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The study on the design and analysis of optical properties of a

solar tracking sunlight concentrator

Yun Jeong Heo

Department of Image System Engineering, The Graduate School,

Pukyong National University

Abstract

We studied on' not ‘only the design of a solar tracking sunlight
concentrator comprised of a compound parabolic and a solar cell but the
analysis of its optical properties.

Recently, A lighting system with a variety of daylighting devices has
attracted a‘lot of attention to energy conservation as sunlight is one of
the eco—friendly energy- source.

Our study designed~ one—of the daylighting <“devices which named
CPC(Compound Parabolic ~Concentrator) -as well as simulated solar
tracking with two types of tracker under the same condition in order to
check out which type of the concentrators has more efficiency.

Based on the theory related to sunlight concentrator we found out the
properties of CPC such as an attendance angle that is the maximum
angle at which incoming sunlight can be captured by a solar
concentrator. after that, we designed the appropriate shape of CPC and
simulated solar tracking with both 1-axis and 2-axis tracker. For 2-axis,
we shouldn’t need any condition but seasonal variations in zenith angles.

For 1-axis, we tracked sunlight with East-West axis tracker to collect



more sunlight since Sun moves from East to West. also, we set each
North-South Tilt which has the same angle as seasonal zenith angles
using the equation of the sun position to compare the amount of sunlight
passing through concentrator.

Consequently, you can see the study conclusion in the third chapter
which shows efficiency comparison between 1-axis trace and 2-axis
trace in figures and tables as well as analysis of the optical properties of

the solar tracking sunlight concentrator that we designed.
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19 21. Solar Tracking
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24 Ao, 4% 58 9L MAE CPCY HEWAT CPC Hol 2
WA 7 e 27 (Trim) WSS 24590H, 2 B4 O oA
sHalo] Fhs st

R o .
|9ZE 10°9F Trim 60%5 483 Zeo] & dAolA Vee= F
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Calculsted Parameter [ InputSizerinSl—___ =

Input Size [In 51 Output Size (Qut S]
099037 m 015600 m
IFiput Anale fin A Output Angle [Dut 4]
10000 dearees 90.000 deqrees
Cone Lenath ICLI Overall Lenath (OL)
0.00000 1198

In AV

Onigire

Geometry -y
Trim 60.00 %
Streteh Factor 1.0000

Stretch is applied to the trimmed entity.

19 22. Properties of CPC
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Power Striking Solar Cell Receiver vs. Time
225.3 =
169.0
= _
fan]
E 112-?. A gt o e o e e e S B o5 o o sttt gl o oo e b
E f
E 56.33 et
0 : *
0 6.000 12.00 18.00 24 00
Time (hours)

Result Values . |
Feak Values

Peak Total Incident Solar Power (Watts) 2,2R32E+2
Peak Total Bectrical Power (Watts) 5)6330E+1
Peak Hlectrical Power, Direct Light (Watts) ' 5.B05BE+]
Peak Hectrical Power, Diffuse Light (Watts) 1,7756E+0
Summed Total Electrical Energy (Watt-Hrs) | B.BREREs+2
summed' Total Electrical Energy (Watt-Hrs) From: ; ~ 3.B169E+2

Hour " 9y to Hour B G |  Recalculate |

a9 23, A7) &8 (258 / 15 527/ Input Angle 10° / Trim 60%)
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Power Striking Solar Cell Receiver vs. Time

2213

166.0
£ .
@
E 1‘1D_B...._._..._.._............____......_........._..__.._. R SR kR b B
5
E 55.32 -

0 — ————e
0 6.000 12.00 18.00 24.00

Time (hours)

Result Yalues - .
Peak Values

Peak Total Incident Solar Power (Watts) 2. 2121E+2
Peak Total Bectrical Power (Watts) ~ 7 B3I+
Peak Hlectrical Power, Direct Light (Watts) ' G.5086E+
Peak Hectrical Power, Diffuse Light (Watts) B.6272E-1
Summed Total Electrical Energy (Watt-Hrs) | B57I%E«2
Sumred Total Electrical Energy (Watt-Hrs) From: . 3 7546E+2

Hour % SptaHour | 16 [ FRecalculate |

a9 24, A7) T8 (258 / 15 53/ Input Angle 10° / Trim 0%)
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Power Striking Solar Cell Receiver vs. Time

