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- PROBLEM DESCRIPTION -

RENEWABLE ENERGY SOLUTIONS, SUCH AS SOLAR ARE ESSENTIAL FOR THE SUSTAINABILITY OF HUMAN GROWTH AND TECHNOLOGY. HOWEVER CURRENT ARRAY DESIGNS SUFFER FROM 3
DISTINGUISHABLE SHORTCOMINGS ASSOCIATED WITH OPERATING EFFICIENCIES. THEY INCLUDE:

| . WHILE OPERATING, EVERY DEGREE HIGHER THAN 25 DEGREES CELSIUS RESULTS IN AN EFFICIENCY LOSS OF O.5%. [ |1

2. MAXIMIZING DIRECT RADIANCE THROUGH SOLAR TRACKING CAN ONLY BE DONE THROUGH ADDITIONAL AUXILIARY POWER SYSTEMS

3. SNOW SHADING PRESENTS OBSTRUCTION ISSUES ON PANELS LEADING TO ELECTRICAL BYPASSES, GREATLY RESTRICTING THE PANELS OUTPUT POWER GENERATION,

PROJECT SCOPE

DESIGN AN INNOVATIVE SOLAR CELL THAT:
ADDRESSES THE EFFECTS OF SNOW SHADING
PROVIDES A METHOD OF PASSIVE SOLAR TRACKING
REGULATES THE OPERATING TEMPERATURE OF THE SYSTEM
OPERATES MORE EFFICIENTLY WHEN COMPARED TO A STANDARD CONTROL MODEL
2. CONSTRUCT A STANDARD RECTANGULAR PANEL TO ACT AS A FOUNDATIONAL PRODUCT OF

DESIGN SOLUTION -

=T

OVERVIEW
A UNIQUE CYLINDRICAL SOLAR CELL THAT
UTILIZES A REMOVEABLE PCM CORE TO HELP
REGULATE ITS OPERATING TEMPERATURE
THE CYLINDRICAL GEOMETRY PROVIDES PASSIVE
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COMPARISON.

3. DESIGN AND PRODUCE A NEW SOLAR CELL WITH IDENTICAL SOLAR SURFACE AREA AND
CONSTRUCTION METHODOLOGIES.

4., COMPARE THE PROTOTYPE SOLAR CELL TO THE TRADITIONAL CONTROL MODEL IN

SOLAR TRACKING ABILITIES TO FURTHER INCREASE
THE SYSTEMS PERFORMANCE EFFICIENCY

THE CIRCULAR SHAPE ENHANCES THE MODELS
ABILITY TO MITIGATE THE EFFECTS OF SHADING

(LAYER 1)

CIGS SoLARr

ARRAY
(Laver 1)

PERFORMANCE STUDIES. TECHNICAL SPECIFICATIONS

CIGS SoLAR CELLS

-  INDIVIDUAL CELLS ARE RATED AT O.5 VOLTS & 2
AMPS (| .25 WATT)

| 2 (3.5 IN X 7 IN) FLEXIBLE SOLAR CELLS
CONNECTED IN SERIES

SOLDERED ARRAY RESULTS IN 294 SQUARED
INCH SOLAR SURFACE AREA

- TESTING METHODS -

PERFORMANCE TESTING WAS COMPLETED THROUGH 2 INDEPENDENT STUDIES UTILIZING
HALOGEN HEAT LAMPS AS THE LIGHT SOURCE. - =

STUDY | : ANGLE OF INCIDENCE
- RECORDING THE VOLTAGE AND CURRENT OUTPUTS OF THE CYLINDRICAL CELL IN
COMPARISON TO THE RECTANGULAR PANEL AT INCIDENCE ANGLES OF O, |5, 30, 45,
60, 75, 90
STUuDY 2: PCM THERMAL COMPARISON
+ A STUDY TO EVALUATE THE EFFECTS ON THE OPERATING EFFICIENCY WITH AND WITHOUT
THE INCORPORATION OF THE PCM CORE INSIDE THE CYLINDRICAL CELL.

