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Nomenclatures

Ac . surface area of solar collector (m’)
C : conductance (W/K - m)
Co . specific heat (J/kg - K)
Fr . heat removal factor (-)
G . solar radiation (W/m%)
h . heat transfer coefficient (W/m’K)
K : conductivity (W/K-m)
L : length (m)
m : mass flow rate (kg/s)
Q : heat (W)
Qu : useful heat gain (W)
r > radius (m)
T © temperature (K)
t © thickness (m)
U . overall heat transfer coefficient (W/m)
W : circumferential distance between U-tubes (m)
Greeks
n : efficiency (-)
€ emissivity (=)
U : viscosity (=)
TaQ © transmission absorbance coefficient (-)
) : nanoparticles volume concentration (-)
0 : density (=)
— v -
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Subscripts

a . ambient (-)

b . fin base (=)

bf : base fluid (=)

c : absorber coating, copper fin (-)
e : edge (-)

fu : fluid (=)

g : glass tube (-)

h : header tube edge (-)
i : inlet, inside (-)

| : loss (=)

nf : nano fluid (=)

np : nano particle (-)

0 > outlet (=)

p : pipe (-)

s : synthetic (-)

t © tube (-)

u : useful (=)
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ABSTRACT

Exper imental study on the efficiency comparison of
flat-plate and U-tube solar collector using CuO
nanofluid

Un—cheon Ju
Advisor : Prof. Cho, Hong-hyun
Mechanical&Metal lurgical Education

Chosun University

In this study, thermal efficiency of a flat-plate solar collector and a
U-tube solar collector using a Cu0 nanofluid and water as a working fluid
was investigated according to Cu0 nanoparticle size and concentration.
Experiment was carried out under the mass flow rates of 0.033 kg/s and
0.047 kg/s respectively. Additionally, Cu0 nanoparticles with the size of
40 nm and 80 nm were used and concentration of nanofluid was changed by
0.1vol%, 0.3vol%, 0.5vol%, and 0.7vol%, respectively. The thermal conductivity
increased non-linearly as the Cu0 nanofluid concentration increased. In
addition, it was confirmed that the increase of thermal conductivity ratio
gradual ly decreased when concentration of Cu0 nanofluid increased.

Experimental results showed that the efficiency of solar collector
showed the maximum when a mass flow rate of working fluid was 0.047 kg/s,

Cu0 nanoparticle size was 40 nm, and CuO nanofluid concentration was

- viii -
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0.5vol%. In this case, the heat gain and heat loss coefficient of a
flat-plate collector was 0.735 and 22.8, respectively. In addition, Heat
gain and heat loss coefficient of U-tube solar collector was 0.695 and
16.66, respectively. When the efficiency of flat-plate and U-tube solar
col lector using CuO nanofluid was improved by 11.32% and 7.82%, respectively,
compared to that using water. In order to increase the efficiency of the
solar collector, the size of nanoparticle and concentration of nanofluid
should be appropriately controlled and the mass flow rate in the system
should be designed optimally. The smaller the size of nanoparticle in the
nanofluid, the more active the Brownian motion, resulting in the better
the absorption of solar energy. The high volume concentration of Cu0
nanofluid has good thermal conductivity, but the viscosity increases and
the heat transfer performance decreases. On the other hand, the optimal
concentration of Cu0 nanofluid is very important because it can not absorb
whole of solar energy if the concentration of CuO nanofluid is low.

Thus, the size and concentration of nanofluid are very important factors
on the performance of solar collector. From the experimental result, the
use of Cu0 nanofluid is superior to absorption of solar energy than the
use water. Therefore, when the Cu0 nanofluid is used with optimal

conditions, it is sure to improve the efficiency of solar collector.
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Table 2.1 Classification of solar collector

