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DEVELOPMENT OF A SOLAR
COLLECTOR BASED ON ALUMINUM
CONSTRUCTION HEAT PIPES

O6’ckmom docrioncenis € menniosa eQexmusHicmy COHAUNUX KOLCKMOPIE Ha 0CHOBT AIOMIMIEBUX KOHCTPYK-
yitinux mennosux mpy6. Consuni KoAeKmopu 3 meniosuUMu mpyoamu Maiomo KOHCMPYKMUBHO CXONUCE BUKOHANHSL.
Ha menaocnputimaiouiii naneni 3axpinieni menaosi mpyou 301010 6UNApoeyeanis, a 30Hu KOHOeHCAuii — po3mauio-
sani y 6axy-axymyaamopi. Biominiuocmi Maomocs miivki 8 KOHCMPYKUisSX NO2IUHALOHUX NAHeAel, OULANKAX 301
Konoencayii ma menionocisx meniosux mpy6. Qonum 3 naibinvuL nPoGIEMHUX MiCUb Q0CIONCeHHL € 002PYHIMYBANHSL
ma po3pobxa 1o8oi KOHCMPYKYLL Menion02AUNAIHOT NAHeNT COHAUNO020 KOLCKMOPA Ha 0CHOBL MENiosux mpyo.

IIposedenuii ozns0 nybikauii NoKaA3as, wWo COHAUHUL KOJEKMOP HA OCHOBL ANOMIHIEGUX KOHCMPYKUIIHUX
menJiosux mpyo, AKi npayoms 8 pexcumi 060(phaznozo0 mepmocupona, mae meniosi empamu npu nepedayi padia-
Uiti1020 MeniooOMinY 6 00620X6ULLOCOMY OLANA30HT MINC NOZAUHAIOUOIO NILOCKOI NAHELNIO | Menio6o mpyooio.
3anpononosamno npoexm COHAUH020 KOAEKMOPa 3 HOBOW, NOZIUHAIOUOI0 COHAUNHI NPOMENT, naneano. /s npose-
Oenist ananisy ehpexmusHocmi pooomu COHAUNO020 KOJLEKMOPA Ha 0CHOBL ALIOMIHIEGUX KOHCPYKUTILHUX MeNL0BUX
mpy6 3 HOB0I0 NOZIUHALLHOIO NAHEILIIO CMEOPEHO 068G MAKEMU COHAUHUX KOLEKMOPIE — 3 NIOCKOI0 NOZIUHALLHOTO
NAHeANI0 1 YUTIHOPUUHOW NOZIUHATLHONO NAHEILTIO.

Memodom mennoghizuunozo excnepumenmy 00caioNceni Mooeri COLAUNUX KOJEKMOPI6 Ha 0CHOBL 00HOT aio-
Minie80i KoHCmpyKuitinoi meniogoi mpybu, 3axKpinienoi na aomMiniesit niocKiil ma amomMiniesit yuAiHOPUUHil
NOZAUNHATOHUX NOBEPXHAX.

Hasedeni pesyavmamu docaiddcenv epexmusnocmi modeieil consunux xKoiexmopis. Tennosa egpexmusnicmo
106020 COMAUN020 KOJLCKMOPA HA OCHOBL ANIOMINIEE0T KOHCMPYKUITHOT mennosoi mpybu 3 yuAHOPUUIHOIO NOZLU-
HATLHOI0 NAHELNI Y NOUamKosutl nepiod Hazpiey 600u 00 6 % Ginvwa HiXe Yy COHIUHO020 KOLEKMOPA 3 NAOCKOIO
NOZIUHATLHON NAHEILTI0, a 8 KiHyi Hazpiey — do 1,5 %. [unindpuuna nosepxus nanei zpae poib KOHUEHMpPamopa
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1. Introduction

When creating heat and mass transfer devices using heat
pipes (HP) or two-phase thermosiphons (TPT), it opens
up great opportunities for solving problems in new energy-
efficient systems [1-3]. There are various design solutions
using HP and TPT in energy saving systems [1, 4, 5].
And also in systems operating using renewable energy
sources [6, 7]. HP and TPT have a good prospect for
use in solar energy systems. Solar energy is a source of
energy, as a step towards reducing dependence on other
energy resources. Currently, there is already an industrial
production of HP (TPT) and solar collectors (SC) based
on them [8]. In the SC HP and TPT, they provide sim-
plification of the collection of structures, high modularity,
maintainability and reliability. Apply SC to heat water of
active or passive type. An active system uses an electric pump
to circulate fluid through a manifold. The passive system
does not have a pump and uses only natural circulation.
SC with HP or TPT are structurally similar to execution.

