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Numerical investigation of thermo-hydraulic characteristics of corrugated air-
heater solar collectors

Hosein Khorasanizadeh”, Soroush Sadripour, Alireza Aghaei

Department of Mechanical Engineering, University of Kashan, Kashan, Iran
* P.0.B. 8731753153 Kashan, Iran, khorasan@kashanu.ac.ir

ABSTRACT

In this study, the effects of using corrugated absorber plate on heat transfer and turbulent flow in solar air-heater collectors were numerically
investigated. The two-dimensional governing equations were solved by utilizing finite volume method and SIMPLE algorithm. The absorber plate
with triangle, rectangle and sinuous corrugations in turbulent flow regime and Reynolds number was considered within the range of 2500-4000.
Proper geometry was selected based on the best performance evaluation criteria (PEC) and increasing the air temperature from collector inlet to outlet
(ITIO). Simulations were performed for two different tilt angles of collector, which are the optimum six month tilts for flat plate solar collectors in
Kashan. The results revealed that using corrugated absorber plate has a considerable influence on the flow field and heat transfer. For the whole year
the highest PEC was obtained for the sinusoidal corrugated model, however, the highest ITIO was observed for rectangular corrugated model. To
achieve best ITIO and the highest PEC, the optimum Reynolds number of 2500 was also noticed.

Keywords: Solar collector, Corrugated absorber plate, Turbulent regime, Performance evaluation criteria
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Fig. 1 Two dimensional solar collector models with: (a) sinusoidal
corrugation, (b) triangular corrugation, and (c) rectangular corrugation.
(The actual geometry consists of 18 corrugations but for clear
presentation only 4 waves have been shown.)

(g 0,58 () oud (il e (saud e SIS samgs sles 1 S
Lol wiboo zge 18 Jolts bl amain) . Lbvies 6,555 (2) 5 e 0,535(o)
(-5l ools las zge 4 L5 398 JIKl ) yign iales sl

[11] T=300K (sles ;o lsa (Sy5udg0 5 olss 1 Jguzr
Table 1 The thermo-physical properties of air at T=300K [11]

p (kg-m™) e (I kg™KY)  k(W-mtKH u (N-s:-m?)

1.225 1006.43 0.0242 1.784-10°

5 502b) poo 5 (Ll 5 k) ol anle b (slooyge 4 bgppe Lulys 2 Jour

[2] J (s
Table 1 The characteristics of first (spring and summer) and second
(autumn and winter) six months of the year [2]

Obiaey 5 mly Ol g e b 0590
76 10.25 () 53 5 2l Slele by
282 297 (K) &5, slos Lamsie

13.87 2535 3 s (59, wiljy) pieis ailale lawgis

H (MJ-m2.day?)
507 687 (Wem?) lases (iis 4 599,5 giats
345 355

(K) 0il> amio slos

o (. ) 1 . . .
loo Gl o yiiion 970 Slee b)) [l jshaie cpay el oo ploxl
RY| M;)‘)Sjjaga)ys)sﬁs?jfb 609)3)1 ‘9.%

G (Gl -2

SSa5eb Jo-1-2

LSS 55 2HE20 MM (gog,0 £l L suny 99,5805 Sileds (sl
Lo g0 o0 XS sloo,lgo Jolis Alis daid ol oads ool olis
w0 leles mae Jsb el (ool 850 (i5u Jsb y0 z5e 18
slp 5eSIS b ool =3 MM lazge amsls g A=1CM Ll Jow
2 83959 Sy i Ly JU G e i3 sl ol LE2M
=9 oiSe sle 9 4000 G 2500 yo aiad] jalen, slael sdgase

WDgdiee a3 SIS (295 ) 5L (55 b pt JU

S Y olro -2-2
eizman [6] wloas @l (3) b (1) Lals, ;5 oty oSl S¥ole
sylastinl kg Jaa 5l (Saasl g3loJaa pslazess (6) b (4) Lady, 3l
oanls g SKhol copo Galsn, sae ol sae [7] 05 o oolizul
e (7) Lly, 51 o5 aitea gom o9 slajially o Slee e
cdul sae s NUg 5 NU polie PEC aoles ,o [10-8] wigs o
L LIS U5l o lawgie cll sae g 00,85 ,giSUST 5o [0 Jawgie
5 SEhol coyd i fo o finimes aiis dlo Ol anio
Gl asmao b ,eSIS B o Sl co o g 400, K8 SIS ol

