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MODELING OF TEMPERATURE FIELDS IN A SOLID HEAT  
ACCUMULLATORS 

Purpose. Currently, one of the priorities of energy conservation is a cost savings for heating in commercial and 
residential buildings by the stored thermal energy during the night and its return in the daytime. Economic effect is 
achieved due to the difference in tariffs for the cost of electricity in the daytime and at night. One of the most com-
mon types of devices that allow accumulating and giving the resulting heat are solid heat accumulators. The main 
purpose of the work: 1) software development for the calculation of the temperature field of a flat solid heat accu-
mulator, working due to the heat energy accumulation in the volume of thermal storage material without phase tran-
sition; 2) determination the temperature distribution in its volumes at convective heat transfer. Methodology. To 
achieve the study objectives a heat transfer theory and Laplace integral transform were used. On its base the prob-
lems of determining the temperature fields in the channels of heat accumulators, having different cross-sectional 
shapes were solved. Findings. Authors have developed the method of calculation and obtained solutions for the 
determination of temperature fields in channels of the solid heat accumulator in conditions of convective heat trans-
fer. Temperature fields over length and thickness of channels were investigated. Experimental studies on physical 
models and industrial equipment were conducted. Originality. For the first time the technique of calculating the 
temperature field in the channels of different cross-section for the solid heat accumulator in the charging and dis-
charging modes was proposed. The calculation results are confirmed by experimental research. Practical value. The 
proposed technique is used in the design of solid heat accumulators of different power as well as full-scale produc-
tion of them was organized. 

Keywords: solid heat accumulator; thermal storage material 

Introduction 

Currently, one of the priority areas of energy-
efficiency is to save costs on heating in industrial 
and residential buildings by the stored thermal en-
ergy at night time and its return in the daytime. As 
a result, savings are achieved due to the difference 
in tariffs for cost of electricity in the daytime and 
at night one. Change to «Night» tariff allows pay-
ing for electricity on an average three times cheap-

er in comparison with the normal mode of opera-
tion [1]. One of the most common types of devices 
that allow accumulating and giving the resulting 
heat obtained in different ways, are the heat accu-
mulators (HA), heat pipes and thermosiphons  
[2-6]. Thermal storage devices may be used to im-
plement such principal tasks as performing the dis-
tribution of a source and receiver of thermal energy 
in space and time, as well as smoothing the tem-
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perature field on the surface or in the volume of the 
object. Thermal storage devices are most widely 
used in the energy, engineering, transportation, 
chemical industry, agriculture. Consequently, re-
search and development of methods for determining 
the operating modes and the weight and dimensional 
parameters of HA is an important task of energy con-
servation, actual in the contemporary conditions of 
energy deficit. 

Purpose 

To date a large number of works about HA 
were published. The functioning of the HA in the 
process of heat storage can be realized by two 
main mechanisms: the first is due to changes of the 
physical parameters in the thermal storage solid 
(TSS); the second – through the use of the binding 
energy between atoms and molecules of sub-
stances. 

Capacitance-type batteries are the most com-
mon and simple. Heat capacity of substance, heat-
ing without its aggregative state change is used in 
them. Typical HA structural scheme is shown in 
Figure 1. It shows that HA always consists of insu-
lated and thermal storage solid (TSS), heater, cool-
ing systems, safety, regulation of heat supply and 
removal. 

For the weight and dimension calculations one 
limits with mass determination [1]. In determining 
the HA modes, one considers the heat transfer pro-
cesses using classical approaches of thermal fields 
analysis, as well as techniques based on mathe-
matical modeling of heat transfer [7]. Mathemati-
cal models of HA functioning are focused on the 
description of the HA thermal field [8-10] and 
cannot be directly applied for calculations of tem-
perature field distribution, for example, when con-

vective heat transfers on the HA charge and dis-
charge mode. In order to determine temperature 
stresses one can use [9]. However, proposed before 
calculation methods [10-14] do not reflect the pic-
ture of heat transfer at active convective transfer 
occurring at HA charging / discharging. 

The main objective of the work is to develop  
a method for calculating the temperature field TSS 
in the process of heat accumulation and removal at 
the design stage on the basis of mathematical mod-
eling of the temperature field in condition of strong 
convective heat transfer. 

