creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

BR 4 BB A7 G XX

AgoA ARe 9% WE 24 o
AdAG Hgol B @

PIMRER KE B
o A T 2#

T w R

20174 2H



d=oyA] 242 4

2zt R B

=k

T &

E
}iI=¢

2017% 2 8

ifli4

K

il

K

(114

K

T N K B

20174 28



A study on waste heat power generation and
daylighting application for building energy

conservation

Jeong Hae Jun

(Supervised by Professor Wongee Chun)

A thesis submitted in partial fulfillment of the requirement

for the degree of Master of Science

2017.02.
This thesis has been examined and approved

Department of Nuclear & Energy Engincering
RADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



Hr

A

A~
T seeeerreeseesseciittiiietiiinne

1. A2 =% TM(Thermal to Mechanical) 2= 7]

S
o
W
<

B ] AL O] T eereremeremeenerentstetene e

<]

10
12
16
17
17
20
24

-

3.2. X]_?jjﬁ—cr) %‘](Dayhghtlng System)

3.3. AlE#H

)

o

A

- 27

27
27
31

33
35

Zn
i

R

<

35



22 EleCtrical POWET o7 reesrersressrmsrresstenstesttasttasttasttasstasstasstasstasstassnanses 39

3 AFAT B T e e s A4

3.1 Mechanical power ; A-&E}F 28 8 QA e A4

3.2 Mechanical power ; 7FE 25 EHA AFX] oo 52

33 Electrlcal power ; ;q %E ‘], iEé%] Q]_];ﬂ ................................... 57

3.4 Electrical power ; 7FE 2|5 HFA A R] s 59

4‘ ./1\‘75% ..................................................................................................... 62

IV, 218 ZFA AT B G 7] G everrrremrerremrneiniteiti 63
1. AT9) B T HFH v 63

11 A8 2 A B O] A 7] et e 63

1.2. Roller shade 2} &3 ZAF 2 HA] e, 65

0. Z2 A T R B O] AL eerrrererrerereneene e 68

2.1. Roller shade XF3H] S0l WE A B O] Al vverererereerereresmenennnunnes 68

22 NEHo| AT AA ZAZE B EA] 70

23. 3YET HFFAYAE o] 8T A 2 AW A 73

3. AR BLA] e e s e 78

4 ./1\‘75% ..................................................................................................... 82

V 75% .................................................................................................................. 83
e R . [ O P P PP 35
I O P P PO T P P PP 38

II



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

LIST OF FIGURES

1. Idealized Stirling cycles.

(a) A pressure/volume graph

(b) A temperature/entropy Graph«e: - s ssssssessesseststsininiintitniniineienees 4
2. The relationship between total V,, V{, A, B, a, ¢, T, w and @ ««-+ssseeeeveeeeeee 7
3. V-type Alpha enging e, 13
4. B type SHIling engine:s -+ e 14
5. ¥ type SHING engine: - rreeererersersmsemusiimiiii e, 15
6. Spectrum of SOlar Tadiation - 18
7. Structure of Daylighting System - wseerserersesmsmmsiiiee, 21
8. Photograph of LTD Stirling engine [MM-=7] s wsseeeseseuserensusensiennunnn. 28
9. Photograph of LTD Stirling engine [KSQ0]:w+wswsrereerersurersmsususinsusinnuns 28
10. Photograph of LTD Stirling engine [KSOOT win]:-««wwwwreeeeeeeeeeeeeeeenennene 29
11. Photograph of ROt plate s+« +ssessererrersmsesmsemmmsinsiinssisiiscees 30
12. Photograph of K=Type thermocouple:: - - swssessrsesuremsmsensisinsuiinnnnees 31
13. Photograph of Data 1ogger-s+ - wsseessersmsersmsisusinisisisiisiiisnas 39
14. Tem x lem X lem gadolinguimes e« eseesseesseemsmemsmimsiisie, 34
15. System design for mechanical power calculation :--::=:=ssresesereerereeeceeees 36
16. System for mechanical pOWer calculation -« -wsseremseemseemsieusenenn. 36
17. Position of hot water and cold water in gadolinium generator:-------: 37
18. System for mechanical power calculation in gadolinium generator--:- 38
19. Experimental output using the AC motor(IMM—7):--sssssssseseeeeeeennnennennns 40
20. Experimental output using the generator coil:

(a) MM-7

(b) Generator coil

(C) MM-7 with generator COLLsrrrvrrrremsmsrrereerocnnnietieieiniieiitietntieteesecnnanens 40
21. Measurement method for voltage and current:-==-ssseeeeeeeeeersrenneeeeeee 41
22. schematic of gadolinium electric Generator:+ - wwesrsesrsensusensunees 43
23. Gadolinium generator with magnetic shield:+ - -wsseerseremseremsiensinens. 43
24. Output of Stirling engine vs temperature difference::--======sssssssseeeeees 45

I



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

30.
36.

37.
38.
39.
40.

41.

Output of Stirling engine against temperature difference and torque

Specific output of Stirling engine against temperature difference and
torque (MM_7) ........................................................................................ 47

Output of Stirling engine against temperature difference and torque

Specific output of Stirling engine against temperature difference and
torque(TWin) ........................................................................................... 49

Output of Stirling engine against temperature difference and torque

(STNGIE) #+#ererereersneessensnessssistts et 50
Specific output of Stirling engine against temperature difference and

torque(Single) .......................................................................................... 51
RPM and mechanical power vs mass(AT=20C) wweereeeerrnresseneeienees 53
RPM and mechanical power vs mass(AT=307C) wreerereerrnressneeesnees 54
RPM and mechanical power vs mass(AT=40C) wweereeeerrneessneesnees 55
RPM and mechanical power vs mass(AT=45C) wweerereerrneessneeienees 56
Electric POWer USING AC MOLOL -++swsswsessessessessemsemsemsimimsimiisisines 57

Electric power using generator coil:

(a) Electric

(D) TEIMPEIALULE +++++++++rseserersesrrerestetsstitstetst ettt 58
Voltage change over time(AT=450C) swswerrresrsssreseesssiiiisiinnnes 59
Current change over time( AT=452C) wwwrerereresrssssssisisisisinissisisiisininnns 60
Electrical power change over time( A T=45°C) ++wwseesesesesessssesenesenaunnns 60

Modeling conditions;

(a) actual test room

(b) modeling test room

(c) solar tracking system

(d) HGhting POSTION #++esssresrressssssersssesiistntitsit e 64
Sky condition and Window shading by Roller shade at different
times;

(a) 2016.03.03. 16:00

(b) 2016.03.12. 16:00

Iv



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

42.

43.

44,

45.
46.

47.

48.

49.
90.

(c) 2016.04.09. 16:00

(d) 20160419 1600 ................................................................................ 65
The actual use of Roller shades;

(a) 2016.03.03.

(b) 2016.03.12.

(c) 2016.04.09.

(d) 20160419 .......................................................................................... 67
Solar altitude and indoor illuminance(simulated)

(a) summer solstice

(b) resulti at 1230 bhnd 50% .............................................................. 68
Variation of Average indoor illuminance of test room with Roller

Shade Jength -+ esesersrsesmsesmsinsminnii e, 69
Location Of PROLO SEMSOIS -+ wsssrereerssmsmimsisiisisii s 70

Comparison between measured values and simulation results in

OCtOber 31 (75%) .................................................................................... 71
Comparison between measured values and simulation results in June
19 (100%) ................................................................................................ 72

Diffuser setting;

(a) No diffuser

(b) Diffuser

(c) Before applying the diffuser

(d) After applylng the diffuser .............................................................. 74
Change Of indoor ﬂluminance Wlth tlme ............................................... 76
Change of average indoor illuminance with time::-r-ssereerereeeseeeerereeeeees 77



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Table
Table
Table
Table
Table

