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Energy Conversion and Management (Impact Factor: 4.38)
Vol 103 (2015) , 468-476

Title: “Experimental investigation of a PVT system performance using nano

ferrofluids”
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1 physical vapor deposition (PVD) technique
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2 Ultra violet visible spectrophotometer
3 Transmission Electron Microscopy

4 Scanning Electron Microscope
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Zeta potential and associated suspension stability

Z potential (absolute value [mv]) Stability

0 Little or no stability
15 Some stability but serding lightly
30 Moderate stability
45 Good stability, possible settding
60 Very good stability, lictle setding likely
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Name Mr.Ghadiri Operating mode Continuous
4 Dispersant / solvant properties Particles refractive Index
Refractive
Index (nd) 133 Real Part ; 2.300
Viscosity ; 0.891 Imaginary Part : 010
\_
Device settings
- g SOP comment :
Time interval s 10.000ps Default Procedure
Number of
channels - 400
- J
Analysis mode B Cumulants Results Intensity
Volume
Number
Measure conditions - )
Temperature - 250°C Duration > Oh Omin 46s
. o
Acquisitions . 0 Laser power » BD%
DTC position . DOWN
Average count
rate - 7 628.64 kcps Wavelength ;o 657.00
Cumulants method
Zaverage (nm): 124 67
Dv10: 4679 Dv50:  102.36 Dv90: 24554 PDI: 0.1960
Dmean Intensity: 140.10 Dmean volume: 131.97 Dmean number: 50.41
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Size dispersion by Number

0.05

0.04

0.03

Number (u.a.)

o.02

0.01

0.00 .
10 100 1000

size (nm)

oS g, 4 oo oolel diges yo &l)d o3lail x5 (VYY) e

bl LT oas o 5 S35 e (SAE iy e 4 DS m 58 el SS Ll gsde uslie (F-Y) Jodr

olyd 4
Size (nm) Intensity Number Volume 1
24.55 0.00 0.04 0.00
25.71 0.00 0.03 0.00
26.92 0.00 0.02 0.00
28.19 0.00 0.03 0.00
29.52 0.00 0.04 0.00
30.91 0.00 0.04 0.00
32.37 0.01 0.04 0.00
33.89 0.01 0.04 0.01
35.49 0.01 0.04 0.01
37.16 0.02 0.04 0.01
38.91 0.02 0.05 0.01
40.75 0.03 0.05 0.01
42 67 0.04 0.05 0.01
44.68 0.05 0.05 0.01
46.79 0.06 0.04 0.02
48.99 0.08 0.04 0.02
51.30 0.09 0.04 0.02
53.72 0.12 0.04 0.02
56.25 0.14 0.04 0.02
58.90 0.17 0.03 0.02
61.68 0.21 0.03 0.02
64.58 0.25 0.03 0.03
67.63 0.29 0.02 0.03
70.81 0.33 0.02 0.03
74.15 0.38 0.02 0.03
77.65 0.43 0.02 0.03
81.30 0.48 0.01 0.03
85.14 0.54 0.01 0.03
89.15 0.59 0.01 0.03
93.35 0.64 0.01 0.02
97.75 0.68 0.01 0.02
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Table 1 — 1wt% FesOs and distilled water.

st | S | ma | | | O | oy
(W/m?) (°C) (%) (%) (%) (W) (W)
No field 1100 7.9 65.96 7.21 71.91 317.88 42.81
600 45 68.88 6.68 74.40 176.52 18.78
5 Hy 1100 8.0 66.80 7.21 72.75 320.96 43.14
600 45 68.88 6.64 74.36 176.29 18.43
o5 Lz 1100 8.0 66.80 7.20 72.75 320.88 43.25
600 45 68.88 6.69 74.40 176.52 19.17
50 Hy 1100 8.1 67.63 7.21 73.58 324.06 43.33
600 46 70.41 6.68 75.93 179.63 18.88
) 1100 8.0 66.80 7.23 72.77 321.20 43.15
Constant Field
600 45 68.88 6.64 74.36 176.29 18.65
. 1100 5.6 46.77 6.89 52.46 242.90 33.44
Distilled water
600 31 4747 6.44 52.79 131.51 14.60
PV with no 1100 5.32 439 52.44 19.93
collector 600 5.37 4.43 28.85 10.96
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Table 2 — 3wt% Fes0s and distilled water.

