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Fig. 1. Definition of the geometrical non-dimensional parameters
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Fig. 3. Schematic of the solar air heater in this study
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Fig. 4. Heat flow in the solar air heater under study
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Fig. 5. Equivalent thermal resistance in a flat plate solar air heater
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Fig. 7. Comparison of overall efficiency in the flat plate solar heater
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Fig. 9. Efficiency of the heater with smooth surface and ribbed surface
at different rib pitches as a function of mass flow
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Fig. 8. Efficiency of the heater with smooth surface and ribbed surface
at different rib heights as a function of mass flow

sglisyl 3 bailis g Hlgon c,.la.mbu&,,f &l 0a3b A UK
O D s WS



e s i
() o A
(M) Joleo (Sdgpim 3
(kg K) opg slos  CP
(m) balus glis)  E
Sl uye S
LS Cis cupe
(m.s?) adl> Glus g
kes') o o G
(Wm2K) pleals cups  H
(m) Jos gl H
(WimK) ) cabia caps K
m) Jus Jgb L
cdwbse  Nu
(kg.m".s?) ,Lis P
(m) sl pl8
Joly sae PP
(Wen?) o 2215 3 Gl s 4"
(W) ordode sl g5 QU
(W) L5 &Ml g5 OL
M) pope W
(W)oxes ol W,
gy sue R
(W) sy oy > sloyS
(K) La
g e
(kem?) J& P
Wo(m KT gepdey —glia el O
o33k n
o g2
bow A
Luge  av
4s b
SIS Blas g ©
() Jole Jbw
5299 i

EVRRVEI LTI PRE O gRPRES

Table 2. Range of the optimum values

wp iyl plpodyl S b
¥ WA mm Juls glis))
INER YEA- - JRUSTPENE
o[+va o[-0 - ailiy glas,) s
vy 0 - il pl5 Cans

d;wﬁsm—o

pas el Joab 5 lajg) Job o aedyed 5l (8L)> (6551 s
WSS cpl yrogMe il oo ()53 S0)S 3 Sles 3)90 50 Cupalad
033 cdl b oo il (8L (651 GEalS L Jglite slaiSe S 035l
$Bly 5Pl de s dpdie ©ype (Bl S5l Gl L lojen
oS o 2 Ll wl sl glos BB Lads (gl 258 S
O0SeS B oyl Jl copo el el lgn (o3 (il A8 g
S oSS Tl plalr Ol Jl oo K3 Bk jlogd e
il b oM jeba il e ol Loyt el @)l ST Jotuns
Dexse p 4 (8L GGyl e e ey I (8L 55l
ol SoS & Oyl Jl sg0 S adlllas ol > St (nl @) s
D gy @By oSS 03jh ol
U515 il )Lt il g ol Jlil y laeilisn b adllas oyl 5
5 13 f35 5l blio s 93 o oy 56 dorisr (3S0,S JUIS
Oyl Jasl &5 el jleslatol 31> 05g laen go5 51 S Folaw
033l .8y Vb o 4y 5 )Lid 8l lojen ) Iy dxgi BB i3]
b e ST enbon a3l 200 g0 )3 ol a2 2 050 S
el oal asly sl Ll 250 L & ol (S (g2 (23 Gl38)
85 e 3 (ilodisre @l o xS el gl ) (St (S0 S
2333929 dbgiye slaize (55 9 (K0Sl g (il 58 m
i o 3 el pslio 5L gli5,) 4 5Su05 o5 L &l s )
FobgS 3 5 )93 wo 5l Slapls )3 3 Slas cp e Slaje (5] )
Aty e (55 ) JUI g gl)] ol 2 0gMe 09500 Jol>
b (SepsUl 3l VL agie el cpl e ccanl il (351 <l
Byo & ggiie g shhlf UL (xio o35S oslital 4 5]
JES! )3 90 30 a8 3945 o IS ol oamliie b .l il s 39
Ll 33 g .l gy Kol Hlid Bl 5y YU dg a4 0)lgen <yl
Sligy § sl syt e s el bl il opdle
Jedlatal 3)90 )3 (635 mrena jl L8 ¢ ogadar 35 1 53 D98 o

235 Sygo (55005 sl iagh LU easlis

k23



Eiamsa-ard, “Augmented heat transfer in a turbulent
channel flow with inclined detached-ribs”, Case Studies
in Thermal Engineering, 3,2014.

[14] Xie, G., S. Zheng, W. Zhang and B. Sunden, “A
numerical study of flow structure and heat transfer in a
square channel with ribs combined downstream half-size
or same-size ribs”, Applied Thermal Engineering, 61.2

(2013): 289-300.

[15] Xie, G., J. Liu, P. M. Ligrani and B. Sunden, “Flow
structure and heat transfer in a square passage with offset
mid-truncated ribs”, International Journal of Heat and
Mass Transfer, 71 (2014): 44-56.

[16] Moon, M., M. Park and K. Kim, “Evaluation of heat
transfer performances of various rib shapes”, Int. J. of
Heat and Mass Transfer, 71 (2014): 275-284.