Section

Passive system

Active system

Middle .
Low temperature temperature High temperature
Use \ \ \ \
Less than 60C | Less than 100C | Less than 300C More than 300C
temperature
Parabilic trough
col lector,
. Passive system Compound . L
Collecting | . Flat-plate ) Dish Stirling system,
Airheated solar parabolic
type col lector Power Tower
col lector concentrator,
Evacuated solar
col lector
Middle .
Heat storage Low Temperature High Temperature
Tromb Wall Temperature

area Thermal Storage Thermal Storage
Thermal Storage
Industrial Process
Buildings & Heat, thermal power,
Agriculture & |Space, Photocatalytic
Solar water Fisheries Wastewater treatment,
. o heating system, Cooling and Photocatalytic
Field of |Building space . .
) Agriculture and| heating, water |wastewater treatment,
usage heating . . . .
Fisheries (dry, conversion, photochemistry,
heating) Industrial New materials
Process Heat, manufacturing, New
thermal power materials
manufacturing
_7_
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Fig. 3.2 Schematic diagram of solar collector test facility
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1. &8&8 HeE 019 HE

Fig. 3.32 Zosd g &ED|(Flat-plate solar collector)2t &lZ=2
X

& U-tube BN T ZD|(Evacuated U-tube solar collector)2l &K AMEl
S B0 HDE BHYE AEI|9 EHE2 2.03 m?, 2HE 35.5 kgOl
Ct. 489 ATHe= 22l (Copper)0ld SMH= 0.2 mm, S4TH0] THXE|

coatingdcl TIUCH. &A32E U-tube EHSLE H SIS SH
M2 2.37 m’0li RHE 51.5 kgOICH. E+8 A= FP2l(Copper)0l 2
OlZ2] L& (Inner diameter of pipes)2 10 mm, 2/Z& (Outer diameter of
ipes)2 15 mmOICt. Table 3.11t Table 3.2

2 U-tube EHEE " ED|2 &Ml MES 20HEC.
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Fig. 3.3 Photograph of flat-plate and U-tube solar collector
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Table 3.1 Specification of flat-late solar collector

Parameter Flat-plate solar collector
Collector length (mm) 2,010
Collector width (mm) 1,010
Gross area (m?) 2.03
Absorber area (m?) 1.877
Weight (kg) 35.5
Absorber material Copper
Absorber Thickness (mm) 15
Insulation material Glass wool

Table 3.2 Specification of U-tube solar collector

Parameter U-tube solar col lector

Collector length (mm) 1,445

Col lector width (mm) 1,640
Gross area (m?) 2.37

Weight (kg) 51.5

Riser tube material Copper
Inner diameter of pipes (mm) 10
Outer diameter of pipes (mm) 15
Absorptivity of absorber coating 0.95

_13_
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2. 254
B I 85 582 fol &7, &7 1d 2719 2&EE =
HOIRLH. T-type SE UL 2EE?= -250T~350TCO0IH J|&&Eo ANAHQ|
ASot] Est LHE, WAH0 =2 &80l AUCH. 0l0 2 HAFRUHA= 2
XIS 2EE -200C~350C B2 252 =& & £ U= T-type SEU
£ AEot{0H MU= &g X &80 IAYEPAE +0.2CHS ote=z
BAHSNH AXIGIRCH. Fig 3.42 2 AFZWM AIEE T-type SHUS A2
ALEIOIOE, Table 3.3= T-type S& U2 MAMHIAS LIEFWHIALCEH.
-‘“::-:.‘
‘-."-_h:__
\_.\\? .
Fig. 3.4 Photograph of T-type thermocouple
Table 3.3 Specification of thermocouple
[ tem Specification
Type T-type
Range -200C ~ 300C
Ansi standard |imits of error 0.75%
Ansi special limits of error 0.40%
— 14 —
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AN BT
B HEIQ s JALE0 H201 UCH. Olol HAANAME EBHY
UM =FHE Aol SHER= 0~2000 W/m?, 10|12 @X= & 1.95%=
2= BN LAFZA QMS101(Solar radiation sensor)S AL&ot0d =&oHY
Ct. Fig. 3.52+ Table 3.4= BN ZE &I 52 =HoHI| FotH AEE
X0 AtEE LAIEAHS AMAIRID ANMIAS LIEHHACE.