. Overall thermal | Overall exer
Radlatlzon ATcoOllector Nth 7;/Jel Npvt output output 9y
0, 0,
(W/m?) (°C) (%) (%) (%) (W) (W)
1100 8.2 68.42 7.23 327.25 45.23
No field 74.39
600 4.7 71.90 6.71 77.44 182.83 19.51
5 1z 1100 8.3 69.26 7.18 75.19 329.93 45.66
600 4.8 73.43 6.74 79.00 186.08 19.54
25 H 1100 8.6 71.76 7.18 77.69 339.30 47.25
z
600 4.8 73.43 6.78 79.03 186.31 20.00
50 H 1100 8.7 72.59 7.28 78.60 343.36 48.08
Z
600 49 74.96 6.81 80.58 189.62 20.39
. 1100 8.1 67.59 7.18 73.52 323.60 45.32
Constant Field
600 4.6 70.37 6.77 75.96 180.00 18.88
o 1100 5.6 46.77 6.89 52.46 242.90 33.44
Distilled water
600 3.1 47.47 6.44 52.79 131.51 14.60
PV with no 1100 5.32 4.39 52.44 19.93
collector 600 5.37 4.43 28.85 10.96

\YO




Lo sl 9 s
orblise o 136 Cod () Soldgd SIS 805k esblise Jlwsl Sl aabejT o)

\Y¥



\YY



oolpiing 5 oz
smblioe lae 130 cod ()l Seoldgeid jeuSIST 205l cmnblite Jlwsil Sl aBislosl )

G o =) =V

C8,5 )18 oy 0y50 oSy ol 5 Jgol 5 Sulidgeid slaasly 51 slasaio lal Guds ol 5o
3o azly ulossl oot Sz 6590 ol lie 4 Wl oo ba sl slos J7uS a5 0l as i
i Gl g (B (1 655 Jyax b ol se Sl Slsk e 0998l bl ple asl el
slraxly Hlaie b laasly )08 oloul laasly cpl o (65, oo blad 5l owlise 09 (S0 S
gl o Al 1, Seldggns

ol ploxil Dglite sla)l5° 5l slaads g Jolod )l Scaldggnd slavaly asl (LG ol pgs Jad o
il oIk 5 s Sledyy «DVLwgil 5l slanaie pow b ;o 5 w35 (e Ol Kiagh ple oy
08 bl gl 0 09290 (Suiudee s Laly,

nl 5o sl B lal 51 T g5kl g,y g ool 3t Gtalesl cnl 5o e a8 3 IS @l 3l o5 Ll |
L Fe304 Jlwg A5l (sl lul 5 5w Sg) jndd 5 medss 2 oyl Jad ;o Cunl 0ol plodl g3y
el oo by Ol b

Sys0 9 By slesl plosl jo oslatul 3 90 Jolug 5 Sl (ialel plonl Jad m ooy Jad o
ool S sy yelate 4 g oo aisl )l Solged axly SO taghy (pl j0 .85 18 sy
18 oolinl 3,50 1Y 5T (cayz w0 )3 b Jlowss 85l 5 slake T (57 Dslite Jlow ans 51 Jlonss 8530 |
35 b Jdee (P i )5 S Ceond 3 Jlwg 5L (ng o] plare 4 e 288
2 Jelge Bdo Cgz 28,5 )18 Ll 8 L e 5 Sul g 5l () bl (lags 15U Co aly)
b aile g (b 50 and e jledd el odel Cavdy polie 380 hoviw Cq g by
Olye 5 Sandad e 51 (LalS Sllne batalesT cono (liee 0355 (asies jolate a4 o8 Saled 5

8,5 8 sy D)y30 b 0ad g S oIl sl il o Lallas

\YA



oolpiing 5 oz
smblioe lae 130 cod ()l Seoldgeid jeuSIST 205l cmnblite Jlwsil Sl aBislosl )

Ol ol ( Soldggis axly a4 ol eiSIS 109580 b ol s B ool bt ) p b
e ol Jole Jlow 4l o5 sl 5 ol s s 45Ty s 5551 S Jloie 55 5 Ka iz
AR P LSRG EIWIWINY - JURS KV 'L OU ES R PVIRTA PEIyAA) CYR SRR SUWONINR L Sy g PR WA
el Cewas 15,5

