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Development of the Drying System with Energy
Saving for the Drying of Agricultural Products
Using Parabolic Trough Collector
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SUMMARY

Our country has very good advantages on using the solar energy because of
receiving the sufficient sun energy due to the geographical position and seasonal
weather conditions. The development of technology for the utilization of solar
radiation as an alternative energy is very important for the use in agricultural
industry as an agricultural energy source. Thus, the objective of this study was
to develop the solar drying system with the parabolic trough collector (PTC) for
energy saving in the drying of agricultural products. The results were obtained

as follows:

1. Development for the solar collecting system of lab scale with the PTC

(1) Design and construction of experimental solar collector with the PTC
Parabolic trough solar collector constructed as lab scale was composed of

parabolic trough refractor, absorber tube, and supporter. Rim angle of parabolic

trough solar collector is 90°, and the arc length of refractor is 596.8 mm. An

absorber tube was installed at the focus of reflector.

(2) Analysis for performance of the PTC system according to absorber type
Stainless tube as an absorber had better effects on the performance of the
PTC system in compared with copper tube. However, Stainless tube coated in
black had better effects on the performance of the PTC system in compared
with it without coating. Also, absorber tube with polycarbonate (PC) tube was
better than it without PC tube on the performance of the PTC system. An
absorber of stainless tube coated in black with PC tube was the best one on

the performance of the PTC system among various absorber types.

(3) Simulation model of the PTC system

This study was conducted to simulate and analyze the performance of a
parabolic trough solar collector. Working fluid in the storage tank is pumped and
heated by collected solar radiation passing through the absorber pipe and goes
back to the storage tank. This heated working fluid can be reached up to 200
C depending on the weather conditions and a system composition and can be
used as a thermal energy source. The simulation of the PTC showed that the
calculated working fluid temperature reached 160 C at 4 PM. The predicted

results against experimental data were compared to verify the performance of



the PTC. The experimental data were used from the previous study by Eskin
(1988). The simulated results were agreed well with the measured values. The
dominant factors influencing working fluid temperature are the solar radiation,
the size of a solar reflector, and flow rate. Considering unchangeable solar
radiation, the size of the reflector and flow rate should be the main factors to

achieve target fluid temperature.

(4) Simulation and performance analysis of a parabolic trough solar collector
This work presents the simulation and model validation of a lab scale
parabolic trough collector (PTC) for water heating system. The PTC simulation
was performed using energy balances and heat transfer relationships and the
developed model was compared with the experimental results. The PTC was
continuously operated for 72 hours. The temperature of the water in the storage
tank was increased from 33.5°C to 63.6°C within the test period. The average
beam radiation was 495.11 W/m?’ during the collection period (daylight hours)
and the instantaneous efficiency of collector was 60%. Significant amount of
heat loss was noticed from the storage tank. The predicted temperatures of the

water in the storage tank were in good agreement with the measurements.
2. Development for the solar collecting system of real size with the PTC

(1) Design and construction of solar collector with the PTC

Parabolic trough solar collector constructed as real size was composed of
parabolic trough refractor, absorber tube, and supporter. Rim angle of parabolic
trough solar collector is 73°, and the arc length of refractor is 2450.4 mm. Also
it has parabola length of 1,868 mm and parabola height of 422.8 mm. An
absorber tube with stainless tube inside vacuumed glass was installed at the

focus of reflector.

(2) Design and construction of solar tracker

Solar tracker was constructed with the linear actuator for tracking an altitude
angle and the slew drive for tracking an azimuth angle. Azimuth and altitude
controllers of solar tracker are operated by the signal of solar tracking sensor

with dual axis.
(3) Design and construction of water storage tank and supplemental tank of
heating medium

Storage tank with the capacity of 1500¢ was constructed as stainless

_10_



container insulated with polyurethane of 120 mm thickness on outside wall. Heat
exchanger was installed inside the storage tank. The water in storage tank is
heated by the working fluid as heating medium circulating inside the heat
exchange and absorber tube of the PTC. Heating medium is stored in the
supplemental tank, and it is supplied into the absorber tube when it is needed

for making up.

(4) Construction of temperature difference controller

Temperature difference controller was constructed to control the fluid
circulation pump by detecting the difference of outlet fluid temperatures of an
absorber tube of the PTC and the heat exchanger in the storage tank. If the
temperature difference is more than 8C, the pump is operated. However, the

pump is stopped in the case of the temperature difference below 4C.

