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< SUMMARY >

| Bl \ D-02

Purpose&
Contents

In this study, the objectives of this study were to develop the concentrated
photovoltaic-thermal (CPV/T) system with CPV solar cell with conical solar concentrator,
and to construct an agricultural dryer with CPV/T system. The results obtained from this
study are as follows:

L

Development for the concentrated photovoltaic-thermal (CPV/T) system with one
conical solar concentrator

Development for the concentrated photovoltaic-thermal (CPV/T) system with four
conical solar concentrators

Development of agricultural drying system with using four concentrated photovoltaic
-thermal (CPV/T) system

Results

Average solar collecting efficiency of one conical solar concentrator system
without CPV cell was 73.6%, 81.4%, and 78.5% for each flow rate of 2L/min, and
41 /min, 6L/min. Thus, The highest efficiency was at the flow rate of 4L/min.

Solar collecting and electrical efficiency for one concentrated photovoltaic
-thermal (CPV/T) system at 4L/min with the highest solar collecting efficiency are
each 57% and 21% with aggregated efficiency of 78%.

Average solar collecting efficiency of four conical solar concentrator system
without CPV cell was 68.0% 70.0%, 66.7%, and 6€5.0% for each flow rate of
3L/min, and 4L/min, 5L/min. 6L/min. Thus, The highest efficiency was at the flow
rate of 4L/min.

Solar collecting and electrical efficiency for four concentrated photovoltaic-thermal
(CPV/T) system at 4L/min with the highest solar collecting efficiency are each 56%
and 20% with aggregated efficiency of 76%.

Drying temperature was kept within the error range of +2.0°C in compared with setting
temperature.

Result of economic analysis for agricultural dryer with using four concentrated
photovoltaic-thermal  (CPV/T) system showed that it takes 9 year for economic
advantage in the case of government support of 60% for construction cost.

Expected
Contribution

3.

Concentrated photovoltaic-thermal (CPV/T) system developed in this study can be
used for heating of agricultural facilities in addition to agricultural dryer.

It can be helpful for saving of energy cost for agricultural farms by using
agricultural dryer with four concentrated photovoltaic-thermal (CPV/T) system
developed in this research.
It would give economic benefits to agricultural farms by using developed solar dryer.

Keywords

Conical concentrator Concentrated | concentrated |  agricultural solar energy

photovoltaic- solar cell dryer
thermal system
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A 1A 95 FP-G B ARA2G AR

bl = = Tl H o
AEdaes Fust & 4 e HA 54 4 9 AAYsAH(Table 1-13%
Figure 1-1). ¥4 Z3} 957o] 45° ¢ Ao FaAE7F 17.072 7F¢ A2A e
Wi, oF R d &A% 43 3 Us o] 7} 460mm¢l Ao = 1}
X

r
O

Table 1-1 Values of collector with cone angle

Cone  Apsorber  Collector Surface area of Solar . Loss high
angle lengthimm) hightmm)  aborber(ume) 7T of absorber
25° 577.41 986.47 57,741 13.60 23.08
27° 548.67 902.86 54,867 14.31 19.98
30° 515.29 796.74 51,529 15.24 16.27
35° 479.51 656.95 47,951 16.38 10.01
45° 460 460 46,000 17.07 0.0
50° 471.95 385.99 47,195 16.64 4.86
60° 547.04 265.58 54,704 14.35 15.88
70° 748.41 167.43 74,841 10.49 32.85
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Figure 1-1. Dimension of conical concentrator according to cone angle.
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460.0(

i (b) Detail dimensions
(a) planar figure

—

(c) Conical collector model (d) Real Conical collector model

Figure 1-6. Collector of 45° cone angle.

Table 1-2 Specifications of reflector

Reflectivity (%) slit(nm) Response(s) Ordinal Strength

96.56 2.0 05 Reflectance H18
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(a) Detail dimensions (b) Absorber model

(c) Real absorber

Figure 1-8. Absorber for 45° cone angle.

