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Nomenclatures

. surface area of solar collector (m?)

: conductance (W/K - m)

. specific heat (J/kg - K)

: heat removal factor (-)

- solar radiation (W/m?

. heat transfer coefficient (W/m’K)

. heat transfer coefficient between fluid and tube (W/m“K)

. convective heat transfer coefficient from outer glass tube to

surrounding (W/m?K)

. heat transfer coefficient through thermal conductivity between

absorber tube and glass tube (W/m’K)

. radiative heat transfer coefficient between absorber tube and

glass tube (W/m’K)

. conductivity (W/Km)

. length (m)

: multi-walled carbon nanotube

: mass flow rate (kg/s)

. heat (W)

. useful heat gain (W)

- radius (m)

. temperature (K)

. thickness (m)

. overall heat transfer coefficient (W/m?K)

. circumferential distance between U-tubes (m)
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Greeks

7 . efficiency (-)
¢ : emissivity (-)
u : viscosity (-)
T a . transmission absorbance coefficient (-)
¢ : nanoparticles volume concentration (-)
0 . density ()
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 (-)
1 : loss (=)
nf : nano fluid (-)
np : nano particle (-)
0 . outlet (-)
D . pipe (-)
S . synthetic (-)
t . tube (-)
u - useful (-)
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ABSTRACT

Experimental study on the efficiency comparison
between a flat plate and U-tube solar collector using

nanofluids

Hyeong-min Kim
Advisor : Prof. Cho, Hong-hyun
Department of Mechanical Engineering,

Chosun University

In this study, the efficiency of a flat plate and U-tube solar collector as a
function of the concentration of Al,O; and CuO nanofluid and the size of
nanoparticles was investigated experimentally. Moreover, the efficiency
improvement of a flat plate and U-tube solar collector with Al:Os and CuO
nanofluid as the working fluid was compared to that with water.

The thermal conductivity of the Al,O; and CuO nanofluid was found to
increases with increase in its concentration and decreases with the nanoparticle
size. But it’s increasing rate decreased. As an experimental result, when the inlet
fluid and ambient environment were the same temperature, the flat plate and
U-tube solar collector with 1.0vol% AlO; nanofluid, 20 nm-nanoparticles and a
mass flow rate of 0.047 kg/s showed the highest efficiency, which was 17.6% and
17.9% higher than that of the solar collector with water. In addition, the
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efficiency of the flat plate solar collector with 1.0vol% Al,O; nanofluid was 3.54%
and 5.53% higher than those with 1.5vol% and 0.5vol% nanofluid, respectively. For
the use of CuO nanofluid, the flat plate and U-tube solar collector with 0.4vol%
CuO nanofluid, 40 nm-nanoparticles and a mass flow rate of 0.047 kg/s showed
the highest efficiency, which was 7.29% and 7.27% higher than that of the solar
collector with water.

As the experimental result, the F,U, value of the flat plate collector was
relatively larger than that of the U tube type solar collector. It is predictable
that U-tube solar collectors will have higher performance at high temperatures
and wide operating temperature range. However, the maximum efficiency of flat
plate solar collector was higher than that of U-tube solar collector.

The synthesize results of this study are to increase solar radiation absorption
and increase the efficiency of solar collectors, the nanofluid must be uniformly
dispersed in the base fluid. Besides, in order to improve the performance of the
solar collector, the optimal nanofluid concentration according to nanofluid should
be considered appropriately. One more thing, the size of the nanoparticles has a
significant effect on the performance improvement of the solar collector and the
smaller nanoparticles increased the more active the Brownian motion and the
higher the effective thermal conductivity. In conclusion, the concentration of
nanofluid and nanoparticle size are important factors to improve the performance
of the solar collector. When nanofluids are used as working fluid in the solar
collector. In addition, nanofluids can make better the efficiency in the solar
collector more than water because of their superior ability to absorb solar energy
and heat transfer. Therefore, Al,O3; and CuO nanofluid are effective to the

increasing of the efficiency in the solar collector.