LIST OF TABLES

1. Classification of collectors in light transport systems::::-=ssssereeeeeeee 23
2. Specifications of LTD Stirling engines - -wsesesseressusensssensusennunens 29
3. LTD engine torque(200mg) -« =+ sessesssssessessssssssessmninisiiisnissisennans 44
4. Performance measurement of Stirling engine(IVIIM—7)-----sssrerremeenmneeee 46
5. Performance measurement of Stirling engine(Twin) «eereeeeerrrmeeeeeeees 48
6. Performance measurement of Stirling engine(Single) «-seeeererrreeeeeeses 50
7. TOIQUE DY MASS -+ weeerersersressessmsiusttisiniasiiiein s 52
8. Performance measurement of gadolinium generator(AT=20°C) -+ 53
9. Performance measurement of Gadolinium generator(AT=30°C) -+ 54
10. Performance measurement of Gadolinium generator(AT=40°C) - 55
11. Performance measurement of Gadolinium generator(AT=45°C) -+ 56
12. Performance measurement of gadolinium electric generator(AT

= 45°C) ................................................................................................. 61
13. Properties of materials used s s, 64
14. Annual weather data (1981“’2010) ....................................................... 78
15. Production and MAintenance COSLS: - - -r-rerrmrreremremremrreseneeeereessensens 79
16. ElECtriC Charges s sssersrssremsersmsensmienstiiststssssis s 30
17, TOLAL COSES +errerrerreerrmssemremreesaesuenteareeitessessessesseesesseeseere e s esesseebeernessenaas 31

VI



SUMMARY

Climate change due to global warming and depletion of existing fossil fuels
are calling for the development of renewable energy and increasing use of
energy efficient technologies. Unfortunately many modern buildings, these
days, have hired a rather stereotypical architecture design where major
portion of a building envelope is more or less covered with glass windows
for aesthetic appearance. As a result, energy consumption due to indoor air
conditioning and lighting in buildings is increasing.

In this study, two different techniques were applied and their effects were
examined to reduce energy use in buildings. The first is the use of low heat
source TM (Thermal to Mechanical) power generation technology to produce
electrical energy using low temperature waste heat (about 60 degrees)
discarded by various HVAC systems in buildings. The second is a
comparative analysis using a simulation model of fluorescent lighting and
Fresnel lens based fiber optic lighting. These techniques deems to have great
potential in saving electric energy consumed in buildings as well as

alleviating rising environmental problems.

1. Low heat source TM(Thermal to Mechanical) power generation

To harness low grade thermal energy a single and twin type MM-7
engines were tested, which have been known as one of the most efficient
ways to draw any power from a small temperature difference between two
heat sources. The experimental results of the MM-7 engines were compared
with gadolinium-based power generation system as the latter produced
greater torques under the same thermal conditions. As for the MM-7 Stirling
engines, the power output of the twin engine showed the highest value as
long as the engine could handle the weight used to measure torques. As the

mass Increased beyond a certain value, it ceased to operate because the

VII



power generated was smaller than that produced by weight. In comparison,
the gadolinilum-based power generation system produced the maximum
mechanical output of 20.09mW at AT=40TC. This was about 3 times higher

than that of L'TD Stirling engines.

2. Simulation of facility type daylighting system

In order to deliver the actual conditions in building energy simulation
concerning indoor lighting conditions, simulation conditions were set based on
the physical dimensions of actual windows and blind usage patterns of the
building. ECOTECT was used to model the test room (space) while Radiance
was used to carry our its indoor lighting conditions (environment).

A series of experimental results show the wvalidity of the Fresnel based
daylighting system in saving energy used for indoor lighting. This was
clearly demonstrated by comparing its energy consumption if the indoor
lighting was  solely furnished by fluorescent lamps. It was projected that
590,000 won could be saved over the period of 30 years if the daylighting

system could be consistently employed during the daylight hours.
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Table 1. A classification of collectors in light transport systems
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Fly Wheel

Power
piston

Displacer

Fig. 8. Photograph of LTD Stirling engine [MM-7]

Fig. 9. Photograph of LTD Stirling engine [KS90]
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Fig. 10. Photograph of LTD Stirling engine [KS90Twin]

Table 2. Specifications of L'TD Stirling engines

MM-7 Kontax(Single) Kontax(Twin)
Displacer
. 14 cm 7 cm 7 cm x2
diameter
Piston Material Graphite Graphite Graphite
Power cylinder Borosilicate Borosilicate Borosilicate
Material glass glass glass
Flywheel 12 cm 8.25 cm 8.25 cm
Overall height 20.3 cm 13 cm 14 cm
Base plate 16.5 cm 9.2 cm 18 cm
Weight 500 g 172 g 350g
Temperature
differential 4°C 10°C 10°C
required
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2.1 Mechanical power