Table 1-3 Specification of absorber

Classification Absorber of 45° cone concentrator

Inner pipe: @16

Size(mm) External square pipe: 25%25
Thickness(mm) Inner pipe: 1'0.2 .
External square pipe: 2
Total length(mm) 659
Inlet, Outlet
. @10
diameter(mm)
N | (oo em®) Soft: 74.5
ormal pressure(kg/cm hard: 48.1
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Figure 1-10. Support fixture for conical concentrator of 45° cone angle.
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Table 1-4 Description about support fixture of conical collector.

L Support fixture of 27° Support fixture of 45°
Specification
collector collector
Model DF 3030 / DF 3060 DF 3030
Material Aluminium(A6N01S-T5) Aluminium(A6N01S-T5)
Profile size(mm) 30%30 / 30*60 30%30
Surface Treatment Anodized Anodized
Weight(kg/m) 1.07 / 1.8 1.07
Support fixture
613%643*530

size(mm)

ol 5% EW CPVA A

453 PRe F57) EAe] 1 ABPTe] CPV AL PAS] A8 949

Fulg BASRGT. EEBS Y, B, o 3 SHe] TR 4NE YRR, FYVE

(Table 1-5).
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G

w Concentration Part
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Figure 1-11. Division for concentration ratio of absorber surface with position.

Table 1-5. Concentration ratio of absorber surface with position

o R §50 9 B
e A3 2 (m?) ¥ A3 (m”)
(;@ %i?_) 0.408 0.015 27.20
EE T
& 3 ﬂfﬁj 0.260 0.015 17.30
8 oy
g 0113 0.015 7530

(2) CPVA 2 %57 74

2 Adglo= CPVA(CT]J(Concentrating Triple-Junction) Photovoltaic 10mmx>10mm

Cell, EMCORE, USA)S A&3ldom AzAbo A AFst= CPVAS AUy EAS
Table 1-6, 1-7, 1-8% #t}.
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Table 1-6 Nominal temperature coefficients at 50 mW/cm®

Parameter Absolute, 10C to 100C Range Relative, at 25C
Efficiency -0.04 | absolute %/C -1080 PPM/C
Vmp -4.5 | milliVolts/C -1610 PPM/C
Jmp 47 | milliamps/cm2/C 570 PPM/C
Responsivity @Vmp 77 | x10° Amps/Watt/C 570 PPM/C

Table 1-7 Typical current-voltage parameters at 50mW/cm? 25C

Parameter Value at 25C 50mW/cm?
Efficiency (%) 385

Isc (Amps) 7.06

Imp (Amps) 6.92

Voc (Volts) 3.15

Vmp (Volts) 2.75

Table 1-8 CT]J receiver assembly specification

Typical efficiency 37%, 25°C, AM1.5, 100 mW/cm®

Cell active area 1.012 cm?
Direct-bond-copper, A1203 substrate with Au/ Ni

Substrate surface plating(copper thickness 0.3 mm A150;5 thickness
0.38 mm)

Bypass diode 15A Schottky

Operating N .

temperature 40C to 100C

Max. temperature 180°C

mel AP g dpel e Al#tEo] glom], CPV A& Fdt Ao

IR 47 md 7 Wl RAEodt CPVAY wiAE Y] BE T 48 49

A ekl AFF FW7) A4 wE F 160, ek e mEd F 64710 AS

WA ek o, 64700 A 324" 2 ER o] WA O oF 96Ve] Ak, 14A

He F A= S k(Figure 1-12). ¥ CPVA 329 742 st
=

A HzEt BolXE AL WAse] AY Pl s

Jhu



sk %, 7 Anith shtel Ao Adn Aol ohd $l, ol AnE dud
e ddstel shite] Mol £AHolE 9, ofdlE A7k Fel shtel A wEw
=
[e)

el A Aol seEs

Wi 7 PV L ()

+0.20
2833022

|
[1.1182008] T
@ngw%@ﬁ
e Ep] T L T ! JT EP] | —
@ i v o oo
(a) CPV cell (b) Connection grid of CPV cell

