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SUMMARY

Solar energy has been used in various fields, because it is clean and
reliable. The present study explored the use of sunlight in two important
areas which make it competitive and also attractive. First, we carried out a
series of computer simulations for using sun pipes to introduce sunlight into
the interior of a building. The focus was made onto the enhancement of
visual environment when natural daylight is delivered to a classroom. While
daylighting provides efficient means to harness the sun’s abundant energy, it
still leaves much room for further exploitation. With the aid of simple optical
devices, sunlight could be easily concentrated and utilized. Solar-powered
Thermal Acoustic(TA) lasers make one of these applications, which we

explored as the other important area of solar utilization.

1) Daylighting simulation

A lightless space with the dimension of a typical classroom at Jeju
National University was modeled by ECOTECT. Two different cases were
simulated and analyzed by RADIANCE. In the first case, a comparative
analysis of illuminance was carried out to estimate the basic performance of
sun pipe systems. In the other case, different designs of sun pipe systems
were analyzed to elicit the most efficient model of operation. Simulations were
performed for solar noon which indicates the time (or point) in the sun’s path
at which the sun is on the local meridian. Results show that indoor visual
environment could be greatly enhanced with the application of sun pipe
systems. The maximum illuminance took place with the sun pipe system of

1.0m in diameter and 0.0m in height.

2) Thermo—Acoustic Laser(TAL) development
A series of experiments were carried out to find the most optimum
operating conditions for the maximum SPL(Sound Pressure Level) and

frequency of the acoustic waves generated by ThermoAcoustic{TA) lasers.

viii



Among various experimental variables, we focused our research on the stack
position, stack length, length of the resonance tube and input power. Based
on the experimental results, we obtained the following for the most optimum
operating conditions:

(1) stack position : 5em from the closed end of the resonance tube

(i1) stack length : 25.6mm

(iii) input power : 35W

(iv) tube length : 150mm

@ jeju
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(d)

Fig. 11. Modeling by ECOTECT; (a) Top view (b) Side view

(c) Isometric view (d) 3D sectional view
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Table 2. Conditions of the sun pipe components used in the present

modeling
Material Glass
Diameter(m) ® 06. 08, 1.0
Dome Thickness 0.6
Solar absorption 0.1
Visible transmittance 0.9
Material Mirror
Diameter(m) @ 06. 08, 1.0
_ ' Height(m) 05, 1.0, 1.5 2.0
Light pipe
Thickness 0.6
Solar absorption 0.252
Total reflectance of material 0.748
Material Glass
Diffuser Diameter(m) ® 06. 08, 1.0
Surface roughness 0.05
Total transmittance of the material 0.9
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Fig. 12. A sun pipe system for simulation
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Fig. 16. Tlluminance distribution of lightless space with a sun pipe

system(with diffuser); (a) Iluminance(lux) (b) Isolux lines
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Fig. 17. lluminance distribution of lightless space with a sun pipe system
of 0.6m in diameter; (a) Light pipe of height 0.5m (b) 1.0 m (¢) 1.5m (d) 2.0m
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Fig. 18. Isolux lines of lightless space with a sun pipe system of 0.6m

in diameter; (a) Light pipe of height 0.5m (b) 1.0 m (c) 1.5m (d) 2.0m
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(a)

(c) (d)

Fig. 20. Isolux lines of lightless space with a sun pipe system of 0.8m
in diameter; (a) Light pipe of height 0.5m (b) 1.0 m (c) 1.5m (d) 2.0m

Fig. 202 3 o]z e] AAo] 0.8m¢Y wWie] TXEHMES HoFa 3t} Light
pipe?] =o]7} 0.5mY °F 1000 lux ©]’49 =27l 7H4 viA B X3z 982
& & dow, Fol7t 20mel A-fele oF 500 luxolshe] xEFho] X Eo 9l
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(c) (d)

Fig. 22. Isolux lines of lightless space with a sun pipe system of 1.0m
in diameter; (a) Light pipe of height 0.5m (b) 1.0 m (c) 1.5m (d) 2.0m

°F 1500 lux o]4el Z=7F 714 §A 233 9o, EHol7F 2.0mel 4 $o =

°F 975 luxoldte] Z&mgho] F-3 &3k el Ex3a e &+ SUrh
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Fig. 23. Average illuminance variation with diameter and length

of a sun pipe system
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Fol I T w9+ ¥(Alexander Graham Bell, 1847~1922)-8 7]d3}le] B=

)

srlskar dolE d o] Ew ARelE 10 EdH] &9 AlVIE HA
(decibel:dB) &H 0.2 FA gL HAE @9 E ARSI 59 Al7e &5 =
olE 7IE A7l # VE &tel e A =92 dET 54 A7) wE SIL

SIL=10log(1/I,,,) (dB) (20)
I=p*/pycy0l 7] wWlE-ol &4+ 6l SPLS vhg-3h 2t

SPL=20log(p/p,,;) (dB) @1
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IW/m’e] 28 A7) @8 120dBo| t}.