DA&=x 288 AZ(LTD Stirling engine)
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LTD Stirling
engine

Fig. 15. System design for mechanical power calculation
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Fig. 16. System for mechanical power calculation
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Fig. 18. System for mechanical power calculation in gadolinium generator
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2.2 Electrical power

DA =2 288 AZ(LTD Stirling engine)

B Ao 4= Electrical powerE ©] F 71A Bfgdo=z =4 9 &35t
3}

A WA= ACEHE LTD X3 AZdstdon, 5 WA= Generator coil<

IYUHE o] &3] A7 135mme magnet holderE #| %3 & A7 10mm, =]
10mme] 953 vers A4S 36°7tt F-2el A th Generator coil® A4 4
= oF 750%]olH 9/ E AAete] vAE So] Aurte AEQl HHE Alelsta
3ADZHUHE o] &35t coil holderg #|ZFst & Ay wpx7ix] =2 36°wkt} skt
A o]l Yol @AsAth Fig. 20 (@)% Faheld ) AA o) wixE vebd A
olm, (b= ZHe wMAE Yed ARzlolth (o)== A MM-7¢] Generator coil

o] 2Eak Apzloltt.
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LTD engine Thread AC Motor Data logger

Fig. 20. Experimental output using the generator coil: (a) MM-7 (b) Generator

coil (¢c) MM-7 with generator coil
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3.1 Mechanical power ; A<=z} ~dg& =l

D A2=x 299 <zl ¥ B4

A W B AR 9 AWM gFedxe] r=Fxr2Ad 7& 5 3l

71N r=FxXr=mxgxr & ol&std & Aol AMgH A=A ~E

Table 3. LTD engine torque(200mg)

T X12Hmg) 2T} 271455 (m/s2) | $HX]2(mm)
200 10°C 9.8 10.25
E3 = 0.02009(N)-mm

. X12Hmg) 2T} 2745 (m/s2) | YHR|E(mm)

Single 200 10°C 9.8 9.25
E3 = 0.01813(N)'mm

i X12Hmg) 2T} ZA7M4E(m/s2) | YR E(mm)
200 10°C 9.8 12

E3 = 0.02352(N)-mm

Table 3o & 4 dxo] 5L &3 AT=10°C ¢ 200mge] HHFS ol &
AL Al Twind e E=7 0.02352[Nsmm]=Z 714 =¢kom tjgo=z 7+ 7z}

MM-74171 0.02009[N*mml, Single2l % 0.01813[N*mm]2] EZ7} =4 5 At}
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Table 4. Performance measurement of Stirling engine(MM-7)

MM-7
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E

0.2009 030135
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010045

Fig. 25. Output of Stirling engine against temperature difference and

torque(MM-7)
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Table 5. Performance measurement of Stirling engine(Twin)

Twin
AT 10°C 20°C 30°C 40°C
FEZEHg 1 2 3 1 2 3 1 2 3 1 2
E3
(Nomm) 0 0 © 0.118 0 0 0118 0.235 0 0118 0.235
=3mW) 0 0 0 0431 0 0 1.204 0.501 0 2.072 0.992

0 0 0.0000495 0 0 0.000138 0.0000575 0 0.000238 0.000114

(AU J

Fig. 27.

=2 X 8l E3J0 ME &3 (Twin)

= 20°C
=~ \ B
0.5 . _

o + T L T = 1
010045 0.2009 0.30135

EFJ(N-mm)

Output of Stirling engine against temperature difference and

torque(Twin)
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Fig. 28. Specific output of Stirling engine against temperature difference and

torque(Twin)
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Table 6. Performance measurement of Stirling engine(Single)

Single
AT 10°C 20°C 30°C 40°C
= 2 1 2 3 1 2 3 2 3 1 2
E3
(N-mm) 0 0 0 0 0 0 0 0 0.09065 0
EZHmMW) 0 0 0 0 0 0 0 0 0.513794 0
Che A S
28, 0 0 0 0 0 0 0 0 0 0000118 0 0
W/mm")
e -
2= X 2 E30 & &&(Single)
0.6
05 Rt
=
= . \
E! ' \ ——10°C
3 0.3 —8—20°C
E N\ e
0.2
\ ———a0°C
0.1 \
o +——= : b T Y )
0.10045 0.2009 0.30135