Figure 1-12. CPV cell and connection grid

CPV AdA LA E= A& dujAle] & FF AZ F A=s A SHd
M ZF(MX-4, ARCTIC, USA)E =x% § FF7]el F3ste] A A4
state] EAGES F7HAAT AE ST AZRAAA AT AT A9
Figure 1-13, Table 1-9%} 2t}

Table 1-9 Properties of thermal glue
Thermal Conductivity 8.5W/mK

o= Nevegt=49 )
a'l

- Temperature range | -45C to 200C

Viscosity 870poise

Density 25 g/cm’

Figure 1-13. Thermal glue.
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Figure 1-14. Additional solar concentration to CPV cell.
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Figure 1-15. Design of additional solar concentrator.
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(a) Additional solar concentrator

CPv M

(b) Additional solar concentrator attached at absorber

Figure 1-16. Additional solar concentrator attached at four sides of absorber.
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Figure 1-17. Solar tracker.
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Figure 1-19. Small size of thermal storage tank.

Table 1-10. Specifications of storage tank

HE H3 A |
1 W5 =gl STS304 3mm
2 AE 2~ 2~ STS304 4dmm
3 Zek 7 73t 0.45mm
4 A A o S5S400 6mm
5 A A o] s} SS400 6mm
6 o< A Glass wool 100mm
7 R STS304 6mm

~

© A7lAM v e 95F HZAEFHA AR FAE2(DWS-070HEC, th/d el

HH, South Korea)= t R& AF% #3371 oaix 7tdd IvjAE AFd -
Atk HIx9 o] 1,610mm, A& 880mme A7 = WFAe] B3 FES AL
o] Wdoly WPS WA 3 H(Figure 1-20). =3 @A Fo] Holwk B2l
Ha 22y Z2998H0.04kcal/m*hC) FS AMESt] FEAE HAagsT
A9 FHZ719 F7lek 42 Atol dvfAle] g f& Sz EviA
dTek 275 AFste] F71 A= Ao, Ssdx W A A
2 FAL A8 FEx A, sl PTI00QS 7427 7 A AR sttt g4,
TFORE Bl AAbREe] Ao wel B A Fe] ddstA XY Ag, HEx
el e Bxddd A7]s|HE 7hsste] 9% e dvAs 4822
A A A s
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2EHO| A (PT1002)

(b) Image of thermal
(a) Thermal storage tank model
storage tank

Figure 1-20. Large size of thermal storage tank.

£8P Z(PH-089M, €23 Z SOUTH KOREA): 9% o] 2%
o) H571% Bilstel A AR Bolot w3 FHG 7
=

A, ABFA =8 A2 A4 BAE Adsa F

— 287 -

(a) Detail dimensions (b) Real circulating pump

Figure 1-21. Circulating pump.
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Table 1-11 Specification of circulating pump.

Classification Value
Power(V) 220
Output(W) 80
Maximum press(kgy/cm?) 3
Maximum flow rate(L/min) 115
2t A A A o

80

120

370

o oHo o

180
o of—o o Tk
oof—eo o

oL,
o

o
ooHoo Heoo %

300

30

(a) Detail Dimensions (b) Support frame of flowmeter

(c) Real support frame of flowmeter

Figure 1-22. Support frame for flowmeter.
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1. 9d 259 9458 JAFA =8 JEds 2F
7h @l RE 95% FJEA 2" JEd s Ay A

453 JAJA =S JAE BHEFANUAE 771 ZARAZI= 1719 95
FRB7], Y FAUAE dujAld dADEA717] 8 F57], HEFHS fg
Linear actuator®} Slew driver % F2 4l AEEZY, =9%, ¢332z 224
A (PT100Q, Thermocouple), UAIHAZ G435 tH(Table 2-1). FEFAE 52
AbgelR o, Fdxo AFH AT SFFHZ o £3E7] AlZFEt