38.93

29.19
é i
2 1
3 19.46 -4
5 .
E 9.73

0 - : 4
0 6.000 12.00 18.00 24.00

Time (Aours)

Result Yalues -

Ig‘eak Yalues

Peak Total Incident Solar Power (Watts) 3,8025E +1
Peak Total Hectrical Power (Watts) 8, 7313E+0
Peak Hectrical Power. Direct Light (Watts) | B.BAI3E+D
Peak Bectrical Power, Diffuse Light (Watts) 3, 1960E+0
Summed Total Electrical Energy (Wati-Hrs) 9, T556E +1
sumrmed Total Electrical Energy (Watt-Hrs) From: : ~ 6.0676E+1

Hour _'—91 toHour | 16 [ RAecalculate |

/ 1554 /.Input Angle 50° / Trim 0%)

A

a9 25, A7) e (EF
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Power Striking Solar Cell Receiver vs. Time

2206

165.5
= :
(1] i
2 E ) S S
E 1
3 55.16

0 I -
0 6.000 12.00 18.00 24 .00

Time (hours)

Result VYalues -

iieak Values

Peak Total Incident Solar Power (Watts) 2.20B4E+2
Peak Total Hectrical Power (Watts) B.BIGIE+
Peak Hectrical Power. Direct Light (Watts) | E.3765E+
Peak Hectrical Power, Diffuse Light (Waits) 1.7728E+0
Summed Total Electrical Energy (Wati-Hrs) 4,3677E+2
Summed Total Electrical Energy (Watt-Hrs) From: "% 25456E+2

Hour . 9y to Hour — f 18 [ Fecalculate |

Iy 26, AR && (3A /15 54 /Input Angle 10° / Trim 60%)
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Power Striking Solar Cell Receiver vs. Time

217.4
163.0
= !
m 1
S L e
= .
§ 54.34
0 :
0 6.000 12.00 18.00 24 .00

Time (hours)

Result VYalues - .
Feak Values

Peak Total Incident Solar Power (Watts) 2, 17137E+2
Peak Total Hectrical Power (Watts) T GM3MBE+
Peak Hectrical Power, Direct Light (Watts) | b.3765E+]
Peak Hectrical Power, Diffuse Light (Watts) 7. 719761
Summed Total Electrical Energy (Watt-Hrs) | 3.257%E+2
Summed Total Electrical Energy (Watt-Hrs) From: N 3.219E+2

Hour — “. SptoHour | 1B | Recalculate |

ag 27 AR & (A /1= F4 /Input Angle 10° / Trim 60%)
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Fower Striking Solar Cell Receiver vs. Time

35.89

26.92
=
m
o 17.94
5
=
5 8.972

I:I B B B
0 6.000 12.00 18.00 24.00

Time (hours)

Result Values

Peak Yalues

Peak Total Incident Solar Power (Watts) © 35839+
Peak Total Hectrical Power (Watts) L BATZIED
Peak Hectrical Power, Direct Light (Watts) '\ B.5735E+D
Peak Hectrical Power, Diffuse Light (Watts) | 2.R332E+D
Surnmed Total Electrical Energy (Watt-Hrs) © 1.0B3EE+2
Surnmed’ Total Electrical Energy (Watt-Hrs) From: : ~ B, 7993E+1
Hour Y 9 to Hour F i | Recalculate |

a9 28, AW 2E AL/ 1F 32 /Input Angle 50° / Trim 0%)
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Power Striking Solar Cell Receiver vs. Time

2246

168.4
= |
mw |
z Lk e
= .
IS 56.14

0 .
0 6.000 12.00 18.00 24.00

Time (hours)

Result Values - .
Peak Yalues

Peak Total Incident Solar Power (Watts) 2. 2456E+2
Peak Total Hectrical Power (Watts) LT U BBI4IES
Peak Hectrical Power, Direct Light (Watts) | E.4704E+1
Peak Hectrical Power. Diffuse Light (Watts) 1.4364E+0
Summed Total Electrical Energy (Yatt-Hrs) 0 4.4805E+2
Summed Total Electrical Energy (Watt-Hrs) From: " ... 3.B316E+2

Hour — . 9ptoHour | 16 [ Recalculate |

O 29. AR &€ (BA./ 15 F4 /Input Angle 10° / Trim 60%)
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Power Striking Solar Cell Receiver vs. Time

221.0
165.7
= :
m 4
o
2 55.25
0 : —
0 6.000 12.00 18.00 2400

Time (hours)

