
Online  ISSN: 1314-412X
Volume 3, Number 3

September 2011

 Version

2011



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts
All manuscript written in English should be 
submitted as MS-Word file attachments via 
e-mail to ascitech@uni-sz.bg. Manuscripts 
must be prepared strictly in accordance 
with the detailed instructions for authors at 
the website 
http://www.uni-sz.bg/ascitech/index.html 
and the instructions on the last page of the 
journal. For each manuscript the 
signatures of all authors are needed 
confirming their consent to publish it and to 
nominate on author for correspondence. 
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 
for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.

Subscriptions 
Agricultural Science and Technology is 
published four times a year. The 
subscription price for institutions is 80 € 
and for personal subscription 30 € which 

include electronic access and delivery. 
Subscription run for full calendar year. 
Orders, which must be accompanied by 
payment may be sent direct to the 
publisher:

Trakia University
Faculty of Agriculture, Bank account: 
UniCredit Bulbank, 
Sofia BIC: UNCRBGSF

IBAN: BG29UNCR76303100117681
With UniCredit Bulbank Stara Zagora

Internet Access
This journal is included in the Trakia 
University Journals online Service which 
can be found at www.uni-sz.bg.

Copyright
All rights reserved. No part of this 
publications may be translated into other 
languages, reproduced or utilized in any 
form or by any means, electronic or 
mechanical, including photocopying or any 
information storage and retrieval system 
without permission in writing from the 
publisher. 

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.:   +359 42 699330
                      +359 42 699446
http://www.uni-sz.bg/ascitech/index.html

Technical Assistance:
Nely Tzvetanova
Telephone.: +359 42 699446
E-mail: ascitech@uni-sz.bg

 

Georgi Zhelyazkov (Bulgaria)



2011

Volume 3, Number 3
September 2011

Online Version ISSN: 1314-412X





AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 3, No 3, pp 257 - 260, 2011

257

Study of the thermal efficiency of a solar thermal module at different mounting angles

R. Georgiev*, K. Peychev

Department of Agricultural Engineering, Faculty of Agriculture, Trakia University,  6000 Stara Zagora, Bulgaria

Abstract. The purpose of this paper is to study the thermal efficiency of a laboratory solar thermal module at different mounting angles. Mounting angles are 
20˚, 30˚ and 40˚, with due allowance for the annual calendar time and latitude of Bulgaria. The solar thermal module is based on vacuum tubes of the "Heat 
pipe" type. These are 5 pipes of active length and diameter respectively 1,450 mm and 35 mm. For the indicated annual period the highest extent of efficiency is 
obtained at mounting angle 40˚. The extent of efficiency at the other mounting angles 30˚ and 20˚ decreases by 11% and 21% on average when temperature of 
the heat agent rises to 65 ÷ 70˚ C. Mounting angle significantly affects heat production and the extent of efficiency of the solar thermal module. Appropriate 

values for this angle are respectively 30˚ - for June and July and 40˚ - for May, August and September for the territory of Bulgaria.

Keywords: vacuum tube solar collectors, thermal efficiency, solar energy

the water inside it is mw = 2.30 kg. The frame is insulated with foam Introduction
rubber pipe insulation of wall thickness s = 9 mm and thermal 
conductivity  = 0.04 w/m.k. Absorption of heat by the insulation is Thermal efficiency of solar thermal collectors is essential for 
negligent because of its negligible mass and heat capacity.utilization of solar energy. Depending on geographic location, 

Intensity of solar radiation (I) was measured at the mounting external climatic conditions and quality of solar collectors, the values 
plane by a piranometer. Operation of the solar module was studied at of efficiency are different. According to Georgiev and Peychev 
three mounting angles (β - angle between the collector and the (2008), thermal efficiency of 0.43 in selective flat plate solar 
horizontal plane), 20˚, 30˚, and 40˚. Measurements were taken in the collectors under the conditions of Bulgaria are achieved at mounting 
time interval 10:00 ÷ 16:00 h in the period 05.08 ÷ 28.08.2010. angle =35÷45. The study of Shtrakov et al. (2006) on vacuum tube 
During measurements the collector was fixed southward. In the solar collectors indicates 30% higher efficiency for the whole year 
experimental period clear and sunny weather with ambient compared to flat plate collectors and 23% higher efficiency in 
temperature from 28.4˚ to 32.4˚ prevailed, and the measured summertime. Shterev (2007) indicates 23% higher efficiency for 
ambient temperature for each hour was considered.vacuum tube solar collectors SEIDO compared to other similar 

Reliable information on the behavior of the thermal module types. Regardless of the variable values of thermal efficiency of 
may be obtained from its instantaneous thermal efficiency. It is vacuum tube solar collectors, a number of authors (Dechev, 2009; 
determined by the ratio of the heat flux (Qsm) usefully used by the Stamov, 1990, 2001) indicate 0.4 ÷ 0.7 as average values.
thermal module and the solar energy flux (Asm I ˚) falling on the Given the multi-factorial dependence of the thermal efficiency 
module, i.e.coefficient of solar collectors and the various data reported by a 

η = Qsm/AsmI (1)˚number of authors, this study team decided to use and investigate its 
2where Asm – absorbing area of the solar module (0.254 m )own laboratory solar thermal module.