Fig. 3.5 Photograph of pyranometer
Table 3.4 Specification of pyranometer
[tem Specification
Type Silicon pyranometer
Sensitivity 76
Range 0~2000 W/m
Accuracy 1.95%
— 15 —
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Fig. 3.6 Photograph of flow meter

Table 3.5 Specification of flow meter

Specification

[tem
Mode |

E-MAG-|

1CA

Size
Ser No.

191525
4-20 mADC
1.4 m3/nhr
100-240 VAC

Output

Max Flow

Power
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Fig. 3.7 Photograph of storage tank

Table 3.6 Specification of storage tank

Specification

[tem

SUN100

Mode |

100 ¢

Storage of heat

570% 1,300 mm

Size( ¢ xH)

7m

Hot water coil length

15 A

Pipe diameter
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Fig. 3.8 Photograph of data acquisition system

Table 3.7 Specification of data acquisition system

[tem Specification
Mode | MX 100 (Yokogawa Inc.)
Measurement interval 100 ms (shortest)
Supplying Vol tage 100~220 VAC
Thermocoup le +0.05% of rdg.
Accuracy
OC voltage +0.05% of rdg.
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Fig. 3.9 Photograph of ultrasonic homogenizer

Table 3.8 Specification of ultrasonic homogenizer

[tem Specification
Mode | HUH-2000
Power AC 220 V, 60 Hz
Qutput Power 2000 W
Frequency 20 kHz + 100 Hz
Conver ter PZT, BLT Type
Horn Ti J12 (620, ¢30)
~ 920 -
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2. Cu0 Lt=sH
CU0 LI=SME KX SIoh = SIR0AS AVENTION AFOIA RIZE L

L2202 Cu0 U 2ZE2 F0otH UewdE HZESHRUCEH. Fig. 3.102
AVENTION  AMOIIA  HIZ8t Cu0 L =2

Microscope) AHXIOIOY F

(b)= 80 nml 24t

g 2=, =2

2to|  SEM(Scanning Electron

3.109 (a)= Cu0 L= Xtel 3DI2t 40 nm,

la) size = 40 nm (h) size = 80 nm

Fig. 3.10 Scanning Electron Microscope(SEM) of CuO Nanof luid

Table 3.9 Specification of Cu0 nanopaticle

[tem Specification
Nanoparticle Cu0 (80% alpha : 20% gamma)
Purity 9%
Size 40, 80 nm
Density 6,500 kg/m3
Thermal conductivity 17.65 W/m - K
Specific heat 533 J/kg - K
Manufactor AVENTION
21 -
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Table 3.10 Experiment conditions
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[ tem
Type of working fluid
Cu0 nanopaticle size(nm)
Exper iment time(hr)
Solar radiation( W/m?)

Concentration of Cu0 nanof luid(vol%)
Solar collector inlet temp.(C)

Solar collector Mass flow rate(kg/s)
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It Table 4.2 H=RMo EE"Z 0.047 kg/s, 40 nm LI=2 X 2719
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O HatE ZWE 0= ULH BEEY BHEE BSIleE Fr(a)l LIS
Hel =%IF 0.5v01%Y O ZUt2 KN UegsHe s%IF 0.5v0l%0!
AL Fo(ra)2 3t2 0.739, F,U,° 2t2 22.880ICt. U-tubed BN XA

INME Fpra)l =SR2 S5 0.5v0l%0 A ZICHES JHXIHH Fp(ra)
o g2 0.692, FR,U 2 &2 16.660ICt. GIIJIA, LE= X2l 319t 40 nm
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Fig. 4.3 Variation of efficiency of flat-plate solar collector for
different nanofluid concentrations (Cu0 nano particle

size : 40 nm, m:0.047 ka/s)
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Fig. 4.4 Variation of efficiency of U-tube solar collector for
different nanofluid concentrations (Cu0 nanoparticle
size : 40 nm, m:0.047 kg/s)
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Table 4.1 Parameters of efficiency in the flat-plate solar collector
according to CuO nanofluid concentration

Working fluid Fp(ra) FrUy il
Water 0.626 18.05 0.964
CuO nanofluid 0.699 21.88 0.967
(40nm, 0.1vol%)
CuO nanofluid 0.721 29 .99 0.974
(40nm, 0.3vol%)
CuO nanofluid 0.739 29 88 0.973
(40nm, 0.5vol%)
CuO nanofluid 0.735 29 86 0.955