Solid HA is a complex of multiple systems 
connected in a single structure constructively. 
Heating system is a mandatory element of the HA, 
in our case it is tubular heating elements (THEs). 
Heat generated by them is accumulated in the 
thermal storage solid of – HA charging is made. To 
use the stored heat, HA has a cooling system, in 
our case there are air channels. With the active cir-
culation of the coolant – air, heat is removed from 
the TSS and supplied to the consumer. Heat-
distribution system within the heating object space 
does not include in to HA complex. 

The design concept of solid HA with convec-
tive heat transfer is shown in Figure 2. HA consists 
of a jar 1 which can be fixed on any rigid support, 
the front jar is closed with battery cap 2, on the jar 
thermal insulation 3, 4 is fixed, in which TSS 5 is 
placed. On the front surface of TSS finger baffles 6 
are mounted for the cooling air flow direction, 
which is fed to the bottom of TA through incoming 
louvers 7, then, passing through the HA channels, 
enters to the mixer 8 and go through the outlet lou-
vers 9 falls within the scope of the object of heat 
supply. 

 
Fig. 1. Block diagram of HA 
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Fig. 2. HA structural scheme 

Methodology 

Design scheme for the analysis of the tempera-
ture field in the HA can be shown in Fig. 3, where 
the following notation is introduced: 

Li  – heat insulation layer; C  – channel; La  – 
layer of ТSS, Tcu  – the temperature of the upper 
boundary of the channel; Tcl  – the temperature of 
the lower boundary of the channel Tau  – the tem-
perature of the upper boundary of ТSS; Tal  – the 
temperature of the lower boundary of ТSS. 

 
Fig. 3. Diagram of the temperature field analysis 

If we neglect the change of heat fluxes along 
the coordinate x , which is directed perpendicular 
to the plan of ТSS 5 (Fig. 2), the temperature field 
will depend on three independent variables, name-
ly: spatial coordinates y  and z , and time t . Using 
ratio 1t z V= , where 1V  there is air movement 
velocity on the channel C, one can reduce constitu-
tive equations to the form, where two independent 

variables y  и z  will take place. Then we can 
write such heat transfer equations for the system 
shown in Fig. 3 

 
2

1 1
1 1 1 1 22p

T TC V
z y

∂ ∂
ρ ⋅ ⋅ ⋅ ⋅ = λ ⋅

∂ ∂
; (1) 

 
2

2 2
2 2 1 2 2p

T TC V
z y

∂ ∂
ρ ⋅ ⋅ ⋅ = λ ⋅

∂ ∂
, (2) 

where ρ , pC , λ  − thermal and physical character-
istics of the material: density, heat capacity ratio 
and conductivity coefficient (subscripts 1 and 2 are 
used respectively for air and TSS); T  − tempera-
ture. 

Each of the two equations will have two 
boundary conditions on the coordinate y  and on 
one initial condition on the coordinate z . 

The presence of the thermal insulation on the 
upper boundary of the channel, and the lower 
boundary of the TSS let neglect with heat flow out 
the heat accumulator boundaries, in other words 
one can record 

 1 0T
y

∂
=

∂
 at 1y h= ; (3) 

 2 0T
y

∂
=

∂
 at 2y h= − . (4) 

Two other boundary conditions can be repre-
sented as 

 1
1 21

T q
y

∂
λ ⋅ =

∂
 at 0y = ; (5) 

 ( )2
2 12 1 2b t

T T T
y

∂
−λ ⋅ = α ⋅ −

∂
 at 0y = , (6) 

where 21q  − heat flow coming into the channel 
from the heated ТSS; 1bT  – coolant temperature at 
the bottom surface of the channel; 2tT  − tempera-
ture at the top surface of ТSS; 12α – heat transfer 
coefficients between the cooling coolant and the 
top surface of the heated ТSS. 

Initial conditions correspondingly for equations 
(1) and (2) will be 

 1 1( )T f y=  at 0z = ; (7) 

 2 2 ( )T f y=  at 0z = , (8) 
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where 1( )f y , 2 ( )f y  − temperature functional de-
pendences from the coordinate y . 