Result Values - |
Feak Yalues

Pezk Total Incident Solar Power (Watis) 2, 2098E +2
Peak Total Hectrical Power (Watts) % 7 G524BE+
Peak Hedrical Power, Direct Light (Watts) | E4704E+
Peak Hectrical Power, Diffuse Light (Watts) b, 4150E-1
Summed Total Electrical Energy (Watt-Hrs) | 35722E+2
Summed Total Electrical Energy (Watt-Hrs) From: ' © 33773E+2

Hour . SptoHour | 16 [ Fecalculate |

a9 30. A7) && ($A/ 15 54 /Input Angle 10° / Trim 0%)
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Fower Striking Solar Cell Receiver vs. Time

37.68
28.26
=
m
z 18.54
g
S 9.42
I:I B B B B B
0 6.000 12.00 18.00 24.00

Time (hours)

Result Walues

Feak Yalues

Peak Total Incident Solar Power (Watts) S = NT679E+]
Peak Total Bedtrical Power (Watts) L B 4197E+D
Peak Hectrical Power. Direct Light (Watts) '\ B.4BRRE+D
Peak Hectrical Power. Diffuse Light (Watts) | 29R3ZE+D
Surnmed Total Electrical Energy (Watt-Hrs)  B.40R4E+]
Surnmed Total Electrical Energy (Watt-Hrs) From: i B 8591E+1

Hour S 9 toHour |G | FRecalculate |

Iy 31, AR & (FA/ 1= 37 /Input Angle 50° / Trim 60%)

1923.731.2 Solar Tracking/l, AAE B o] FAA S F=-F

w, otAl, A8 LAY Datas 83 23 goltt. 2 ZE F3l

T Ao =, "HY A 4, o 5l &= CPC #3344
o] §&o] thAx "olFE L3t}
I Jejet dolE #he] vuz 7hzbe]l FiF BELE AolE U

_37_



A 2 5 9ok 29 24.9F 25, 19 27.% 28, 19 30.%%

S

W

=EE

=
=

31.9] H]aZ H]=3k overall length

=
=

v

ol
i

w

_—
o

| 2l

H

7+

923,39 24, 19826.3 27, 13829.¢} 30.& 7+

3

el
i)

%

J o)

S
&

ol SloA A

4.1.2. 2-axis solar tracking

A

of ZIhE A E 0]

A

2

T8 3273400 A

bk o Ane

S

_38_



Power Striking Solar Cell Receiver vs. Time
22586 o
169.2
= .
o
E 1-12-8. o PP O et o N o o RSO el A T e S Pt
@
§ 56.41 2z
0 ;
0 6.000 12.00 18.00 24 00
Time (hours)

Result Values - .
Peak Yalues

Peak Total Incident Solar Power (Watts) 2. 2h64E+2
Peak Total Hectrical Power (Watts) | 5.6410E+1
Peak Hecirical Power, Direct Light (Watts) | 55OS6E+
Peak Hectrical Power, Diffuse Light (Watts) 1,3540E+0
Sumred Total Electrical Energy (Watt-Hrs) B, 7223E+2
Sumrmed Total Electrical Eneray (Watt-Hrs) From: " S A.8828E+2

Hour % SptoHour | 16 [ Recalculate |

a9 32, AP && (FFE /25 547/ Input Angle 10° / Trim 60%)
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Power Striking Solar Cell Receiver vs. Time

2293

172.0
= ;
w
E 114_5_..___________..._._.._..____.__.___.____.._._________...._ E S R e S
= |
E 57.32

0 .
0 6.000 12.00 18.00 24.00

Time (hours)

Result Values - ,
FPeak Values

Peak Total Incident Solar Power (Watts) 2. 2930E +2
Peak Total Hectrical Power (Watts) . B7325E+
Peak Hedirical Power, Direct Light (Watts) | 550SGE+
Peak Hectrical Power, Diffuse Light (Waits) 2, 2686E+0
Summed Total Electrical Energy (Watt-Hrs) . 7J1068E+2
Summed Total Electrical Energy (Watt-Hrs) From: : - 3.8910E+2

Hour 79| toHour | 16 [ Recalculate |

a9 33, AB7) T8 (3FAL/ 2% 3% /Input Angle 10° / Trim 60%)
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Power Striking Solar Cell Receiver vs. Time
226.7
170.0
= :
m !
@
g 56.67
0 - - *
0 6.000 12.00 18.00 24 .00
Time (hours)