033k al8l 4 yzie Tl b ol apST coyz UY Jlowsg B9l 4y jlaie Ol 5l 00t SUs Sl 55
P 0 bl P L e cwndblon flawe Jlesl as wisls flis ol .0uo,5 LYF sgu> )0 pluew IS
55U 0gi oo Jlagl (2B Glawe a5 Il 4y Cond piiagn S5 sloosl jo ial81 70 JIE sgas o
ol qmadblise flaae wgwme ;50 pae Slo ools iaghy cpl jo cnl S UL Locwl aslids
g o Jlos! ()15 lae a5 el Sl 4 S5 ool sy polie g ails Jlawg 8450

Sl FA 05 oo Jloel 50 B0 Ll 3 L ite ()15 e 5 Fb gl ol 5 (55,5
5 Olg YY 050,000l a8 5 16 Jole Jlow flore @ ylate Ol aS Sl gl Jlade ol o a il

dlioe Slg 1A 3900 53 (Lo i) 3,05 8929 (5,1, HoSIS a5 > (1

Sleieny syl - -V

Olidos saine) whlidee sldaie) ;0 SYL—wgl g o slas) 5l 0,15 938l59, S yuS 4 axg b

4 a5 (55lw 00,5 b g dnlol ceg 8 sl sloin (lgie 4 Ll 51 S a0 S Sl pal 8wy L
B o amlgs o, il ciewl sauls i o] plosl co b lacon So w8 g Sloj Codgame e

g Olg Bdod gdine) ! 4 caslio gloau! il b laceaddle

Wlgi oo (oo (ri 30 Wglio 1 ooy S b cilisie Y Lawgil 31 ooliw! @

B0 &yl o o (i 50 OYL—gil ,50 8 colasi—ul 1 (60 9,5 g gol> Wi

AR



oolpiing 5 oz
smblioe lae 130 cod ()l Seoldgeid jeuSIST 205l cmnblite Jlwsil Sl aBislosl )

39290 L dwiid £lgil (w9 (Tl yeSdS (2lob 30 et b Glgi (o Garen

.c;éla).; pLIwow sm}l.; »

®93b )0 SYlw waa g9 (pl Bl (o) p S g ST dmio (Gl giSUS S oo

.W

Sos (owy 2 xod 9 (2o (LIS p dgec 9 (g3l Wygua cmabliio Gluwe Jlos! @
ousds it Lo i 33 B (4T U (i y 1 9 iliBio (5 il 43 (i ilisen sl
S0 33 31 (6 5 ok gyt W Wilgi (oo B i ;K90 (pizxod g g (w 5o

85 431yl gl 3 Sl

L8y o e g Sl sld a3 S Gy G i S (GO0 oy @

Al 00 Adgh (6 o) Wilgh (o0 ju 095 alio b Gl Ho pwenw

\Y-



AR



&=l

dueﬁu:w)dmd\ﬂu)}\jj\sg);ﬁwjﬁ" :MJ\MUOQ\T;‘(\VQ\)‘? L;.JL.JJ\J)» [\]
Sgia (g 53 5 o8 ((SilSn undiga 05 ) (oaudigaa s Sl ¢l ja Sl 5 58

[Y]
[]
[£]
[°]

[
[Y]

[

Ren21, Renewables global status report from the Renewable Energy Policy
Network for the 21st Century. 2014.

Hu, C. and R.M. White, (1983), Solar cells: from basic to advanced
systems.

Messenger, R.A. and J. Ventre, (2010), Photovoltaic systems engineering.
CRC press.

Houssamo, I., F. Locment, and M. Sechilariu, (2010), Maximum power
tracking for photovoltaic power system: Development and experimental
comparison of two algorithms. Renewable Energy, 35(10): p. 2381-2387.
Gang, P., etal., (2011), A numerical and experimental study on a heat pipe
PV/T system. Solar energy, 85(5): p. 911-921.

Tripanagnostopoulos, Y., T. Nousia, and M. Souliotis. (2000). Low cost
improvements to building integrated air cooled hybrid PV-Thermal
systems .in Proceeding of the 16th EPSE conference, Glasgow, UK.
Kumar, R. and M.A. Rosen, (2011), Performance evaluation of a double
pass PV/T solar air heater with and without fins. Applied Thermal
Engineering, 31(8): p. 1402-1410.

Dubey, S. and G. Tiwari, (2009), Analysis of PV/T flat plate water
collectors connected in series. Solar Energy, 83(9): p. 1485-1498.

