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Numerical investigation of thermo-hydraulic characteristics of corrugated air-
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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.)
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Table 1 The thermo-physical properties of air at T=300K [11]

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

1.225 1006.43 0.0242 1.784-10°
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Table 1 The characteristics of first (spring and summer) and second
(autumn and winter) six months of the year [2]
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Fig. 3 Variation of average Nusselt number with Reynolds number
during the (a) first and (b) second six months of the year
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Fig. 2 (a) Mesh independency test, (b) Numerical model validation
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Fig. 4 Variation of PEC with Reynolds number during the (a) first
and (b) second six months of the year

() anle iuis )90 10 jalgns, sae b o,Shae ol asls uis 4 U
Jbo pes (©) 5 conss

] S e R
N A i ]
e - = A — — Triangular ]
- S —-=-0-—-— Rectangular
o 60f S —-=-C-=-= Sinusodial ]
3 ' ]
§ r ]
5 95 B 7]
= 1
s I ]
5 | q
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 4
604, _ - -— Rectangula
< . —+—-O-—-= Sinusodial ]
8 sk sl ]
53] T == T ]
N el |
® S0F RS T
5 T ]
g ]
L 45 - ]
g b
g H ]
8 H ]
40 .
35 L PR T T T ST RSS! ]
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

e SIS (g 2 B 659 3l g (sles (raliE Sl loges O Y
Jlo pgo (©) 3 cansu () amle L 0,90 (sl calises 50lgn , slael

& 5 4o -4
Sger 9 (Sl sledatin w)n et gose adlas S
Moo NS D3l amio b (Sp Slee jeuSIS Sy lep g )bzl olrals
b plil 4000 b 2500 (slajalgn, eogame o aidl Gl > w25, &l
Sl sledasine Gdlr asbo ad e SiS waw] Casdds gl sille
50 Lol caiisy co g |y (29,5 U (695,5 5l Lo iul Bl g cluls sae julas
Sl HESdS S oo 0by 1, Sl Gl (Sgpane laaasiie 59

45 3902 9 S Sluwwl 5 ¢ sabedyand Slellyn (uil paiS (yuo9s wVlie dcgoze 13 o louis 16 ©)93 1395 Mo )3 Sl w e


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.46.3
https://mme.modares.ac.ir/article-15-8827-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1395.16.13.46.3 ]

Obed 9 031 Flwhid s P25 led )13 505 (s 3b y9a Sl )SISLS Sl9) b 9 b Sldrduattiie S33s Hw) 2

[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.

G390 5 G Sluwls 9 orbeds s Slalliyn (il paiS (re9s wVlie ac goze 13 o jlaid 16 095 1395 e (e SuilSe wiae 46


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.46.3
https://mme.modares.ac.ir/article-15-8827-en.html
http://www.tcpdf.org