FA % &=
BAbell YA &
2 #3Ee= $gE vhEg
3 Hdx A, F, st 2EA1A

i

o} &9 AulE RTD 2=4l

Table 2-1 Conical concentrator systems

AA(PTI0RE XY 7714 Inlete = FY=L 571
T A HAE Outlets AH 2%

Lz ol
(Thermocouple)
Aol ojsl A7

=l 4
AlZ3ste] Data loggerdl A 4+ I=E FASAT

f

D v 2 oo
i}
Hyr
e =
o

o
N
X I

AA (PT100Q)E A

N
s
-

)
w
=
I
o
ol
2
)
n:[o{t

Eio{r
x
)

Description

Concentrating System of 45° cone angle

Effective concentrating area
Reflector material
Insulating material

Solar Tracking system

Storage tank

Pump
Flowmeter

0.785m*
Aluminium
Polyethylene
Dual axis
type: Cylindrical vertical

Capacity: 70L
PH-080M
P-1407308-2
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Figure 2-2. Experimental setup of conical concentrator system.
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Figure 2-3 Experimental setup of conical solar concentrator system.

Thermal storage tank
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2

Circulating Pump

Figure 2-4 Schematic diagram of conical solar concentrator system.
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200

Specifications
Conical solar concentrator
Aluminium
Double tube absorber
Dual axis
PA-601
PH-045M
0.785 x 4

Items
Solar concentrator
Reflector material
Absorber
Solar tracking system
Flow meter model
Circulating pump model

Collecting area (m2)
Thermal storage tank capacity (L)

Table 2-2 Specifications of conical solar concentrator system
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Table 2-3 Allowable deviation of measurement factor

Factor Allowable deviation
Solar radiation(W/m?) +50
Long wave radiation(W/m?) +20
Ambient temperature(K) +1
Mass flow rate(%) +]
Temperature at inlet(K) +0.1
Air speed(%) £10

AFEHF719 Inlet, Outlet ¥ HIEX9 2==HE
PHOENIX, USA)¥ Thermocouple (T2-T-0.32, SM INSTRUMENTS, SOUTH
KOREA)=  AH&-38tdtH(Figure 2-5). A4 oHgh ?lstel RTD ¥
Thermocouple< 0°C<} 100°Cell 4] Calibrations} i 2., RTD % Thermo-
coupl s w7719 Inlet¥} Outletell k2t 2704 A8ttt Sz W dujAl A
=84S 7hotalo] ¢, &, a-o Thermocouples Z+7b & 7i# A X 3}

Zdzx o dux exE =As9rt L8 F£HE Data logger
(GI820,GRAP-HTEC,USA) 2th& AR&ston, 58L& 2% (H4o= 17 o9 3

9]5lo] RTD (PT1002,

ox =A4o

i

Fdz9 4, %

gmloﬂl

7 HolHE 338tk RTD, Thermocouple 2 Data logger?] A}%F-S Table 2-4
of Yeb ATt

(b) Thermocouple

(c) Data logger
Figure 2-5. RTD, Thermocouple and Data logger.
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Table 2-4 Specification of RTD, Thermocouple and data logger

Specification Measuring range Error range Note
RTD(PT1002) -200C ~ 650C  +0.15TC+0.002°C/t DIN43760 Class A
Thermocouple -270C ~400C

Data Logger (GL800) -100<TS<I1370C +(0.05% of rdg +17C) Using K-type

g, A 24

a\

A7 F A dAEFS A flote] =2 AYSREE Ze AY A"
A(DRO1 Direct Pyrheliometer, Hukseflux, Netherlands)S A}-&39on, UALEA
= 259 HF FHEAS A AFF FHF7] AAY el FFEo 3 B
I FAE FASES dAEgh SHE AL E @2 WmPe] d9E e
™ Data logger(LI-19)° 23 AAA435le] dHlo]HE 433 th(Figure 2-6). 2
AbeEAl 2 Data logger?] AlY-2 Table 2-5, Table 2-63 #t}.

e

P

(a) Direct pyrheliometer (b) Data logger

Figure 2-6 Direct pyrheliometer and Data logger.