Result Values -

Peak Values

Peak Total Incident Solar Power (Watts) 2, 2BBTE+2
Peak Total Hectrical Power (Watts) "7 BGEEEE+!
Peak Hectrical Power. Direct Light (Watts) ' EB056E+]
Peak Hectrical Power. Diffuse Light (Watts) 1.6113E+0
Summed Total Electrical Energy (iWati-Hrs) " E.7467E+2
Summed Total Electrical Energy (Watt-Hrs) From: " S B.GBI0E+2

Hour . GgtoHour | 1B [ Pecalculate |

O% 34 AP 74 (A 2% F4 /Input Angle 10° / Trim 60%)

=
2% Z=Ao| AL 12 2AKT} HH7]9 Receiverdo] Eoal= 3
o] 2% o %, 1HX FHE 1Y 369 IAF B



4.2. BAASY AALF Data A&7+

i

Solar Trackings &3l #@dAe J5& 4T wol= 54 A9
UAFE Data7t dQatrhold, UALF Datadls A< YANF (Direct

insolation) ¥} AFck-A A} (Diffuse insolation)d] #ko] &

S

E=1
=L Meteonorm ZZI1AL o] L3 AY txtFdz FA AAse] A&
sho)h, Zddaba ) Atk 9IALE data B txt FUER FAS Y 349

o

A%t/ DS A e W ANAF BrEs ¥AH IY Bow
g].o rsL zI: 011—4.

=

# Sample Sunny Day Diffuse |nsolation Data Set (Source: NREL. Elevation 333 n)
# Data format:

# '#' indicates a comment |ine

# Location (not used for calculations)

# Description (not used for calculations)

# Latitude (Decimal,«+ => My = =2 5)

# Longitude (Decimal, +=> E, == W)

# Tinezone (- => West of-Greenwlch, + =>"East of Greenwich)
# VYear (Mode!l is valid“trom 1950 through 2060)
# Month number

# Day

# Timel Insolation Yaluel

ﬁ Time2 Insolation Yalue2

# TimeN Insolation YalueN

#

§ insolat ion assumed to be in Watts/m"2 (typically, NREL charts are given in WattHours/m"2/Hour =» Watts/m"2)
DFAT VERSION 1.0

Busan

Sunny Day

35.13

129.10

g

2012

3

21

?IHECT_DSTA_BEGIN

2 0

3 0

4 0

5 0

— zlzz —



A bttt e e (0 00 ] ) T = £ 0 — T P 0 0 P [t b s s — e — (0 (D~ O
FEWUMN—=00O-1O0 =W —0

MN=00D-JO0 =W —O

rarg

23

|RECT_DATA_END
|FFUSE_DATA_BEGIN

24 0
DIFFUSE_DATA_END

= T} Q] Al2kx) A QA) 2k |
1% 35 AY dAE AR AReE] input data
Source Model(s) Parameters
nsolation vs. Tifme
E Solar Seurce Spectrum
6100 5 1618
N s 12141
S 4575
= 2 0810 (=
2 5
g 3050 £ s
& 1525 5 2800 8400 1400 1960 2520
2 a Wavelength (nm)
2 &
o Ci#Program FilesWOptical A h AssociatestLightTaols 8.0, 0Ll
P s e Fr e #Program Files¥Optical Research Associates#LightTools 8. ilite. [ ...
#im Circle Radius (applies to checked sources 075
inedeoursh Sun Distance 2000
Data User-Defined (Daily) - Direct  Diffuse Diffuse Source Radius 10

Location  [Phoenix (USA)

File Mame Cilsers#OwneriDeskoph=2 ZHIWL THW AIZHFE LA - | "

Insolation Data
Location  Busan
Latitude
Timezone
Month

Description  Sunny Day

3,13 Longitude
9 Vear
3 Day

Source Names
Direct Source Group Name  DirectSun
129,10 Diffuge Source Mame DiffuseSky

202 (Both Source Models Are Required)

21

[¥] Create Direct Source  [] Create Diffuse Source  [V] Add Direction Lables
[] Create Dummy Sphere to Show Limit of Maving Aim Sphere Coverage

Direct Source Alm
Type

) Fixed

® Maving

AALE Datast ®Hl %3 Spectrum
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2 AT e HE 2&d 92 HA= CPCY 3 &Rtzhs v s
w7 9 31A / 2% A4S 7o E st fhS WHEAI|HA A E
goldS s Hetom 1 Axs F 4.9 2.