_Xi_
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Table 1.1 Representative previous studies of nanofluid in solar collectors

. Thermal
Type of Concentrat Efficiency conductivit
Reference solar Nanofluid . Enhancement ¥ *Note
ion enhanceme
collector (%)
nt (%)
AlL,Os-
Yousefi water 0.2 and 28.3
Flat-plate E
et al PAC MWONT-  0.4wt%
water
Non-Conc
Tyagi et entration AlOs- 1.8- g N
al. Direct water 5.0v0l%
Absorption
CuO-
water
AlL,Os 38.5
Faizal et water
Flat-plate ) 3vol% N
al. TiOs- 28.8
water
SiOs-
water
Faizal et MWCNT- 0.2 and
Flat-plate 55.6 E
al. water 0.4wt%
Indhuja MWCNT- 0.14- B
et al water 0.24v0l%
AlL,Os-
Das et water 1.0- 2-24 B
al. CuO- 4.0v0l% 7-36
water
AlL,Os-
Masuda Circular ater 30
N s 0-4.0vol% E
et al tube TiOs- 10
water
*Note: “E” is refer to experimental study, “N” is refer to numerically study

Collection @ chosun



A3A AT =3

o] H

=
=

AR AAAZROZ Be AFA

AL
OO

e
)

ﬁo

g

—_
o

B/

of tE ATE MEF Aol

l—,(-]

oA

ol

bl mstgich. 4

S|

S CHEIEE

o 2]

gstae

=
£ 3

U A
A3 ZAE 2o A ALOs9F CuOY =9 Ao =7], a8x #

5

ol

e
)

,mo

)

719} Ud Fd7)ol ALO; Y4, CuO V=4 2} 7]

]
—_
gl

JJo

td

S|

| 22 247 A5HAR AL

0

)
T
]
]

el

e

N

of
il

7] AA ol

4

)

Elasg

b HlolHE A EshaA

5
pul

o 4 o

Collection @ chosun



Al 23 BFd Ax" 2 ALy 72

A1A HFE A=H
B¥d Asde Fig 219 go] IR, G5, ol &%, AR Ux 4 k.
AR B olUAE AR MIAA [0 o] FojAE PO HAT]e o
A ol Rolith JPLEE PAr]o &dle] 2719 PBAA | 5ol me} AA
Atk 590 B YAFT J1F2A teh ST+ U DouAL W
o 2R AE olUA ] $ash FF Aol WS ATHA, P
Jela A AolE FEaY) AF GTL FADT F, BFD Az e WE
U S AGste] AR AFHAT F5F GoIUAE FL3HA o]
Z10]tH2010). ©] &F+= HF

=]
T L
A 2dzo) AR AL BHHoE FFIHT Aol REZY A5 nzddd o
J
=

Fig. 2.1 Configuration of solar collector system
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Table 2.1 Type of the solar collector according using temperature

Specify Low-temperature Middle-temperature | High-temperature
Using o o o
Below 60°C Below 100°C Below 300°C
temperature
Solar Evacuated tube PTC or CPC type
Flat plate solar collector
collector solar collector solar collector

of AF&-%1m PTC(Parabolic Trough Concentrator)2} CPC

arabolic Concentrator) Ej¥<d g 7]7F 9tk 300°C o) 128L

=
jull

ol $FE0R Bgo] Msan wAHe] MRS e AR WA
o] %ol Qi EFSl(Towenel FBate] FAE Bt eoz 2o 7480z ¢
N FEshe] wshe B(Towend ol Y2717k A8 3 9k
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HE7le Hd FHE Hol Jom, FAFoEE B G, S, @194 =
T OEA 2 HEr] EE o] FojXth AdEE HEIAFAH S FHAATIL EE
A& WAE 4 = FF A (transparent covenZ FAE o] JoH, o= F}
H A S F535t NUAZ |ASAAFT= FH(absorber plate)ol R, vt

e e

Toughened
Glass Front Drain Plug

Cold Water in

Metal Frame
Fin Collector
Insulation f

Hot water to tank Coated Copper
collector tubing

Back Plate

Fig 2.2 Construction the flat plate solar collector
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Fig 2.3 Structure of the flat plate solar collector
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Fig. 2.4 Appearance of the U-tube solar collector
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Fig. 2.5 Specific structure of the U-tube solar collector
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Fig. 3.1 Photograph of experimental setup
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w3 ko] AAEFS AALEEA(Solar radiation sensor, QMS101)& A-8381e] =4
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Al wlolel 4 X<l dlole] ZA(Data logger, Yokogawa

o
f
Ll
-
™
pL
N
do

MX100E AH&atlch 3, A He) R Qadrle Be AHalr) da) 1o B
3} oM ES Agao wEa] Aj3to] AHHFYo FrHoz AR AAG

ATt

Tank

collector

el &1
®0 il
Pump
Constant
temperature
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Fig. 3.2 Schematic diagram of the solar collector system
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Table 3.1 Specification of T-type thermocouple
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2. A &A

B Fe] BALS dAbel &tH, ALY AI7IE DAMFolEt ok B dAES
A}beFA| (Solar radiation sensor, QMS101)S Abg3le] A3 o LA A S =AW
91 0-2000 W/m®olm, 71719 @xk= oF 1.95% o|th. Fig. 3.49} Table 3.2 e ¥4
HE7] A zgo] AHEH AAEA S AAA I FAALE B ZE .