(5) Performance analysis of solar collecting system with the PTC

In an experiment for the performance analysis of solar collecting system with
the PTC, water was used as working fluid for heating medium which is
circulating inside an absorber tube and heat exchanger. Also water of 1,000 ¢
was filled up in the storage tank. Various flow rates and absorber inlet
temperatures of heating medium were investigated for the effects on the
performance of solar collecting system with the PTC. The flow rate of heating
medium circulating inside an absorber tube and heat exchanger was varied as 2
Z/min, 4 ¢ /min, and 6 ¢ /min. Absorber inlet temperatures of heating medium
were also varied from 25C to 60°C with constant flow rate of 55¢ /min. Solar
collecting efficiency was decreased according to an increase of absorber inlet
temperatures of heating medium. However, the degree of efficiency decrease is
very small in compared with that of evacuated solar collector. Also, the optimum
flow rate of heating medium circulating inside an absorber tube and heat

exchanger was presented as 4 ¢ /min.

(6) Simulation model of the PTC system

This work studies the simulation of a parabolic trough solar collector (PTC)
for water heating system. The mathematical model was simulated, compared
with the experiments and calibrated for the better results. The model was
calibrated by reducing RMSE (Root mean square error) values. Calibration was
performed on the convective heat transfer coefficient between the absorber pipe

and the ambient air. The maximum, minimum and mean deviation between the
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measured and simulated results were only 0.9°C, 0.09°C and 0.31°C respectively
in the calibrated model. The temperature of water was increased from 33.7°C to
48°C 1in 12 hours of experimental time span. The instantaneous efficiency of the
collector was calculated as 70%. The simulation results showed good agreement
with the experimental results. The calibrated model was better fitted with the

experimental model.
3. Development of solar drying system using the PTC

(1) Design and construction of solar drying system

Drying chamber was equipped with controller, heat exchanger, auxiliary heater,
fan, temperature sensor, tray, ventilating hole, and electric power wattmeter.
Heated water inside storage tank is circulated into the heat exchanger with
heating air inside the drying chamber. Heat transfer area of heat exchanger is
14.3 m® Fan of 350 mm diameter which, is operated with the motor of 66 W is
attached in front of the heat exchanger. An auxiliary heater of 5 kW is also
fixed at the rear of heat exchanger. Solar drying system which was designed
and constructed in this study is composed of the PTC, water storage tank, and

drying chamber.

(2) Analysis of temperature, relative humidity and air velocity inside drying
chamber

Temperatures were measured at three positions of each top, middle, bottom
part of drying chamber. Humidity was also measured at a center inside drying
chamber. Air velocity was measured at each two positions for top, middle, and
bottom parts inside drying chamber. The variation of temperature was 5, 4, and
3C for each setting temperature of 40, 50, and 60C. At the setting temperature
of each 40, 50, and 60, relative humidity inside drying chamber was 11, 7, and
3,7% with each variation of 2, 1.2, and 1.0%. Air velocity was each 0.88 and
0.82 m/s, 051 and 0.49 m/s, and 0.49 and 0.45 m/s at left and right sides of
each top, middle, and bottom position inside the drying chamber. Air velocity
was greater values at left part and higher position rather than right part and

lower position inside the drying chamber.

(3) Drying characteristics of agricultural products with the PTC solar drying
system

Drying characteristics of apple and radish were investigated with using the

PTC solar drying system. Apple and radish were sliced into the thickness of 1,
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2, and 3 mm, and dried at the drying temperature of 50, 60, and 70C. Weight of
drying sample was measured at constant time interval during drying period to
analyze the change of moisture content. Equilibrium moisture content was
lowered, and half and total drying times were shortened with increasing the
drying temperature for all of apple and radish slices. Color difference (AE) were
increased with increasing the drying temperature for all of apple and radish
slices. Moisture ratio (MR) with drying time was well presented as an
exponential function. The thermal diffusivity was increased with increasing the
drying temperature, and it was at the ranges of 3.96629x10 '~ 7.08264x10 "
m’/hr for apple and 3.10773x10'~ 4.64735x10" m*hr for radish.