Copyright © 2019, Marinenko V., Kulynych V.
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HPs (TPTs) are fixed on the heat-receiving panel by the
evaporation zone, and the condensation zones are located
in the storage tank. Differences exist only in the designs
of absorbing panels, areas of condensation zones and heat
transfer fluids HP (TPT). The authors of the studies [9, 10]
developed and created SCs based on aluminum profile HPs
with axial grooves of a Q-shape, operating in the two-phase
thermosiphon mode. The collector panel, which absorbs the
heat of sunlight, consists of aluminum HPs made of a flat
aluminum profile. Heat is perceived by the flat surface of
the HP evaporation zone and is transferred to a liquid
heat exchanger located on their condensation zones. Such
a heat transfer system provides low hydraulic resistance
of the solar collector heat exchanger and, accordingly, low
energy consumption for pump operation. The disadvantage
of this SC is that it has heat losses during the transfer
of radiation heat transfer in the long wavelength range
between the absorbing flat panel and the heat pipe.

The authors of this work propose a technical solution to
the above drawback by creating a new panel that absorbs
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sunlight. The cross-section of a full-scale collector with
a new absorbing panel is shown in Fig. 1.
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Fig. 1. The cross section of the solar collector (SC):
1 — 5C case; 2 — thermal insulation; 3 — absorber; 4 — cylindrical
segment; 5 — edge; 6 — heat pipe; 7 — glass cover

=

In order not to create a full-scale new SC
according to Fig. 1, it is proposed to manu-
facture an SC element of a special profile.

The element of the specially profiled ab-
sorbing panel is made in the form of a cy-
lindrical surface, in the lower inner part of
which there is a rib, at the free end of which
there is a zone of evaporation of the HP.

The cylindrical surface of the panel plays
the role of a concentrator of the reflected
part of the radiation and the panel’s own
radiation in the region of the heat pipe [11].

To conduct a performance analysis of the
new SC based on aluminum structural HP
with a cylindrical absorbing panel, two SC

layouts are created — with a flat absorbing z

— copper-constantan thermocouples with a wire dia-
meter of 0.15 mm for measuring the temperature field
of the absorbing panel, the temperature of the external
wall of the HP, the temperature at the inlet and outlet
of the heat exchanger;

— analog input module;

— signal adapter;

— personal computer;

— FEP-4 pyrometer for measuring the magnitude of
the radiation flux of solar radiation incident on the
experimental site.

panel and a cylindrical absorbing panel.

Thus, the object of research is the thermal
efficiency of solar collectors based on aluminum
structural HPs. And the aim of this research is
to develop the design of the SC element, on
the basis of which it is possible to increase the
efficiency of the SC due to the implementation
of additional radiation heat transfer in the
long wavelength range between the absorb-
ing panel and the heat pipe with a coolant.

2. Methods of research

For research, the authors develop and create two ex-
perimental facilities in accordance with [12]. Fig. 2 shows
the design of a solar water heater, made of a highly ef-
ficient element heat-absorbing aluminum panel and one
aluminum structural HP. HP is fixed on the panel with
an evaporation zone, and the condensation zone is placed
in a «pipe in pipe» type liquid heat exchanger, which is
connected to the heat storage tank. Pentane is used as
the heat carrier of aluminum heat pipes.

The study of SC elements based on aluminum struc-
tural HPs mounted on a flat (Fig. 3, a) and cylindrical
(Fig. 3, b) absorbing panels is carried out using sunlight
in the summer. The heat flux of sunlight was determined
by the FEP-4 pyrometer (Russia).

A 3D model of the SC structure based on aluminum
structural HP, which is mounted on a cylindrical alumi-
num absorption panel, is shown in Fig. 4.