In the first approximation temperature func-
tional dependences can be taken as constants. Then 
instead of (7) and (8) there will be 

 1 1nT T=  at 0z = ; (9) 

 2 2nT T=  at 0z = . (10) 

To solve equations (1) and (2) we use the La-
place integral transformation [13, 14]. 
Using the theorem about the differentiation of the 
original, we obtain the operator analogs of equa-
tions (1) and (2) in such form 

 
2

11
12

1 1

L
L nTd T s T

a ady
− ⋅ = − ; (11) 

 
2

22
22

2 2

L
L nTd T s T

a ady
− ⋅ = − , (12) 

where LT  – temperature image T , including ap-
propriate indexes; s  – Laplace transformation var-
iable; 

 ( )1 1 1 1 12 pa C V= λ ⋅ρ ⋅ ⋅ ; ( )2 2 2 2 1pa C V= λ ρ ⋅ ⋅ . 

Thus, using the Laplace integral transforma-
tion, the transition from partial differential equa-
tions (1) and (2) (in originals) to the differential 
equations in ordinary derivatives (in images), that 
are solved much easier. 

Operator equations for the boundary conditions 
(3) – (6) will look like this 

 1 0
LdT

dy
=  at 1y h= ; (13) 

 2 0
LdT

dy
=  at 2y h= − ; (14) 

 1 21
1

LdT q
dy s

λ ⋅ =  at 0y = ; (15) 

 1 22
2 12

L
b tT TdT

dy s s
⎛ ⎞−λ ⋅ = α ⋅ −⎜ ⎟
⎝ ⎠

 at 0y = . (16) 

Solutions of equations (11) and (12) have the 
form 

1
1 11

1
sinhL nT sT C y

s a
⎛ ⎞

= + ⋅ ⋅ +⎜ ⎟⎜ ⎟
⎝ ⎠

 

12
1

cosh sC y
a

⎛ ⎞
+ ⋅ ⋅⎜ ⎟⎜ ⎟

⎝ ⎠
; (17) 

2
2 21

2
sinhL nT sT C y

s a
⎛ ⎞

= + ⋅ ⋅ +⎜ ⎟⎜ ⎟
⎝ ⎠

 

22
2

cosh sC y
a

⎛ ⎞
+ ⋅ ⋅⎜ ⎟⎜ ⎟

⎝ ⎠
. (18) 

For determining the integration constants 11C , 

12C , 21C  and 22C  it is necessary to differentiate 
the last two equations on coordinate y  and substi-
tute boundary conditions (13) – (16). 

Substituting boundary conditions (13) and (15) 
into equation (17), as well as − (14) and (16) into 
equation (18), we obtain (after determining the 
integration constants 11C , 12C , 21C  and 22C ) such 
equations in the images for determining the tem-
perature fields 

( )1
121 11

1
1

1
1

cosh
1

sinh

L n

s h y
aq aTT

s s s s h
a

⎡ ⎤
⋅ −⎢ ⎥

⋅ ⎣ ⎦= − ⋅ ⋅
λ ⋅ ⎛ ⎞

⋅⎜ ⎟⎜ ⎟
⎝ ⎠

; (19) 

( )12 2 1 22
2

2

b tL n a T TTT
s s

α ⋅ ⋅ −
= − ×

λ ⋅
 

( )2
2

2
2

cosh
1

sinh

s h y
a

s s h
a

⎡ ⎤
⋅ +⎢ ⎥

⎣ ⎦× ⋅
⎛ ⎞

⋅⎜ ⎟⎜ ⎟
⎝ ⎠

; (20) 

Taking into account an expression (16) and 
(20), one can write down such ratio at 0y =  

 1 2
21 12

b tT Tq
s s

⎛ ⎞= −α ⋅ −⎜ ⎟
⎝ ⎠

. 

Then the equation (19) will rewrite in such 
manner 
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( )12 1 1 21
1

1

b tL n a T TTT
s s

α ⋅ ⋅ −
= + ×

λ ⋅
 

( )1 1
1 1

1 cosh sinhs sh y h
a as

⎡ ⎤ ⎛ ⎞
× ⋅ ⋅ − ⋅⎜ ⎟⎢ ⎥ ⎜ ⎟

⎣ ⎦ ⎝ ⎠
; (21) 

In order to go from the temperature image to 
the original, write the hyperbolic functions through 
exponential 

 ( )cosh( ) / 2x xx e e−= + , ( )sinh( ) / 2x xx e e−= − ). 

