrier in the coil moves in the reverse flow to the premier
heat carrier, settled in the intertube space, which
contributes to the heat exchanger warming surfaces
cleaning and prevents solid suspended particles
concretion on their surfaces.

Using nomogram greatly reduces time spent on the
MHUT calculation and projection stage and its optimal
size choice — the tank-accumulator construction and the
coils heating surface.

7 CONCLUSION

The MHUT basic constructive parameters calculation
method described in the article and the nomogram allow
choosing the optimal MHUT construction depending on
the exploitation conditions. For the effective practical
exploitation of the regarded AHSS, the algorithms of the
energy resources optimization in the fixed and non-fixed
MHUT work regimes are processed. The experiments

/ / / /
03 =G3-Cp3(11 +13), (29) . .
P carried out on the MHUT full-sized model created by the
. . . authors totally confirm the correctness of the obtained
Orr — s the heat losses into the environment theoretical results.
O =0.010; . (30)
FO, Mwt Scale of surfaces . FF,m* Vra, m?
oy 150°C 140°C 130°C 120°C 110°C_100°C -
0.5 : - d . g d - - = = = = = =
: ; oA I t s B =l
o '. A AT | =
: - 3
0.3 ... b RS -
V7 :
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Figure 7— MHUT heating
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ITPOEKTYBAHHSI ABTOHOMHHX CUCTEM TEIUVIONNOCTAYAHHA TA ONTUMIBAIIA EHEPTETHYHHX
PECYPCIB ITPH IX EKCIIJTYATAIII

Crenin A. A. — 1-p TexH. HayK, npodecop Kadeapu TexHidHoi kibepHeTHkH, KuiBCchbKuil MONITEXHIYHUH IHCTUTYT iM. Irops
Cikopcrroro, KuiB, Ykpaina.

Iaceko B. Il. — xana. TexH. HayK, AOLEHT Kadenpu TexHiuHOI KibepHeTukH, KuiBCbKMi mosiTexHiyHuil iHCTHTYT iM. Irops
Cikopcekoro, KuiB, Ykpaina.

Jpo3nosud I. I'. — xaHa. TexH. HayK, HayKOBHIl CHiBPOOITHUK, [HCTUTYT TenekoMyHikauiil i robaigpHOrO iH(pOpMaIiiHOrO
npocropy HAH Ykpainu, Kuis, Ykpaina.

AHOTAULIA

AKkTyanabHicTb. Jlng BHpimeHHS OUTBIIOCTI 3aBHaHb, SKi CTOSATH TEpEld JKUTIOBO-KOMYHAJBHHM TOCIOAApPCTBOM KpaiHH,
HEOOXiJJHO CTBOPHTH 1 BIIPOBAaAUTH HOBI e(heKTHBHI eHepropecypco3bepirarodi TeXHOJOTII 1 yCTAaHOBKH, PO3pOOKa SKUX JO3BOJIHUTH
BUpIMIUTH Tpo0ieMy 3MEHIIEHHS BHTpPAT TEIUIOTH 1 METAIOEMHOCTI IIPU 3aCTOCYBaHHI B CHCTEMaxX IEHTPATi30BaHOTO
TEIUIONOCTaYaHHs IHIUBIqya bHUX TEIIOBUX MYHKTIB.

Merta. IlinBumieHHs e(QEKTUBHOCTI pOOOTH aBTOHOMHHX CHCTEM TEIUIONOCTa4aHHS Uil 00 €KTIB JKUTIOBO-KOMYHAIBEHOTO
rocrnojgapcTa. 3a0e3rneueH s pe3yIbTaTHBHUX 3ac00iB aHai3y CKIaIHUX CHCTEM i HPOLECiB B 0araTOKOHTYPHHX TEIIOOOMIHHHX
araparax JJs CUCTEM OIaJIEHHS Ta raps4oro BOJONOCTAuaHH.