Fig. 27. Acoustic analyzer for measuring characteristics of acoustic waves
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Table 3. Specification of acoustic analyzer

Specification
Leq, ShOIT_tlme Leq y LH]jn, Lmax
Sound Pressure Level | Dynamic range (using MiniSPL):
30 - 130 dBSPLA
Real Time Analyzer 1/3 or fu.ll octave band resolution,
class O filters
Delay Time Resolution < 0.1 ms, max time: 1 s
Range: 10 Hz to 20 kHz
Frequency Resolution: 4 digits
Accuracy: < = 0.1 %
Display Graphic LCD 64 x 100 pixel, with backlight
B 3x AA batteries (alkaline)
Typical battery lifetime > 16 hours
Dimensions 163 x 86 x 42 mm (6.4“ x 3.38* x 1.63)
Weight 300 g (10.5 oz) incl. batteries
Temperature 0° to +45° C (32° to 113° F)
Humidity 90 % R.H., non condensing
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Fig. 28. Photograph of data logger(34970A)
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gto] dde AysAvh 29 H FHO WWAEL 202mm= A3 AL, Y
=

Table 4= & A3 HE =0EE BofFal Ut Case 12 2H9 917
(A)E 1~10cm7HA] W3t o] FSte] HAHE AAE Lotrr] Ad A
o]t} Case 2% ~H©le] Zol(B)E 128, 256, 51.2mm#E Hiito]7pe ~ee] 2o
7t vk A, oo wE} a8 Fwol Lx pHj7l b S ) wiite] &
T orvleh el #AE FAstaA vk Case 32 FFAU(RE)IS W
FAAS W SFGE F43517] A3 Aol PowerE 25, 30, 3BbW=E WA}
o} A3t Ar}. Case 4= FH ZAol(C)el we) el = &3 AsFE =4
3l Hi= Aol FHAoY, FHeo Aej(C)el wel HAe &9HS vERE AH
o] AT v F dE AL I FHO B3 WA 1, 3,5 7, 9em=E ~
o] A& upHtol7by AF S vk

ﬂJ

Table 4. Experimental conditions to find the optimum design(geometric)

Alem) B(mm) C(mm) pogl:;i;v)
Case 1 519’, 21’0’3’1;1’ ’ 15é’ 613?’ li’ 25.6 200 25
Case 2 5 12%1.225'6’ 200 25
Case 3 5 25.6 200 25, 30, 35
Case 4 1,35 7,9 25.6 150, 200, 250 25
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Fig. 31. Maximum and average SPL with stack position
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Fig. 32. Maximum temperature with stack position

(three minutes after supplying power)
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Fig. 33. Onset time of acoustic waves with stack position
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2ee] iAo we} HA e £l Ay A R dA EH g0 A=
A= o] trEy] wioltl G W. Swifte] AAE Hw o]E FgHom
S 3kal ATHG. W. Swift, 2002].
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Fig. 34. Onset temperature of acoustic waves with stack position
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Fig. 35. Temperature gradient and SPL of generated acoustic wave

(stack position: 5cm from closed end)
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Fig. 36. Temperature variation of heating end of stack

with different stack lengths

Fig. 37. Variation of temperature gradient

with different stack lengths
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Fig. 39. Maximum and SPL of acoustic waves

with different stack lengths
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Fig. 40. Temperature gradient and SPL of generated acoustic wave
with stack length of 12.6mm

Fig. 41. Temperature gradient and SPL of acoustic wave
with stack length of 25.6mm
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2.3 Power(%)o] W& &-gks} 4

Fig. 42. Temperature variation of heating end of stack

with different input powers
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Fig. 44. Maximum and average SPL of acoustic waves

with Input power
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Fig. 46. Temperature gradient and SPL of acoustic wave

with input power of 25W
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Fig. 47. Temperature gradient and SPL of acoustic wave

with input power of 30W

Fig. 48. Temperature gradient and SPL of acoustic wave

with input power of 35W
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lengths of resonance tube (stack position: 5em from closed end)

FHS Zol7F 150mm¥ "W &% 115.7dB, 200mm% W 114.46, 250mm%
W 112.65dBe] A HAT. o=

s
o
od
=
T
o
i)
s
5y
i
rlo
o%
o,
S,
(o,
o
o

Frel dold] we 9AE ex ) 2 HYeEE teha gk oeh 2
E20] A7) Wid e

@l B gl

o

65

@ jeju



Fig. 51. Variation of temperature gradient with different lengths

of resonance tube

Fig. 52. Temperature variation of heating end of stack

with different lengths of resonance tube
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