Tiwari, A. and M. Sodha, (2006), Performance evaluation of solar PV/T
system: an experimental validation. Solar Energy, 80(7): p. 751-759.
Dehra, H., (2009), A two dimensional thermal network model for a
photovoltaic solar wall. Solar Energy, 83(11): p. 1933-1942.

Boubekri, M., A. Chaker, and A. Cheknane, (2009), Numerical approach
for performance study of hybrid PV/Thermal collector. Revue des Energies
Renouvelables, 12(3): p. 355-368.

Chow, T.T., etal., (2008), Computer modeling and experimental validation
of a building-integrated photovoltaic and water heating system. Applied
Thermal Engineering, 28(11): p. 1356-1364.

Chow, T.T ,.et al., (2009), Energy and exergy analysis of photovoltaic—
thermal collector with and without glass cover. Applied Energy, 86(3): p.
310-316.

Dubey, S., G. Sandhu, and G. Tiwari, (2009), Analytical expression for
electrical efficiency of PV/T hybrid air collector. Applied Energy, 86(5):
p. 697-705.

\YY



7]
['V]
[YA]

[*]

[¥]

[¥]

[¥]

[YY]
[Y:]

[¥e]
[¥]

[YV]
[YA]

[¥4]

[7]

[™]

Jones, A. and C. Underwood, (2001), A thermal model for photovoltaic
systems. Solar energy, 70(4): p. 349-359.

Zondag, H., et al., (2003), The yield of different combined PV-thermal
collector designs. Solar energy, 74(3): p. 253-269.

Daghigh, R., M. Ruslan, and K. Sopian, (2011), Advances in liquid based
photovoltaic/thermal (PV/T) collectors. Renewable and Sustainable
Energy Reviews, 15(8): p. 4156-4170.

Bergene, T. and O.M. Legvvik, (1995), Model calculations on a flat-plate
solar heat collector with integrated solar cells. Solar energy, 55(6): p. 453-
462.

Fujisawa, T. and T. Tani, (1997), Annual exergy evaluation on
photovoltaic-thermal hybrid collector. Solar energy materials and solar
cells, 47(1): p. 135-148.

Sandnes, B. and J. Rekstad, (2002), A photovoltaic/thermal (PV/T)
collector with a polymer absorber plate. Experimental study and analytical
model. Solar Energy, 72(1): p. 63-73.

He, W., et al., (2006), Hybrid photovoltaic and thermal solar-collector
designed for natural circulation of water. Applied energy, 83(3): p. 199-
210.

Chol, S., (1995), Enhancing thermal conductivity of fluids with
nanoparticles. ASME-Publications-Fed, 231: p. 99-106. USA

Ghadimi, A., R. Saidur, and H. Metselaar, (2011), A review of nanofluid
stability properties and characterization in stationary conditions.
International Journal of Heat and Mass Transfer, 54(17): p. 4051-4068.
Hwang, Y., et al., (2008), Production and dispersion stability of
nanoparticles in nanofluids. Powder Technology, 186(2): p. 145-153.
Wang, X.-Q. and A.S. Mujumdar, (2007), Heat transfer characteristics of
nanofluids: a review. International journal of thermal sciences, 46(1): p. 1-
19.

Haddad, Z., et al., (2014), A review on how the researchers prepare their
nanofluids. International Journal of Thermal Sciences, 76: p. 168-189.
Philip, J., P. Shima, and B. Raj, (2007), Enhancement of thermal
conductivity in magnetite based nanofluid due to chainlike structures.
Applied Physics Letters, 91(20): p. 203108.

Hong, K., T.-K. Hong, and H.-S. Yang, (2006), Thermal conductivity of Fe
nanofluids depending on the cluster size of nanoparticles. Applied Physics
Letters, 88(3): p. 031901.

Saidur, R., K. Leong, and H. Mohammad, (2011), A review on applications
and challenges of nanofluids. Renewable and Sustainable Energy Reviews,
15(3): p. 1646-1668.

Nkurikiyimfura, 1., Y. Wang, and Z. Pan, (2013), Heat transfer
enhancement by magnetic nanofluids—A review. Renewable and
Sustainable Energy Reviews, 21: p. 548-561.



