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Abstract. The actual study deals with of experimental deitgmtion of the total directional transmittance) (of
different samples of glass and their influence barmal efficiency /) at a solar collector, evaluated by their
respective correction factorx]. For the determination of total directional tramgitancesunder real operation
conditions comparative tests were performed betvikerincident solar radiation and radiation trangted by each
sample. The experiments to evaluate the instantemermal efficiency of solar collector for ea@mple, according
to the ANSI standard ASHRAE 93-2003, were madesiolax simulator. To determine the K factor and thenthly
production of specific energy was used the samestital treatment as defined by ANSI ASHRAE arlieg in the
Brazilian Labeling Program (PBE/INMETRO). A typeflat glass was used as the control sample in xlegimental
stages

Keywords: Total Directional Transmittance; Thermal Efficiendyactor Correction of Angle of Incidence of Solar
Irradiation; Solar Collector

1. INTRODUCTION

Nowadays, there is in the Brazilian market of salalfectors a constant concern of businesses @bt the best
relationship between cost and thermal efficiencyhefr products. To this end, are evaluated a yagématerials and
design parameters, including the transparent cegepe of this study

Knowledge of total directional transmittance of thiass to be used in the manufacture of flat sotdlectors,
allows a better design of solar thermal facilitiesd enables the creation of different productsljrezcording to market
requirements thus, the objective of this work, ested by one Brazilian glass manufactory named&tfirasileira de
Vidros (UBV)”, has been conducting trials in 6 @ifént samples of glass (Sample 1 - Style, SampI®ii Boreal ,
Sample 3 - Mini Boreal Chinés, Sample 4 - Piram@emple 5 - Anti-Reflexo and Sample 6 (Float-Cdnrm assess
their total directional transmittancég. Moreover, tests were also conducted indoors Gyrginuous solar simulator to
evaluate the influence of each sample in the thieeffiaiency (/) of a flat solar collector.

2. LITERATURE REVIEW

For engineering purposes, it is often desirableatior the radiative properties of surfaces to éase or decrease
their natural ability to absorb, emit, or refle@drant energy. This can be done to provide a dispectral or
directional performance.

For surfaces used in colletion of radiant enerdpe la solar collectors it is desirable to maximibe energy
absorbed by a surface while minimizing the lossebyission such surfaces are called “spectrally Se&€c This

! Float Glass (Control Group): Smooth Glass, 3 monmally used in solar collectors on the market.
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surfaces can highly their performance of a soldlectr. It is also important to point out the esgtlve transmission
absorption behavior of a glass as nonopaque miateigmre 1 shows the overall spectral transmittaotglass plates
for normally incident radiation.
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Figure 1. Normal overall spectral transmittancglass (includes surfaces refletions) at 298 Kr(sed from
Siegel & Howell (1992)).

It is also know that the overall transmittance udgs the effect of absorption within the glass amutiple surface
reflections; it is given by the equation 1 accogdio Siegel & Howell (1992).

T =Tr AP (1-p,°T52) (1)
where T, -exp (-ad) andp; =[(n-1) / (n+1)])

a: absorption coefficient;

T: ratio of energy transmitted through plane systeemergy incident (overall transmittance);abseligmperature;
A : spectrally dependent;

p: Stefan Boltzmann constant;

n: simple index of refraction;

For small values of (zd) equation 1 reduces to:
Ti= (1) / (L4p1) (2)

For a glass n is equal to 1.5 o= 0.04 then only includingne reflection losses gives as 10.92. In figure 1 the
fused silica has very low absortion in the range 0.2 to 2um, and T, = 0.9 in this region as a result of surface
reflections. Ordinary glasses typically have twoolsg cutoff wavelengths beyond wich the glass bexomighly
absorbing and ;ldecreases rapidly to near zero except for verygtdtes. The measures curve for fused silica inrég
1 shows this clearly. There are strong cutoffshim fiar ultraviolent ak = 2.5um. The glass will therefore be a strong
absorver or emitter fat = < 0.17um andA > 2.5um. Figure 2 shows the overall transmittance foiotes thicknesses
of soda-lime glass, wich is more absorving thare fadica. The effect of absorting is illustrateditguwell as the
thickness increases.
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Figure 2. Effect of plate thickness on normal ollesgectral transmittance of soda-lime glass (idelkisurface
refletions) at 298 K (scanned from Siegel & How@B92)).

The total transmittancgr) is defined as the fraction of incident solar radiathat is transmitted by the transparent
integrated over coverage for all wavelengths angl émclosing hemisphere. Value contributes sigmfigain
determining the instantaneous thermal efficiencgadér collectorgs), namely:

Where:
_ Arsp FrUL (T - Tam)
n= Ao {Fa(rcapj - G } 3)

AEXT: external area of the solar collector, iff m

A+tsp the coverage area, i‘m

FR: factor of removing heat from the solar collector;
tc: transmittance of the cover;

ap: absorptivity of the plate;

UL: overall coefficient of heat losses;

Tii: temperature of the fluid into the solar collegtor
Tamb: Ambient temperature;

G: global solar irradiance incident on solar cdbeglan.