Metoa. J{ns nocsrHEeHHS NOCTaBIEHOI 3amadi OyB 3aCTOCOBAaHMI CHCTEMHHH MiAXiA IO aHaNi3y TEIJIOBHUX Ta TiAPaBIIYHUX
MPOIIECiB, IO MPOTIKAIOTh B ABTOHOMHHUX CHCTEM TEIUIONOCTaYaHHs, 1 MOJICIIOBAHHS TEIUIOOOMIHHHUX TPOLECIB B 0araTOKOHTYPHHX
TEIJIOOOMIHHUX amapartax. Jlus BUpImIeHHS KpaioBoi 3amadi 3amponoHOBaHAa iTepamiiiHa mpomexypa. Ha mocmigHo-
eKCTIepUMEHTAILHOMY CTEH/Ii TPOBUANTD JOCHIIKEHHS MO/, OTPUMAaHI eKCIIepUMEHTANIBHI JaHi.

PesyabTaTn. TeopeTHUHO i EKCIIEPUMEHTAJbHO BCTAHOBJICHI 3aJI@KHOCTI BHMTpPATH TEIUIOHOCIS B KOHTYpax BiJ KUIBKICTI
teriotu. Po3pobinena iTepaniiina npouexypa. Ha ocHOBI JOCIITHO-€KCIIEPUMEHTAIBHOTO CTeHLy OYyJIH MpOBE/eHI JOCHiKEeHHs. 3a
pe3yJibTaTaMH IPOBEIECHUX eKCHepuMeHTiB Oyja 1oOynoBaHa HOMOrpamMa TEIIOBOIO PO3PAaxyHKY OaraTOKOHTYPHOrO
Tem1000MIHHOTO amapary.

BucnoBku. [IpoBeneHi Ha CTBOpEeHOMY aBTOpaMH IOCIiAHO-EKCIIEPIMEHTATBHOMY CTEHJI 0araTOKOHTYPHOTO TEIIOOOMiHHOTO
amapary eKCIIEPHUMEHTH TIOBHICTIO MiATBEPIKYIOTH KOPEKTHICTH OTPHMAaHHX TCOPETHYHHX pPE3YNbTaTiB 1 JaroTh e(eKTHBHUI
IHCTPYMEHT IS TOOYIOBU IIPOMHCIIOBHX 3Pa3KiB.

KJIIOYOBI CJIOBA: aBTOHOMHA CHCTEMa TEILIONOCTadyaHHs, TeINIOOOMIHHUKY 3Mi€BUKOBOTO THITY, OaKk-aKyMyJsiTop, 6a30Bi
KOHCTPYKTHBHI [TapaMeTpH, ONTHMIi3allisi eHepropecypciB, JOCTiTHO-eKCIIEPUMEHTAIBHUN CTEH].
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Crennn A. A. — 1-p TexH. Hayk, npodeccop Kadeapsl TeXHHYECKoi kuOepHeTHkH, KneBCKUi MOMUTEXHUIECKHH HHCTUTYT
uM. Urops Cukopckoro, Kues, Ykpauna.
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Jpo3noBuu U. I'. — kaHA. TeXH. HAyK, HAYYHBIA COTPYAHUK, THCTUTYT TeIEKOMMYHUKAIMK U TII00aIHHOTO HH(POPMALTHOHHOTO
npoctpancTBa HAH Ykpaunsl, Kues, Ykpanna.

AHHOTAIMSA

AKTyanbHOCTB. J[y1s1 pemieHust GONBIIMHCTBA 3aJa4, KOTOPBIE CTOSAT Hepel MKHWINIHO-KOMMYHAJIbHBIM XO3SHCTBOM CTPaHbI,
HEoOXOMMO CO37aTh M BHEIPUTH HOBBIE J((EKTHUBHBIE DHEPropecypcocOeperarolux TEeXHOJOTMH M yCTaHOBKH, pa3paboTka
KOTOPBIX II03BOJIUT PEIIMTh HPOOIEMYy YMEHBIICHHS DPacxola TEIUIOThI M METaJLIOEMKOCTH HpH IPUMEHEHMH B CHCTEMax
LEHTPAIM30BaHHOTO TEIIOCHA0KEHUS MHAUBU/LY JIbHBIX TEIIOBBIX ITyHKTOB.