["]

[7Y]

[V]

[7e]

[7]

[TV]

[TA]

AN

[¢]

[¢Y]

[¢7]

[¢Y]

Li, Q., Y. Xuan, and J. Wang, (2005), Experimental investigations on
transport properties of magnetic fluids. Experimental Thermal and Fluid
Science, 30(2): p. 109-116.

Zhu, H., etal., (2006), Effects of nanoparticle clustering and alignment on
thermal conductivities of Fe304 aqueous nanofluids. Applied Physics
Letters, 89(2): p. 3123.

Lajvardi, M., et al., (2010), Experimental investigation for enhanced
ferrofluid heat transfer under magnetic field effect. Journal of Magnetism
and Magnetic Materials, 322(21): p. 3508-3513.

Ghofrani, A., et al., (2013), Experimental investigation on laminar forced
convection heat transfer of ferrofluids under an alternating magnetic field.
Experimental Thermal and Fluid Science, 49 :p. 193-200.

Azizian, R., et al., (2014), Effect of magnetic field on laminar convective
heat transfer of magnetite nanofluids. International Journal of Heat and
Mass Transfer, 68: p. 94-1009.

Irannano. Iran nanotechnology initiative council. Available from:
WWw.nano.ir.

Es' haghi, Z., T. Heidari, and E. Mazloomi, (2014), In situ pre-
concentration and voltammetric determination of trace lead and cadmium
by a novel ionic liquid mediated hollow fiber-graphite electrode and design
of experiments via Taguchi method. Electrochimica Acta, 147: p. 279-287.
Lopez, J.A., et al., (2010), Synthesis and characterization of Fe;O,
magnetic nanofluid. Revista Latinoamericana de Metalurgia y Materiales,
p. 60-66.

Sardarabadi M., Passandideh-Fard, M., Zeinali HS, (2014), Experimental
investigation of the effects of silica/water nanofluid on PV/T (photovoltaic
thermal units). Energy, 66: p. 264-72.

Taylor, J.R. and E. Cohen, (1998), An introduction to error analysis: the
study of uncertainties in physical measurements. Measurement Science
and Technology, 9(6): p. 1015.

Fudholi, A., et al., (2014), Performance analysis of photovoltaic thermal
(PVT) water collectors. Energy Conversion and Management, 78: p. 641-
651.

Alamdari, P., O. Nematollahi, and A.A. Alemrajabi, (2013), Solar energy
potentials in Iran: A review. Renewable and Sustainable Energy Reviews,
21: p. 778-788.



\Ag;-w}a

we



Lh&s..g}».: . . . . . _ -
meblite (e il o ) Sl SIS sl eblie gl ) AKELe5T 1

Olpl glop3e johS jo (guuyed (65 P! (o Juily Wl Cwg

FUSCV-DR s |

Ol g Glslidl Lot 50 (153) rmolS b0 g GlainS 5 cplinto ) (b )3T (sl y9iS o
S8 50 Sl oad Sguze Dzl ples @il g o)l (Sten mlS g 08 0 4S5 g e (50 50
6,15 ol b gollas o il U Y Jgaz 10 9 00,5 cdmline | lo,g-iS g0 slo (g0 pu—nd )5

ol 000! ) LGS

Names of the provinces of Iran.

1. Tehran 12. Kermanshah 23. Yazd

2. Alborz 13, Ilam 24, Isfahan

3. Markazi 14. Lorestan 25, Semnan
4. Qazvin 15. Khuzestan 26. Mazandar
5. Gilan 16. Chahar Mahaal and Bakhtiari 27. Golestan
6. Ardabil 17. Kohkiluyeh and Buyer Ahmad 28. North Khc
7. Zanjan 18. Bushehr 29, Razavi Kh
8. East Azarbaijan  19. Fars 30. South Khc
9. West Azarbaijan 20. Hormozgan 31. Qom

10. Kurdistan 21. Sistan and Baluchistan

11. Hamadan 22, Kerman

oyl (6,548 Slosnds (V-all) S
Y ‘a)f O eled WSl 0,8 4 jasis 095 OBl leo o ol @‘5’“5 g’l V-

los 0,5 0l sl o .l Jlo Job o ol 5 silh a0 0 BT sga 0 ol (50w g 3blee

ax 0 B0+ dga> ,o oled el wS o b s e ol oy ol,F Sl a0 V- sgus o

YL 5L 5l g e yaie jlws dildl Sai)b Gl 0l J18 oo ol JLad 3bls g sl &l oo

\Y#



LhCa..u}».J . . . . . _ -
meblite (e il o ) Sl SIS sl eblie gl ) AKELe5T 1

e g ol ga5 WSy cl s o SLls bl o 10mMmM 5.0 lase U i ;0 2113mm

QS oo il g3 5l ool e Ll Jled ol Bblis s 0iS ol o Bblis iy o]