Input Angle | Input Size +-QOverall Length et TOtal Summed,TOtal

. Electrical Electrical
© (m) (m) Power (Watt) Energy (Watt—hrs)
10 0.89837 2.90010 53.954 551.82
20 0.45611 0.81566 32.941 331.35
30 0.31200 0.39314 16.842 165.50
40 0.24269 0.23044 11.888 108.83
50 0.20364 0.14636 9.737 86.78
60 0.18013 0.09412 8.324 76.77
¥ 4. 3 €92 (Input Angle)oll W2 Input Size9} Overall length

@2=% F4 / 54 71%)
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e A¥E ntE o R 7 8ol =S Wl §& vkl 1008 Mgt
o, #3719 Receiver size?t ZTE 714 dhel & )
CPC9 overall length®} &7 size’} ZroldS & 4= At} o]+= whyy
2, 3&nkzto] Zolx CPCe overall 1ength7} 7o) A

= ¢ T Uk
et AlxdoAE FAdes 4
HzhSs 7HAYE R o &2 overall lengthE

Q
[e)
A= Aol Zu}, agA E Ao e 584k 102 CPCY sizeE 10%
H

N
—_

Input Angle J Peak Total Blectrical Summed Total, Electrical
®) Trim (78 Power (Watt) Energy (Watt-hrs)
10 54.028 552.27
20 54.074 552.64
30 54.162 5562.91
40 54.466 554.59
10 50 54.466 555.83
60 54.551 557.21
70 54.799 558.84
80 48.155 487.94
90 27.757 278.63

% 5. Trim B & W& A3} data 3 2= F7 / 54 71%)

%59 data %S vlaa ¥ A, AA Aot YA LAY Trim
60770%2 el A data gol M BES & F a Ed, Lehls
Hlgo] wrhn Pzl medhs o] wopd: 4

Atk AlEdo



Trim 60% % AAH CPCE 7|02 AL Az EA&utt

¥ 6.2 Solar Trackings T3] 92 AHe wa HAx o Bk ¥ o]
Ay S Ul Ao® Yo RE UQoE Input rayE 250,00070 =
ANEY ol APttt “Peak Total Electrical Power”# Receiver® =
o= HYHY HU ouYA 2 input insolation 1,0000] W& output <
5e5t, “Summed Total Electrical Energy”’el -2 FaFityx e AAHA
S 53le Aot dE Y dele Watt= 1A]7H] kel A E
< sHt=AE HEaL, A9 ©@9= Wattchrs= 1%3F 1]9] <
S v dES TSt o] ok AZHE FETETE ofEA W3
A agzE T3 AT 4 sk

= 34| &
Peak Total
Electrical Power 56.410 071825 56.668
(Watt)
Summed Total
Electrical.Energy 672.23 770.68 574.67
(Watt-Hrs)

¥ 6. Input-“6107ef. = A&E Qutput 23 3 Wl
(2% 4 / Input Angle 10° / Trim 60%)

o,

AL Input #Fe 2 “610%¢] Fof A& w, 2F7]E T3 Receiverd &

=

2 ESol7F Qutputgts Alde] weh vlal 3] 2t Ay} data S HW
SH7 59k Receiver Holl 5o A F&Fo] kA oA 7M =i £58,
A £o2 Yolys & 4 9t
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5 2% 34
(NS Tilt 59°)
Peak Total
Electrical Power 56.141 56.668
(Watt)
Summed Total
Electrical Energy 448.05 574.67
(Watt-Hrs)

715 FAH% 25 F4 vl

(5A 71%/ Input Angle 10° / Trim 60%)
15 F494.2% F4& v 3 o, Ao 2A = HYd F
=/

£ Summed Total Electrical Energys= 2% F%lo] 1% F4HtT}t
2

A =2 e M 2AE 5 Sk

A4 3 2E

B ATE duA 997] ofF uA 2ulF gaE A% FHEA
wake] ohuel, $7 Asd A I =4S A v gA ol
UAR s HgE ouAE Bl A% A Ex A5 Fitel
29 g8 AEE Ad ARG Be Aow, BFY A
of 4 5e UE HFY F4Y AYE AASHAT

FAg 7] FA AL A% wue TEE R8T, o 2AR
she] Qabspol 714 el Hol& 4 JwE CPC FEje] AW E
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