Fig. 3.4 Photograph of pyranometer

Table 3.2 Specification of pyranometer

[tem Specification
Type Silicon pyranomete
Sensitivity 76
Range 0~2000 W/m®
Accuracy 1.95%
- 18 —
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Fig. 3.5 Photograph of flow meter

Table 3.3 Specification of flow meter

[tem Specification
Model E-MAG-I
Size 1CA
Ser No. 191525
Output 4-20 mADC
Max Flow L4 m’fhr
Power 100-240 VAC
- 19 —
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gato] T FA71e 4P Solzith e Ae] SFE 100 [ oL, 0|9} HAH
AA AR Fig. 3.60] UEFAITE T8l3 AZE Zde) 9] A4 AFFS Table 3.4
o AT

—

Fig. 3.6 Photograph of storage tank

Table. 3.4 Specification of storage tank

[tem Specification
Model SUN100
Storage of heat 100 {
Size( ¢ xXH) 570x1,300 mm
Hot water coil length 7m
Pipe diameter 15 A
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Fig. 3.7 Photograph of data

acquisition system

Table. 3.5 Specification of data acquisition system

[tem Specification
Model MX 100 (Yokogawa Inc.)
Measurement interval 100 ms (shortest)
Supplying Voltage 100~220 VAC
Thermocouple +0.05% of rdg.
Accurancy
DC voltage +0.05% of rdg.
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Fig. 3.8 Photograph of the ultrasonic homogenizer

Table 3.6 Specification of the ultrasonic homogenizer

[tem Specification
Model SHT 750S (Inc. Sonictopia)
Output Power 750 W
Frequency 19.97 khz
Converter PZT(40 mmXx6 ea, PZT-81)
Length : 160 mm
Booster ¢ 48 X140 mm
Horn ¢ 30x123 mm
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2. Al,O3 Y=+-A

ALO; Ui Al S A Z3k7] 915 B AFo] A= AVENTION Afol A AlZg i
ol ALO; Ui B8-S Fufste] U412 Al %9t Fig. 3.9% AVENTION A}
oA AFF ALO; Y E2e] SEM(Scanning Electron Microscope) ©]w]=]o]m
Table 3.7 ALO; Ui 2o g{F3S HoFEg B Ao A ALO; Y=fAl2 &
== 247+ 0.5, 1.0, 1.5vol% o2 A =3}t

(a) 20 nm (b) 50 nm (©) 100 nm
Fig. 3.9 SEM image of AlxOs nanopowder

Table 3.7 Specification of Al:O3 nanoparticle

Item Specification
Nanoparticle Al,O3 (80% alpha : 20% gamma)
Pureity 99%
Size 20, 50, 100 nm
Density 3,960 kg/m®
Thermal conductivity 36 W/m - K
Specific heat 773 Jikg - K
Manufactor AVENTION
— 94 —
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3. CuO Yx=+A
CLO Lhe§AIE AZ=57] 98] & Aol AVENTION AbolA A28 s
2 Fulste] Vw442 A 2390 Fig. 3.10% AVENTION A}

4l Cu0 Y= £
o 4 A& CuO Y EHeo] SEM(Scanning Electron Microscope) ©]u]x]o]m Table
3.8& Cu0 Y 3909 FFEdFs HoEth B A4 CuO Y=fAle s=+

247 0.1, 0.2, 0.3, 0.4volp o 2 A =3tA .

() 20 nm (b) 50 nm

Fig. 3.10 SEM image of CuO nanopowder

Table 3.8 Specification of CuQ nanoparticle

Item Specification
Nanoparticle CuO (80% alpha : 20% gamma)
Pureity 99%
Size 40, 80 nm
Density 6,500 kg/m®
Thermal conductivity 17.65 W/m - K
Specific heat 533 J/kg - K
Manufactor AVENTION
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Table 3.9 Experimental conditions

Specification

Item

Al203, CuO, Water

Type of working fluid

0.5, 1, 1.5
0.1, 0.2, 0.3, 0.4

Al203 nanofluid
CuO nanofluid

Concentration of

nanofluid (vol%)

10:00~17:00

Experiment time (hr)

279~939

Solar radiation (W/m?