LEY] sl ons (5,25 olail 5 s L5 g ol calizes slo Condg yo a5

lsn 5 T ledl Y-l

olail 4 (0L a5 Lo s> 2lsp g O sla el )b g il ol a5 ) sdel ey 00ls p3olie il ool

FB s Jod BB slo resw plot &5 il S5 (B oplail a5t Canng g i Bls 0929 S
by, b cod aax de o el )l g Soldgend sl ol o) calisee 3ble o il Zakhw 3l golaiel]
oo )5 gl (goladl Llod 51 Ve oo W/m? g0 j0 8l 2l b iblie a5 aiSe oS o asbew!
dgd> 10 Suldggid slo adlaio o3l ooly (sl 5lo 050 (il o id A3, o ) yg,800 Sl geid
Ol j0) gl o(yliw jo3 bl H0) ppatidle oyl g g oyl Ll o) Bs Ll B - W/m2
Lwgie ol polie glyls (S5 aduen Ll 3 liwl ;0)SBa8 oo, Ll [0)eobl (b je5
ool sl p cwlio giblio o plas conl (pl 0 SV 595 a5 wwn LS 0,90 lade o iS5l 6 SYL
s A:>|9 celw LS‘)-.’ ol dbL.A )il.u as 6)35‘)[5 ).iia RUCGEI. gSH.,LJ”.\_e sl oj9> LE}L*“
o Sl (28l il polie o teS g i (o (g0 OS] aS s s iblie 0ogy Sulgend
PS03 Sl Hlake a4 g eS g 0 oo polde Wb yrals S pl aSile )y cedids jo auS

Ded ol gble 1o ol gl solppinn uedd g Cal (S Sl Hlade ol wiales

258 (o0 DUk (o5 5 0ads i ol I (G285 0,08 e e sl Sl a5 U &S elSn

S icai] (slo Y s les GBS o b bl g L 5 3,5 ushs, 8l S aals o i
VYV



LhCa..u}».J . . . . . _ -
meblite (e il o ) Sl SIS sl eblie gl ) AKELe5T 1

AP Glye b Sl (S Dl 0SS oo 530 1) A (et Lo pl Lo (nl e (e )3 0l (o0
5 9t GG g S (50 sy IS (SB35 GG By a5 35,5 oy (Kp) (G500 S
Ol Gl )0 seetiale ol cond (315 polie Bub sl iwnedl (YL Y )3 (e Laone
Ol jo Oy il S0 &l .l 92 olo 0 - AYF sgu> o S el o 5V Gl ylo
Siles bl il o ole jo +,YVE 0g0> 0 obale Sb asli (e Glyls (B,-5 )bl 3]
o o8l 5 BV 5 e ATR bl ol gl il ppalie oy 2S5 oy i Sy (sl LU
olnl o b ol plad sl (S 2l (xSl it o3 5 4 (Ol55be Sl j0) Jlew 5 p—tale

Lev] ast IR IEER PR CR

s yei il Slelos Jlode -l

L] Gy 0als 00ls 3blie ;o (sawd 9> il o)l y0 oz oMbl b el o3Y gl dalais glo )
Sl )95l 55 9 Gt 95 Sl el slp p)Y Jomsly b bl pansid ;5 115 )0 0l (rend Sl
A ye a5 Sloy Do &jguay a5 (el (gads 93 ol Olels o y9 (6550 5l oauisS ool wl & yad
Sleslatnl b Sldllas sla o] jo (gunds o (b Olelu Hlade .coul oo oy o cnl Cug,y 1B
ST ol Slebo Al (55le & ygar g 00 (605 o3lail WS gk oS SBT3zl oS oo
LFv ]l oo (5))55 anlllas cow 3l gl Y-all S5 o ailals