In experimental testing, in accordance with thecpdures required by the test standard ANSI ASHRAR®03
and used by the Brazilian Label Program of Soldie€tors (PBE), the angle of incidence of diredaseoadiation @)
should be lower to 30°. As the daily operationssofar thermal facilities includes angles of incide greater than the
value defined by the standard, this study aimsuv@uate the transmittance of transparent roof asdmpact on
efficiency and daily energy production in such dtinds thus, for calculation of solar angles a suwiine namely
SOLPLAN was developed based on classical modeks|adle in Duffie and Beckman (1991). The inputadéd be
provided are: latitude location, day and monthhef year and inclination of the bench test. Theimeutalculated the
solar time, hour angle, incidence angle of diretdrsradiation at intervals of 15 minutes.

To determine the daily production of energy, therection factor is introduced,, in equation 1 as:
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Arsp Tt - Tamb

n= K [Fr(ra )] -Fr UL | —5 )
Aexr G

whereK,, is defined by the ratio between the thermal edfficy measure for a given angle of incidence and the
maximum value obtained in normal incidence for Hedénce between the temperature of the water iegtehe
collector and the ambient temperature is less tixanAccording to the procedure of ANSI ASHRAE 93020(RA91),
its dependence on the angle of incidence showddpsessed as:

1
= + -
K, =a b[cosﬁ lj (5)

Where the parameters a e b are experimentallyrdeted.

The energy produced by solar collector for an hauequivalent to the product of its thermal effiety for the
incident energy into the collector in the same qukriThe time value is multiplied by 30 to obtaie #nergy generated
during a month, each time interval. The sum of houalues for the "i" times of day, with satisfagtdevel of sunlight,
provides a monthly production of energy. Thus, aeéh

9
Ewvon= 30 Zn GAex  [kWh/montH (6)
1000 =

The constant 1000 is only to convert the unit intk¥kshonth, thus allowing a better assessment orpéne of
consumers, energy savings to be obtained usingpolle collector.

The transmission behaviour show in figures 1 amgtdides glass windows with important ability tarsolar
energy. This means that glass has low absorptafiocesolar radiation; consequently solar radiatiasges readily
through a glass window. The emission from a objat&mbient temperature inside the enclosurel@ngtwave legths
and is trapped because of the high absorptance {omission) of the glass in the long wavelerggtéctral region.
This trapping behaviour us called “greenhouse éffsacording to Siegel & Howell (1992).

3. METHODOLOGY AND EXPERIMENTAL PROCEDURE

The experimental methodology was developed basetth@romparison of instantaneous values of incidetar
radiation (W/m?) obtained by two accuracy pyranare{Eppley- Model PSP) properly calibratedd installed in an
external test bench, as shown in Figure 3a. Thanmymeter 1 was installed above the glass, and pyrater 2, under
the transparent roof in evaluation, see Figure 3b.

P S

)

Figure 3.(a) External test bench (b) pyranometeasdL2 installed on the bench.

The glasses studied, Figure 4, and their thickisessre identified and they are: Sample 1 (3 mm)@#arg (3
mm), Sarlﬁmple 3 (3 mm), Sample 4 (3.5 mm), Samp5rom) and Float (flat 3 mm). The samples hadasereirea of
about 1m.

2 pyranometer 1 with constant calibration: 8.37 miotts/W/m?
Pyranometer 2 with constant calibration: 9.30roviolts/W/m?
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Figure 4. Identification of samples

For the acquisition and oversight of the data, weduan Agilent 34970A datalogger (Figure 5a) amdsibftware
LabView®/National Instrumenfs(Figure 5b). Data were collected at intervals @&8conds.

Ensaio Vidros:

(b)

Figure 5. (a) datalogger / (b) screen supervisor

It is important that the tests required to estabhsdaily routine which included the cleaning andpection of
samples in test, calculation of slope and recommeérmbrrect positioning of the bench. The daily agerfor data
collection was from 8:00 am to 5:00 pm.

After statistical processing of data was calculdtertotal transmittance of the transparent cof@rgach angle of
incidence of the direct component of solar radratiothe range from 0° to 60°. Finally, it was deti@ed experimental
linear equation of the correction factir, for each sample according to ANSI / ASHRAE 93-2008lethods of
Testing to Determine the Thermal Performance o&iSGbllectors. The next step was to conduct expartal testing
of instantaneous thermal efficiency, according tdSA/ ASHRAE 93-2003, for each sample in a contisigolar
simulator testing procedure in according with Feg6r

Figure 6. Samples in the test of thermal efficiemcgolar simulator.
4, EXPERIMENTAL RESULTS

The results are summarized as graphs and tableslpdobelow and the concomitant discussion of tmeselts will be
present in futher items. Below are the resultsxéémal and indoor tests for each sample of glass.
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Figure 7. (a) Sample 1 (b) Sample 2.

