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SUMMARY

Thermal applications of solar energy are categorized by low, medium and
high temperature. The present study has explored two major applications of
solar energy widely researched and practiced these days. Of these, one deals
with the utilization of solar energy for lighting in buildings, which is
responsible for a great portion of electricity consumption, especially, for office
and public buildings. Rapid improvements in lighting technology harnessing
solar energy (daylight) have greatly contributed to radically reduce its
consumption levels - and thereby reduce CO: emissions and cost. The other
case considered here for solar utilization is so—called solar desalination using
adsorbents (silica gels). This technology utilizes a silica gel adsorbent
(desiccant) as a medium bhetween an evaporator and a condenser to reject and
facilitate latent heat of vaporization. Vapour 1is adsorbed and desorbed

between evaporation and condensation phases.

1. Daylighting simulation

A lighting upgrade is an obvious step toward improving a building’s
energy consumption, which could be easily assessed by using computer
simulations. The present study has carried out a series of computer
simulations for a lightless space as well as an actual classroom (in Jeju
National University) when sun pipe systems are installed. They were first
modeled by ECOTECT before RADIANCE was called in to conduct lighting
analysis. Simulations were performed for equinoxes and solstices when the
sun is at its highest altitude, ie. at noon (12 PM). A lightless space and
classroom of the same dimensions revealed the effectiveness of sun pipe

systems to improve indoor lighting conditions throughout the year.
2. Development of adsorption desalination system utilizing silica—gel

Some major components of an adsorption desalination system were

designed and fabricated to assess its desalination efficiency when packs of

Vi



silica-gel were used at different operating conditions. The amount of fresh
water yield was studied and compared for different temperatures and different
operation time of evaporator and reactor. Also tested were different types of
silica gel, A-type silica gel, Blue silica gel and Mycom silica gel, where
A-type silica gel showed the best performance in producing fresh water. To
achieve higher efficiency, it deems the system has to be further explored for
operational optimization including some drastic improvement in the desorption

rate of silica gel.

viii
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(a) (b)

Fig. 3. Mirror-optical fiber system; (a) Schematic of mirror-optical fiber
system (b) Photograph of mirror-optical fiber
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Fig. 4. Mirror heliostat system; (a) Schematic of mirror heliostat system
(b) Photograph of mirror heliostat system
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Fig. 7. Schematic of Multi-Effect Distillation(MED)
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Zf4 =21 (MSF: Multiple-Stage Flash Distillation)
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Fig. 9. Schematic of Mechanical Vapor Compression Distillation{VCD)
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2) GAFE2(R.O: Reverse Osmotic pressure)

<R

ojy

-

j2)

4 g el A AL

o}
il
o
(-
B

-

4

i<l A o]

o

ol

T

Applied Pressure

Membrance

Osomolic
Pressure

WATER

REVERSE OSMOSIS
FLOW IS REVERSED IF A
PRESSURE GREATER

EQUILIBRIUM

FLOW STOPS WHEN THE

0SMOSIS

WATER FLOWS T

DIFFERENCE IN LEVELS

EQUALS T

HIGHER CONCENTRATION
SOLUTION(BRINE IN THIS

CASE

THAN THE OSMOTIC

E

PRESSURE IS APPLIED

OSMOTIC PRESSURE
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3) A7 %A A (ED:Electrodialysis method)
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2. 2HH (AD: Absorption Desalination System)
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Fig. 12. Schematic of Absorption Desalination System(AD)
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2& 80cm=z 29839,

Table. 4. Physical specifications of the sun pipe system used
in the present modeling

Dome Light Pipe Diffuser
Material glass mirror glass
Diameter{cm) @ 80 ) P 80
Height(cm) 40 100 -
Thickness(mm) 0.6 0.6 0.6

Nijide

NV

00mm

2400mm Q.

i
?

e

‘ l1400mm

1950mm

Camera View

I H TH H (.,
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Fig. 13. Modeling by ECOTECT; (a) Top view(without window)
(b) Side view (c) Isometric view (d) Top view(with window)



1.2 A& o] A (Simulation)
AlEd ]2 RADIANCES}F ¢1-&3le] 83ttt ECOTECTS 7| & ¢iarg]
Fol AF wWel A Eovto] rhEdtr] witol] # ufo]izol FAlAA Q]

Diffuserel] <3t F3& F&A3}7]o A3slA] &7] wfZo] RADIANCEE &3l

(a) (b)