After appropriate changes expression (21) can 
be presented as follow 

( )12 1 1 21
1

1

b tL n a T TTT
s s

α ⋅ ⋅ −
= + ×

λ ⋅
 

 ( )
0

1 exp 1k
k

d s
s

∞

=

× ⋅ − ⋅ +∑  

( )
0

1 exp 2k
k

d s
s

∞

=

+ ⋅ − ⋅∑ , (22) 

where 

 [ ]1
1

11 2kd y h k
a

= ⋅ + ⋅ ⋅ ; 

 ( )1
1

12 2 1kd y h k
a

= ⋅ ⎡− + ⋅ ⋅ + ⎤⎣ ⎦ . 

By analogy with the expression (22) one can 
convert the equation (20), namely 

( )12 2 1 22
2

2

b tL n a T TTT
s s

α ⋅ ⋅ −
= − ×

λ ⋅
 

 ( )
0

1 exp 3k
k

d s
s

∞

=

× ⋅ − ⋅ +∑  

( )
0

1 exp 4k
k

d s
s

∞

=

+ ⋅ − ⋅∑  (23) 

where 

 [ ]2
2

13 2kd y h k
a

= ⋅ − + ⋅ ⋅ ; 

 ( )2
2

14 2 1kd y h k
a

= ⋅ ⎡ + ⋅ ⋅ + ⎤⎣ ⎦ . 

Using the general formula of transition from 
the image to the original [2] 

 ( )
21 1exp exp

4
CC s

zs z
⎛ ⎞

⋅ − ⋅ ↔ ⋅ −⎜ ⎟⋅π ⋅ ⎝ ⎠
 (24) 

and multiplication theory (Borel theorem) one can 
obtain from the expression (22) such original for 
temperature distribution in the solid plug along the 
y-axis 

( )12 1 1 2
1 1

1
( , ) b t

n
a T T

T y z T
α ⋅ ⋅ −

= + ×
λ

 

[ ]1 21 ( , ) 1 ( , )E X y z E X y z× +  (25) 

where 
2

1
0

11 ( , ) 2 exp
4

k

k

dzE X y z
z

∞

=

⎡ ⎛ ⎞
= ⋅ ⋅ − −⎢ ⎜ ⎟π ⋅⎢ ⎝ ⎠⎣
∑  

11
2

k
k

dd erfc
z

⎤⎛ ⎞− ⋅ ⎥⎜ ⎟⋅⎝ ⎠⎦
, 

2
0

1 ( , ) 2
k

zE X y z
∞

=

⎡
= ⋅ ×⎢ π⎣
∑  

22 2exp 2
4 2

k k
k

d dd erfc
z z

⎤⎛ ⎞ ⎛ ⎞× − − ⋅ ⎥⎜ ⎟ ⎜ ⎟⋅ ⋅⎝ ⎠⎥⎝ ⎠ ⎦
 

Using the same technique as in the obtaining of 
expression (25), we find from (23) the original for 
temperature field distribution in the TSS 

( )12 2 1 2
2 2

2
( , ) b t

n
a T T

T y z T
α ⋅ ⋅ −

= − ×
λ

 

[ ]1 22 ( , ) 2 ( , )E X y z E X y z× + , (26) 

where 
2

1
0

32 ( , ) 2 exp
4

k

k

dzE X y z
z

∞

=

⎡ ⎛ ⎞
= ⋅ ⋅ − −⎢ ⎜ ⎟π ⋅⎢ ⎝ ⎠⎣
∑  

33
2

k
k

dd erfc
z

⎤⎛ ⎞− ⋅ ⎥⎜ ⎟⋅⎝ ⎠⎦
, 
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2
0

2 ( , ) 2
k

zE X y z
∞

=

⎡
= ⋅ ×⎢ π⎣
∑  

24 4exp 4
4 2

k k
k

d dd erfc
z z

⎤⎛ ⎞ ⎛ ⎞× − − ⋅ ⎥⎜ ⎟ ⎜ ⎟⋅ ⋅⎝ ⎠⎥⎝ ⎠ ⎦
. 