Heas. IloBemmenue 3¢ ¢exTuBHOCTH paboThl aBTOHOMHBIX cucTeM TertocHaOxkeHuss (ACTC) nms 0OBEKTOB IKHIIHMITHO-
KOMMYHAaJIBHOTO X03siicTBa. ObecrieueHHe pe3yJIbTaTHBHBIX CPE/ICTB aHaIn3a CIOXKHBIX CHCTEM U IPOLECCOB B MHOTOKOHTYPHBIX
TEIIOOOMEHHBIX aIlapaTax sl CHCTEM OTOIUICHHS M TOPSYEro BOJJOCHAOKEHHSI.

Metoa. s KocTHXEHHs TOCTaBICHHOH 3a/1auyl ObUT IPUMEHEH CHCTEMHBIN IMOJXOMN K aHAIN3Y TEIUIOBBIX M T'MAPABINYECKHX
MIPOLIECCOB, IPOTEKAIOMIMX B ABTOHOMHBIX CHCTEMax TEIUIOCHAOKEHUS, ¥ MOJCIMPOBAHUIO TEIUIOOOMEHHBIX IPOLECCOB B
MHOTOKOHTYPHBIX TEIUIOOOMEHHBIX ammapaTax. J[is pemenus kpaeBol 3aauu Ipe/UIo’KeHa UTepalonHas npouenypa. Ha onsirHo-
9KCHEPUMEHTAIBHOM CTEHJIE IIPOBEACHBI UCCIIE0BAHMS MOJEIIH, IOy YeHbI SKCIIEPUMEHTAIBHbIC JAHHBIC.

Pesyabrarbl. TeopeTHueckd M SKCIEPUMEHTAIBHO YCTAHOBJICHBI 3aBHCHMOCTH DAacxola TEIUIOHOCHTENs B KOHTypax OT
KOJIMYeCTBa TEIUIOTHI. Pa3spaborana urepaunoHHas nporeaypa. Ha 0CHOBE ONBITHO-OKCIIEPHMEHTAILHOTO CTEH/a OBUIH IIPOBEICHBI
uccnenoBaHusA. Ilo  pe3ynbTaTaM IIPOBEICHHBIX OKCIEPUMEHTOB ObLIa IOCTPOCHA HOMOTpaMMa TEIUIOBOTO — pacyeTa
MHOTOKOHTYPHOT'O TETUIOOOMEHHOTO alapara.

BriBoasl. [IpoBenieHHBIE Ha CO3JaHHOM aBTOPaMH OIBITHO-IKCIIEPHMEHTAIBHOM CTEHAE MHOTOKOHTYPHOTO TEIIOOOMEHHOTO
amnmapara AKCHEPHUMEHTBHI IOJHOCTBIO ITOATBEPXKIAIOT KOPPEKTHOCTH MOJNYYECHHBIX TEOPETHYECKUX pe3yJbTaToB M  IAl0T
3¢ eKTHBHBI HHCTPYMEHT Il IOCTPOCHHMS IIPOMBILIICHHBIX 00pa3IioB.

KJ/IFOYEBBIE CJIOBA: aBTOHOMHAs cHCTeMa TEIUIOCHA0XKEHUS, TeMII00OMEHHUKH 3MEEBUKOBOTO THIIA, 0aK-aKKyMYyJIATOD,
0a30Bble KOHCTPYKTHBHbIE IAPAMETPBI, ONTHMH3ALUS SHEPrOPECYPCOB, ONBITHO-3KCIIEPUMEHTANIHBIH CTEHI.
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