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DESIGN OF THE HEAT PIPE HELIUM GREENHOUSE

A. Matyakubov, J. Batmanov, A. Agajanov
State Energy Institute of Turkmenistan, c. Mary

This scientific work presents the results of scientific research on the use and accumu-
lation of solar energy for heat supply of a solar greenhouse.

For a real assessment of the problem, the following information can be cited as an ex-
ample: in a greenhouse with a total area of 234 m” covered with polyethylene film must be
installed, on the average, with 68 furnaces to provide a certain amount of warm air. One
furnace consumes about 2448 m’/h of natural gas for four months, and during this time 8.6 kg
of carbon dioxide (CO,) is emitted from one furnace. As a result, taking into account the
payment for the consumption of natural gas, the problem of the cost of the obtained prod-
ucts, energy conservation, and also environmental protection is very urgent.

To solve this problem, a solar greenhouse with an additional heating chamber was
constructed at the research site of the State Energy Institute of Turkmenistan. In this struc-
ture, excess of solar and heat energy of the soil was accumulated in mountain stones, and
carbon dioxide that emits soil (horse manure was used as a soil) was used to feed the
Chlorella vulgaris suspension grown in the photobioreactor, which in its turn had a benefi-
cial effect on its cultivation. To transfer heated air from the additional heating chamber to
the solar greenhouse and the accumulated thermal energy of the soil, polyethylene pipes
with holes were used.

Due to the use of the heat capacity of the materials (rock stones), a two-layer coating
of the structure, compaction of the northern side with wool and accumulated heat energy, it
was possible to achieve a positive temperature in the solar greenhouse in the minus envi-
ronmental values.

The technologies and processes considered in this research are mainly renewable en-
ergies and technical (chemical reactions) solutions such as photovoltaic (PV) modules,
phase exchange material (PCM), underground heat storage technologies, energy efficient
heat pumps and facade materials for the better heat insulation.

In order to investigate the possibility of heating the greenhouse through heat
pipelines, a helium greenhouse with an area of 24 m?, and a volume of 54,4 m’ and an ad-
ditional heat source with an inclination angle of 36° degrees covered with glass cover with
an area of 7.5 m% with a volume of 7.5 m® were installed in the State Energy Institute of
Turkmenistan. The drawing of the helium greenhouse is shown in Figure 1 below.
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Fig. 1. General drawing of the helium greenhouse:

1 — outer glass cover of the heating chamber; 2 — inlet and outlet of the heat pipe at the
bottom of the heating chamber; 3 — course layer; 4 — stone layer; 5 — entrance and exit
of heat pipe at the bottom of the greenhouse; 6 — woolly wall; 7 — photobioreactor;

8 — biogas plant; 9 — heat pipes; /0 — soil layer

The amount of heat supplied through the ventilation air, which is calculated by the
following expression:

Qair = GCp(Ti _T2)7

where G — mass consumption of air from the fan; kg/hour; C, — specific heat capacity of
air at different temperatures, 0,241 J/kg - K; 7, — the temperature at the output of the heat

pipe °C; T, — the temperature at the inlet of the heat pipe, °C.
Mass air consumption from the fan is determined by the following expression:

G=/p,

where V' — fan performance, Tidar RQA 12038HSL 220VAC series 170 m’/h [18];
p — air density at different temperatures, kg/m’.

The amount of heat transmitted to the greenhouse by solar radiation is calculated by
the following expression:

Qrad = nIcE‘ad T,

where m — the efficiency of the heat conversion of the beam equal to n=0,7; I, — solar

radiation intensity, W/m?*; t — the heat transfer coefficient, for a polyethylene film, the
coefficient value is assumed to be 0,35. It is estimated that solar radiation reaches half of
the roof area:

Fo= bLk >

where L, — typical roof dimensions, 6 m; b — the length of the roof, 4,8 m.

Execution of heat in the soil of the heating chamber for heating the greenhouse.
In this method the soil heat of the heating chamber installed in front of the greenhouse was
used to heat the greenhouse through the heat pumps.
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The measurement and calculation results for the case when Execution of heat in the
soil of the heating chamber for heating the greenhouse are shown in table.

Results of measurement and calculation of parameters

T,h AT, K p, kg/m® G, kg/h Quirs W I, W/m* 0oty W Ova, W
08.00 2 1.282 217.94 122.08 19.1 135 257.08
10.00 14.1 1.228 208.76 824 221 1560 2374
12.00 15.4 1.222 207.74 896 380 2682 3578.4
14.00 14.1 1.228 208.76 824 536 3780 4604
16.00 6.2 1.263 214.71 373 250 1764 2137
18.00 10 1.246 211.82 592.8 0 0 592.8
20.00 10 1.246 211.82 592.8 0 0 592.8
22.00 10 1.246 211.82 592.8 0 0 592.8
00.00 10.6 1.243 21131 627.4 0 0 627.4
2.00 12 1.237 210.29 706.8 0 0 706.8
4.00 11.4 1.24 210.8 672.9 0 0 672.9
6.00 10.9 1.242 211.14 644.5 0 0 644.5
8.00 14 1.228 208.76 650.2 23 162.3 812.5

The heat under the heating chamber was pumped through a special heat pump and fed to
the underground heat pipelines of the helium greenhouse. In this case, the the effect of the
heat amount supplied to the greenhouse on the heat level inside it is shown in Figure 2 below.
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Fig. 2. Time dependence of the heat generated in the greenhouse by the use
of heat in the heating chamber