To determine the heat transfer coefficient 12α  
in equations (25) and (26) one can use expression 
in common case [15] 

 1
12

e

Nu
b
⋅λ

α =  (27) 

where Nu  – Nusselt criterion; eb  – equivalent size 
of the channel. 

In general case, it is divided into three modes: 
turbulent ( )Re 10000> ; transitional 

( )2300 Re 10000≤ ≤ and laminar ( )Re 2300< . 
In the case of turbulent regime one can use the 

following expression to determine the Nusselt cri-
terion 

 0,80,021 RelNu = ⋅ε ⋅ × , 
0,25

0,43 PrPr
PrWT

⎛ ⎞
× ⋅ ⎜ ⎟

⎝ ⎠
 (28) 

where lε  – a correction factor that takes into ac-
count impact of the ratio of the cooling cavity 
length 0L  to its equivalent size eb  on the heat 
transfer coefficient; Re  – Reynolds criterion; Pr  – 
Prandtl number; PrWT  – Prandtl number at a wall 
temperature of the cooling cavity. For transitional 
regime calculation is recommended to carry out by 
the graph, shown in Figure 4, at this the value 
NP is determined by expression 

 ( )0,250,43Pr Pr PrWTNP Nu ⎡ ⎤= ⋅⎣ ⎦ . (29) 

The following relationship is the most accept-
able for laminar regime 

 0,33 0,430,15 Re PrlNu = ⋅ε ⋅ ⋅ × ,
0,25

0,1 PrGr
PrWT

⎛ ⎞
× ⎜ ⎟

⎝ ⎠
(30) 

where Gr  – Grashof number. 
To determine the criteria, one can use such ex-

pressions 

 1 1

1
Re eV b⋅ ⋅ρ

=
η

; 

 1 1

1
Pr pC ⋅η

=
λ

;
3 2

1
2
1

Gr eg b T⋅ ⋅ρ
= ⋅β ⋅∆

η
, (31) 

where 1η  – viscosity coefficient of a cooling me-
dium; β  – coefficient of volume expansion; T∆  – 
the temperature difference between the wall sur-
face and the cooling liquid. 

The correction factor decreases when increase 
the ratio of the cooling cavity length 0L  to its 
equivalent size. When performing the ratio 

0 50eL b >  one can accept 1lε = . 

 
Fig. 4. The graph to determine the Nusselt criterion  

for the transitional regime 

Equivalent size can be determined from the 

formula 
4 g

e
S

b
P
⋅

= , 

where gS  – square of effective cross-section; P  – 
full (wetted) perimeter, regardless of what part of 
the perimeter is involved in heat transfer. 

For heating liquid fluid one can take 
( )0,25Pr Pr 1WT ≈ . 

Thus, to find the temperature field distribution 
in a two-layer system accordingly to Fig. 2 it is 
necessary to solve the equations (25) and (26). 
However, this system generally comprises two un-
known quantities, namely: 1bT  and 2tT . At this, 
given quantities in boundary conditions (6) are 
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taken as constant ones. In reality, they will depend 
on the coordinate jz . To take into account the last 
remark and achieve the required accuracy of calcu-
lations, it should 1bT  and 2tT  to find on short seg-
ments along z  axle. 

The initial values 1nT  and 2nT  are also should 
be constantly changed at each segment. Thus, the 
final values of the temperature field distribution on 
the previous segment will correspond to the initial 
values at the next segment along the axis z . 
For determining the unknown boundary tempera-
ture values from these equations, we obtain the 
following system of equations 

( )12 1 1 , 2 ,
1 , 1 ,

1

b j t j
b j n j

a T T
T T

α ⋅ ⋅ −
= + ×

λ
 

1, 2,1 1j jE X E X⎡ ⎤× +⎣ ⎦  (32) 

( )12 2 1 , 2 ,
2 , 2 ,

2

b j t j
t j n j

a T T
T T

α ⋅ ⋅ −
= − ×

λ
 

1, 2,2 2j jE X E X⎡ ⎤× +⎣ ⎦  (33) 

In the last two equations index j  characterizes 
the values of the corresponding ones on each seg-
ment jz  at zero value for the second coordinate 
( 0y = ). 