4. Analyses for the performance and the economic values of the PTC solar

drying system

Suitable amount and temperature of water inside the storage tank were
determined according to drying temperature. Energy needed for drying by using
heated water inside storage tank was compared with that consumed by general
dryer using Kkerosene for analyzing economic values of the PTC solar
drying system. Water of 9604 at the temperature of 60C inside storage tank
can be heated daily into 80C by using the PTC. This heated water of 960 ¢ at
the temperature of 80C can be used for drying at the temperature of 60°C for
24 hours. Also, heated water of 411 ¢ at the temperature of 80C is enough for
drying at the temperature of 50C for 24 hours. The results of analysis for an
economic value showed that the PTC solar drying system has great benefit, if it
can be used above three years in compared with the general dryer using

kerosene.
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Description Dimension
Focal distance (/) 130 mm
Rim angle (¢, 90°
Parabola length 1600 mm
Parabola aperture 520 mm
Aperture area 0.832 m”

Concentration ratio 7.63
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<E 1-2> AEdolAdd AHgHd S8 Wa(Eskin, 1988)

Symbols Parameters Value Unit
d;/d, |inner and outer diameter of absorber pipe 0.042/0.037 m
0u density of absorber pipe 7854 Kgm?
Cpu specific heat of working fluid 3000 J/Kg° C
e, emissivity of absorber pipe 0.9
CR concentration ratio 48
1000 4
750 |
< »
S 500 | 2
250 |
0 006 >000-¢ 0 L L L L
0 6 12 18 24 0 6 12 18 24
Time (h) Time (h)
(a) L= (b) &%
30 100
20 t+
© R 50 |
10 t
0 0 1 1 1
0 6 12 18 24 0 6 12 18 24
Time (h) Time (h)

(c) 7] &%
<A™ 1-21> 71 AR
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Gl AFEE frEFo] 0.01kg/sW ek 0.002kg/s, F 7HA A2 B8
o]l 0.01kg/s 4 W, &3 9AIFE s FAe] oAFgI Sk zbolrt 12T
AEE AFoR 15647 21TE 713 2 Zol7k w3 184 7, 141TC=E A=A 3}
T A B 5 Aok (d 1-22). F#Fo] 0.002kg/s¥ ®l, 1041914 12A] ol = FAF
3 s Yehidlen 154140 24TC= 7 & ZolE JEALE 184 A=
130Cel -8k A sk oF 10C A% zFol7F HASATHIIH 1-22). 3] 0.002kg/s

A W AF FA AnLwEr} U B olfE FFol 0.0lkg/s k567 4
of Tl ARE w9l dolF AEFA FsH AUAT wol

200

———predicted (001kg/s)
measured (001kg/s)
—a——predicted (0002kg/s)
— ———measured (0002kg/s

£ 100

50

<a9 1-22> A 54 2% 2 odF 2% FF v

Z4% F5d 250 S¢S Has] By, fFo] 00lke/s &, 8AFH
AAE] Ezb7b wAYsy] AlAske] 164178 25T R Hdl Aol B ATE 174
ofF, dEd Sx7F Fawdel xRt v WeiHArh 1y 1-23).  0.002kg/s
W, 2 64 o] 2Afol7h LA 154 Ol%i, dSd 2E7F Fasdng
S WERETHE 1-23). el mhE Fade] SRwstel A dSgte] At
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PTCol §55% B% ouxer dddo] oFojqe Axd Ad: F
=

(absorber pipe), 2§ FA(working fluid), % Z(storage tank)’} UTHH
1-25). &3S 32¢ FeFAY &£ ¥H3E dFst7] f8 dgaudA, s
A, %—’Fl, aal FEE Aboldl A At E dAEs B3 oo dux Hy
WA S et RdES sttt

<9 1-25> PTC HISE A ~H,
(1) &< (absorber pipe)

07, oT,
Aaka—z—i_TarYr‘[w_Wdao[hw(];_ :To)—i_hr 9ky(Z1_ ﬂky)] ﬂ-dathz(];_ Tv) = Pl A—
ox 7o w [l a’"a ot

(2) 25 A (working fluid)

oT, . oT,
pU)CU)Aﬂ) 8t + mﬂ’cﬂ’ B:E - ﬂ—dazh7 ( ]—111))

(3) =< Z(storage tank)

dTs
mgc

sTw o gt mwcw( w 7;)
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H PTCe =7+

A}
2]

4 5o] Y1 1-25)
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¥ 3% A%

<

1

Tor

Spectrum

series,

2000
Dimensions
130 mm
90°
1600 mm
520 mm
596.8 mm

FATHLE 1-26).