Research work has been carried out in this helium greenhouse and the following
results obtained: as can be seen from the dependence, the heating chamber was able to
make a difference of at least +5 °C when using the soil temperature. This suggests that it is
also important to use a heating chamber with an additional heat source. As also can be seen
from the dependence, the temperature inside the greenhouse in the afternoon reaches a
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temperature that is airy for the plants, therefore it was intended to collect the accumulated
heat. The excess heat in the greenhouse during the day was transferred to the underground
rocks through a heat pump, thus maintaining the normal temperature during the day in the
greenhouse.
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OLIEHKA BHEAPEHUA PECYPCOCBEPEIAIOLLIMX
N MHHOBALIMOHHbLIX TEXHOJTOI'MN MO PA3BUTUIO
OHEPITETUKU B YCNOBUAX TYPKMEHUCTAHA

O. b. CanapasieBa
T'ocyoapcmeennviii snepeemuyeckuii uncmumym Typkmenucmana, 2. Mapul

[NocynapctBenHast mporpamma 1o sueprocoepexenuto Ha 2018—2024 roapr Obuia yT-
BepkaeHa [Ipesunenrom Typkmenncrana YkazoM Ne 14900 ot 15 urons 2016 r. cornacHo
IUTaHY BBIIIOJIHEHUS! HAMEUEHHBIX MEPOIIPHUATHH JJI peaan3aluu B )KU3Hb ['ocyaapcTBeH-
HOW IpOrpamMMbl HOBBIIIEHHUS PE3yJIbTaTOB HAay4YHBIX HMCCICIOBAHUN M MHHOBAIL[MOHHBIX
texHonoruit B Typkmenucrane 3a nepuos ¢ 2017 mo 2021 r.

OcHOBHBIE 11eNU U3 YKa3aHHOW ["ocy1apcTBEeHHOM MpOrpamMMmal:

1. Ana obecnieueHus: cTaOMIBHOTO Pa3BUTHUS IKOHOMUKHM TypKMeHHCTaHa OCYIIECT-
BUTh Ha BBICOKOM YpPOBHHE pallMOHAJIBHOE HCIHOJIb30BAHHME HHEPreTHUECKO OTpaciu u
IPUPOJIHBIX IHEPIETUUECKUX PECYPCOB.

2. B TomnuBHBIX 3anacax TypKMEHUCTaHA YBEIMUYUTh KOJIMYECTBO BO30OHOBISIEMBIX
MCTOYHUKOB AHEPrUH, HETPAJAULIMOHHBIX YHEPIeTUUYECKUX PECYpPCOB, BUIOB OTOMPAEMOTO
TOIJIMBA, @ TAK)KE BTOPUYHBIX HCTOYHUKOB SHEPTUHU.

3. Ucnonp30BaHue CpeACcTB SHEPTEeTUKU 00YCIOBINBAET OOECIIEUEHNE OXPAHbI OKPY-
JKaroIlel cpeibl, OXpaHbl KHU3HU U 3J0POBbsl HACETICHHUS.

OtaenpHOE BHUMaHHUE YAEISAETCS MEPONPUSTUSM, CBSI3aHHBIM C Pa3pabOTKOW MHHO-
BAI[MOHHBIX U peCypcocOeperaronmx TeXHOIOT Ui,

Pa3Butne pecypcocOeperaromux TeXHOIOTHI SBISETCS OAHUM U3 HAIpaBICHUH HKO-
HOMUYECKOro pa3BuTus TypKkMeHHCTaHA. DTO TEXHOJIOTUHU, 00ECIIEYHBAIONINE TPOU3BO/-
CTBO MPOAYKLIUU C MUHUMAJIbHO BO3MOXKHBIM MOTPEOJICHUEM TOIUIMBA U JPYTUX UCTOYHH-
KOB DJHEpPruM, a TaKXe ChIpbs, MAaTEpHUaloB, BO3J1yXa, BOJbl U IPOUYUX PECYPCOB,
UCTIOJIb3YEMBIX JIJIsl TEXHOJOTHUECKUX Leneld. OHM BKIIOUYAIOT B ce0s UCIOIBb30BaHUE BTO-
PUYHBIX PECYpCOB, YTHWJIM3ALUIO OTXOAOB, a TAKXKE PEKYNEpalUI0 SHEPIUU, 3aMKHYTYIO
cucrteMy BogooOecneueHus u Ap. [103BONAIOT SKOHOMUTD MTPUPOTHBIE PECYpPCHI U U30eraTh
3arpA3HEeHUs OKpykaroieu cpenst [1].

OfHMMU W3 TaKuUX TEXHOJOTHH SBISIOTCA DJEKTPOCTAHIUH C KOMOMHMPOBAHHBIM
koM. B TypkmenucTane Ui pou3BOACTBA MIEKTPOIHEPTUN UCTION3YIOTCS IEKTpHUUe-
CKHE CTaHIIUU C Ta30TypPOMHHBIMH yCTAaHOBKAMHU pa3HBIX MolrHocTei. Ha ra3oTypOuHHBIX
YCTaHOBKaX C MOMOIIIBIO KOIIPECCOpa BCAChIBAETCS BO3YX C aTMOC(EPHI U C MOBBILIEHHBIM