EIJ(N-mm)

Fig. 29. Output of Stirling engine against temperature difference and

torque(Single)
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2= A% EAE Table 79 YehSch

Table 7. Torque by mass

Gadolinium
A e) 2714 % (m/s”) YHA] &(mm) EF(N*mm)
5 0.245
10 0.49
20 9.8 > 0.98
50 2.45

Table 7¢l “teEbH whol 7ro] zF A=kl JhEely WA Eas A bg,
10g, 20g, 50gell w&F  ZkzF 0.245[N*mm], 0.49[N*mml], 0.98[N*mml],
2.45[N*mm] 5o =2 Ah& Sl
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2) AT=20°CellA Aol mE 7h=dlw 8 % RPM
AT=20°Col Al ZAA o] AFe 5g, 10g, 20g, 50go= =7k 74343

ov 2 Solgey] A fALEE 120RPMOR Z4Hch olu) meel %
BHA LEE 40°C oo Aee] FEHA L£EE 20°C oItk Table 8o

Table 8. Performance measurement of gadolinium generator( AT=20°C)

Gadolinium
AT = 20°C
ZA12Hg) 5 10 20 50
E3J(N-mm) 0.245 0.49 0.98 2.45
A (mW) 2.94 5.39 0 0
%%Q.ﬁ%\— 114.65 105.09 0 0
(r/mim)

AT=20°CeollAl A 20g, 50gs £ A Estgdom HHg5golr RPM
ok 114.64[r/min] &S ¢ 294mW = uUelton A 10gl A RPMS oF
105.1[r/min] &% °F 539mW = uYEbRT Fig. 31° AT=20°C <1A¢ A
g zE ey

AT20°COj| M EEO| wHE rpm, =&

= 160 355
(@]
3 140 - 30 E
= o
120 —
- - 25 g
Swo o E
- 20
20
- 15 MErpm
&0 > =@
- 10
40
20 > -5
-
0 T 3 o
o 10000 20000 30000 40000 50000 60000

o] EEimg)

Fig. 31. RPM and mechanical power vs mass(AT=20°C)
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AT=30°Cel Al FHA 5 A#FE 5g, 10g, 20g, 50g2 =7tn] ZAs A ow
S 125RPMe 2 ZA ST olwf 29 54
o] A A =% 20°C ]t} Table 9o AT=30°C ol

Table 9. Performance measurement of Gadolinium generator(A T=30°C)

Gadolinium
AT = 30°C
F72%%(g) 5 10 20 50
E 3 (N*mm) 0.245 0.49 0.98 2.45
ZZH(mW) 3.136 5.586 9.8 0
%%Qé%\— 107.01 108.92 95.54 0
(r/mim)

AT=30°CellA A& 50ge &l S2A Xstdlon Afbgols RPME °of
107.0 [r/min] &% °F 3.ImW= Yetwton d=F 10golA RPM2 °F 1089
[r/min] 3 ¢F 55mW= Yyeltor A=k 20go A RPM2 ¢ 955 [r/min]
22 oF 98mW = uYEFET Fig. 329 AT=30°C oA ¢ &4 22 E e

AT30°CO| A EHEF| U} E rpm, &

— 160 EE o
= ['a]
3 140 L =
_ @
? 120 L 2s =
3. . = =)
Shen =
- 20
20
- 15 MErpm
o - =2 mw)
- 10
40 *
20 * 5
o
o 0 o
o 10000 20000 20000 40000 50000 60000

o] ZEma)

Fig. 32. RPM and mechanical power vs mass(AT=30°C)
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4) AT=40°Coll A A=l w& 7Ms2lw =9 2 RPM
AT=40°Coll A ZAA] F AZFS 50, 10g, 20g, 50g&2 =07t =AH3sg o

% I5RPMO.R Z4ESith olm s&e] A% fA

o] s Al &%= 20°C olt}. Table 106 AT=40°C 9l

Table 10. Performance measurement of Gadolinium generator( A T=40°C)