The experimental installations of solar water heaters
(SWH) include the following measuring instruments:

— mercury thermometer with a division value of 0.1 °C

to determine the temperature of the water in the stor-

age tank of the solar heater;

2 ™ L
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Fig. 2. Solar water heater:

1 — sealed case; 2 — glass cover; 3 — heat-absorbing panel of the solar collector element;
4 — heat pipe; 5 — pipe-in-pipe heat exchanger; 6 — input coolant; 7 — coolant outlet;
8 — heat storage tank; 9 — thermometer; 10 — heat-insulating cover; 11 — copper-constantan
thermocouples; 12 — analog input module; 13 — signal adapter; 14 — personal computer

a b

Fig. 3. An element of the solar collector based on an aluminum structural
heat pipe, which is mounted on an aluminum heat-absorbing panel:
a — flat; b — cylindrical
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Fig. 4. 3D model of a solar collector design based on an aluminum
structural heat pipe mounted on a cylindrical aluminum panel

The geometric characteristics of aluminum structural
HPs mounted on aluminum flat and cylindrical heat-
absorbing panels (Fig. 5):

— outer diameter D,=10 mm;

— inner diameter d;;=5 mm;

— inner diameter d;»=8 mm;

— length /=1000 mm;

— the number of axial Q-shaped grooves — 14 pcs.

The geometric characteristics of a flat absorber with
aluminum alloy AD31:

— length /=810 mm;

— width =120 mm;

— thickness $=1.2 mm.

Bixholes

12

Fig. 5. The cross section of the experimental plot with an absorbing panel:
a — flat; b — cylindrical

The geometric characteristics of a cylindrical absorber
with aluminum alloy AD31:

— length /=810 mm;

— radius of the cylindrical surface R=38.2 mm;

— thickness $=1.2 mm.

The amount of thermal energy absorbed by water in
the SWH is determined by the formula:

Q= Co 'Mzcr(trm _tw2)r J,

where ¢, — heat capacity of water, J/(kg K); M,, — amount
of heated water, kg; t,;, — average water temperature in the
storage tank, °C; t,, — preliminary average water tempera-
ture in the storage tank, °C.

The value of the specific heat flux, perceived heat-absorb-
ing floor of solar collectors, is determined by the formula:

- 2
q_F_'T, W/III ’
where F — the area of heat-absorbing surfaces of a flat or
cylindrical collector, m?; t — SWH operating time between
measurements of water temperatures in the storage tank, °C.
The areas of heat-absorbing surfaces of a flat and cy-
lindrical SC are equal.
The SWH efficiency coefficients are calculated as the
ratio of the specific heat flux g to the incident radiation
flux infrared created by the sun E=850 W /m?*

_q
n=-

To compare various types of SC structures, a charac-
teristic of their effectiveness is used — a coefficient of
performance depending on:

X=(to—t,)/E, Km2/W,

where ¢, — the average temperature of the water in the
storage tank, °C; ¢, — average air temperature, °C, E — solar
radiation flux incident on SC, W /m?,

Parameter X is a variable value of thermal resistances
of this SC design.

3. Research results and discussion

The results of studies of flat SC are given in Table 1,
and cylindrical — in Table 2.

Symbols in the Tables 1, 2:

ty — HP temperature in the condensation zone, °C;

to — HP temperature in the evaporation zone, °C;

t3 — average temperature of the absorbing panel, °C;

t, — ambient temperature, °C;

t; — temperature of the heated water in the storage
tank, °C;

At — increase in water temperature in the storage tank
between measurements, °C;

T — measurement time, min;

Q — amount of thermal energy absorbed by water
through a heat exchanger at certain intervals of time, J;

Qy — magnitude of the heat flux, is perceived by the
heat-absorbing surface of the SC, W;

q — specific heat flux is perceived by the heat-absorbing
surface of the SC, W/m?%

n — coefficient of SC performance;

X - variable value of thermal resistances.