Table 2-5 Specification of direct pyrheliometer

Parameters Value
Spectral range(nm) 200 ~ 4000
Response time(s) 18
Full opening view angle(Degrees) 5
Slope angle(Degrees) 1
Irradiance range(W/m?) 072000
Sensitivity (uv/w/m?) 10
Temperature range(°c) -40 ~ &0
Temperature dependence(%/°c) < 0.1
Non stability (drift)(%/year) 1
Calibration traceability WRR
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Table 2-6 Specification of data logger

Parameters Value
Spectral range(nm) 305 ~ 2800
Sensitivity (uv/wm?) 15
measuring range(W/m?) 0 ~ 2000
Operation temperature range(C) -10 ~ 40
Temperature dependence(%/TC) < 0.1
Sampling rate(/sec) 1
Memory (samples) 3518
size(mm) 138%91%41
Wight(g) 230

Figure 2-7. Flowmeter.

Table 2-7 Specification of Flowmeter

Classification Value
Model PA-601
Measured fluid Gas and Liquid
Range ability 10 : 1
Pressure range Max. 10 kgf/cm2.G
Temperature range Max. 120 C
Allowable thermal shock Max. 80 C
Accuracy 2 % F.S

_55_



eb 9718 54

HoAFA UIEE S-S 98 )
Davis Instruments, USA)S A3 o
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Table 2-8, Figure 2-8).

=78] (Wireless Vantage Pro2 Plus,
F3 god Az HAu] 99X

L

Table 2-8 Specifications of Wireless Vantage Pro2 Plus

Items Specifications
Model Wireless Vantage Pro2
) Range (m/s) 1 ~ 67
Wind Speed Accuracy (m/s) 1
) Range (C) -40 ~ 65
Outside temperature Accuracy (C) 05
) . Range (%) 0 ~ 100
Outside humidity Accuracy (%Rh) 5
Solar irradiance Range (W/m) 0 ~ 1800
Accuracy (%) 5
) Range (mm Hg) 660 ~ 810
Atmospheric pressure Accuracy (mm Hg) 08
Realtime data Accuracy (sec/mon) 0.8
UV Index 0~ 16

Figure 2-8. Wireless Vantage Pro2 Plus.
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Q= useful energy gain (W)
A= collector area (m?)

G’ = Pure solar radiation(W/m?)

o

oY AAHE)S B A 222 TE F Aok

G =G+ g(EL—O'TA‘) ..................................... (2_2)

G= global solar radiation(W/m?)
e = emissivity

a = absorptivity

E,= long wave radiation(W/m?)

o = Stefan-Boltzman constant(Wm™ 2K %)

7,= ambient temperature(°C)

Hdd F3710 FEd G0 F59 4FHQ)

flo
ui
o
On‘.
o
1>
lo
fr
°
iuj
=
ui

Q= usefull heat collected

m= mass flow(kg/s)

c;= specific heat(J/kg"C)

T,= outlet temperature of thermal fluid(°C)

T,,= inlet temperature of thermal fluid("C)
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~(2-4)

Al

direct radiation(w/m?)

1=

(2-5)

no*aX(Tr*Zz)/[

maximum efficiency

Mo~

loss factor
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thermal fluid temperature(°C)

T

ambient temperature("C)

1,

2,

s

2] (2-6)3} #Zeol A
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Ht-&%2(T)

~(2-6)
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2

outlet temperature of thermal fluid
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inlet temperature of thermal fluid

T
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Figure 2-9. Schematic diagram of conical solar system for MATLAB.

A58 HId JA7ZHE 00t HAEFAUA, o]|FFF7], HFEX TOoRE
wote] ZF Fatol digh oA WAA HE Fi 1AY dAEAE Feskan
(Figure 2-10). &3k 3 g g8 8% 849 Ui, 97

e} AA
2-99} 2t
Convection
Ambient
Radiation

Sky . .

Convection Convection
Absorber Operating Thermal
Ambient fluid storage tank

Convection

Figure 2-10 Thermal process of heat transfer in the studied conical solar system.
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Table 2-9 Parameter values for analysis using MATLAB

Items Values
Area of conical solar concentrator

A 0.785
aperture (m?)