Fig. 14. Solar altitude of (a) Vernal equinox (b) Summer solstice
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o] & ¢JrtEE Wg FAF Al7]+= Diffuser -9 ¥ Fa&S 092 AAISA
Tk Table. 5= & 7oA &2 Algdold & BoEr

otol A AT AAY ECOTECT Diffusing T3] E7}%3ke] Diffusers
A
A& W F& ECOTECTOA Algdlold =4 e 99 a3l
H

aglal 2L BXE FA317] st Aol ofer#l A(Fisheye) &
ECOTECTWel| A=) 3}t

Table. 5. Conditions for simulation

Solar absorption 0.1

Dome
Visible transmittance 0.9
Surface roughness 0.252

Light pipe

Total reflectance of material 0.748
Surface roughness 0.05

Diffuser
Total transmittance of the material 0.9
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Fig. 15. Measurement point in floor for analyzing the illuminance

(iii) Diffuser”}



-
[0

&
52088.9Lux + 65802 8Lux

+ -
| +
257.5Lux 5114Lux 650.6LUX  65486.5lux

(c) (d)

Fig. 16. Tlluminance distribution of classroom without sun pipe system
at 12PM; March 22 [(a), (c)] and June 22 [(b), (d)]
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(d)

Fig. 17. Tlluminance distribution of classroom utilizing the sun pipe system
without diffuser at 12PM; March 22 [(a), (c)] and June 22 [(b), (d)]
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Fig. 18. Tlluminance distribution of classroom utilizing the sun pipe system
with diffuser at 12PM; March 22 [(a), (c)] and June 22 [(b), (d)]
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Fig. 19. Illuminance distribution of classroom on March 22;
[(a), (c)] without sun pipe system and [(b), (d)] with sun pipe system
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2) skx](6¢¥ 22%) 12:00PM

(a) (b)

(d)

Fig. 20. lluminance distribution of classroom on June 22;
[(a), (c)] without sun pipe system and [(b), (d)] with sun pipe system
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3) F5(9¥ 22¢) 12:00PM

(a) (b)

(c) (d)

Fig. 21. Tlluminance distribution of classroom on September;
[(a), (c)] without sun pipe system and [(b), (d)] with sun pipe system
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4) FA(1249 22¢) 12:00PM

(a) (b)

(c) (d)

Fig. 22. Mlluminance distribution of classroom on December 22;
[(a), (c)] without sun pipe system and [(b), (d)] with sun pipe system
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12.7mm

Fig. 23. Design of the evaporator

Fig. 24. Photograph of the evaporator used in present experiment
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Fig. 26. Photograph of the reactor used in present experiment
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3) Condenser
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Fig. 27. Design of the condenser

49

Collection @ jeju



Fig. 29. Photograph of the absorption desalination system used in present
experiment
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Fig. 31. Photograph of the chiller used in present experiment
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Fig. 34. An example of monitoring display of date logger (34970A) for
temperature measurement
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Fig. 35. The measurement of salt concentration(YSI 63)
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Table. 6. Experimental conditions and temperatures

oot Silica | Sea-water | Pressure | Time | Temperature o
v gelkg) | (mD) (Torr) | (min.) (C)
Evaporator 30, 40, 45
Reactor
(Tap Water) 1 300 15 30 10, 30
Reactor
(Hot Water) 70, 80

Evaporatorell %+ Sea waterd %4& 0372 3o H, o] w &€& 9
3 Evaporator® FU¥E HFU95Y &%= 30T ~40C, Evaporator®] &
1.5Torr2 A3t}

Evaporatorol] A1 ] ¥FS-A17Fe HZE 1057k ValveE 2l FZAI7HE 717 &

Evaporator®} Reactor AFe]2] ValveE € 2083 €9 2 53 #A4S Ads}

g dulg-o] o] Fojxi= Hote] FHo] 15TorrE AAE Reactor e U-type

tubedl &= 10T 9 cooling-water’} &2t} o] cooling-water® 3o} & Silica—gel
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Fig. 37. Fresh water yield at different temperatures in the evaporator
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Fig. 38. Fresh water yield at different temperatures in the
reactor(cooling—water)
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Fig. 40. Fresh water yield and operation time of the evaporator

Fig. 41. Fresh water yield and operation time of the reactor

62

@ jeju



Reactor®] AJZPRstel] whE Haafe 2§ 41004 BojFar glow, 4 Az
o] 30&Y W 7Hd & 60me] HEEs 7hRlv

Ae]7HA(Silica geDe] EFYE A&e HA3] fdko]l 99 iy Az

Table 8% 7 #HF g 2718 2k

Table. 8. A summary of experimental conditions

Pressure of the system(torr) 1.5
Mass of silica gel per

1000

bed(evaporator)(g)
Cycle time(min) 30
Switching time(s) 180
Tap water inlet(desorber)( C) 40
Cooling water inlet(adsorber)(C) 10
Hot water inlet(desorber)(C) 80
Cooling water inlet(condenser)(C) 10
Sea water inlet(mf) 300
Sea water concentration(PPT) 25
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Fig. 44. Temperature variation of Blue-type silica gel
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