International Journal of Electronics A International Academy of Science,

and Communication Engineering (IJECE) 5
ISSN (P): 2278-9901; ISSN (E): 2278-991X ‘ ) Engineering and Technology
Vol. 5, Issue 6, Oct - Nov 2016; 29-36 Connccting Rescarchers; Nurturing Innovations

© IASET IASET

CLOSED-STRUCTURE MULTISIDED PV SYSTEMS FOR EVENLY

DISTRIBUTED IRRADIANCE COLLECTION

JANVIER KAMANZI ' & MOHAMED TARIQ KAHN 2
L2Centre for Distributed Power and Electronic Systems

L2Cape Peninsula University of Technology, Southdfri

ABSTRACT

Though photovoltaics (PVs) are considered to Ié&drénewable energy sector, they have a shortcoafingt
providing constant level power supply and this vehtlris paper fits in to propose a possible solut®aussian-shaped
outputs from solar panels are due to the way thdable sun light is captured; and this directlpéeds on the positioning
of solar panels. Techniques that have been apgligdmated sun-tracking panels, have not beerettetlel of producing
regulated outputs though acknowledgeable for impgwutput levels. This paper describes and degetopodel that
consists of making use of prism-shaped PV systenmmsder to ensure there is a same amount of PVthetdaces the
during the daytime. Also known as closed-structumedtisided (CSM) approach, it could sound obvioyes, the power
dynamics and the accurate figures to quantitatibelydetermined and all this was deeply elaboratdiin As for the
results, a cylindrical-shaped CSM PV system wadifigh to provide the same level regulated poweerage as the

average value of a single fixed-tilt PV panel &f #ame area and material.

KEYWORDS: Battery Charge and Discharge, CSM PV Systems, BMdéd PV Approach, PV Regulated Output,
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INTRODUCTION

Background and Rationale

Further to the global move to renewable energyjhptovoltaic (PV) systems have gained popularitiegitheir
ability to comply with both economic and environrtedmeeds. They are thus, deemed to lead the réahewnergy sector
by year 2030 [2] given investments and researchkast focussed at PVs[3], [4]. In building power @ypphotovoltaics
operate together with storage batteries and poggarators before the power is supplied to end-ydeduds[5]. However,
with techniques being used, one can collect anemg\rradiance distributed, even with the implenagion of deservedly
trusted automatic-controlled PV systems that trimek sun[6] and this restrains batteries to limiliégl spans. Backup
batteries that normally operate within a definedge have their effectiveness affected by long ttharge-discharge

cycles and the ideal should be to find a systemndéia ensure evenly distributed power when theison.

In space engineering, spacecraft should be priynatipplied with a relatively regulated power foe thake of
limiting the complexity, reliance on backup battsriand thus of lunch costs calculated per mas$orAsatteries, it has
been established that deep discharges and oveeshairg the main sources of short battery’s lifegpahthis can result in
short space missions[7]. Consequently, for instanostly NiH- based batteries with depth of discharge (DoDyjiram

between 40 % and 60 % are to be deployed in a spdtéduilt for long lifetime missions (a year antbre). On the
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contrary, NiCdbatteries are found suitable to short lifetime ioiss as a result of their low DoD (1C-20 %) and of their
short lifespan.

The open-structuretultisided (OSM) PV systenranother chaptepart of the current stu, though providing a
good average power output, thetill lack the quality of supplying constant dc power that ldogrant less fluctuations i

battery chargelischarge cycles and the long life span for thetedaics involved in power regulatic

CORRECTIVE APPROACH

The closed-structurerultisided (CSM)PV systems were then thought of as a reliable isoiwtince they ca
ensure the uniformly distributed irradiance oveytiolaes. The idea of using them in this researchiecdnwvas inspirel
from a work related to thetigly of PV system multisided topologi[8]. The model of topologies wasapted to CSM
systems, extensively modelleahd explored to suit solar ene-bas& supply on rooftops for hon industry and
spacecraft application¥he CSM systen’ performances were measured against the one $orgge fixed tilt solar pane
of the sara surface area and composition. This implies tbaafCSM withn sides, each side’ s arean times smaller

than the area of a single fixed tilted solar paosisidered as a referen

In the process of model development, assumptiorne &bkso outlind for the purpose of proper and accu
assessment of the functioning of these particolpolbgies. From sunrise and sunset, the sun’s apparovement plan
perpendicular to the CSM’s plan which receivesdiaace along the day. The nominal irrince released by the sunis 1
kW/m? and the PV systems’ area is 2, same as for the reference panel.

CSM PV PROFILES

The profiles for CSM PV systems werased on the aforesaid/Ropologies’ model and the algorithm towau
their establishment was developasito cover a larger number of multisided PV systthan in the study of topologie

thus increasing the expectation of reliable resdlte graphs of randomly but strategically topodsgivere sected and
displayed in Figures 1 to 8.
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Figure 1: Ten-Sided CSM Irradiance Dynamics

Impact Factor (JCC): 3.8326 NAAS Rating: 3.06



Closed-Structure Multisided PV Systems for Evenly Distributed Irradiance Collectior

The 20-sided system
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Figure 2: Twenty-Sided CSM Irradiance Dynamics
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Figure 3: Forty-Five CSM Irradiance Dynamics
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Figure 4: Fifty-Sided CSM Irradiance Dynamics
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Figure 5: Ninety-Five CSM Irradaince Dynamics
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The 75-sided system
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Figure 6: Seventy-Five CSM Irradiance Dynamics
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Figure 7: Eighty-Sided CSM Irradiance Dynamics
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Figure 8: Hundred-Sided CSM Irradiance Dynamics
OBSERVATION

In general, the irradiance distribution over a dagtbecomes constant and settles at an average obu318 a
the number of sides increase. This is furtillustrated having a look at figures of stratedigadelected paramete

including the average, the minima, the maxima apple values of the radiance represented in Tabl ; results that are
graphcally represented in Figures 9 to.