A, Double tube absorber area (m?) 0.046

A, Thermal storage tank area (m?) 8.9

C. Specific heat of copper (J/kgTC) 383

G Specific heat of water (J/kgC) 4186

M, Mass of double tube absorber (kg) 0.65

M, Mass of water in storage tank (kg) 500

m Flow rate (kg/s) 0.067

1, Ambient temperatrue (C) Measured

u, Wind speed (m/s) Measured

A Direct solar radiation (W/m?) Measured
Absorptance of double tube absorber 0.9

° surface '

16} Reflectivity of conical solar concentrator 09

o Stefan-Boltzmann’s constant (W/m*K%) 5.67x107®

e Emissivity of absorber surface 0.9

4 @DE 292 W oluxe wate gvise] AE&AR BAFHE AALL 7]
FoR oFFF/SG Az AUAFIPINS ek 9 ) DA
 Egsol dvkn AL lFFF/E A AL A FAEE 9
P wbge wE st a2 o2 d9R PAE 959 WBAAE AL
Aotstel A WA lFEFE A ul WAl FER/Z v Wl Ago] WEH
SRR ECE

= mc;’o(];ut(n) - ];(n))_ U;’As(ﬂ(n) - :Z;) (277)

12

v A o] A F(kg)
u A e H A (J/kg C)
A o] 2%=(C)

m = AjA ] F#F(kg/s)

e e
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Waterin

Storagetank

Figure 2-12. Heat transfer model for wall of storage tank.

Table 2-10 Values used in heat transfer equation

i #*
g dd 2o AEddEAT(k,) 149 W/ mK
Glass wool®] A=A (k,) 0.031 W/mK
T 0.34 m
" 0.343 m
"y 0.443 m
T, 0.44345 m
=dx9 =o|(L) 1 m
Sz U HA(4,) 2.14 m?
4= 97 WA (4,) 2.78 m*
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Figure 3-1. Schematic diagram of conical CPV/T combined solar concentrating

System.
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Table 3-1 Solar module analyzer properties

Measurement Range Resolution Accuracy

DC Voltage 0~10V 0.001V +1%+(1% of Vopen +0.1V)
10~60V 0.01V +1%+(1% of Vopen +0.1V)

DC Current 0.01~10A ImA +1%+(1% of Ishort +9mA)
10~12A 10mA +1%+(1% of Ishort +0.09A)
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Figure 3-2 Solar module analyser
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Figure 3-4. Experimental setup of multi module CPV/T conical system.
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Figure 4-2. Heat exchanger.

Table 4-1 Specifications of heat exchanger

Items Specifications
Model CC-I015
Horse power (hp) 2

Heating surface area (m?) 143

Fin pitch (mm) 2.5

Fan (mm) 350

Motor power (W) 66

3. AiAl =3 AolgA
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Figure 4-3. Control device for circulating of heat medium.  Figure 4-4. Solenoid valve.

Table 4-2 Specifications of control device for circulating of heat medium

Items Specifications
Model TS-120S
Max. temperature (C) 120

Rated current (A) 20

Rated voltage (V) 250

Switch circuit
Weight (g)
Capillary tube
Length (mm)
Knob type

Single Pole Double Throw (SPDT)
75

Stainless

1000

R type

Table 4-3 Specifications solenoid valve

Items Specifications
Fluid Water

Fluid temp. (C) 0 ~ 60
Ambient temp. (C) 50

Pressure range (kgf/cm?) 0.1 ~ 10
Insulation grade Class B
Electrical conn. Lead wire
End conn. PT(RC) 1/2”
Orifice size (mm) 15
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Figure 4-5. Thermo-hygrometer.

Table 4-4 Specifications of thermo—-hygrometer

Items Specifications
Model SL-173
Measurable range Temperature (C) -30 ~ 85
Humidity (2%6RH) 0 ~ 100
Accuracy Temperature (C) +0.5
Humidity (%RH) +3
Resolution Temperature (C) 0.1
Humidity (%RH) 0.1
Logging rate (s) 2 ~ 86400
Data memory 43000
Size (mm) 125 x 28 x 22
Wight (g) 60
Waterproof grade 1P67
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Figure 4-9. Schematic diagram of conical solar concentrating system.