4

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(50), 2019



I55N 2226-3780

INDUSTRIAL ANI] TECHNOLOGY SYSTEMS:
REPORTS ON RESEARCH PROJECTS

Table 1
The results of experimental studies of a solar collector based on an aluminum heat pipe with a flat aluminum absorbing panel
Nao. t, °C ts, °C t;, °C T, °C T, °C At °C | 1, min 0kl 0, W g, W/m® Performance X10%, Bm%/W
1 46.8 51.5 49.2 42.1 43.6 - 0 - - - - -
2 46.8 53.8 499 42.0 44.4 0.8 2 1.5 12.54 129.0 0.152 2.8
3 48.0 56.1 50.7 42.4 45.4 1.0 4 19 15.68 1598 0.188 4
4 49.2 58.4 51.5 42.3 459 0.5 B 0.94 7.84 80.0 0.094 4.6
5 49.2 58.4 51.5 42.1 46.7 0.8 8 1.5 12.54 128.0 0.151 55
B 49.2 58.4 53.8 42.5 47.5 0.8 10 1.5 12.54 128.0 0.151 B.5
7 515 60.0 53.8 43 48.4 0.9 12 1.7 14.11 1440 0.169 7.5
8 515 60.0 53.8 41.8 49.3 0.9 14 1.7 14.11 1440 0.169 8.6
9 515 60.0 554 42.3 50.0 0.7 16 1.3 10.97 112.0 0.132 9.4
10 52.7 60.0 56.1 42.0 50.8 0.8 18 1.5 12.54 128.0 0.151 10.4
11 53.8 60.0 56.1 419 51.5 0.7 20 1.3 10.97 112.0 0.132 11.2
12 52.5 60.0 54.6 42.6 52.0 0.5 22 0.94 7.84 80.0 0.094 11.8
13 53.8 60.0 56.1 42.0 52.8 0.8 24 1.5 12.54 128.0 0.151 12.7
14 53.8 60.0 58.4 42.6 53.4 0.6 26 1.1 9.41 96.0 0.113 13.4
15 56.1 60.0 58.4 43.0 54.0 0.6 28 1.1 9.41 96.0 0.113 14.1
16 56.1 60.7 58.4 41.8 54.6 0.6 30 1.1 9.41 96.0 0.113 14.8
17 56.1 60.7 58.8 42.5 55.7 1.1 34 2.1 8.62 88.0 0.103 16.1
18 56.6 63.0 60.7 427 56.4 0.7 38 1.3 5.48 56.0 0.066 16.9
19 584 63.0 60.7 42.2 57.2 0.8 42 1.5 6.27 64.0 0.075 17.9
20 58.4 65.4 60.7 41.0 58.3 1.1 46 2.1 8.62 88.0 0.103 19.2
21 59.6 66.5 63.0 42.6 59.6 1.3 54 2.4 5.08 52.0 0.061 20.7
22 61.7 66.5 63.7 42.8 61.0 1.4 64 2.6 4.38 448 0.053 22.4
23 63.7 67.5 63.8 42.6 63.0 2.0 72 3.8 3.92 40.0 0.047 24.7
24 64.7 67.5 64.8 41.7 64.0 1.0 80 1.9 3.92 40.0 0.047 25.9
25 64.8 67.5 65.8 42.0 64.6 0.6 88 1.1 2.35 24.0 0.028 26.6
26 65.5 67.5 65.8 43.2 65.2 0.6 96 1.1 2.35 24.0 0.028 27.3
27 65.5 68.8 66.5 42.6 65.2 0.1 104 1.9 0.39 4.0 0.005 27.4
Tahle 2
The results of experimental studies of a solar collector based on an aluminum heat pipe with a cylindrical aluminum absorbing panel
No. t, °C ty, °C tz, °C T, °C T, °C At, °C T, M g kI 0, W g, W/m? Performance X103, Bm%/W
1 45.2 56.4 49.3 42.1 43.6 - 0 - - - - -
2 46.3 59.1 51.3 42.0 44.8 1.2 2 2.3 18.81 193.5 0.228 3.3
3 47.5 61.0 53.4 42.4 45.8 1.0 4 1.9 15.68 161.3 0.190 4.5
4 48.9 61.6 54.3 42.3 46.7 09 6 1.7 14.11 145.1 0.171 5.5
5 49.6 63.0 56.3 42.1 47.8 1.1 8 2.1 17.24 177.4 0.209 6.8
6 51.3 64.4 56.5 42.5 48.5 0.7 10 1.3 10.97 1128 0.133 7.6
7 51.7 64.2 57.1 43 49.5 1.0 12 19 15.68 161.3 0.190 8.8
8 52.0 67.5 58.3 41.8 50.5 1.0 14 19 15.68 161.3 0.190 10.0
9 52.9 64.6 58.9 42.3 51.5 1.0 16 19 15.68 161.3 0.180 11.2
10 52.9 64.8 58.0 42.0 52.3 0.8 18 1.5 12.54 129.0 0.152 12.1
11 53.8 65.1 589 418 53.1 0.8 20 1.5 12.54 129.0 0.152 13.1
12 58.4 66.0 60.0 42.6 54.0 0.9 22 1.7 14.11 1451 0.171 14.1
13 55.2 64.8 59.7 42.0 54.5 0.5 24 0.9 7.84 80.6 0.095 14.7
14 559 65.3 60.6 42.6 55.1 0.6 26 1.1 9.41 96.8 0.114 15.4
15 56.6 65.5 61.1 43.0 55.8 0.7 28 1.3 10.97 1128 0.133 16.2
16 57.3 67.3 62.3 41.8 56.3 0.5 30 0.9 7.84 80.6 0.095 16.8
17 58.4 67.5 63.2 42.5 57.1 0.8 34 1.5 6.27 64.5 0.076 17.8
18 588 68.7 64.1 427 58.2 1.1 38 2.1 8.62 88.7 0.104 18.1
19 60.5 69.8 64.5 42.2 589 0.7 42 1.3 5.48 56.4 0.066 19.9
20 61.4 69.1 66.1 41.0 59.9 1.0 46 1.9 7.84 80.6 0.095 21.1
21 62.6 68.9 66.6 42.6 61.0 1.1 54 2.1 4.31 44.3 0.052 22.4
22 63.5 70.7 67.9 42.8 62.3 1.3 64 2.4 4.08 418 0.049 23.9
23 64.2 69.1 67.5 42.6 B3.5 1.2 72 2.3 4.7 48.4 0.057 25.3
24 65.1 70.7 69.4 41.7 65.0 1.5 80 2.8 5.88 60.5 0.071 27.1
25 65.3 708 69.1 42.0 65.2 0.2 88 0.4 0.78 8.1 0.009 27.3
26 66.4 72.0 71.7 43.2 66.0 0.8 96 1.5 3.13 32.3 0.038 28.2
27 66.6 70.7 69.8 42.6 B6.2 0.2 104 0.4 0.78 8.1 0.009 28.5
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The performance graphs of SC elements based on an
aluminum structural HP mounted on a flat or cylindrical
aluminum heat-absorbing panel are shown in Fig. 6, and
the time dependence of the increase in water temperature
in the heat storage tank is shown in Fig. 7
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X=(tw-ta)/E, K me/W
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A— - Flat SC @ — Cylindrical SC