S

A5

=

=

Rim angle
Parabola length
Parabola aperture
Parabola arc length

Parameters

Focal length
<Y 1-26> 714AE §
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<
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Wind speed Solar Radiation
3 800
600

2
» NE
g s 400

1

200
0 0
6 12 18 6 12 18
Air temperature Relative humidity

30 100
3
o 20
5
® X 50
g
g 10
(]
i

0 0

6 12 18 6 12 18

Time (h) Time (h)

<Y 1-27> A 73R E.

predicted

e measured

Temperature (C)

<a¥y 1-28> FERAe 54 2: 2 JF 2% H

Lo

28

predicted
e measured

241

Temperature (C)

L L L i L i
8 10 12 14 16 18
Time (h)

<" 1-29> AREA W AEfAe 54 % 495 2%
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et (1™ 2-1). &
(2020 mm)E aL7gsto] whAbRe] %
E‘r(Z“” 2-1). PTC3 HkA}gho] 2t

3E 5-19 yvERd A Zo] x5 X 7S 50 m
v gholl wel g wA 2 ] o] A 7}#—0}01 P R = N A
935%9] WHALE S zte dFulE Mg U 79 A& (Solar Surface 992, Alcan
Co., Canada)= AH&sIATH LR 2-2). H

=]

& o] &3] ALtstt

é&&
o o m

8 ZANTEA 1ol 3

fo o 32 [H

i

S=2Al (see- tan-"g7) Hnfsee " tan g )]~ (2-2)

A (2-2)°lM ¢ FZhe dERY, & ATl 73R AAsn & Al
A A zkgE PTC ‘ﬂi/\}vﬂr 3o Aol(S)= 24504 mmeo] L, Aol 1,868 mmo|TH1H
2-2). PTCE RbAAS wkAbs A A flel F7] 064 mme 3M GHHo|ZE o
Gote] mAT AL, WAk 2 s JAduS AT HEd AAYel 1A
stttk AztE PTCE ®BYd HE7l+= 19 2-33% 2ow, dAxdHS 19 24
oF 23, PTCE HdEydE719 A2 & 2-2¢] vefdiol ] Atk
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a9 2-1. PTCE ¥HALE A A o).

3 2-1> PTC WA zZ g Az A AL &5 FH3E

x (mm) y (mm)
0 0

50 0.799233
100 3.196931
150 7.193095
200 1278772
250 19.98082
300 28. 77238
350 39.1624
400 51.1509
450 64.73785
500 79.92327
550 96.70716
600 115.0895
650 135.0703
700 156.6496
750 179.8274
800 204.6036
850 230.9783
900 258.9514
950 288.523
1000 319.6931
1050 352.4616
1100 386.8286
1150 4227941
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<3 2-2> PTCE ®HYEHdL7Y FaA+
Description Dimension
Focal distance (f) 782 mm
Rim angle (¢r) 73°
Parabola aperture 2,300 mm
Parabola length 1,868 mm
Parabola area 4.2964 m”
Parabola height 422.8mm
Arc length (S) 2,450.4 mm
Concentration ratio 11.62
2 B5B

oo AlgH F(SEIDOS6, Beijing Sunda Solar Energy Technology Co.,
EHS FEEHS Fol7] 8 WEIF XF

Ltd., China)<2 HEsla F7|29 dRds

Aeld AEedY Farakd %ﬂiqﬁﬁﬂfﬁgvﬂﬁgiﬁﬁlmnmﬂﬁ 4

o] 2,000 mme|™, W 274 63mm, Z2°] 1900mme] 2H| g~ Fo] AH|H o

UTHLH 2-5, 1% 2-6). & @ WHo 2Hdgx & 9 UL FFE0

092 o]l ¢Fulw AstE A8 ZREA7E Hol o], i HAGe] ¥ W2
o}

T¥sk= ArjAlel AU S5 7 de 22 Ho 9



1874

} A] o]

R

Z Z(bellows)Z o] 209

=11]
=

OFIL O
O E T

atol freld el

gro] b5

)

e
2

)