8~9.5

Inlet temp. (C)

Solar collector

0.033, 0.047

Mass flow rate (kg/s)
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Table 4.1 Specifications of the U-tube solar collector for simulation
47

Parameter

Specification

2
0.907

Outer tube out diameter (mm)

37

QOuter tube thickness (mm)

2

Transmittance

0.93

Inner tube outer diameter (mm)

1,200

Inner tube thickness (mm)

0.06

Absorptivity of the absorber tube

0.6

Solar collector length (mm)

307
1.5

Emissivity of the absorber tube
Copper fin thickness (mm)

0.025

Thermal conductivity of copper fin (W/m - K)
Air gap (mm)

30

Thermal conductivity of air gap (W/m - K)

29

U-tube out diameter (mm)

Bonf conductance (W/m - K)

Synthetical conductance (W/m - K)

(4-3)

1

(2006). L& FdolA F =z EdAFE Ul va3 2o

U;J,:
1,1

Pyq

A7 has G BAN T2 BF ARADATIHQ006), oA 127
Wi - KO8 FABTh It Mgt o] Folm F5834 22 Aolo] A%
%l

Sk ==
?‘——-_]"‘l‘)\}\

g} BAE B3 QAGAFE XIIY hpe 5

W/(m? - K= 714
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_ cosmax o G G B
T (W—d) (T,- T, Ul)+:l;+ 0 (4-10)
cos ( )
2

d A5 Unel £38 F3 ouA g o BolAde A AS ¢ o 3t 2ok
£ o] e AFHA DD ol I3} LI b g WHNew 2
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(W=ad)(G— U/(T,— T,))F+d(G— U,(T,— T,))
9, =4tq = 0 (4-11)
o
(W=d)F+d)(G— U,(T,~T.))
¢ = (4-12)
U,
1+?S
tanh(w)
F= i (=d) (4-13)
2
<1;1_Tf1L>
q, = ﬁ (4-14)
hemd K,

AZNA hpe ZHEAISE U ¥ Aol dAEA|Fol kv el 4R
olm 30 W/(m - K)Rt} Ztolof th(1980). Tpoll thdle] 2 4-1H)E5 E7] 93l
(4-12)el tidstd 1 AAE +IHES A @-19% o] 4 =+ Utk

q, = WF' (G- U(T;,— T,)) (4-15)
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712

FAZ 3+ MWCNT, ALOs;, CuO, Si0,, TiOo] AZ TE T2 UrFAE A&
AT B AFoA nHdE YedAEe d& EAX+E Indhuja (2013), Mahian
(2014)2} Ahmed (2014l 2J&l AAEH EAXES F3 o w, Table 4.20] A A3

L A
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Table 4.2 Thermophysical properties of the nanoparticle and base fluid

Material Density (kg/m?) Therrr%%lw;:r? I,I%Ctlmy Sp(eﬁféc, %at
MWCNT 1,350 3,000 650
Al,Os3 3,960 36 773
CuO 6,500 17.65 533
SiOy 2,220 1.38 745
TiOy 4,175 8.4 710
20% PG-water 1,011 0.52 4,023
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Fig. 4.3 Efficiency prediction of U-tube solar collector with solar

radiation for various nanofluids
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Fig. 45 Comparison of efficiency prediction of solar collector for

different nanofluids under maximum concentration

Collection @ chosun



Al 57 dldd ALVl A 22 d nF

Al 1A ALOs YAl & HIE JE7] As4dd 23

o

Hdd Ha7o AEEHes ARV YefAd sxo @& D7 &
35 #4357 Yl dxfAlY = 2 e dAEEE $AZe=
etk Fig. 5.1€ Wi 9A=717F 20 nmel ALO; YiefAlol tiatd &=
of @z} dHEHE YEhAT. A4 ket ke A4 YA 2o 4
5 YUt dHEHE U fAY w57t Sl wek HdEA e s
F7HeHE S F Utk sHAT @AEH Y FUHES FRU FUhEel oet A
A} Zasked], ol YiefAe 257 200CY Wl 1.0vol%9t 1.5vol% AlO; Y-
s7HeS Z247E 3.6%9 4.6%°lth =3 YAl =71 50°0CY
5%t 12.1%Z JEbT) Lee et al.(2008)9] A3 ATl = AlLOs-Water
Ui Aol tg ddExet A2ss Aol AF A AV des 282 o=
AZ39E Lee et al(2009S Y=g =7)7F 30 nm Hoh e AL U
o] &% 21°ColA AZRE=7t 0.01-0.3v0l%<] AlL,Os-Water UizfAle] EA
A 144% FAHAGL Rk Fig 519 AR i