[17] Kahrom, M., B. Zafarmand and A .Exier, “Heat Transfer
Enhancement from a Flat Plate by Vortex Shedding
Behind a Triangular Obstacle”, Amirkabir journal of
Science & Research, 41.2 (2010): 37-46.(In Persian)

[18] Ansari, M. and M. Bazargan, “Modeling of flat plate
solar air heater with ribbed surface”, 23rd Annual
International Conference on Mechanical Engineering-
ISME, 2015.

[19] Bhagoria, J. L., J. S. Saini and S. C. Solanki, “Heat
transfer coefficient and friction factor correlations for
rectangular solar air heater duct having transverse wedge
shaped rib roughness on the absorber plate”, Renew.
Energy, 25.3 (2002): 341-3609.

[20] Aghaie, A. Z., A. B. Rahimi and A. Akbarzadeh, “A
general optimized geometry of angled ribs for enhancing
the thermo-hydraulic behavior of a solar air heater
channel - A Taguchi approach”, Renewable Energy, 83
(2015): 47-54.

[21] Taslim M. E., “Rib fin effects on the overall equivalent
heat transfer coefficient in a rib-roughened cooling

channel”, International Journal of Heat Exchangers,4
(2005).

[22] Duffie, J. and W. Beckman, “Solar engineering of
thermal processes”, Wiley, 2013.

[23] Incropera, F. P. and DeWitt, “Fundamentals of heat and
mass transfer”, 5Sth Edition, New York: John Wiley, 2002.

[24] Han, J.C., “Heat transfer and friction in channels with
two opposite rib-roughnened walls,” Trans. ASME
Journal of Heat Transfer, 106 (1984).

[25] American Society of Heating, ASHREA Handbook

fundamentals, Refrigerating and Air-Conditioning

Engineers, 1997.
[26] web site of iran ministry of energy, 2015. <http://www.
moe.gov.ir>.

Vg0

LT
s il e r
O)‘%.) w

&

[1] Kays, W. M., A. L. London, “Compact heat exchangers”,
third Ed., New York: McGraw-Hill, 1984.

[2] Bergles, A. E., “Handbook of Heat Transfer”, third
edition, New York: McGraw-Hill, 1998.

[3] Bergles, E. and R. M. Manglik, “Current progress and
new developments in enhanced heat and mass transfer”,
Journal of Enhanced Heat Transfer, 20.1 (2013): 1-15.

[4] Dipprey, D. F., “An experimental investigation of heat
and momentum transfer in smooth and rough tubes
at various prandtl numbers”, PhD thesis, California
institute of technology, 1961.

[5] Webb, R. L. , E. R. G. Eckert and R. J. Goldstein, “Heat
transfer and friction in tubes with repeated-rib roughness”,
Int J. Heat Mass Transfer, 14 (1971): 601-617.

[6]Han, J.C., L.R. Glicksman and W.M. Rohsenow,
“An investigation of heat transfer and friction for rib-
roughened surfaces”, Int. Journal of Heat and Mass
Transfer, 21.8 (1978): 1143—1156.

[7] Han, J. C., “Heat transfer and friction characteristics in
rectangular channels with rib turbulators”, ASME J. Heat
Transfer, 110 (1988): 321-328.

[8] Han, J. C., Y. M. Zhang and C. P. Lee, “Augmented heat
transfer in square channels with parallel, crossed and V
shaped angled ribs”, ASME J. Heat Transfer, 113 (1991):
590-596.

[9] Parson, J. A., J. C. Han, Y. M. Zhang, “Effects of model
orientation and wall heating condition on local heat
transfer in a rotating two-pass square channel with rib
turbulators”, Int. J. Heat Mass Transfer, 38.7 (1995):
1151-1159.

[10] Bejan, A. and A. D. Kraus, “Heat transfer handbook”,
John Wiley & Sons, 2003.

[11] Elyyan, M. A., A. Rozati and D. K. Tafti, “Investigation
of dimpled fins for heat transfer enhancement in compact
heat exchangers”, Int. J. Heat Mass Transfer, 51 (2008):
2950-2966.

[12] Patankar, S.V., C. H. Liu and E.M. Sparrow, “Fully
developed flow and heat transfer in ducts having
streamwise periodic variations of cross sectional area”,
J. Heat Transfer, 99 (1977): 180-186.

[13] Yongsiri, K., P. Eiamsa-ard, K. Wongcharee and S.



VES 15 WYY o YRS o ) o)l OFR 0,93 « S yuel SilSo owigen 4 i

Robin Test Program for Liquid-Heating Flat-Plate Solar [27] Streed, E. R., J. E. Hill, W. C. Thomas, A. G. Dawson,
Collectors”, Solar Energy, 22 (1979): 235. and B. D. Wood, “Results and Analysis of a Round

S ooliwl 5 @yls jl dlie cpl @y glayl ol

Please cite this article using:
M. Ansari and M. Bazargan, “Optimization of Heat transfer and Pressure Drop in a Solar Air Heater with Ribbed

Surface”, Amirkabir J. Mech. Eng., 49(1) (2017) 137-146.
DOI: 10.22060/me;j.2016.717

€1