2I – intensity of solar radiation on the collector plane, W/mThe purpose of this paper was to study the thermal efficiency of 
The values of Qsm are determined by using the heat balance a laboratory solar thermal module at different mounting angles. 

method as follows:Mounting angles were 20˚, 30˚ and 40˚ with due allowance for the 
Qsm = Qmr + Qw  - Qv, W (2)annual calendar time and latitude of Bulgaria. The first objective was 
where Qmr – heat flux for heating of the metallic frame, Wto derive thermal efficiency values for each mounting angle of the 
Qw – heat flux for heating of the heat agent (water) contained in solar module. The second objective was to make a comparative 

the module, Wanalysis of the influence of the mounting angle on the extent of 
Qv – heat loss of module to environment, Wefficiency of the module.
Determination of the above terms of equation (2) is achieved 

by classical heat engineering calculations (3).

Qmr = mmr . Cm . Δt/ΔՇ, W (3)Material and methods
Qw =  mw . Cw . Δt/ΔՇ, W (4)

The object of this study is a solar thermal module based on 
vacuum tubes of the "Heat pipe" type (Figure 1). These are 5 pipes of 

(5)active length and diameter 1,450 mm and 35 mm, respectively. The 
collector frame is made of metallic pipes of diameter G1 (one inch) 
and length 4.4 m, and accommodates also a circulation pump. The 
weight of the steel frame with the pump is 13.83 kg and the weight of 
* e-mail: rgeorgiev@dir.bg
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where: λ – heat transfer coefficient of heat insulation (0.04) w/mK;
mmr – weight of metallic frame – 13.83 kg; d  inner diameter of heat insulation (32 mm);1 –

mw – weight of heat agent (water) – 2.30 kg; d - outer diameter of heat insulation (50 mm);2

Cm – specific heat capacity of steel – 0.46 kJ/kg K; Thermal resistance of the metal is ignored;
Cw – specific heat capacity of water – 4.19 kJ/kg K; Lr – length of frame (4,4), m;
Δt – temperature difference of heat agent at beginning and end Tw – temperature of heat agent (water) in frame, ̊ С;

of measurement  -5˚С; Tf - ambient temperature, ̊ С.
ΔՇ – time interval between measurements, s;

2α  – heat transfer coefficient of water to frame pipe, w/m K;1
2(α =200 w/m K, determined using the methods described in Results1

(Stamov at al., 1990);
α – heat transfer coefficient of external surface of the heat 2  The results obtained are given in Table 1 and illustrated in 

2insulated frame to environment (α =6,5 w/m K, determined using the Figure 2. The highest extent of efficiency for the annual period 2

methods described in (Dechev, 2009); studied was obtained at mounting angle β = 40˚. At the other 

Figure 1. Principle diagram of solar thermal module: 1 – vacuum solar  collectors; 2 – circulation pump; 
3 –  expansion vessel;4 – electronic control unit; 5 – consumer; 6 – support trolley
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installation angles, 30˚ and 20˚, the extent of efficiency decreased on Conclusions
average by 11% and 21% of the heat down to the temperature of the 
heat agent 65 ÷ 70˚ C. The heat balance of the experimental module The conclusion that at equal temperatures of heat agent and 
occurred earliest at the smallest angle β = 20˚C (at Tw=70˚С). At β = environment, the extent of efficiency is the highest, has been 
30˚ that occurred at Tw = 75˚ C and β = 40˚ at Tw = 80˚ C. confirmed.

The mounting angle has a decisive influence on heat 
production and the extent of efficiency of the solar thermal module. 

Analysis of results Taking into consideration the declination of the sun and the results 
obtained, the appropriate values for this angle are 40˚ for May and 

The results obtained show that the highest extent of efficiency August and 30˚ for June and July for the territory of Bulgaria.
is at low temperatures of the heat agent (Tw = 40˚ C). This is quite It is advisable that thermal resistance and respectively 
natural because the losses of the thermal module to the environment thickness of the insulation be greater (s = 13 ÷ 15 mm) in small 
at that time are the lowest. These losses grow with the increase of installations. This will raise the temperature of the heat agent at heat 
temperature of the heat agent which consequently proportionally balance of the module.
reduces the extent of efficiency of the module. Increasing the 
mounting angle β to 40˚ leads to an increase of heat production and 
the extent of efficiency of the module. It should be noted, however, 

References:that this happens at a latitude of 42˚30 (Bulgaria) in the middle of 
August and that it is a logical event.

Georgiev R and Peychev K, 2008. Energy production by a flat plate It can be expected that with the increase of the thickness of the 
solar collector – theoretical study: Union of Scientists of Stara heat isolation of the module, the temperature of the heat agent at 
Zagora, Research conference with international participation, 5-6 which thermal balance takes place (η = 0) would increase. As a 
June.whole, the values of η will also increase.
Dechev D, 2009. Solar collectors and system, Tehnika Publishing 

Figure 2. Change of extent of heat efficiency η depending on the temperature of the heat agent Tw at 
different mounting angle β.
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