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Based on the analysis of the Russian market of basic materials for phase-shifting heat accumulators (FPAT), includ-
ing the issue of pricing policy, an attempt was made to reveal the dependence of the cost of a heat accumulator for
a solar thermal supply system on operating and design parameters. In turn, to determine the latter, the method was
used, which makes it possible to design FPAT with the given design and technological parameters, at a given min-
imum temperature of the coolant at the outlet of the accumulator, the known thermophysical characteristics of the

coolant and heat storage material (TAM), including the phase transition temperature.
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INTRODUCTION

Today's trends, including the regulatory framework, guide
designers towards the development of energy-efficient
housing [1] to [3]. This, in turn, implies, among other
things, the use of alternative energy sources [4], [16].
However, today the inclusion of a heat supply system,
for example, a solar hot water supply system, has a long
payback period. Despite this, the relevance of the above
issues is determined, first of all, by the strengthening of
the tendency to use environmentally friendly thermal en-
ergy [5], [17]. In turn, the advisability of installing heat
accumulators, including those with a heat-accumulating
material (TAM), undergoing melting-solidification phase
transitions, in systems with different modes of heat sup-
ply and consumption is obvious. It can also be systems
for the utilization of secondary energy resources, in which
periods of heat supply with capacities exceeding the re-
quired one alternate with time intervals when the heat
output of the source is less than the calculated heat load
of the consumer or is absent altogether (equal to zero).

Despite various attempts at technological improvement,
the most common type of heat accumulators is shell-
and-tube devices that implement a passive method of
heat exchange between the coolant and the TAM. It is
assumed that the working fluid fills the annular space,
and the supply (removal) of heat is carried out from the
coolant (to the coolant) through a solid heat exchange
surface, made, for example, in the form of a bundle of
vertically arranged heat exchange tubes.

The design of such devices presupposes a preliminary
determination of the mass (volume) of the heat storage
material M, the area of the heat transfer surface F, and
several other parameters.

In this work, the problem of estimating the cost of a

phase-transition heat accumulator for a solar thermal
supply system is solved based on the method of ther-
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mal calculation of a phase-transition heat accumulator
(FPAT) of a shell-and-tube type, using a quasi-stationary
model of its thermal state [6], the essence of which is
to determine the dimensionless parameters of the heat
accumulator (relative radius heat storage cell r, and the
operating parameter w), the presence of which makes it
possible to calculate the specific design characteristics
of both a separate heat storage cell and the battery as
a whole.

THERMAL CALCULATION OF A PHASE
TRANSITION HEAT ACCUMULATOR FOR
A SOLAR HEAT SUPPLY SYSTEM

The most typical variant of the thermal calculation of the
heat accumulator is to determine the mass of the phase
transition heat-accumulating material (TAM), the heating
surface and the corresponding design parameters of the
device at a given minimum temperature of the coolant
at the outlet of the accumulator t, and the desired dis-
charge time T2T - Also known is the flow rate of the
coolant G, its inlet temperature t1, as well as the thermo-
physical characteristics of the coolant and TAM, includ-
ing the phase transition temperature T..

The presence of a flow rate of the cooling coolant makes
it possible to estimate the cross-sectional area of the
tubes ftp. Having taken the tube diameter according to
the assortment, we determine the required number of
tubes and, accordingly, the FPAT heat-storage cells.
This, in turn, allows us to find the Fourier number FOtpfor
discharge time T, and calculate the relative outlet tem-
perature 6, .

To analyze the influence of various factors on the final
cost of the device, the discharge process of the FPAT
was calculated, while when choosing the initial data, both
real operating conditions (hot water supply for domes-
tic needs) and possible options for increasing the outlet
temperature of the coolant were taken into account [3].
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Figure 1: Dependence of the outlet temperature of the
coolant at the end of the discharge process t,, from the
Kossovich criterion

The effect on the value of t, the Kossovich criterion, de-
termined by the ratio of the latent and apparent heat of
the process. Output temperature at the end of discharge
with rising Ko grows, reaching a maximum, and then falls
(Fig. 1).

The cost of the materials of the heat storage cell be-
haves simi. Thus, to increase the outlet temperature of
the coolant (the most important technological parame-
ter!) And reduce manufacturing costs, there is no need
to use TAM with the maximum possible specific heat of
the phase transition. It is enough to provide the optimal
value of the criterion Ko, which is responsible for taking
into account the effect of the phase transition.

Considering the above, we take the coolant flow rate as
the initial data G = 0,2 kg/s (approximately corresponds
to the water flow through an open water-folding device),
the temperature of the heated water: at the inlet to the
battery t, = 10°C, at the exit (minimum, at the end of the
discharge process) —t, = 25°C.