sl o ool s T Jgaz 4 s Sosedga s olsd itus Blo

d
6_xl-(pui) =0 1)
O ) = - 20 D[ (24 PN L O ey
an prat) = axi axj K an 6xl- aX] P
(2)
d 0 |/ ug\OT
ax, P =5 (ﬁ*ﬁt)a—,@ )
( — ’) _ Bui + auj = oC kz
puy") = b G g ) e = PG (4)
a 9 e\ 9k
B_xi[pkui] " x; [(H + O’k) axj] + G = pe (5)
6[ ]_6 (+,ut>6s wc o g g2
ox; PEU; _axj u o.) %, 17, Uk 2eP Xk (6)
hD uipn D
Nu=-h ge=2rtm 0 b —opya,
kg Ky ) (7)
2 AP N /3
sz_Z,pEC:(_“) (L) ©
(—) PnfUin NuO fO
Dp,

S A e oy [12] ol 88588 Pa 1,y LilS s o lan i

sl 0.95 ).3‘).3 0y L)”’“?" Lt @W?ﬂ Aho u» YR 0.88
alole bwgio consp glind (idg 4 (50,5 (oriwis s [13]

! performance Evaluation Criteria (PEC)
2 Increase of air Temperature from Inlet to Outlet (ITIO)

43 3902 5 S Sluwwl 5 ¢ sabhedyand Slellyn (uil paiS (yuo9s wVlie dcgoze 13 o louis 16 ©)93 1395 Mo )30 Sl w i



OB 9 03l (Swhad ama

P59 130,55 (3ub 93 Sla eSS SSW9)Id 9 HIIL Sldduosuine $33e W)

SRl Ao g S ade jlid cdl Wl ges jalan ) sae il
obad (gl dge j0gn; 0ae PEC aay b jlass (o .04d 0 PEC
PEC ,lads oy 5t (swgimms o3l dio b i8IS .l 2500 o o
Jlos pgo g e olo i gl o) Jlade a5 oo oo (soled (5o )
Joges "B g WD lo S rimes ool 1.06 5 1.08 o5 S
e o las e ped g Jsl anle il slro,en sl 1) ITIO &l s
5 Lo ialidlcoad ad 3 la o Sloj 0,90 90 (sl a5 098 0 cvaline
Sl ygSIS G Gl 5o el Blo slaygiSIST 5 iy 100 K5 sl SIS
oo l33l Jlo pgs g Jsl anle (5 0,90 93 12 )0 (lbatens 0SS
2 s Gl Gl Gapche N (e B s9ys 3l SR
U5l el i 563 K syaor JLls 0 S5 Jae sl ol ol

el Jlo pgo anle 25,0 59K g

%U——
[ ———o—— Smooth
I - — 4 — — Triangular

22| —-—+©¢-—-— Rectangular _-

»—-— Sinusodial X - .-

Average Nusselt number

14— .

2500 3000 3500 4000
Reynolds number (@a— )

22

[ —— Smooth I

— — A — — Triangular
—-—-0-—-— Rectangular
—==-O-—-= Sinusodial

20

18

16

Average Nusselt number

14

LA L 2 e

500 000 3500 2000
Reynolds number b-2)
Fig. 3 Variation of average Nusselt number with Reynolds number
during the (a) first and (b) second six months of the year

() aole it o 50050, 008 Sl s o p awgio cdul sae puis 3 5B

Jlo pss (&) 5 Js!

L7 T

i - — £ — — Triangular ]

i —-—-0-—-= Rectangular {

kb —-==C-=-= Sinusodial

i —7::::::¥::::::£2

s .

@) L ]

Q I i

w 7 i

oof ]

oo e = 1

e r—
2500 3000 3500 4000

Reynolds number

97—
[ —-—-0-—-— 143476 nodes i
I — — £ - — 145327 nodes 1
_ 18 ——C0—— 149771 nodes
2 [ ——-o-—— 151825 nodes e
€ [ ,
=]
s L N
s [ ]
% - 4
3 [ ,
Z - 4
Py L -
S [ ]
© L ,
(S - i
= [ ]
< L ]
2500 3000 3500 4000
Reynolds number [CEY))
8T
—+—— Present work :i
.~ 210 - -%-- Vanakietal -
s [ ]
E [ ]
>
= L ;
= [ ]
u(n’ I 4
= [ ]
=2 - B
o L -
j=21 I ,
< [ ]
[ I 4
> - B
< -
ool v o 0 v
6000 9000 12000 15000 18000
Reynolds number (b-o)

