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The design and analysis of a prismatic Dome type

sunlight collecting device

Ji Young Yun

Department of Image System Engineering, The Graduate School,

Pukyong National University

Abstract

We designed prism solar-—daylighting system being-.noticed for its
energy-saving effect and as an eco-friendly energy source and analyzed
its performance in this study. Our study was to design a dome-shaped
prism solar daylighting system .for omnidirectional lighting, to find out
the optimum angle of 'the prism with the maximum efficiency and to
compare its energy efficiencies. To design prism solar 'daylighting
systems, a lighting design program which [is capable of both designing a
lighting system 'and performing its optical analysis was used. In addition,
to measure and “analyze. the solar daylighting systems, Solar Tracking
Utility which provides the specific daylight at a certain place or a‘certain
time range was used.In the-experiments, daylights’ positions varied with
seasons, and the seasonal-variation of the 'amounts of light flows into
the daylighting system.

As you can see in this study, the efficiency test using Solar Tracking
enables efficiency test and optical analysis of solar daylighting systems
without actual prototypes. Consequently, we could realize the optimum
prism angle with minimum light loss, analyze the optical characteristics
of prism solar daylighting systems, and design a dome type Fresnel lens

with maximum efficiency.
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1. Radiometry Photometry

B A=A g (Radiometry) 2 HAIHS SAStE FoZ A AR

~#HEH AA Z2Ax X &E = WA 3% 5H(Photometry)S &
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o F3ste] 58 W (luminous)ol et TA A E T 3L 9
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Aot o] Al ©@AFe Al AVIE UEHE E3EAE
A 7] (spectral irradiance ; ¢ )¢ 33 A% (spectral luminance ;
o, )= AE¥s "o FE&ES Al Zo(spectral luminous
efficiency @ K@) Jolzt 3tH, A &2 (DA} 2ol Ao
@9] = lumen/Watto] o,
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7}. Radiant Flux(EA}44:)¢} Luminous Flux(3414%)
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Luminous flux 1 fp = 1.464x10°W at 555nm = 1/41T cd
1 Jmxs = 1 talbot(T) = 1.464x10° J at 555nm

Y. Radiant Intensity(EA}3 %)} Luminous Intensity
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radiometry photometry
quantity symbol unit symbol unit
radiant & watt-seconds o lumen-seconds
luminous energy @ (W-s) i (Im-s)
radiant &
) @ watts (W) @, lumens: (Im)
luminous flux
ilrradiance & watts/ cm 2 A Ix (=lm/ 9 2)
. . E
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radiance & lumens/ g 2/sr
) L watts/ p 2/sr . A
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radiant &
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luminous intensity
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[ ] UVTacrylic

[ ] polycarbonate

[ ] general purposeacrylic

| |
—) 7
1 POLYIR®&
POLY IRES [

rigid vinyl

POLY IR® 1,2 [ 11 [ ]
POLY IR®47 [ [ ]
POLY IRE3 [ [ ]
Zmlnm 400 rim TED nin 1||.Am SHm 1D||.Am F0pim 40pm
Uhraviolet isible Mear Infrared thicklle hfrared Far Inkared

[ 13] t}Fsh

ZehaE AREY] T3 W

Acrylic Rigid Vinyl Polycarbonate
Index of refraction 1.49 1.54 1.586
Tensile modulus 325-470 350-600 345
Flexural modulus(10?) 390-470 300-500 340
Thermal
76 76 68
expansion( 10 ~8/C)
Specific gravity 1.19 1.45 1.20
< Service
h 80 70 120
- temperature( C")
Al
4> Plastic materials®] =z|&- A=
7}. Acrylic
Acrylice 7Hg QA &%= ARZA, 7HA84d oA Lt
o7 Z o]&x vt I FHE=E AL]A A XL AR AL
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92%0°]t}.  acrylic UV transmitting(UVT  acrylic)t} UV
filtering(UVF acrylic)& 3st7] 93t o= AMgdT, [O19 4]
AubAQl EA o7 AFE ¥ acrylic?}t Ultraviolet transmitting acrylic