Fig. 6. Dependences of the current values of the efficiency
on the parameter X for an aluminum flat and cylindrical collector
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Fig. 7. Dependences of the increase in water temperature
in the heat storage tank on time for an aluminum flat
and cylindrical collector

Fig. 6 shows that the current SC efficiency based on
an aluminum structural heat pipe with a cylindrical absorb-
ing panel in the initial period of heating water is up to
6 % more than in a solar collector with a flat absorbing
panel, and at the end of heating up to 1.5 %.

During research, the average air temperature was 42.3 °C.
The initial temperature of the water in the storage tanks
was 43.6 °C. The final temperature of the water in the
SWH storage tank with SC based on aluminum HP mounted
on a flat aluminum panel was 65.2 °C. The final temperature
of the water in the SWH storage tank with SC based on
aluminum HP, which is mounted on a cylindrical aluminum
panel, was 66.2 °C.

4. Conclusions

A new design of the solar collector element is developed
and investigated, on the basis of which it is possible to
increase the thermal efficiency of the solar collector based
on aluminum structural heat pipes. It is shown that the
thermal efficiency of a new solar collector based on an
aluminum structural heat pipe with a cylindrical absorb-
ing panel in the initial period of heating water is up to
6 % more than in a solar collector with a flat absorbing
panel, and at the end of heating up to 1.5 %.

The research results of solar collectors based on alu-
minum structural heat pipes will be useful in the deve-
lopment of new designs of solar collectors.
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