Fig. 2 (a) Mesh independency test, (b) Numerical model validation
so3e oo glejl sl (©) cgonaSed 5 mbs Ml oge3l (wall) 2 Jsi

O SIS eSS N RIS NERTE
sae slp [11] astlas 5 yol> 5wl (o lasl jelateds cpizmen
U5 0 a8 jsblen cailosd duglio pa b m2 JSE" o dawste el

B8 0525 bl w295 Blbail il ais

e Jo by —4-2

oolitwl JyuS o (g 5l bl g (samgd B ST piann > polaie 4
Lo 51 Jiae Jlow (ol 5 Sl pdanSTH5 ol 35800 28 05h o
oue Slowlns o mi,98 9 Sgus x> by 5l esliiwl b aiien
ey JOlE gy Sl ool b plraly 5 3505 slapy 05 o0 ploxl
slaz jlade bopite plod (2l Ko jslaite 4 Wgh oo Jabin pgd 4y
Dol oo a8 S L o 10

& 41y-3
e slael jo e XS Ll amis l eolaiwl WISl sy ol e
e Sl Jloged 098 o0 (gmyp D)l JEET 5 0l Gl p Dl
Jlo p9d 5 s anle (58 090 sl sl s9e ce p lawgie <l
JU el oo ol plas "om8 g WF3 gl S 0 s
Sl sae i Jlo ped g Candi oo B3 s (Gl eSS
polie "l g Gl Gla S s ls saln slael eled (o |, Lawgite
Ol 5o b Jae gaen lp s o lis jusl, sae e p |, PEC
b e molS PEC lie jign; sae (iolidl b Jls poo g Canss ole
wbse Ll ol sae Galsiy, sae il b a5l o el ol Juls
bl sae i3l 052y ol b el 4, b o 5 ,Las il Ll

G392 5 G Sluwls 9 ¢ orbeds s Slalliyn (il paiS re9s wVlie ac goze 13 o jlaid 16 095 1395 e (e SuilSe wdiae 44



OB 9 03l (Swhad awas

P59 130,55 (3ub 93 Sla eSS SSW9)Id 9 HIIL Sldduosuine $33e W)

5 5o 311y Los Gl Jahn (et slebins 0,555 s il amn
A Lad cdl foa Lol sedge aze S Jlo Jsb olad ;o 501815 g5
Gl SIS 3525 ol b s lo o feenlio PEC Lasls L )
Jbo Job ples ;3 PEC Jlade cn 5t 5l (oo 055 L 03lr axio
9 795 U 6099 5l Led (il )l 51w go i ol el 1595
s, eads adllas slo awaie den glp @ Slee bl Jhre G YL

e S yg8 -5
(kg™ KT o35 G5)l> sk Cp
(K) 55815 (25,5 b (5995 3l g2 sloo (alél  ITIO
(WmhKY) Sl colos cops K
clobsae Nu
(kg-mts?) jles P
(kg-m™s%) s Shos o3l jlone 5l PEC
g, sae RE
(K) Les

(m-s™) e oo

(kg-m™s?) Solus czj) p
(kg'm?) J&= p

2SI 4 (50959 N

c)|5,g.)

c&'»-6

[1] Organisation for economic co-operation and development,
International Energy Association, World energy (Outlook), 6 Jun
2011.

[2] H. Khorasanizadeh, M. Meschi, Determination of the monthly,
seasonal, semi-yearly and yearly optimum tilt angles of flat plate
solar collectors in Kashan. Journal of Energy Engineering
Management, Vol. 3, No. 4, pp. 38-49, 2014. (in Persian _.,is)

[3] T.A. Rush, T.A. Newell, A.M. Jacobi, An experimental study of
flow and heat transfer in sinusoidal wavy passage, International
journal of heat and mass transfer, VVol. 42, pp. 1541-1553, 1999.

[4] G.V. Wang, S, Vanka, Convective heat transfer in periodic wavy
passages, International Journal of Heat and Mass Transfer, Vol.
38, pp. 3219-3230, 1995.

[5] P. Naphon, Effect of wavy plate geometry configurations on the
temperature and flow distributions, International Communications
in Heat and Mass Transfer, Vol. 36, pp. 942-946, 2009.