o shgel UlF EFme] TEEE wolFm gk

1}. Rigid vinyl

A, =HE0 Edola, AT H&o] Asta, A 1 B

AA &I ol gk TS Lens A Aol ol 83}
T ot 18y poly=carbonate= rigid vinylol] #HH &
AE ALetie ws AR AEAES 7HITH a8 al e AR
S A2 & Eokd A rigid vinyle] A ZAS F7F3th Rigid vinyl
2 acrylic?} 22L& 25 HYYSTVIA L, A ibze] AR IR

0.2um ¥ 2.5um AFel 9] Rigid vinyl F3 =5 [Z29 15]°] YeERdAT]

=

E
AL

\

=

t}. Polycarbonate

Polycarbonatev #3328 2 acrylic?t FAFSHAIRK, H =& &%

ANA ALgo] 7hedtal ofF w2 F A AFHS ZHT 02m ¥ 2.2
=

im Akel 2] polycarbonate F3=2 [ 16]0 LEldith
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— Ceneral-purpoee acrylic (1787
- - - Ultrawiolet-transmitting acrylici2 70 nm cutoff (178
1w e Ultraviolet-transmitting acrylic/300 nm cutaff (1/8% -

Traremitance (%)

| | | | |
oL 10 185 20 28
‘Wavelergth [

[ 14] Acrylice] & ol-efst E3= 1=,

a0 =

B0 Y

Trarermitance [H)

anl- -

20— A

1 1 1 ] 1
05 10 15 20 25
Wizvalergth [um)

[2¥ 15] Rigid vinyl9] 3o st B3l 1=,
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a0 —

B0 —

Trarermitance [H)

anl- -

20— —

1 1 1 1
05 10 15 20
W avalergth ()

[1¥ 16] Polycarbonate®] 3o i3l 3% 1=,

Wavelength (nm) PMMA PS re SAN
1013.98(nt) 1.483115 1.572553 1.567248 1.551870
852.11(ns) 1.484965 1.576196 1.570981 1.555108
706.52(nr) 1.486552 1.581954 1.576831 1.560119
656.27(nC) 1.489201 1.584949 1.579864 1.562700
643.85(nC") 1.489603 1.585808 1.580734 1.563438
589.29(nD) 1.491681 1.590315 1.585302 1.567298
587.56(nd) 1.491757 1.590481 1.585470 1.567440
546.07(ne) 1.493795 1.595010 1.590081 1.571300
486.13(nF) 1.497760 1.604079 1.599439 1.579000
479.99(nF") 1498258 1.605241 1.600654 1:579985
435.84(ng) 1.502557 1.615446 1.611519 1.588640
404.66(nh) 1.506607 1.625341 1.622447 1.597075
365.01(ni) 1.513613 1.643126 1.643231 1.612490
Glass Code 492-574 590-309 585-299 567-348

* PMMA : Poly methyl meth acrylate

* PS : Polystyrene, * PC : Polycarbonate

* SAN : Copolymer Styrene-Acrylontrile(492-574, 590-309, 585-299, 567-348)
#+ Reference : SPIE Vol. 237 380 (1980)
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3019

1699

2366
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2820

3064

3055

2606

1730

1458

2771

1802

2438

3071

3921

4228

4095

3417

3543

3252

2724

1846

1593

2994

R
2

1973

2694

3371

4171

4535

4295

3522

3736

3503

2955

1950

1693

3200

o
o

1897

2588

3144

3989

4344

4067

3528

3542

3298

2825

1924

1645

3066

2
)