The algorithm for determining dimensionless parameters
® and r, [3] allows you to calculate the mass of the TAM
filling the battery. Per one cell, we can write

Mtcell = (I)cell -C, - Gcell Py R12 / 2At’ (1)

and for the battery as a whole, meaning the parallel con-
nection of heat exchange tubes (cells)

M, =@, -c,-G-p,-R?/ 2. (2)

cell

Where is:

N\, - heat capacity of TAM in solid-state, W/ m °C
R, - outer radius of the heat exchange tube, m
C, - heat capacity of the coolant, kJ / kg °C

P, - density of TAM in solid-state, kg / m?

@_, - mode parameter of a single battery cell.

cell
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Relations (1), (2) determine the useful mass of the
TAM. At the same time, when placing the pipe system
in a common casing, a part of the heat storage material
will act as a filler for the voids between the heat storage
cells. Estimates show that the share of this ballast part of
TAM concerning the useful M, is slightly more than 30%
and practically does not depend on the number of cells.

Knowledge of the mass M,__ allows you to determine the

teell

H,=M,/R?-(r,) —1)-p,-. (3)

height (length) of the cell (more precisely, the height of
the TAM in the solid-state in the cell) H as a:

It is assumed that the outer radius of the heat exchange
tube R, is known. Its assessment at a given flow rate can
be performed in the same way as is customary when
calculating tubular heat exchangers by setting the speed
of the coolant (as a rule, no more than 0.5 m/ s).

According to objective selection criteria, such as melt-
ing point, the heat of phase transition, availability and
non-toxicity, simple implementation of heat exchange
due to a suitable level of phase transition temperature for
low-temperature regimes of heat supply systems, partic-
ular interest for accumulating thermal energy is present-
ing technical paraffin [7] to [9]. Heat exchanger tubes are
made of copper due to their high thermal conductivity
and corrosion resistance [10] to [12].

RESULTS OF COST ESTIMATION OF A PHASE
TRANSITION HEAT ACCUMULATOR FOR A SOLAR
HEAT SUPPLY SYSTEM

The results of calculating the structural, weight, size and
cost characteristics of FPAT (discharge time of FPAT Tp=1
hour; the relative temperature at the end of discharge
92p=0,357) are presented in tables 1-3, for typical values
(in the permissible range of cooling medium speed in
heat exchange tubes) from minimal to marginal.

For tubes with a diameter of 10 x 1 mm and the water
velocity in them is 0.1 m/s, the minimum length of the
heat-accumulating cells corresponds, which is certain-
ly important from the point of view of the overall char-
acteristics. However, the calculations suggest that the
minimum length does not necessarily correlate with the
lowest cost. As can be seen from the presented depen-
dences, the costs for a single cell increase (due to the
M., increase in accordance with (1)) both with an in-
crease in the speed (practically, linearly) and the diame-
ter of the tubes.

CONCLUSIONS

The proposed approach to solving the problem of esti-
mating the cost of a phase-transition heat accumulator
for a solar heating system can be useful in the design of
such devices, in particular, in the feasibility study of the
parameters of a heat storage installation [13] to [15].
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Table 1: Calculation results for water velocities V = 0.1, m / s and different tube diameters

tube area f_ m? 0,0080

tube diameter d | mm 10x1 15x1 22x1
outer radius R, m 0,005 0,0075 0,011
number of tubes n_ pc 159 61 25
Fow 29,42 13,08 6,079
) 8,833 3,864 1,828
r, 4,094 4,094 2,468
cellmass M_, kg 5,46 14,25 34,81
cell height H_ m 5,52 11,72 22,48
cellcost C_, rubles 1112 3415 9423
total weight M_ kg 868 855 870
total length ZH_ m 878 715 562
total cost C_ thous. rub 176,7 208,3 235,6

Table 2: Calculation results at water velocities V = 0.3, m / s and different tube diameters

tube area f_ m? 0,0080

tube diameter d_ mm 101 15x1 22x1
outer radius R, m 0,005 0,0075 0,011
number of tubes n pc 79 30 13

ot 29,42 13,08 6,079
0] 8,833 3,864 1,828
r, 4,094 4,094 2,468
cellmass M_, kg 11,00 28,51 66,94
cell height H_ m 11,11 23,45 43,24
cell cost C_, rubles 2238 6833 18124
total weight M_ kg 69 855 870
total length 2H_ m 878 704 562
total cost C_ thous. rub 176,7 208,3 235,6

Table 3: Calculation results at water velocities V = 0.5, m / s and different tube diameters

tube area f_ m? 0,0080

tube diameter d mm 101 15x1 22x1
outer radius R, m 0,005 0,0075 0,011
number of tubes n pc 32 12 5

ot 29,42 13,08 6,079
W 8,833 3,864 1,828
r, 4,094 4,094 2,468
cellmass M_, kg 27,15 71,26 174,0
cell height H_ m 27,41 58,63 112,4
cellcostC_, rubles 5522 17082 47113
total weight M_ kg 869 855 870
total length 2H_ m 877 704 562
total cost C_ thous. rub 176,7 205,0 235,6
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