3 b e il S Slele Alle S5l 0 YL hlo loST il 50 a9, oSl el (15
sl "Iy dduen Ll " Lliiwl jo 0 g oKius! AUl o el (Caelw YAD dg0> ;o) olo o
3 olpl o alale g ex b olelw S aldlow nSleo .l (Celw VY 590> ,0) o %S

ol o] s el YO-,VA dgds

\YA



gy ) . . ) o
mbline Glase 156 cod )l Suldgeid (eSS ook p canbline Jlwgil 51 calSioles] (o)

Ol 5 ey (il GIS sl 4 0-ll

165 gl wilg (go g aimd (oo plis ) (ormb wlie 5l pel (S 50ed 208 5 S 00 sla by 5 o o3l
ol 2b,l g ey g Sz 0 Wilgs L GIS (gle a5 0.5 )0 g Loo glad )| g Sl
D58 1,8 solaiwl 5,90 ju Dglaie slo ole g alie blai jo (5049,9

Annual average monthly sunshine hours

aldoran
Senar Khaf 2 Abar g orit
Afriz 300 Namin
AghGhala | | [ Mayan
Jangal \ | [/ /| 7 Oskoo
Ghadamgah o Bonab

Sarakhs . Langrood
Roodab - Bojnoord
Esfarayen ~ Eshtehard
Davarzan ‘ 2 _ Jarancagh
Marave Tappe " Divan Dare
Ardakan . Shue
Abarkuh | | Soltanych
Meshkin Shahr | Rasool Abad
Orzooye — . Ghorve
Behabad - ‘| Mahi dasht
‘ \
|
Nelibandan | Hoseyuie
Fadashk Shushtar
Haddadeh = Mabishidr
Moalleman Abadan
Morche Khort " Borojen
Chabahar Bardkhoon
Shahre Babak Abadeh
Nosrat Abad Eghlid
Dehak / & Marvdasht
Delgan - ~ Joyom
Halvan Moghar
Rafsanjan | | " Kahak
Lutak Kish Khashﬁ.lmk Dcl“_Valzmeh

J9iS swlidlan gla olSiius] jo (gund e il Slelw (Y- s

AR



. L'-’-"‘M .~.l3.. . . - “ .
u;‘“-*-b QIR ol o g,-’)‘)-"' Saldggd Hesls GMJL? xr g_';‘“':"aL""‘“ Jbwsib J'" u;“’li'i"iuji o

LR M omn
prEs O MW M 0 W

e
B e v 2L e A I — i - — —
- . . e e MM M e
S ma-oue ek ey

e L emn e
L esu.arm e
B e M ame
| R - pocotgeno
| el [ L PR T
- ey | TR

| B

e



bl (e b Co 5] Sllsed ;5SS (20jl g2 (penbline Jlwsil 51 aligloj] u)

Monthly Total Global Horizontal Irradiation

Filled Contours
[ 2s. 20508

Monthly Total Global Horizontal Irradiation
(OV/m2)July)

Filled Contours
B 221300
I »oe3. wsa0t
0 @401 @902
@942-2753
| =I5 sue
10 s 56570
I 0. 7300
B =210 00121
W o121 cce2
W eco2- 0

0 70140 280 420 560

0 70140 280 420 560

AR

T s 2am 0 70140 280 420 560

Monthly Total Global Horizontal Irradiation
iled Contours.

0 70140 280 420 560
O —— 0 Meters




(srboliie e 15U Cov gl Solidggis ,giSlST (205l p (perbline Jlwgls 51 2Balejl (o)

Monthly Total Global Horizontal =
(Wf:.){sou-w) B Tnadiatia Rame Monthly Total Global Horizontal Irradiation
Filled Contours (W/m2)(October)
| ECTRTES 0 70140 280 420 560 Filled Contours
I »027. 41184 B 2ee. 29172 0 70140 280 420 560
[0 annse. o B 172- 2189
IR ) T 3129 30439
[ easy-s1m T jeas9- 9271
0 e2191. 84234 U manr-ases
B 2234. 08779 [0 «1895. @538
B 277957822 B as2e. wse0
W 578 22- 00524 BN ase0. wos2
I 024041 W seaz-s973
. so73- 290

Monthly Total Global Horizontal Irradiation

Monthly Total Global Horizontal Irradiation
(WV/m2)(December)

(W/m2)(November)
Filled Contours
. o2 0 70140 280 420 560 Fiied Contours
W s maan W - 21050 0 70140 280 420 560
O 2343 2792 I zess. 24208
100 w7e2. 2788 T 26298 20503
| RT3 T ms03- 344
B 30ae0- 448 1 Maes-mn
T esce- 395 D00 2me3. 3724
B ws0z- rase T 21724 3029
B csce. s3s B 2829 208
I s 200 I esee- 9728
Wl 572 @51