LAYER COMPOSITION

ALUMINUM | - | /8 INCH THICK ACRYLIC SUPERSTRATE

INNER CORE Il - SOLAR CELL ARRAY

- 1 /8 INCH POLYURETHANE ENCAPSULANT EPOXY
IV - SUBSTRATE LAYER OF PET ADHESIVE TAPE

V- |/16 INCH ALUMINUM INNER CORE

(LAYER V)

PCM REMOVABLE CORE

-  PARAFFIN WAX RATED AT A MELTING POINT OF 50
DEGREES CELSIUS

TOTAL VOLUME OF 2.25 L

ENCAPSULATED BETWEEN TWO CONCENTRIC
ALUMINUM CYLINDERS

SOLIDWORKS RENDERING OF
TESTING CONFIGURATION (LEFT) | | 5 GASKET SEAL
& 717 P BoTtTtoM END _
FINISHED PROTOTYPE MODEL OF CAP
SOLAR UNITS (RIGHT)

POLYURETHANE

ENCAPSULANT
(Layer I

ACRONYMS & ABBREVIATIONS
0D - Quter diameter
ID - Inner diameter
PET - Polyethylene Terephthalate
CIGS - Copper Indium Gallium Selenide
W.T. - Wall Thickness
IN - Inch

PET SUBSTRATE
(LAYER V)

- TESTING RESULTS

STUDY | FINDINGS:

- RESULTS SHOW THAT BETWEEN
AN ANGLE OF INCIDENCE OF O
AND | 5 DEGREES THAT THE
CYLINDRICAL SOLAR CELL
GENERATES A GREATER OUTPUT

Photocurrent as a Function of Angle of Incidence

-CONCLUSIONS

. STUDY | SUGGESTS THAT THE CYLINDRICAL MODEL IS CAPABLE OF PRODUCING GREATER

OF POWER

- THE TOTAL POWER OUTPUT OF
THE RECTANGULAR PANEL WAS
202 W, WHICH IS GREATER
THAN THE CYLINDRICAL CELL'S
| O3 W OVER THE COURSE OF
THE ENTIRE HALF-DAY
SIMULATION

50 40
Angle of Incidence

POWER OUTPUTS THAN THE STANDARD PANEL AT CERTAIN ANGLES OF SOLAR INCIDENCE.
2. AT AN INCIDENCE ANGLE OF ©0O DEGREES, THE PANEL PROVIDED ALMOST DOUBLE THE
POWER THE CYLINDRICAL MODEL WAS ABLE TO DUE TO A LACK OF LIGHT BEING REFLECTED
ONTO THE REAR OF THE CELL.

3. THE PCM sSTUDY SHOWED SUGGESTION THAT IT COULD PROVIDE THE MODEL WITH A
GREATER OPERATING EFFICIENCY AS TIME IN THE SIMULATION INCREASES.

4. SELECTING A PCM MATERIAL WITH A LOWER MELTING POINT COULD BE ADVANTAGEOUS FOR

INCREASING THE EFFECTS OF THE CORE ITSELF.

Cylindrical Power Production vs. Time

|t With PCM Core
=+ = Without PCM Core

STUDY 2 FINDINGS:

- UNTIL APPROXIMATELY THE 60O
MIN. MARK OF TESTING, THE
MODEL OPERATED BETTER
WITHOUT THE PCM CORE

- As THE PCM CORE BEGAN TO
MELT, IT SHOWED INDICATIONS
THAT IT WAS PROVIDING THE
MODEL WITH A GREATER POWER

OUTPUT

FUTUREWORK —————

THE FOLLOWING RECOMMENDATIONS OFFER PROBABLE DESIGN APPROACH ALTERATIONS THAT
WOULD CONCEIVABLY INCREASE THE EFFICIENCY OF THE CYLINDRICAL SOLAR MODEL.
| . INCORPORATING THE PCM DIRECTLY BEHIND THE INNER ALUMINUM CYLINDER (LAYER V)
AND NOT IN A REMOVABLE CORE. THIS WOULD INCREASE THE RATE OF HEAT TRANSFER TO
THE WAX THEREBY IMPROVING THE OPERATING EFFICIENCY.
2. ENSURING THE SOLAR ARRAY COVERS THE ENTIRE SURFACE AREA OF THE CYLINDER,
THUS MAXIMIZING THE POWER-TO-AREA RATIO.
3. IMPLEMENT A REFLECTIVE “TROUGH"” BEHIND THE CYLINDRICAL CELL TO CONCENTRATE
60 DIFFUSE RADIATION ON THE SOLAR ARRAY; ENHANCING THE OVERALL POWER OUTPUT OF
Time (min) THE MODEL.
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