Gadolinium
AT = 40°C
Z 12K (g) 5 10 20 50
E 3J(N*mm) 0.245 0.49 0.98 2.45
=A(mW) 3.185 6.664 12.25 20.09
%%ﬂ.ﬁ_ﬁ\— 124.20 129.94 119.43 108.92
(r/mim)

AT=40°Coll A= Ajel AMES F5 EF 5o Sxom ddhged A RPM
ok 124.2 [r/min] &% ¢ 3. 1mW= YEste ™ A=F 10gol A RPM2 ¢F 129.9
[r/min] &9 °F 66mW= YEelorm A&20go] A RPM2 °F 1194 [r/min]
=92 oF 122mW= YERg o A750gol Al RPM2 F 1089 [r/min] &3 -&

°F 20.0mW = tEFRETE Fig. 336 AT=40°C o|A1¢] =& a2 ZE e

ATA0°COj| M EHEFO| I E rpm, =&

—= 160 35S
e o
3 140 -0 =
D
= = o
I 120 = o L 25 §
=3 -
=
— -»> - 20
20
L 15 mmrpm
s - - =W
- 10
40
E 3
20 - s
-
o o
) 10000 20000 30000 40000 50000 60000

Z=o| EE(mg)

Fig. 33. RPM and mechanical power vs mass(AT=40°C)
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5) AT=45°CollA A=Fo] & 7l=2ls &9 2 RPM
AT=45°Coll ] &= F AHFS 5g, 10g, 20g, S0giE =7t =As9]oH

== 185RPMe = A H Ut o) a12o] ZhEfrA)
o] ZHEfA x& 20°C o|th. Table 1101 AT=45°C o

Table 11. Performance measurement of Gadolinium generator( AT=45°C)

Gadolinium
= 45°C
F72%%(8) 5 10 20 50
E I (N*mm) 0.245 0.49 0.98 2.45
2 (mW) 4.067 6.86 12.93 29.4
%%Q,ﬁ%\— 158.60 133.76 126.11 114.65
(r/mim)

f

AT=45°Col A= AT=45°Cell A ¢t & A= A ALE3 F&5 =0l
S5om, A 5gol4 RPM2 oF 1585 [r/min] 82 ¢ 40mW= et on
Ak 10gol Al RPM< ¢F 1337 [r/min] %<& ¢ 68mW= YEstom 2=
20goll A1 RPM<2 ¢ 126.1 [r/min] £382 9 129mW=E uYEyton Ak 50go
A RPM& °F 1146 [r/min] 8-S °F 204mW = vERT Fig. 340 AT=45°C
oMo Z4 agzg Yl

ATA5°CO| A ETFO| wE rpm, =8

ro
mm
mn

_4

— 150 35 S
= - bt
= 140 =
- [ - 30 Fev]
"‘-..__ [ ] -
3 120 _
] 2s =3
= 100 g
- 2o
20
L 1s o rpm
50 - - =
10
40
-
20 - 3
o o
o 10000 20000 30000 40000 S0000 50000

2| ZE(mg)

Fig. 34. RPM and mechanical power vs mass(AT=45°C)
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Electric powers =

Adust gdne] LAt FA G5kl LR AR FAH] 95
OB AdlAE A4F LxAtel td 3 oAl Akl mE L= o

AC motorZ &-83F 23| Fig. 35014 Hi=npe}l o] Alzhe] w} L1:x}
7F Wztg S elst 4= glvh. AC motorE 83 Ao 2xx= oF 23 T 2
A =]

Atk 2kQel &% LEDE ddste] F4 A A

°F 0.2Velm HAF+= oF 0.lmA=E AFEH AT webA AC motors €83 A==
A sEgae] 228 LA oF 23 7 25T A o 002mWE 2E T

. R uu'w K
% ) | ‘ II' rl, l ;g:
- ! 5
Time(sec)
—AC —DC —AT

Fig. 35. Electric power using AC motor
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3.4 Electrical power ; 7}

45°C Alolo

F ook AT
Fig. 37, Fig. 38, Fig 39 7}7} A|zt

EEX

KeR
T

A% g

LHER AT

skl YERRAT.