1942

2644

3288

4142

4300

3977

3612

3646

3290

2894

2014

1747

3125

o

»
o0&

2102

2682

3175

4029

4321

3957

3500

3460

2988

2782

2200

1947

3095

=2
4

2006

2587

3255

4008

4266

3952

3514

3387

3058

2778

2064

1835

3059

)
N

1795

2388

3015

3875

4107

3829

3378

3391

3154

2793

1892

1591

2934

ofd
ol

1987

2637

3295

4078

4310

3930

3569

3692

3414

3036

2108

1766

3152

2200

2766

3198

3872

4170

3898

3636

3691

3107

2926

2276

2007

3146

i | e
22

=

2005

2685

3438

4277

4551

4232

3886

4186

3605

3194

2219

1776

3338

2
N

1251
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2818

3808

4227

3983

4205

3859

3212

2834

1901

1302

2950

P
o
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3492

4174

4371

3948

3723

3718
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2371
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aan. |18 |2€ | 349 49 59 6% | 7¥ |8¥ 9¥ 10¥ 11¥ | 12€| FT
0° | 2200 | 2766 | 3198 | 3872 | 4170 | 3898 | 3636 | 3691 [ 3107 | 2926 | 2276 | 2007 | 3145.6
3° 2304 | 2851 | 3249 | 3896 | 4171 | 3891 | 3633 | 3703 [ 3141 | 3000 | 2371 | 2114 | 3193.6
6° | 2401 | 2930 | 3295 | 3915 | 4167 | 3878 | 3624 | 3710 | 3170 | 3069 | 2460 | 2213 | 3236
9° | 2493 | 3004 | 3336 | 3928 | 4158 | 3861 | 3612 | 3713 [ 3196 | 3133 | 2544 | 2307 | 3273.8
12° | 2580 | 3074 | 3373 | 3937 | 4143 | 3840 | 3595 | 3711 | 3217 | 3192 | 2624 | 2397 | 3307
15° | 2663 | 3137 | 3404 | 3940 | 4124 | 3815 | 3575 | 3704 | 3233 | 3245 | 2698 | 2483 [ 3335.2
18° | 2740 | 3195 | 3430 | 3938 | 4100 | 3785 | 3550 | 3693 | 3245 | 3293 [ 2768 | 2563 | 3358.4
21° | 28123247 | 3451 | 3931 | 4071 | 3751 | 3521 | 3677 | 3251 | 3335 | 2832 | 2638 | 3376.3
24° | 2877 | 3293 | 3465 | 3918 | 4037 | 3712 | 3488 | 3655 | 3253 [ 3370 | 2890 | 2707 | 3388.9
27° | 2937 | 3333 | 3474 | 3899 | 3998 | 3669 | 3451 | 3629 | 3250 | 3400 | 2942 | 2771 | 3396
30° | 2991 [ 3366 | 3477 | 3874 | 3953 | 3622 | 3409 | 3598 | 3241 | 3423 | 2988 | 2829 | 3397.5
33° | 3038 [ 3392 [ 3474 | 3844 | 3903 | 3570 | 3363 [ 3562 | 3227 | 3439 | 3028 | 2880 | 3393.4
36° | 3079 | 3411 | 3464 | 3807 | 3848|3513 | 3313 [ 3520 [ 3208 | 3449 | 3062 | 2926 | 3383.4
39° | 3113 | 3424 [ 3449 | 37657 3787 | 3452 | 3258 | 3473 | 3184 | 3453 | 3089.] 2965 | 3367.7
42° | 3140 | 3430 | 3427|3716 | 3722 | 3387 | 3199 | 3422 | 3154 | 3449 | 3110 | 2997 | 3346.1
45° | 3161 [ 3429 [ 3399 | 3662 | 3650 | 3317 | 3136 [ 3365 | 3119 | 3439 | 3124 | 3023 |, 3318.6
48° | 3174 | 3420 (3365 | 3602 | 3574 | 3243 | 3069 [ 3303 [ 3079 | 3421 | 3131 | 3042 | 32854
51° | 3181 [ 3405 | 3325 | 3536 | 3493 | 3165 | 2998 [ 3236 [ 3033 | 3397 | 3132 | 3055 | 3246.3
54° | 3181 [ 3383 [ 3279 | 3464 | 3407 | 3082 | 2923 | 3165 [ 2983 | 3367 | 3125 | 3060 | 3201.5
57° | 3173 | 3353 [3227 | 3387 | 3315 | 2996 | 2844 | 3088 2927 | 3329 | 3113 | 3059 | 3151.1
60° | 3159 [ 3317 3169 | 3304 | 3220 | 2906 | 2762 | 3008 [ 2867 | 3285 | 3093 | 3051 | 3095
63° | 3138 | 32741| 3105 | 3216 | 3120 [ 2812 | 2676 | 2923 | 2801 | 3235 | 3067 | 3036 | 3033.6
66° | 3110 [ 3224 ['3036 | 3123 | 3015 | 2715 | 2587 | 2833 [ 2732 | 3178 | 3034 | 3015 | 2966.8
69° | 3075 [ 3168 [ 2961 | 3025 |.2907 | 2614 | 2494 | 2740 | 2657 | 3114 | 2995 | 2987, 2894.9
72° | 3034 [ 3105 | 2881 1.2923"} 2794 | 2511 | 2399 | 2643 | 2579 | 3045°| 2949 | 2952 | 2818
75° | 2986 | 3036 | 2796 | 2816.] 2679 | 2405.| 2301 (2542 | 2496 | 2970 | 2897 | 2911 | 2736.3
78° | 2931 [ 2961 | 2706 | 2706 | 2560|2296 | 2201 {.2438 | 2409 | 2889 | 2839 | 2863 | 2650
81° | 2870 [ 2880 [ 2612 | 2591 | 2438 | 2186 | 2099 | 2331 | 2319 | 2802 | 2775 | 2809 | 2559.4
84° | 2803 [ 2793 [ 2513 | 2473 | 2313 | 2073 | 1995 | 2221 | 2225 | 2711 | 2706 | 2749 | 2464.6
87° | 2731 (2701 | 2410 | 2351 | 2187 | 1959 | 1889 [ 2109 [ 2128 | 2614 | 2630 | 2683 | 2366
90° | 2695 [ 2693 [ 2438 | 2424 | 2286 | 2046 | 1961 | 2179 | 2162 | 2618 | 2601 | 2643 | 2395.6