(40nm, 0.7vol%)

Table 4.2 Parameters of efficiency in the U-tube solar collector according
to Cu0 nanofluid concentration

Working fluid Fp(ra) FrUL il
Water 0.619 18.75 0.916
CuO nanofluid 0.647 15.56 0.955
(40nm, 0.1vol%)
CuO nanofluid 0.668 15.89 0.966
(40nm, 0.3vol%)
CuO nanofluid 0.691 16.66 0.969
(40nm, 0.5vol%)
CuO nanofluid 0.688 16.82 0.964
(40nm, 0.7vol%)
— 31 —
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Fig. 4.5 Variation of efficiency of flat-plate solar collector for
different nanopaticle sizes (Cu0 nanofluid concentration

: 0.5v0l%, m=0.047 ka/s)
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Fig. 4.6 Variation of efficiency of U-tube solar collector for
different nanopaticle sizes (Cu0 nanofluid concentration

: 0.5v01%, m=0.047 kag/s)
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Table 4.3 Parameters of efficiency in the flat-plate solar collector
according to CuO nanoparticle size

Working fluid Fp(ra) FpU, R?
Cu0 nanot luid 0.739 2288 0.973
(40nm, 0.5vol%)

CuO nanof luid

0.689 20.95 0.949

(80nm, 0.5vol%)

Table 4.4 Parameters of efficiency in the U-tube solar collector according
to Cu0 nanoparticle size

Working fluid Fp(ra) FrU; R?
CuO nanofluid
0.692 16.66 0.969
(40nm, 0.5vol%)
Cu0 nanofluid
0.672 17.4 0.948
(80nm, 0.5vol%)
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Fig. 4.7 Variations of efficiency in the flat-plate solar
col lector for different mass flow rates (Cu0 nanoparticle
size : 40 nm, Concentration : 0.5vol%)
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CuO nanoparticle size : 40 nm
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Fig. 4.8 Variations of efficiency in the U-tube solar collector
for different mass flow rates (Cu0 nanoparticle size
40 nm, Concentration : 0.5vol%)
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Table 4.5 Parameters of efficiency in the flat-plate

according to mass flow rates

solar col lector

Mass flow Working

Fr(ra) FrpU, 2
rate(kg/s) fluid rT L R
0.033 Cu0 nanof luid 0.705 21.15 0.963
' Water 0.609 17.89 0.894
Cu0 nanof luid 0.732 19.78 0.96
0.047
Water 0.625 17.66 0.957

Table 4.6 Parameters of efficiency in the
according to mass flow rates

U-tube solar collector

Mass flow Work!ng Foyra) FoU, e
rate(kg/s) fluid
0.033 Cu0 nanof luid 0.672 18.01 0.948
' Water 0.595 15.65 0.928
Cu0 nanof luid 0.691 18.05 0.97
0.047
Water 0.614 15.61 0.939
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Fig. 4.9 Comparison of efficiency in the flat-plate solar collector
using Al203 nanofluid, Cu0 nanofluid, and water
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Fig. 4.10 Comparison of efficiency in the U-tube solar collector
using Al203 nanofluid, Cu0 nanofluid, and water
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Table 4.7 Parameters of efficiency in
according to working fluid

the flat-plate solar collector

Working fluid Fp(ra) FoU, R
(particle size, concentration)
Cu0 nanof lutd 0.735 2288 0.973
(40nm, 0.5vol%)
Al,0, nanofluid
0.745 19.32 0.872
(20nm, 1.0vol%)
Water 0.626 18.05 0.964

Table 4.8 Parameters of efficiency in the U-tube solar collector according

to working fluid

Working fluid Fr(ra) FoU, R
(particle size, concentration)
Cu0 nanof luid 0.695 18.05 0.97
(40nm, 0.5vol%)
Al,0, nanofluid
0.725 14.58 0.905
(20nm, 1.0vol%)
Water 0.614 15.61 0.939
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