Table 4-5 Specifications of dryer using conical solar concentrating system

Items Specifications

Part1

Solar concentrator Conical solar concentrator
Reflector material Aluminium

Absorber Double tube absorber
Solar tracking system Dual axis

Flow meter model PA-601

Circulating pump model PH-045M

Collecting area (m2) 0.785 x 4

Thermal storage tank capacity (L) 500

Partll

Dryer size (mm) 1400 x 1400 x 2200
Heat exchanger CC-I015

Motor

Plyurethane panels (mm) 100

Flow meter model PA-601

Circulating pump model PH-045M
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Table 4-6 Specifications of charging controller

Model TS-MPPT-60

Maximum Battery Current 45amps~60amps

Peak Efficiency 99%

Nominal System Voltage 12, 24, 36 or 46 volts DC
Max. Solar open Circuit Voltage 150 volts DC
Battery Operating Voltage Range 8-72 volts DC

Maximum Self-consumption 4 Watts
Transient Surge Protection 4500 Watts/port
Charging algorithm 4-stage
Temperature Coefficient -5mV/C/cell(25°ref)

Compensation Range -30C to +80TC
Dimensions 291mmx>130mmx*142mm
Weight 4.2kg
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Table 4-7 Specifications of battery
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20HR | 25AMP | Zo](L) | Wol(W) | =o](h)
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Erl‘.*:rg
LE=RE
E ol

Figure 4-12. Batteries for storage of photovoltaic electricity.
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Table 4-8 Specifications of inverter
way | st | 299 | Auzd | 44 | miedn | o9t mm)

KE-16024B | DC24V | AC220V | 1600W | 1100W 370mA 220x72x290
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Figure 4-13. Inverter.
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(a) DC electricity meter (b) AC electricity meter
Figure 4-14 Electricity meter.
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Figure 5-1. Ambient temperature, inlet and outlet temperatures of absorber, and

direct radiation with different flow rate.
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Figure 5-2. Ambient temperature, inlet and outlet temperatures of absorber, and

direct radiation with different flow rate.

_88_



2L/min
100
y =-235.91x+ 80.585
— so | R?=0.9014
)
g 80
g
- M
i5
60 L
50 1 1 1
] 0.02 0.04 0.08 o.08
(Ti-Ta)/1a ("Tm2/W)
4L/min
100
¥ =-159.83x + 86.937
— 90 R?=0.8833
3
& 80 | W
(=
a
5 70 r
i
60
50 1 1 1
] 0.02 0.04 0.06 0.08
(Ti-Ta)/1a ("CmZ/W)
6L/min
100
y =-91.644x + 81.861
— 90 R? = 0.8555
-8
& 80 | M o e 2SS PN
[=
=1}
s 70
&
60
50 1 1 1
o 0.02 0.04 0.06 0.08
(Ti-Ta)/1a ("Cm2/W)
B 5L/ min-Efficiency A &L/min-Efficiency @ 2L/min-Efficiency
80
85 | A n =-159.83T + B6.937
—_ : AL A L4 R* =0.8833
R
w2 I _
£ ", =-91.5447 + B1.861
S L R* =0.8555
& 75
| e
70 4
L ® % -o35917+80585
B2 =0.9014
55 1 ]
0 0.02 0.04 0.06 0.08
(Ti-Ta)/1a (T m%/W)

Figure 5-3. Collecting efficiency of conical solar collector with different flow rate.
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Table 5-1 Solar collecting efficiency with different flow rate
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Figure 5-4. Comparison of expected and measured temperatures of heating

medium inside storage tank with the change of solar radiation.
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Figure 5-5. Comparison of expected and measured temperatures of heating

medium inside storage tank with the change of ambient temperature.
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Table 5-2 Experimental environmental conditions of the flow rates
Direct solar radiation

Flow rates Inlet temp. (C) Ambient temp. (C)

