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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

Introduction

Thermal efficiency of solar thermal collectors is essential for
utilization of solar energy. Depending on geographic location,
external climatic conditions and quality of solar collectors, the values
of efficiency are different. According to Georgiev and Peychev
(2008), thermal efficiency of 0.43 in selective flat plate solar
collectors under the conditions of Bulgaria are achieved at mounting
angle =35+45. The study of Shtrakov et al. (2006) on vacuum tube
solar collectors indicates 30% higher efficiency for the whole year
compared to flat plate collectors and 23% higher efficiency in
summertime. Shterev (2007) indicates 23% higher efficiency for
vacuum tube solar collectors SEIDO compared to other similar
types. Regardless of the variable values of thermal efficiency of
vacuum tube solar collectors, a number of authors (Dechev, 2009;
Stamoyv, 1990, 2001) indicate 0.4 + 0.7 as average values.

Given the multi-factorial dependence of the thermal efficiency
coefficient of solar collectors and the various data reported by a
number of authors, this study team decided to use and investigate its
own laboratory solar thermal module.

The purpose of this paper was to study the thermal efficiency of
a laboratory solar thermal module at different mounting angles.
Mounting angles were 20°, 30" and 40" with due allowance for the
annual calendar time and latitude of Bulgaria. The first objective was
to derive thermal efficiency values for each mounting angle of the
solar module. The second objective was to make a comparative
analysis of the influence of the mounting angle on the extent of
efficiency of the module.

Material and methods

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
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

the water inside it is mw = 2.30 kg. The frame is insulated with foam
rubber pipe insulation of wall thickness s = 9 mm and thermal
conductivity = 0.04 w/m.k. Absorption of heat by the insulation is
negligent because of its negligible mass and heat capacity.

Intensity of solar radiation (1) was measured at the mounting
plane by a piranometer. Operation of the solar module was studied at
three mounting angles (B - angle between the collector and the
horizontal plane), 20°, 30°, and 40°. Measurements were taken in the
time interval 10:00 + 16:00 h in the period 05.08 + 28.08.2010.
During measurements the collector was fixed southward. In the
experimental period clear and sunny weather with ambient
temperature from 28.4° to 32.4° prevailed, and the measured
ambienttemperature for each hour was considered.

Reliable information on the behavior of the thermal module
may be obtained from its instantaneous thermal efficiency. It is
determined by the ratio of the heat flux (Qsm) usefully used by the
thermal module and the solar energy flux (Asm | °) falling on the
module, i.e.

n=Qsm/Asml. (1

where Asm —absorbing area of the solar module (0.254 m’)

|- intensity of solar radiation on the collector plane, W/m®

The values of Qsm are determined by using the heat balance
method as follows:

Qsm=Qmr+Qw -Qv,W (2)

where Qmr —heat flux for heating of the metallic frame, W

Qw - heat flux for heating of the heat agent (water) containedin
the module, W

Qv -heatloss of module to environment, W

Determination of the above terms of equation (2) is achieved
by classical heat engineering calculations (3).

Qmr=mmr.Cm.AVAT,W (3)
Qw= mw.Cw.AVAT,W (4)
m
Q, =(Tw—Tf). 7 R 7 LrWw (5)
-+ 7'”(72) +
ady 24 7dy" ayd,
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Figure 1. Principle diagram of solar thermal module: 1 - vacuum solar collectors; 2 - circulation pump;

3 - expansion vessel;4 - electronic control unit; 5 - consumer;

where:

mmr —weight of metallic frame — 13.83 kg;

mw —weight of heat agent (water) - 2.30 kg;

Cm-specific heat capacity of steel - 0.46 kJ/kg K;

Cw—specific heat capacity of water—4.19 kJ/kg K;

At—temperature difference of heat agent at beginning and end
of measurement -5°C;

AT -time interval between measurements, s;

a,-heattransfer coefficient of water to frame pipe, w/m’K;

(a,=200 w/m’K, determined using the methods described in
(Stamov atal., 1990);

a, — heat transfer coefficient of external surface of the heat
insulated frame to environment (a,=6,5 w/m’K, determined using the
methods described in (Dechev, 2009);

Table 1. Values of heat efficiency at various mounting angles.

6 - support trolley

A-heattransfer coefficient of heat insulation (0.04) w/mK;
d,_innerdiameter of heatinsulation (32 mm);

d,- outer diameter of heatinsulation (50 mm);

Thermal resistance of the metal is ignored;

Lr-length of frame (4,4), m;

Tw—temperature of heat agent (water) inframe, °C;
Tf-ambient temperature, °C.

Results

The results obtained are given in Table 1 and illustrated in
Figure 2. The highest extent of efficiency for the annual period
studied was obtained at mounting angle B = 40°. At the other

B =20 B=30" B=40"
Tw
] Tf n Tf 0 | Tf n
C wim’ ‘C

40 10731 308 046 10575 304 0.56 28.8
832.0 0.59

45 10653 308 042 10475 304 0.46 20.9
50 10420 302 037 10264 302 0.39 9098 99, 0.51
55 10342 302 031 10186 302 0.35 928 996 044
9253 0.39

60 10109 300 027 9953 304 0.29 30.2
933.1 0.34

65 10031 298 048 9876 304 0.34 304
70 9487 298 001 9331 306 0.15 10031 444 0.27
75 8320 306 0.0 10663 445 0.20
80 304 1005 39 0.11
10575 0.0
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Figure 2. Change of extent of heat efficiency n depending on the temperature of the heat agent Tw at

different mounting angle B.

installation angles, 30° and 20°, the extent of efficiency decreased on
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
occurred earliest at the smallest angle $ =20°C (at Tw=70°C). Atp =
30" thatoccurredat Tw=75"Cand f=40"at Tw=80"C.

Analysis of results

The results obtained show that the highest extent of efficiency
is at low temperatures of the heat agent (Tw = 40° C). This is quite
natural because the losses of the thermal module to the environment
at that time are the lowest. These losses grow with the increase of
temperature of the heat agent which consequently proportionally
reduces the extent of efficiency of the module. Increasing the
mounting angle B to 40° leads to an increase of heat production and
the extent of efficiency of the module. It should be noted, however,
that this happens at a latitude of 42°30 (Bulgaria) in the middle of
Augustandthatitis alogical event.

It can be expected that with the increase of the thickness of the
heat isolation of the module, the temperature of the heat agent at
which thermal balance takes place (n = 0) would increase. As a
whole, the values of nwill also increase.

Conclusions

The conclusion that at equal temperatures of heat agent and
environment, the extent of efficiency is the highest, has been
confirmed.

The mounting angle has a decisive influence on heat
production and the extent of efficiency of the solar thermal module.
Taking into consideration the declination of the sun and the results
obtained, the appropriate values for this angle are 40° for May and
Augustand 30° for June and July for the territory of Bulgaria.

It is advisable that thermal resistance and respectively
thickness of the insulation be greater (s = 13 + 15 mm) in small
installations. This will raise the temperature of the heat agent at heat
balance of the module.
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