)

i

1,874 mmeo] L

-
1

o]

102 mme] ™,

o] 7
ot

_58_



A AA B A=

B Ome ®E oo ®W O % e S P ~ —
ﬂwao%ﬂdrmo o%ﬁ% 7.{%%2x1§%k T ol An
®_Fe_ - AT < TET AT & o F T U
I X ol e oF - ok N o T
o - ®E S o| o N A TR W
0 Wr ¥ NRT T 3 ol - < B T oox oy o N Q
. _ 2 o N i Mo o R PN
I S w oM T o o R /=t ol S T
%o HM = KA = ™ - do R o o o mt A= o T W e ol W Y
N T ] o T gk 0 X S
gFeerrr waYg IR N
Y Eddadt hgw¥ LReszTriET® 2N
=Y 0 g o A_I‘m_pl 1.|7ﬂn0];0 qj._l
P EEETY s ® T ST T kel b
WWmﬂEa%% Mﬁﬂmwﬂ ,MW_]ﬂﬂmxwr@ﬁo ul_zfutw
s ET PR B2E N rEELTWEALTD W=
% SxTEx we® MA YR H T R o g
B O mm _m WD W o ® L 8 Gl
= o Louc O o o © °o T A T Woﬂ,%rﬂ .w o X o o
SEfrin’ S.37p FEeRfERIfE Caw
B = 3 o xH ° =
e fB g2 ®e®2 oo a0zx8s L0
A.]q.%cxﬂuiﬂﬁﬂﬂ ﬂ%%%ﬁ. ol %@W&Eﬂo n_:wmomo (aN -
= ! —~ ~ !
@aﬂrdiﬂc,ﬁ Nﬂjl_ﬁ%ﬂ_uv H%ﬂﬁﬂox_.unw_#o,_nﬂmﬁmao_e HOX
% ol 2 ol py ~ o = = ook W Ho - o) = I "2 ok
S o, S oF Mool B T N e
g X X o ] T o N7 20 T
MEEPATL#L%OF mﬁz EW ﬂmngeu#ﬂ,_romuﬂw Z#ao
o o] 3 ) o= 0 e K < _
2do 0% Zrer TORLTLEREN SR
. N = 5 o __ X o
s R E R Amj@ﬂxmﬁﬂ&gﬂ Mﬁﬂ%
[ n ) — 0
Wﬂw_@]ﬂrﬂw ﬂ@ﬂ&ﬂr%ﬁw@%WEW%M@%W?ﬂ%
I T o S - R N
] ou = iy iy —~ I[N
Ixdacgaie © o omi 5T 0% ey w5}
_ < oR xr _— N
S I AR R i = S R
% o D — e T @ 2o ® T - T g R
A5 Mmoo T PR e T Lo BN N g e B
T T - o R e T R AR
ﬁomawaﬁo_ﬁ wuwxut.mm_.o#mﬂ oTWﬂu7H]ﬂ‘_wer7uomﬂ1
R o o Brogr IO T oo P s QAN g
o =TT F T W XMW I omoE N KR gy 00 M
ﬂﬁr == — —_ o 0 o X
~N O N B TRl - SR I S S BN - [y
TERWET AW T DT i I
TR o T oM R s M K NN ok oy

_59_

1

0]
yul

_(H

171

(S

]

=z
-4

[e)

=

A

=

S B
=

al

%
&

35
AFAA B

o,

2l
B

Linear Actuator

.



DCEE A= FaA2el 2-= e YF4 M (Heliostat Dual Axis Solar
Tracking Sensor, HELIOTRACK, USA)2] 21350 93] 2ta %™, TRK-200°] 2k
LA AEEA AF AEEZHE AMESIAT HSEF4 A2 7t 4 F59
2hEEAA S v 2

(1) 8% =7 (Elevation) 42 $3+ Linear Actuator
Linear Actuator® ZZ=(1¥ 2-7)+= SUS 304 A A& AM&3g a9-AH & A3}

AT dRUES Agekel A% 2 videl 9P welsto] FHHEF 50,000N,
FH3% 20000874 AD 5 9w AFshgon, 38ppr 242 2714 A=