<E 7> FAAY AAPE 9AE (keal/m?/day)
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[29 247 Solar Tracking

Y. 2R Y dALF Data A&7+
Solar Trackings &3 4&Ae Ases AT des= 53 X9

A Data7t 292 st} o]lwf UALEF Dataol+ Direct insolationgt @}
Diffuse insolationgto]- = &5 8lH, 7tzto] 58 Meteonorm E 2 139
o] & AY txt}dE A LA w2 A -&7Fss

ATNNE 224G et d S AT AFYA A §HaA 5
Gt AR ANES Aol B WEst Ak A9 BE, A
%, A, Gl weh Wste QA oln 54 Azt dAEg o
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F%[10.03.211]
0641 264 50%
18A) 363 35%

T

=

2
q 2

= AL Data

_ZT

o

=

=1L

=
=

=

Solar Tracking
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=
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Fol o olYAZMA input insolation 1,0009] W& output #t
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Pusan-FZ==.1 - HI2Z:

IR BEE) M=) A0 E=2H)

# Sample Sunny Day Diffuze Inzolation Data Set({Source: NREL, Elevation 339 m)
# Data format:

# '# indicates a comment line

# Location f{notused for calculations)
# Description {not used for calculations)
# Latitude (Decimal, +=3 N, == )

# Longitude ({Decimal, +=3> E, - => W)

# Timezone {-=2> West of Greenwich, +=3> East of Greenwich)
# “ear (haodel iz valid fram 1850 through 20500
# Month number

¥ Day

# Timel Insolation Yaluel

# TimeZ Insolation YalueZ

$ .