(W/m?)
3L/min 2406 ~ 47.79 184 ~ 23.7 659.1 ~ 868.3
4L/min 28.08 ~ 48.97 229 ~ 277 625.6 ~ 880.3
5L/min 18.02 ~ 38.50 175 ~ 22.7 766.1 ~ 868.3
6L/min 23.20 ~ 42.22 199 ~ 238 5799 ~ 844.7
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Figure 5-8 Operating conditions according to time of the flow rate of 3L/min.
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Figure 5-11. Collecting efficiency against at (7, — 7 )/1, for the flow rate of 4L/min.
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Figure 5-12. Operating conditions according to time of the flow rate of 5L/min.
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Figure 5-14. Operating conditions according to time of the flow rate of 6L/min.
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Figure 5-16. Collecting efficiency against at (7, — 7,)/I for the flow rates.

Table 5-3 Experimental results for the different flow rates

Description 3L/min 41/min 5L/min 6L/min
Max. (%) 79.25 79.83 79.80 75.68

Efficiency Min. (%) 56.94 59.95 51.06 53.65

Ave. (%) 68.0 70.0 66.7 65.00

R-square 0.8006 0.8627 0.8349 0.8333

n=T4824(T,— n=-1150.1(T, n=-584.64(T, n=-1216.2(T,

Trend line T./L -T./L -Tw/L T/,
+82.903 +89.053 +75.752 +82.607
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Figure 5-18. Thermal performance of storage tank.

Table 5-4 Efficiency of thermal storage tank

. Storage tank Temperature reduction
Experiment ; X n(%)
capacity (L) factor (°C/hr)
1st 0.33 94.48
ond 200 03 94.87
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(c) 6 L/min
Figure 5-24. Analysis of temperature distribution of absorber with infrared thermal camera.

- 108 -



Figure 5-25. Analysis of temperture distribution of absorer attached with CPV cells

at flow rate of 4L/min using infrared thermal camera.
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Table 5-5 Drying time of agricultural products

; IMC (%) EMC (%) Half
. Drying . .
Experimental ) ur Thickness drying
material em‘(’f; © m  @b)  (wh) @b) (wh)  time
(MR=0.5hr)
Green
] 50 0.3 143632 935 25 20 3
pumpkin
Carrot 50 0.7 2433  70.87 43 412 2
1 ¢
0.9
__o08 \
S 07 \
05 ,
'g' 0.4 :
s 03 MR = 1.3273-0:308
0.2 R? = 0.9922
ol
0.1 B
0 B e —
0 4 8 12 16 20
Time (hr)
(a) Dry curve of green pumpkin
1
09 |
0.8 "'-\_
€ o7 ‘
:9: 0.6
S os
é 0.4 ¢
203 ..
0-2 T~ MR = 0.8897¢ 0285t
0.1 T R? =0.9632
0 v ——— & >
0 4 8 12 16 20
Time (hr)

(b) Dry curve of carrot
Figure 5-29. Dry curve of agricultural products.
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A8 ke HFE e 9MkWhE, 839 ddago] BuE Ao uls-
Aol REAY 7Heol 404kWh JE¥ S8 Zoja 9 Fuojadn] 7Hgo] 50kWh7t A8
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Table 5-6 Comparison of electric dryer and solar utilization dryer
Solar utilization dryer

Contents (Governmental assistance)
0% 6026
Single dry capacity (kg) 50 50
Annual dry production (kg) 5,100 5,100
Drying time (hr)/1 time 10 10
Annual operating time (hr) 1,020 1,020
Life (year) 20 20
Consumption power (kWh)/1 time 34.36 34.36
Consumption power/year (KkWh) 3,505 3,505
Equipment cost (won) 4,500,000 1,800,000
Monthly electric cost (won) 14,753 14,753
Annual electric cost (won) 177,038 177,038
Depreciation cost (won) 200,000 200,000
Residual value of dryer (won) 400,000 400,000
Annual total .cost for 20 year 3,540,760 3,540,760
operation (won)
Saving cost for 20 year operation ~759.240 1,940,760

(won)
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Table 5-1 Application fields for system developed in this stud
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