o T
A o
fFrAY EAERY FFS HAlE T HF Foll S FUAE & Aok

|
Rl

kS

A

_(IQr_
=7}
U

b H‘.{

Collection @ chosun



Temperature

114— - m— 500C

112 —*—40¢C

—a—30°C

1104 —v—20°C

5 —e—10°C
- 1.08
1.06
1.04
1.02

Particle size : 20 nm
1.00 :

T T T T T
0.0 0.5 1.0 1.5
Volume concentration (%)

Fig. 51 Thermal conductivity ratio according to volume
concentration for different temperature  (AlOs
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Fig. 5.2 Thermal conductivity ratio as a function of temperature
for different nanoparticle sizes (Al:Os Concentration:
1.0vol%)
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Fig. 5.3 Variations of working fluids temperature and according to the time in the

solar collector(AloQs nanoparticle size: 20 nm, Concentration: 0.5vol%)
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(b) U-tube solar collector

Fig. 5.4 Variations of efficiency in the solar collector for different AlsOz nanofluid

concentrations (AlQs particle size: 20 nm, m= 0.047 kg/s)
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Table 5.1 Parameters of efficiency in the flat plate solar collector using AlQO3

nanofluid and water

Working fluid )
(particle size, concentration) Fp(ra) FrUL R

Al,O3 nanofluid

(20 nm, 0.5vol%) 0.724 22.64 0.929

00 ol 0761 23.25 0.944

Al,O3 nanofluid

(20 nm, 1.5vol%) 0.734 22.18 0.920

Water 0.634 21.37 0.972

Table 5.2 Parameters of efficiency in the U-tube solar collector using AlQOs3
nanofluid and water
Working fluid )
(particle size, concentration) Fy(rar) FpUL R

Al,O3 nanofluid

(20 nm, 0.5vol%) 0.684 18.67 0.889
Al,O3 nanofluid

(20 nm, 1.0vol%) 0.733 17.69 0.938
Al,O3 nanofluid

(20 nm, 1.5vol%) 0.698 18.05 0.863

Water 0.620 18.98 0.956
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Fig. 5.5 Variations of efficiency in the solar collector for different AlxO3

nanoparticle sizes (Concentration: 1.0vol%, m= 0.047 kg/s)
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Table 5.3 Parameters of efficiency in the flat plate solar collector according to

nanoparticle sizes

Working fluid )
(particle size, concentration) Fp(ra) FrUL R

Al,O3 nanofluid

(20 nm, 1.0vol%) 0.761 23.25 0.944
(?olzgéln?ggﬁ% 0.737 21.23 0.955
Al,O5 nanofluid
(100 nm, 1.0vol%) 0.716 20.04 0.962
Water 0.634 21.37 0.972

Table 5.4 Parameters of efficiency in the U-tube solar collector according to

nanoparticle sizes

Working fluid )
(particle size, concentration) Fy(rar) FpUL R

Al,O3 nanofluid

(20 nm, 1.0vol%) 0.733 17.69 0.938
(?olzgéln?ggﬁ% 0.722 18.16 0.944
AlL,O5 nanofluid
(100 nm, 1.0vol%) 0.700 17.29 0.966
Water 0.620 18.98 0.956
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Fig. 5.6 Variations of efficiency in the solar collector for different mass flow rates

(ALlOs particle size: 20 nm, Concentration: 1.0vol%)
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Table 5.5 Parameters of efficiency in the flat plate solar collector for different

mass flow rates(Al:Qs particle size: 20 nm, Concentration: 1.0vol%)

Mass(lgg ?:)] rate Working fluid Fp(rar) FrU,L R*?
0.033 Al,O3 nanofluid 0.740 22.33 0.940
’ Water 0.613 22.73 0.980
0.047 Al,O3 nanofluid 0.761 23.25 0.944
) Water 0.634 21.37 0.972