Figures 7 (a) and (b) represents the behaviortaf threctional transmittance of Style and Mini-Bal glasses. It
could be noted that Mini Boreal glass had a madeddined of his transmittance for incident anglttere30° and Style

glass has a decline of his transmittance for intidagles after nearly 50These facts are important to know cause

depending of the orientation and tilt of a soldltemior it could be happen a great decrease ot#@ffeness work period
of solar collector due to the lower transmittantéhe glass.
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Figure 8. (a) Sample 3 (b) Sample 4 (angles <25°).



Proceedings of COBEM 2009
Copyright © 2009 by ABCM

20th International Congress of Mechanical Engineering
November 15-20, 2009, Gramado, RS, Brazil

Correction factor for the Curve of Efficiency of a Solar Collector
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Figure 9. Sample 4 (angles >25°).

Figures 8 (a) and (b) and figure 9 also presembéhavior of total directional transmittance ohiBoreal Chinés
and Pirdmide glasses respectively. It could bechtitat Mini Boreal Chinés glass has of his tranamite for incident
angles after 50like Style glass but the piramide glass has a ewhdeclined that starts at“2dnhd after that still going
down. Like Style and Mini Boreal glasses, alrealiscurssed, these decrease of transmittance cauiskeclower

effectiveness work period for a solar collector.

Behavior of Total Directional Transmittance
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Figure 10. (a) Sample 5 (b) Sample Float (Control).

According to the graphs presented above the saghds number 5 obtained the best total directibmaksmittance
for up to 60 ° angles showing an average transnuigtaf 88.33% and correction factor (k) equal .@6@ (Figure 10
(a)). The values for this glass were better thasdhreported for glass Float / control (mean: 8% 67= 0061). Table 1

shows the summarized the results of transmittameergdge and maximum) for each sample:
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Table 1. Values of average and maximum transmigsinc

Experimental Transmittance

Samples Average Maximum
Float (Controle) 86,07% 87,51%
Sample 5 88,33% 90,88%
Sample 3 85,73% 87,94%
Sample 2 80,35% 87,13%
Sample 1 78,93% 83,60%
Sample 4<25° 126,44% 132,05%
Sample 4>25° 72,37% 127,27%
Sample 4 (Total) 88,51% 132,05%

4.2.Results solar simulators / indoor tests
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Figure 11. Instantaneous Thermal Efficiency Curizéesample 1.
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Figure 12. Instantaneous Thermal Efficiency Curivésample 2.
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According to the graphs above the sample 5 wasspteamong samples tested, the best average pficie =
56.3% (figure 15),it should be noted that uncetya@valuated of average efficiency test was appnaxely + 1.5%, in
relation with float glass normally used in soladlectors. Its production of energy was equivalemt78.8 (kwh /
month) which would be assigned the classificatidhsecond PBE / INMETRO. Table 2 shows the thereffitiency,
power generation and classification PBE for samiflaswere tested in the solar simulator.

Table 2. Thermal efficiency, power generation aladsification PBE for different samples tested.

T Thia Eval u:a}ﬁn' e
Data Fraluation Thermal Efficiency | Especific Energy Production{Maonth)
Thermal Sk |Average| PEME | PME ;
Eficciency 7 (1 Parameters | [ah | e g;;;'ﬁ' S‘ﬂ-‘_“h-‘_- :
Samples Curve Standard mbaim’y | misi Deviation
Deviation
a b HANHC '?:;; K HARHO
Sample 3 gaf | ge21 | om0 | 56,3 | 585 1m0 |omsm | FB8 | e | A | 4ss
Sample 3 675 | es23 | oo | 647 | 288 | oo |opea| et | ma | B {06
Sample 2 gek | B3 | oo | s opr | 40 | ogsse | ve4 | 74| B -3ES
sample Float 666 | 6687 | 0020 | 432 | Ref | 1m0 [oget2 | 753 | 73 | B | Ren
Sample 1 653 | eog | oo | s17 | 29 |1 |omm | ez |2 | ¢ | -2
Sﬂl’[lpll‘: 4 63F | 6358 | o0 | 509 | 40 | 100 ¥ % X ¥ ¥

5.CONCLUSIONS

Were presented the results of tests (outdoor) thtattional transmittances)(and their correction factor (k) for six
different samples of glass (Sample 1 - Style, San2pl Mini Boreal , Sample 3 - Mini Boreal Chin&ample 4 -
Piramide, Sample 5 - Anti-Reflexo, Sample Float)elass that had the best average value of traasice was the
Sample 5 (88.33%) with correction factor (k) eqwad,054. The same glass also presented the Isedtsréests, made
in the solar simulator (indoor tests), of thermélcency with average ofj= 56.3%, when compared with other
samples and Float Glass (sample control). Thissgidsiched to the solar collector presented a ptmauof energy
from 78.8 (kWh / month) and would be classified'AS ranking according with PBE / INMETRO. Thus deyukng of
the orientation and tilt of a solar collector thae this glass sample could improve his effectiseneork period due to
his good glass transmittance.
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