Table 12 A

—W1V)

—h2 V)

W3 (V)

——\acV)

—N1HV2 VIV
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ol

& o2
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Fig. 37. Voltage change over time(AT
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Table 12. Performance measurement of gadolinium electric generator( A T=45°C)

Gadolinium electric generator
HdVoc =158V, A3 = 100kQ

V) A (mA) =9 (mW)
1 0.44 0.0044 0.0019
2 0.41 0.0041 0.0017
3 0.36 0.0035 0.0013
Total 1.21 0.0049
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Table 13. Properties of materials used

. . Shading
Wall Floor Ceiling | Window ) .
device(blind)

Material Concrete | Concrete | Plaster | Double window | Fabric
Reflectance

0.9 0.75 0.9 0.92 0.54
(0~1)
T
(Orall;sp AN 1/a n/a n/a | 092 0.0256

(d)

Fig. 40. Modeling conditions; (a) actual test room (b) modeling test room (c)

solar tracking system (d) lighting position

64



1.2. Roller shade #}3H]& 33} XA @ 24

D A Agds 24}

o
>
oo

WA AJE oA dh7]o A AA A E 2] Roller shade 33 H]

3 3+S BAsle] H Yt FAF A= test room©] X3 A|lFofstw oy st
=%

o} Fig. 412 of¢tdl ==z A|Fdign Fd 4539 Fds

ry

Fig. 41. Sky condition and Window shading by Roller shade at different
times; (a) 2016.03.03. 16:00 (b) 2016.03.12. 16:00 (c) 2016.04.09. 16:00 (d)
2016.04.19. 16:00
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%0 2016.04.19.

30 AEhE

;E m 100%
fﬁ] 50 m75%
H 40 M 50%
o :g : W 25%
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o -

15 25 35 4E e
SoHE ALS2E)

(d)
Fig. 42. The actual use of Roller shades; (a) 2016.03.03. (b) 2016.03.12. (c)
2016.04.09. (d) 2016.04.19.

Fig. 42% Fig. 419 ARHAOA RHole AFgdu F3tE 4538 AFAEe
Roller shade ZFgH]&S FAFshe] 0%, 25%, 50%, 75%, 100% = Yo 18 =
Z YERd Aot} 20161 03¢ 03Y, 124, 04¢€ 09¢, 199 F 493+l Roller
shade A& Bl E ZALs A3 Roller shadeE 100%5EF 7F A9-(dA1< 30 ~
45%)9F 5% E 7H A-(AA L 45 T 55%) F MR 7F RES ZAEa A9
ow, 75%E 7t A7t M B BAe® yEuch Ed =
A A=) Roller shade®] Aol& XAsHA i AN FFsS A A AL

s Qe Aoz veuh
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2.1. Roller shade #}331]&ol M2 A&y ol

1) Roller shade Al &#o]Hd =7

Algdlo]dE ECOTECTS olgste] 724l Rl Ad dAs 3

RADIANCES} d&3te] =31stdth. WA 237422 Roller shade®] =}3H]&

of wel AU=E FYH= vHIFF dS ¢7] 938 Roller shadee] =}331]& (3

o

T =ol9 0% (xF7A /1), 50%, 75%, 100%)°l wet AlEdol s skl

9. md Bl A A o159 6% 2A (NS AFow AdxEe] o
i

(a) (b)

Fig. 43. Solar altitude and indoor illuminance(simulated) (a) summer solstice

(b) result: at 12:30 blind 50%
Fig. 43 (a)&= AlE#HolA =79 69 214GEHADY Y1 E 2 test room?