Table 5.6 Parameters of efficiency in the U-tube solar collector for different

mass flow rates(Al:Qs particle size: 20 nm, Concentration: 1.0vol%)

Mass(lgg ?:)] rate Working fluid Fp(ra) FrUp R?
0.033 Al,O3; nanofluid 0.713 18.08 0.936
) Water 0.609 19.05 0.962
0.047 Al,O; nanofluid 0.733 17.69 0.938
) Water 0.620 18.98 0.956
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Fig. 5.8 Thermal conductivity ratio as a function of
temperature for different nanoparticle sizes
(CuO nanofluid concentration: 0.3vol%)
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(b) U-tube solar collector

Fig. 5.9 Variations of efficiency in the solar collector for different CuO nanofluid

concentrations (CuQ particle size: 40 nm, m=0.047 kg/s)
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Table 5.7 Parameters of efficiency in the flat plate solar collector using CuO

nanofluid and water

(particlcewsoiélgnéotrllgieitration) Fr(r0) Frls i
(40 i 0.1v01%) 0648 2026 o
A R
(@0 o 03vol%%) 0670 2028 o
S, oo me

Water 0.634 21.37 0.972

Table 5.8 Parameters of efficiency in the U-tube solar collector using CuQO

nanofluid and water

(particlzv soirzlg,ngog(l:l:rjltration) Fa(re) i i
(4%1?&%?%3&) 0633 128 057
(4%1%?%%%3&) 0.644 S 053
(40 i 0.3vol%) 0652 78 hoee
(4%1%?%2%3&) 0661 183 0o

Water 0.620 18.98 0.956
_ 63 —
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(a) Flat plate solar collector
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(b) U-tube solar collector

Fig. 5.10 Variations of efficiency in the solar collector for different CuO
nanoparticle sizes (Concentration: 0.4vol%, m=0.047 kg/s)
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Table 5.9 Parameters of efficiency in the flat plate solar collector according to

nanoparticle sizes (CuO nanofluid)

Working fluid 2
(particle size, concentration) Fy(ra) FrUL R
CuO nanofluid
(40 nm, 0.4vol%)

CuO nanofluid
(80 nm, 0.4vol%)

0.676 20.62 0.992

0.668 21.89 0.990

Table 5.10 Parameters of efficiency in the U-tube solar collector according to

nanoparticle sizes (CuO nanofluid)

Working fluid 2
(particle size, concentration) Fy(ra) FrUL R

CuO nanofluid

(40 nm, 0.4vol%) 0.661 18.53 0.975
(8%ur?mna(?2%gi&,) 0.646 18.47 0.960
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(b) U-tube solar collector

Fig. 5.11 Variations of efficiency in the solar collector for different mass flow rates

(CuO particle size: 40 nm, Concentraion: 0.4vol%)
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Table 5.11 Parameters of efficiency in the flat plate solar collector for different

mass flow rates(CuO particle size: 40 nm, Concentration: 0.4vol%)

Mass(lgg ?:)] rate Working fluid Fp(ra) FpU, R?
0.033 CuO nanofluid 0.656 20.23 0.992
Water 0.610 21.67 0.978
0.047 CuO nanofluid 0.676 20.62 0.991
Water 0.634 21.37 0.972

Table 5.12 Parameters of efficiency in the U-tube solar collector for different

mass flow rates(CuO particle size: 40 nm, Concentration: 0.4vol%)

Mass(lgg ?:)] rate Working fluid Fp(ra) FpU, R?
0.033 CuO nanofluid 0.644 18.4 0.977
) Water 0.606 20.96 0.963
0.047 CuO nanofluid 0.661 18.53 0.976
) Water 0.620 18.98 0.956
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Fig. 5.12 Comparison of efficiency in the solar collector using Al:O3; and CuO

nanofluid and water
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Table 5.13 Parameters of efficiency in the flat plate solar collector according to

working fluid

Working fluid 2
(particle size, concentration) Fy(ra) FrUL R

Al,O3 nanofluid

40 o oty 0.756 21.32 0.935
( 5“&“&2@3& ) 0.676 20.62 0.992
Water 0.634 2137 0.972

Table 5.14 Parameters of efficiency in the U-tube solar collector according to

working fluid

Working fluid 2
(particle size, concentration) Fy(ra) FrUL R

Al,0O3 nanofluid

40 o ety 0.728 15.85 0.944
(4%1?&%2%3&) 0.661 18.53 0.976
Water 0.620 18.98 0.956
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