E AgSle AP XS Ao & 4 JQExE vk T EE 13 Hel <o
0.017 mm ©°]E3st™ F5E3A 1.169 mm/sece £E=, Fa7 z& o wj= 07
mm/sec?] X2 FZeil 23F YES o]y HYY & £ FWE 29AE

ARkl 2 HE 0~NV==E xﬂé}s}@ ordS Fdwstgdrt. # 2-39] Linear
Actuator®] 7]¥ AlgS yERlen wjd = 28 2-8o] YER ST

<719 2-7> Linear Actuator®] 7]¥ %,
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<3 2-3> Linear Actuator®] Al ARk

Dynamic | Static load Speed | Motor revolution per| Current Input
load (N) (N) (mm/sec) Stroke (R/mm) (A) voltage
20,000N | 50,000N 1-}122{10)-7 IRO017mm  |0.7/5(Max)| 24vde

<71¥ 2-8> Linear Actuator®] ®jA %=,
(2) B W ZHAzimuth) F4S $13F Slew Drive

off 5] N2 B¢S F4317] 918l AF-&3F Slew Drivex= DC R ¥ ol 73:19] 7=
Fakel fx2 EEO HU EA= 5886N-m, Slewing £

=

= 1278N-m=z %4 T 6304kg7HA] AY F == s ¥ J g
T g HoR T2 T F AEF ARSI =S 4 v]o] WwAS dEgto A
o5 ool ot o EBEA} REC ALEHA FEF sta, 7ol AHUEE =9
NS HAasg sidon, 5 W A YnE 2xE F2sta 270% 3
g A YuE 299X E FIste 7|E fX e FAWHLAE HAAsdnh. 1d
(2-9) 4 (2-10)2 Slew Drive?] 7]%2 3 9 FA=HES YE L ok

<19 2-9> Slew Drive?] 7]¥ %,
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HOURGLASS WORM SLEW DRIVE

61:1 Worm Gear Reduction Ratio

X
- a4 ! -
2 161G THRL
3, A d ALY SPACED
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.
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SIGHER DESCRIPTIC Aeprwd Dan w | e @ o

A=,

<19 2-10> Slew Drived]
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& = (Altitude) 542 9% Linear Actuator?} Bl ¥ ZH(Azimuth) 34

w DriveE ©]83le] BGFAGAE AZetAH 1y 2-13). & Aol A
H EHSFA4 A9 Linear Actuator®t Slew Drivew 2-3 A A A
(Heliostat Dual Axis Solar Tracking Sensor, HELIOTRACK, USA)2] Az <
af Zrwels FAA Ao, FE WAoRE 5 FA O FAE Azimuth
controller?} Altitude controller® —+&°] ¥t} Altitude controller~= DCEHE A}
43 AF AUy S o] g3sle] 1=E F43a, Azimuth controllers DCEE S A}
&3 WeE AskA HAAUH. HEFHAEAY Fe TAE 2HEEES 19
2-149F Zom HSF4 Axe stdeo] ZAYER uA4E 974 1398 mm, 77
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< ¢3l &Ad(thermocouple T type)E #1741 m AFe a3 3o AXs3H
7t =M= Data Logger(GLS00, GEAPHTEC, USA)d| A3l =5 10&
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AR SEE Ul 29 o5 2 SA4E == 14

<E 26> HAYG L H BdS 3
Predicted(C) Measured(C) Deviation(C)
Minimum 33.4 335 0.1
Maximum 48 49 1
Mean 40.89 41.28 0.39
Range 14.85 155 0.65

(7h 2 57

rdeo] HrtE 98l vds A4 WA o] AFEEHSA S, Root Mean Square error
(RMSE)¢} R-squared®} #2 &4 WIyso] AFEETHKIm et al, 2007; Stone,

1993).

n L
2

RMSE, = (= Y1)

i=1

Ashe obdle] Aol RMSE, vlsh stk @27k F48 4%, RMSE, &
2 Ay Fo st 348 5+ 9domz o EAd t$ds] s, Kim et

al.(2007) % Stone(1993)¢] vl #E AAES A&

Al 1A FA BAQ] R-squaredv SAH ¥ HolE o dS5H FAEHe] dA A
T2 EAHoR Hrete AHolth R-squared’t 13 #ow 93t o =S Qo]
=4 4 d33g FxE5 45 #AV glude ol

n(3X,Y) - (3 x)(3v)
R— squared = [ - l = ':ln =l = 2 ——— (6-11)
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EA Ao W BT Y] BRI E 0.9+2%0]H, A A A AlGE 19 2-3590 4]
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o} z+o] ofgje] RMSEE +AZE 3o 092 ZAA st
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0 01 02 03 04 05 06 07 08 09 1
radiative reflcetion factor

<9 2-36> RA RERRE A B dSE A g2 W =9 259 Ha
(09/14/2010).