A E HolFt) Fig. 43 (b)& Roller shade® Zo]®, Al7bdE AlE#H AL &

g3t Ayt gt 5 dlitolH Roller shade Zo]7F 50%Y 74-$ 23 12:30014 0 ~
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Fig. 45. Location of photo sensors
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2) 2FH|& 75% Ml

Fig. 462 2015 10€ 3199l Roller shade’} Z#2 75% S At e 7
o] A FA4E 2% % AEUolA & wud agzolt AA 2:x #
< Delta OHM A}l PHOT 01 2% =74 x9 Agilent AFe] 34970A dHl o] €
ZAE o]&3le] Fig. 459 1doA Holi: XQIECA dHolHE 43t
AEHdOIA Ad e Adoz Yehgla A4 34 43 ghe ddoez e
uidch AlEdel A Al R xE FAFS 2w o HA A ~ALS

ke 114 3025H 7S5tk AEdolae Clear skyd 2A0% %489
T AA ge TEol of b We otk A% A% dRzE Ze A4

ZAA] e Ao AAFAY it =2 Aoz YEh AlEd el ATt A

Aetatrtar BRItk gho] oFxt H=A Y42 A& Roller shade® F3E7}
RADIANCE ZzIfloll A Atz 2 §o] ¥ o} Alae]o]Ad Ftol
Z Aol

Lo

Comparison: Real vs Simulation

Time of Day (10.31)

Fig. 46. Comparison between measured values and simulation results in

October 31 (75%)
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3)AFH & 100% B] L

Fig. 472 20159 6€¥€ 19¥¢ Roller shadeE =¥ WHS 499 24 =437
Algdlold A3 e wagh aiZolty AlEeoldel =32 Clear sky ©]%]
I AA FAT Fo] IN= TRl @4 72 W Foldth Fig. 469 59
npR7kA 2 AAgstd e A e HU R xEE AA SAHGel R 9
Fom A UgtARt Wiy SAAREY F2 AA A3 gol § =4 v A

AR 4S5

S & 4+ ottt Roller shadeE EF WHES H9 ode n

El

Roller shade T3 %2 ad3dko] AA =Fol7t ¥ AAE AHfE AT}

1015im - - 1025im 1035im —1045im

— 1
Comparison: Real vs Simulation 1o3Res o 1o3Res ey LI i o=

Iluminance [Lux]

Time of Day (06.19)

Fig. 47. Comparison between measured values and simulation results in June
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Table 15. Production costs and maintenance costs

S 2] ¥ 4=H ST
&= 4] B A<= T ][EJ]T ] ] A 2 7N O[QJ]X] ]
Philips 32W hour 56,000 /25ea
865 &= 15,000 Jea 8 ea 2940 Jea 32 W/ea| 100,000 /ea
Solar tracking year 95,000 /30year ) )
System 307 i 4 €2 3167 /year 12 W/unit 500,000 /unit

(AA 2 Be wA)

Table 15 BA53 AAANREA] A A2 G250 @ gu) 4%
of Wag uelolth FPse] +He AT 150004 toln] Aped A A o] %
ARFEE JTA O Abgol sbssieh AA 2
HrEo] 7FA S 950000l &ds ATl 25710l 56,0000 wmjE L 9l
o ggEel AP avdHe RpWolr AAAREAL 12Welth £d AP A
Aule GHE 20 1A MAF FHEAT Al AE G ok 2000009
of #ojE o glel A 1000009102 ARGt AAABFAE 17 500,0009

of zlzte] 7hsetw NS & A 0 AE Aotk

79



]

1

]

[e)
[e)
Riu
A

428,424
237,192
163,164

]

1

]

R

]

[e)
[e)
[e)
fint

35,702
19,766
13,597

W/
month
W/
month
month
W/
month
W/
month
W/
month

69120.0
36225.0
6167.8
19777.5
9251.7

Table 16. Electric charges

3,871
5,195
4,274

e

2,029
3,167
1,108
3,167

!

T
&

-
-

blo N X
ﬂo m_uLO 1_._A|O ﬁo

B W KR

o N
ﬂo m_uLO 1_._A|O ﬁo

B W KR

el

&3

KeX
=

Table 153 Table 16

J

A

|

elo

3t} Table 16& HWH

AFS

o

"<

el

1w 7 A A= 4,274

= 5195

o
0

o

el
G

€,

19,766

Jth o] AnE BA

}

N~

Gl
I

]

i

"<

o
ﬁo

el

, A% 42842490 &3

i

e W7 35702

1

OJ o

I

, A7t 163,164

]
80

I

Hol 269 7HA]

[e]

o

3

e %

WA= 47k 13597

=
-

]

A E ALE

[e)
R

Azt 237,192



Table 17. Total costs
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