[6] S. Eiamsa-ard, P. Promvonge, Numerical study on heat transfer of
turbulent channel flow over periodic grooves, International
Communications in Heat and Mass Transfer, VVol. 35, pp. 844-852,
2008.

[7] .E. Launder, D.B. Spalding, Mathematical models of turbulence,
Academic press, New York, 1972.

[8] H. Heidary, M. Kermani, Effect of nanoparticles on forced
convection in  sinusoidal wall  channel, International
Communications in Heat and Mass Transfer, Vol. 37, pp. 1520-
1527, 2010.

[9] H.A. Mohammed, A.K. Abbas, J.M. Sheriff, Influence of
geometrical parameters and forced convective heat transfer in
transversely corrugated circular tubes, International
Communications in Heat and Mass Transfer, VVol. 44, pp. 116-126,
2013.

[10] Sh.M. Vanaki, H.A. Mohammed, A. Abdollahi, M.A. Wahid,
Effect of nanoparticle shapes on the heat transfer enhancement in a

wavy channel with different phase shifts, Journal of Molecular Liquids,

1.2 ; ———
- — A = = Triangular ]
—-—-0-—-— Rectangular
—-—-O-—-= Sinusodial ]

11

PEC

0.9

0.8 o

0.7 L L L L 1 L L L L 1 L L L
2500 3000 3500
Reynolds number

4000
(b-)
Fig. 4 Variation of PEC with Reynolds number during the (a) first
and (b) second six months of the year
() anle ouis )90 10 jalgns, sae b o Shae obs,l Lasls uis 4 U
Jlo pss (&) 5 e

ST T T T T T T sheom
ke A i ]
e - = A — — Triangular ]
RS —-=-0-=-— Rectangulary
< 60f S —=-C-=-= Sinusodial ]
s I ]
g r ,
5 551 7]
£ i
s I ,
5 - 9
8 50 ]
& I ]
g r ,
e - N
> - i
= asf 7
40 RN T SR SR
2500 3000 3500 4000
Reynolds number (a— )
65 ————— —_— ———
F T —— 5T " Smooth ]
i - — /A — = Triangular
604, _ - -— Rectangula
< [~ —+—-O-=-= Sinusodial ]
8 ssk T 7
5] T == Tl ]
® S0F YR T
5 T ]
g f ]
g 451 .
g b &L
g F ]
2 F ]
40 §
35 - 1
2500 3000 3500 4000

Reynolds number (b-o)

Fig. 5 Variation of ITIO according with Reynolds number during
the (a) first and (b) second six months of the year

ey SIS (g 2 B 659 3l g (sles Gl Sl lages O Y
Jlo pgo (©) 3 consu () amle i 0,90 (sl calisee 50lgu , slacl

& 5 om -4
Sger 9 (Silm sledatin w)pn jhied gose adlas S
Moo NS D3l amio b (S Slee jeuSIS S e )bzl plrals
b plil 4000 b 2500 (slajalgn, edgame o axidl Gl > w25, &l
Sl sledasine Gdlr asbo b e SiS waw] Casdds gl sille
50 Lol caiidy co g 1y (29,5 U (695,5 5l Lo iul 8l g cluls sae julas
G eSS S e ol 1) il Gl (Slgyae slaaasie 950

45 3902 5 S Sluwwl 5 ¢ sabhedyand Slellyn (uil paiS (yuo9s wVlie dcgoze 13 o louis 16 ©)93 1395 Mo )30 Sl w i



Ot 9 031 Flwhid s P2 led )13 505 (s 3mb y9a Sl )SISLS Sl9) b 9 s Sldrduatuiie S33c Hw) )

[12] Meteorological Organization I.R. Of Iran, Accessed on 26 May Vol. 196, pp. 32-42, 2014.
2015, http://www.irimo.ir. (in Persian ., [11] S. K. Jena, S. K. Mahapatra, Numerical modeling of interaction
[13] J.A. Duffie, W.A. Beckman, Solar Engineering of Thermal between surface radiation and natural convection of atmospheric
Processes, 3 Edition, New York: Wiley, 2013. aerosol in presence of transverse magnetic field, Applied
Mathemathical Modeling, Vol. 37, pp. 527-539, 2013.

G392 5 G Sluwls 9 ¢ orbeds s Slalliyn (il paiS re9s wVlie ac goze 13 o jlaid 16 095 1395 e (e SuilSe wdiae 46