For convenience, the solution of equations (32) 
– (33) are presented in a matrix form 

 1 , 0,0 0,1 0

2 , 1,0 1,1 1

b j

t j

T A A CV
T A A CV
⎡ ⎤ ⎡ ⎤ ⎡ ⎤

⋅ =⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦⎣ ⎦⎣ ⎦

, (34) 

where 

 12 1
0,0

1
1 1 j

a
A E X

α ⋅
= − ⋅

λ
; 12 1

0,1
1

1 j
a

A E X
α ⋅

= ⋅
λ

; 

 12 2
1,0

2
2 j

a
A E X

α ⋅
= ⋅

λ
; 12 2

1,1
2

1 2 j
a

A E X
α ⋅

= − ⋅
λ

; 

 1, 2,1 1 1j j jE X E X E X= + ; 

 1, 2,2 2 2j j jE X E X E X= + ;  

 0 1 ,n jCV T= ; 1 2 ,n jCV T= . 

 

To solve the above problem program block in 
the mathematical MathCAD package was devel-
oped. Re-solving results are shown in Fig. 4, 5. In 
this case the initial values are following: 

 3
1 1,2kg/mρ = , 

 1 0,0281 W /(m K)λ = ⋅ , 1 1,03Kj/(kg K)рС = ⋅ , 

 5
1 2,27 10 Pa s−η = ⋅ ⋅ , 3

2 3200 kg/mρ = , 

 2 1,93 W /(m K)λ = ⋅ , 2 0,57 Kj/(kg K)рС = ⋅ , 

 1 0,3 m/sV = ; 1 20 mmh = ; 2 60 mmh = ; 

 2000 mmL = . 

The indices correspond to the following desig-
nations: 1-channel, 2-TSS. Designations corre-
spond to Standards. One should take into consid-
eration that the channel length L is determined by 
the number of baffles in HA. 

Length temperature behavior of TSS under 
specified conditions is shown in Fig. 5. The num-
ber of partitions along the channel (iz) is 30, the 
number of partitions in channel depth and thick-
ness of TSS (iy) is 20. The coordinate system 
corresponds to shown one in Figure 3. 

 
Fig. 5. Length temperature curve of TSS at a fixed depth 

As can be seen from Fig. 5 the temperature at 
TSS, depth of 15mm increases from normal one – 
at the beginning of the channel and at a length of 2 
m is already 570оС. In the mid-plane of TSS 
(iy=10), the temperature will be higher and 670 оС. 

Air temperature behavior in the channel along 
length under given conditions is shown in Fig. 6. 
The air temperature in the channel will change on-
ly slightly, at the outlet from TSS and input to the 
mixer will be 770оС. Temperature behavior de-
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pending on selection of calculation fixed point will 
be also insignificant and vary within 1-2 оС. 

 
Fig. 6. Temperature curve along the channel length,  

at a fixed depth 

Temperature curve of TSS in depth at a fixed 
length and given conditions is shown in Fig. 7. 

 
Fig. 7. Depth temperature curve of TSS at a fixed length 

As seen from the graph (Fig.7), depth tempera-
ture behavior of TSS has exponential nature, in 
depth of TSS varies within 50оС. 

Air temperature behavior in the channel in 
depth at a fixed channel length under given condi-
tions is shown in Fig. 8. 

As seen from the graph (Fig. 8), air temperature 
behavior in the channel in depth has a logarithmic 
character, by channel depth varies slightly within1-
2оС. 

After analyzing the above data, one can draw 
the following conclusion: temperature behavior of 
TSS in depth and length has exponential nature, it 
is more essential along the length than depth. Air 
temperature behavior in the length and depth of the 
channel varies insignificantly. 

 
Fig. 8. Air temperature curve in the depth  

of the channel at a fixed length 

Originality and practical value 

Technical analysis shows that the proposed 
method of estimating the temperature field distri-
bution of solid heat accumulator in different modes 
is effective, technically feasible and allows deter-
mining the operation modes of the solid heat ac-
cumulator at the specified weight and dimensional 
characteristics in the design stage of solid heat ac-
cumulators. 