Olnl 5o Gard 95 b GIS (sla asis (Y-Gll) Jsia

\YY



LhCa..u}».J . . . . . _ -
meblite (e il o ) Sl SIS sl eblie gl ) AKELe5T 1

cyrz a4 Jld eSS > b as o ly oo 8 Olao jo oal ools (LA GIS glo aiai 4y a5 L
Jyad it ;5 ol plowl dls Juds @ 1508 Jlods blas sl oo (alidl (635,81l hans j5-5
St 9 @re LB L anwlio 10 55 5585 (0)8 LI iz @8 015 (00 S8L,0 (65 B (L
Gl Sl sl ailae g2 5 (S5 095 Al D) S92y Clay Bblie (l ST (e LS ) (558 G
95 S Ghle S go 8l o bl 5 ke b avlie )01 (6508 (WU 5 Jlo 0 5 o bl
36 A 5y ol 3l asiwe o a3 3ble Koo Cad a4 oYL Ly (6098 bl Glpl oe
GIS sl aai (bl 0ib olyan YL 0oL b Bblie (pl o Silgh (oo Gauryss slo e
bl ol oo sl (slo > g cigus))) il ole yo blio pl )0 (gou—i g3 il oo y—ioo
S jghiles Al .aiS o 8L yo Bblie Koo a0 cud ) (U 5l o o it (w3 bl (oo
S92y Caday (@Yl Sl b e L 55 550 50 plul,t bl psir bl vl b S5

2l g0 gl g5
o2 5 (lo bl 320) Olpl ooz 5 635 0 bl oS clls Jlobl ol oo b aids cpl @ azgs L
S oy 5 b Culw (g3liloly gz (@YU [l Sl Sl sl S il Cgi g S e i

SIS oo 28l |y Glpl 2 6998 (AL Sl (VL Sl ot Blie () 45 1z 009 o952 (g0 95

\FY



mebliis s i o 5> Sllygid SIS 203k (qmsblito Jlsih 1 AEELST (o

\¥F



Abstract:

Photovoltaic cells are consist of semiconductor materials which directly convert the solar
radiation into electricity. All of the incident radiation could not to be converted to the electricity
and change into the heat. Increasing the cell temperature decreases the open circuit voltage
which causes a drop of electricity conversion efficiency. One remedy to avoid the temperature
increase of the PV system is the use of a photovoltaic-thermal hybrid solar system (or PVT)
where the unfavorable absorbed heat from the cells is collected through an additional thermal
unit. Therefore, a PVT system consists of photovoltaic and solar thermal components which
produce both electricity and heat from one integrated component and improve the overall
efficiency of the system. In this study, the effects of ferrofluids as a coolant on the overall
efficiency of a PVT (photovoltaic thermal unit) system are experimentally investigated. The
fluids considered in the experiment are distilled water and a ferrofluid (FesOas-water) with 1%
and 3% concentrations by weight (wt%). The experiments were performed in indoor conditions
under two constant solar radiations (1100 W/m? and 600 W/m?) using a solar simulator. Due
to the unique characteristic behavior of ferrofluids, their rheological and thermophysical
properties can be changed under an external magnetic field. The ferrofluids in this study were
placed under constant and alternating magnetic fields in the cooling section in order to
investigate the effect of both types of magnetic fields on the overall efficiency of a PVT system.
The results show that by using a 3 wt% ferrofluid, the overall efficiency of the system improved
by 45% and when an alternating magnetic field with 50 Hz frequency was applied, the overall
efficiency increased to about 50% compared to that of the distilled water as coolant fluid. It is
also observed that using a constant magnetic field for a ferrofluid has almost no effect on the
system performance and is very close to that of the system when no field is applied. It was
observed that by adding a thermal collector to a PV system and using a 3 wt% ferrofluid under
an alternating magnetic field with fregency of 50 Hz, the total exergy can be increased as high
as 48 W while this amount for distilled water and PV system with no collector were 33 W and
20 W, respectively.

Keywords: Photovoltaic thermal (PVT), FesOs-water nano ferrofluid, nano ferrofluid,
Heat transfer enhancement, Alternating and constant magnetic field
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