A 2 34 2 438 Hu, H4& 2 Hy 2% dJXE 47 1TColA 081T,
0.1CelA 0.09C, 039CeIA 031TCT= FASATHEE 2-8). BA EPd RMSE,,
RMSE, 18|31 R-squared W22 Z+zb 0.53899 41 0.4910, 0.013414 0.0125,
0.9955°1 4 0.9956(18 2-37)°0.2 W3latgdon % 2-90 & AT

<E 2-8> HA HZe] AU

Statistical indicators Original Calibrated
RMSE, 0.5389 0.4910
RMSE, 0.0134 0.0125

R-squared 0.9955 0.9956
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Calculated water temperature(°C)

<a¥ 2-37> BA A 2

50

45t

40t

35t

R-squared=0.9955

30
30

35 45

40 50
Measured(°C)
5

50 - - -
R-squared=0.9956
4571 1
401 1
35F 1
30 i i i
30 35 40 45
Measured(°C)

50

24 9 o3y 29 £ 44 11,

<HE 279> HA F 4 E Aq5H B 2EHA
Predicted(C) Measured(C) Deviation(C)
Minimum 33.41 33.5 0.09
Maximum 48.19 49 0.81
Mean 40.97 41.28 0.31
Range 14.78 155 0.72
(W) 2A" g HF
HAYE nde A3 PTCE AHE, A8S 53 2010d 7€ 10¥9 =849 zZ+zt
o] HlolHE Fd HASSATHLH 2*38). 2 3 T4 A%< RMSE, ¥} RMSE,
e 247} 04732914 04333, 0.13°14] 0.012%2 ZFAerRar, AAAGT= 0981790 4
09818=% F7teldtt. BAI4 3+ % 2-10& F3) & 4 Jom, 17 2-399 A4
Heh 24 9 o3 pme Sid ext A w3k
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30 1 Il i i i
6:40 8:40 10:40  12:40 14:40 16:40 18:40
Time (hr)

<Y 238> RY PES 98 Y F 5 % 3® 92 o) ex

(10/07/2010).

<E 2-10> 2 B Fo g

Statistical indicators Original Calibrated
RMSE, 0.4732 0.4333
RMSE, 0.13 0.0120

R-squared 0.9817 0.9918
50 T T 50
R-Squared=0.9817 R-Squared=9818
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Y
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i
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30 i i 30 i i
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Nomenclature

A, ik m2

A, 7lel w=EH A% e HA m?

Aw ;(1—50 ;q]‘,] Oﬂxﬂd XJ m2

CR ] (concentratlon ratio)

. Srael v4g JkgtC !
Co 25 Al v E Jkg tC !
Co A B 5o =9 H4g Jkg ' C!
d,; T F AFMA) m

o Frd 95 A @A) m

d; d= 9 =439 ; WA zte =}

h; s A 2 Fad Atold A e dlFEdE AT Wm ™ 2C ™!
Py ghy Frd 2 FHE YR V)9 EAME A AS Wm™2C ™!
h, T8 2 7] Alolo A Y dFE AT Wm™2C !
I g A Wm ™2

k, TTde ddEAT Wm K
L 3 doj m

m, A WA 5] =9 A kg

my, A o] AR kgs™!

n tlole e 4

Nu Nusselt 4=

Pr Prandtl 4

Re Reynolds

T, Y 2k C

T, T 2% T

T, A WA i) 29 &% e

T, a8 o7 % T

T, A 2% (¢

t Al 3E seconds
U, PTCe E&AA4 Wm~2C !
U, AR Ao di7|2e] EAIAGAS Wm =™}
%4 =& ms !

w AL 7= m

X, i A =gk

T ekl m

Y, i WA SAH %k

G AR

o BT A

. PTC €a&

m FtE

oy 25 FA A A kgm st
Pa kgm™?

Pu s A dE kgm ™3
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