Impact Factor (JCC): 3.8326 NAAS Rating: 3.06



Closed-Structure Multisided PV Systems for Evenly Btributed Irradiance Collection

Table 1: Results Summary
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Figure 9: Comparison of Maxima Irradiance
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Figure 10: Comparison of Irradiance Minima Values

Type Max(Kw/M”2) | Min(Kw/M”*2) | Average(Kw/M”2) | Ripple(Kw/M”2) Ratio
One 1 0 0,31818 1 1
Two 0,5 0 0,3157 0,25 0,992206
Three 0,3333 0,2887 0,318 0,0223 1,007285
Four 0,3537 0,25 0,3177 0,0518 0,999057
Five 0,3236 0,3078 0,3182 0,0079 1,001574
Six 0,3333 0,2887 0,318 0,0223 0,999371
Seven 0,321 0,3129 0,3183 0,004 1,000943
Eight 0,3266 0,3018 0,3182 0,0124 0,999686
Nine 0,3199 0,3151 0,3183 0,0024 1,000314
Ten 0,3236 0,3078 0,3182 0,0079 0,999686
Fifteen 0,3189 0,3171 0,3183 0,0009 1,000314
Twenty 0,3196 0,3157 0,3183 0,002 1
Fourty-five 0,3184 0,3182 0,3183 0,000096 1
Fifty 0,3185 0,3179 0,3183 0,00031 1
Ninety-five 0,3183 0,3183 0,3183 0,00002 1
Hundred 0,3184 0,3182 0,3183 0,00008 1

Max(kW/m#2)
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Figure 11: Comparison of Irradiance Average Values
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Figure 12: Comparison of Irradiance Ripple Values
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Figure 13: Comparison of Ratio (CSM/Fixed Tilt Pand)

CONCLUSIONS

A broad observation on the table 1 and comparisaplt lead to a conclusion that CSM PV systems have
better irradiance distribution as compared to ihgls-sided and fixed-tilt solar panel. As the n@nbf sides increases,
the CSM PV systems provide a more and more smoothatiance of which the level equals the averafehe
single-sided PV systems of the same area. By dedicthis output is expected to be perfectly comistéor
cylindrical-shaped systems. With no fluctuationsalgen minima and maxima values and with a ratith efvith respect to

Impact Factor (JCC): 3.8326 NAAS Rating.06
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the reference average irradiance, CSM PV systembelieved to guarantee that the output systerastraal will in turn

be constant. Looking closely to the number of sidteis shown that systems with an odd number speduce smoother
irradiance distributions than systems with an evember of sides. A three-sided system has lesterthpn the four sided
and it remains so for the five and the six-sided,seven and the eight-sided, the nine and thsitked systems. As for the
efficient utilisation of sides, irrespective of tireadiance dynamics evenness, three-sided CSMmsigstsimple in design,

are best candidates.
REFERENCES

1. F. H. Shu, “Global Change and the Energy Crisisiktdsia-San Shu University of California, San Digd@007,
pp. 1-41.

2. F. Photovoltaics, “GLOBAL MARKET,” 2014.
3. A. Apostolov, “Integration of distributed energysmirces in electric power systems,” June, 2015.

4. C. Carter-brown, E. Ipp, R. Marais, K. Leask, Deyrand R. Melesi, “Transmission network integnatiof

renewable energy in South Africa,” June, 2015.
5. F.Homeowners,“SolarPower101,” pp.a-890.

6. S. Bazyari, R. Keypour, S. Farhangi, A. Ghaedi, &dazyari, “A Study on the Effects of Solar Traud
Systems on the Performance of Photovoltaic Povant®!'J. Power Energy Eng., no.2 April, pp. 718-728, 2014.

7. M. Ovchinnikov, S. Mckenna-lawlor, S. Psychology, lanas, D. Manuy, W. J. Larson, and J. R. Wegtiace

Mission Analysis and Design .

8. J. Kamanzi and M. Kahn, “Development of a Renewahiergy-Based Cooling System for a Mobile Ground
Station,” no.2 February, pp. 6-13, 2015.

AUTHOR’'S DETAILS

Janvier Kamanzi holds BTECH and MTECH degrees in Electrical, Elecit and Computer Engineering
respectively obtained in 2012 1nd 2014 at the CReminsula University of Technology (CPUT), Cape mpwouth

Africa. He is currently studying towards a resedresed D Eng specializing in renewable energy \dttus on

Photovoltaics’ efficiency.

Amongst publications, he has published an artitledt “Development of a Renewable Energy-based i@gol
Technology for a Mobile Ground Station (2015)” ietlEEE Aerospace and Electronic Systems (AES) Kdmanzi has
also been serving as an IEEE AES reviewer. He otiyravorks as a lecturer in Engineering and Infaimdesign
Faculties of CPUT.

www.iaset.us edit@iaset.us