# TimeM Insolation Yalue

#

# inzalation assumed to be in Watts/m™2 (typically, NREL charts are given in WattHours/m™2/Hour =3 Watts/m*2)
#

DFAT ¥ERSION 1,0

Pusan

Sunny Day

35,180

128,930

9

2010

3

bl

DIFFUSE_DATA_BEGIN

1 o

z 1]

3 n]

4 n]

5 a

5] 1000

7 1000

g 1000

9 1000

10 1000

11 1000

1z 1000

13 1000

14 1000

15 1000

16 1000

17 1000

18 1000

19 1000

20 i}

21 a

Z2 o]

23 n]

24 ol

DIFFUSE_DATA_END
DIRECT_DATA_EEGIN

00N = = D
[=1=
[=1=1
[=1=]

2
DIRECT_DATA_END
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Fower Striking Salar Cell Receiver ws. Time

1353

101.5
w
=
[

= 67 .65
o

ng_ 33.82

1]

I 6.000 12.00 18.00 24.00
Titne (haurs)

Result Yalues

Peak Values
Peak Total Incident Solar Power [Watts) 1,3520E +2
Peak Total Electrical Power [w atts] !
Peak Electrical Power, Direct Light [Watts) = 1.1H9E+2
Peak Electrical Power. Diffuse Light [watts] o 4 21 ]_U_3E+1
Summed Total Electiical Energy (Watt-Hrs) [0
Surnmed Total Electical Energy (Watt=Hrs) From: B-;ﬁH:E'i.E+'é-

Hour I 4 ' to Hour r 1R

(14 26] =+ AFA a&-=+20E 21D

(19 27] =4

[H
el

AN FEA a&-s1A464E 219)
[29 27]2 Solar. Tracking A, AAH AFd =] o] FLEA A 514] 2]

AL Data 23 Aol &+ o) Ax g 17 26]7

= Ty
Hlae] B, A3 A [receiver] 2 E01 0= H{FTE A oyAE= 2
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Power Striking Solar Cell Receivervs. Time

137.7

103.3
w
=
[

= fi8.84
o

Dg_ 34.42

0

0 6.000 12.00 18.00 24.00
Time thours)

Result Values

Peak Values

Peak Total Incident Solar Power [Watts] 1,37TR9E +2
Peak Total Electrical Power [Wattz) I
Peak Electrical Power. Direct Light [Wfatts] B 1, 1606E +2
Peak Electrical Power. Diffuse Light [watts] : 21 16-3E+|
Surnmed Total Electrical Energy (Watt-Hrs) m
Summed Total Electrical Energy (Watt-Hrs) From: [ H:ﬁEHEElé'

Hour | | 9 o Hoor T 16|

(29 28] =& AMFEH a&-=A029 21d)

[ 28] Solar Tracking A, A A% 37 =] o] F2kA]
A} DataS 2 &322 gtole 2H =S 5% A=

= =
FA9 ek FF2E A s AL FFol FolF e HUY
3



Power Striking Solar Cell Receivervs. Time

105.2

78.91
o
=
Pl

= 52.680
o

DE_ 26.30

1]

0 6.000 12.00 18.00 2400
Time chours)

Result Values

Peak Yalues
Peak Total Incident Solar Power [Watts) 1.0521E+2
Peak Total Electrical Power [W atts] I 1.0521E+2
Peak Electrical Power. Direct Light [w atts) — 8.4107E+1
Peak Electrical Power. Diffuse Light [Watts] 21 I-lj3E+1
Surmmed Total Electrical Energy {Watt-Hrs) = ?'.'-IJI'28'E+2::
Summed Total Electrical Energy {Watt-Hrs) From: [ E-.'ISE'IEE'*:E:

Hour ] 9 to Hour o | 16 Recalculate

=32 [3€] | 34 [6€] A [124]
Input [1,000]¢] ‘w2
A& Output 233k

136.29Watt 137.69 Watt~| .105.21 Watt

<E 10> YA Input @ [1,000]9] w& Az} 3t

[3E 1012 [1,000]°]2t= input kol HAFZF =
&3 Outputgte AMEE vuwstr] f8) w2 243 Zolth %5 4

AR, dARE [1,000]0 del & - F89 B¢ oF 135%% 1354 =9

o
fr
N
2
32
o
=
o
oX

|
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