Conclusions 

The method of calculation for temperature 
fields of solid heat accumulators on charging / dis-
charging modes was proposed. 
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МОДЕЛЮВАННЯ ТЕМПЕРАТУРНИХ ПОЛІВ  
У ТВЕРДОТІЛЬНИХ ТЕПЛОВИХ АКУМУЛЯТОРАХ 

Мета. На даний час одним із пріоритетних напрямків енергозбереження є економія витрат на теплопо-
стачання в промислових та житлових будівлях за рахунок збереженої теплової енергії в нічний час і віддачі 
її у денні години. Економічний ефект досягається за рахунок різниці тарифів на вартість електричної енергії 
в денний і нічний часи. Одним із найбільш поширених типів пристроїв, які дозволяють акумулювати і відда-
вати отримане тепло, є твердотільні теплові акумулятори. Основна мета роботи: 1) розробка математичного 
забезпечення для розрахунку температурного поля плоского твердотільного теплового акумулятора, що 
працює за рахунок накопичення теплової енергії в обсязі теплоакумулюючого матеріалу без фазового пере-
ходу; 2) визначення розподілу температури в його обсягах при конвективній теплопередачі. Методика. Для 
досягнення мети дослідження використані теорія теплопередачі та інтегральне перетворення Лапласа, на 
основі якого вирішені задачі визначення температурних полів у каналах теплових акумуляторів, що мають 
різні форми поперечного перерізу. Результати. Авторами розроблено методику розрахунку та отримано 
розв'язки для визначення температурних полів у каналах твердотільного акумулятора в умовах конвектив-
ного теплообміну. Досліджено температурні поля по довжині й по товщині каналів. Проведено експеримен-
тальні дослідження на фізичних моделях і промисловому обладнанні. Наукова новизна. Вперше запропо-
новано методику розрахунку температурного поля в каналах різного поперечного перерізу твердотільного 
теплового акумулятора в режимах зарядки і розрядки. Результати розрахунків підтверджуються експериме-
нтальними дослідженнями. Практична значимість. Запропонована методика використовується при проек-
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туванні твердотільних теплових акумуляторів різної потужності; організовано серійне виробництво тепло-
вих акумуляторів різної потужності. 

Ключові слова: твердотільний тепловий акумулятор; твердий акумулюючий матеріал 
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МОДЕЛИРОВАНИЕ ТЕМПЕРАТУРНЫХ ПОЛЕЙ  
В ТВЕРДОТЕЛЬНЫХ ТЕПЛОВЫХ АККУМУЛЯТОРАХ 

Цель. В настоящее время одним из приоритетных направлений энергосбережения является экономия за-
трат на теплоснабжение в промышленных и жилых зданиях за счет запасенной в ночное время тепловой 
энергии и отдачи ее в дневные часы. Экономический эффект достигается за счет разницы тарифов на стои-
мость электрической энергии в дневное и ночное время. Одним из наиболее распространенных типов уст-
ройств, которые позволяют аккумулировать и отдавать полученное тепло, являются твердотельные тепло-
вые аккумуляторы. Основная цель работы: 1) разработка математического обеспечения для расчета темпе-
ратурного поля плоского твердотельного теплового аккумулятора, работающего за счет накопления тепло-
вой энергии в объеме теплоаккумулирующего материала без фазового перехода; 2) определение 
распределения температуры в его объемах при конвективной теплопередаче. Методика. Для достижения 
целей исследования использованы теория теплопередачи и интегральное преобразование Лапласа, на основе 
которого решены задачи определения температурных полей в каналах тепловых аккумуляторов, имеющих 
различные формы поперечного сечения. Результаты. Авторами разработана методика расчета и получены 
решения для определения температурных полей в каналах твердотельного аккумулятора в условиях конвек-
тивного теплообмена. Исследованы температурные поля по длине и по толщине каналов. Проведены экспе-
риментальные исследования на физических моделях и промышленном оборудовании. Научная новизна. 
Впервые предложена методика расчета температурного поля в каналах различного поперечного сечения 
твердотельного теплового аккумулятора в режимах зарядки и разрядки. Результаты расчетов подтверждают-
ся экспериментальными исследованиями. Практическая значимость. Предложенная методика использует-
ся при проектировании твердотельных тепловых аккумуляторов различной мощности; организовано серий-
ное производство тепловых аккумуляторов различной мощности. 

Ключевые слова: твердотельный тепловой аккумулятор; твердый аккумулирующий материал 
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