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Thermal performance enhancement of solar air heaters by usintransverse ribs and
determination of optimum arrangement of the ribs

Department of Mechanical Engineering, Tabriz Branslamic Azad University, Tabriz,

R. Vadiei Iran
A.R. Rostamzadeh Khosroshahi :?aer?artment of Mechanical Engineering, Tabriz Branshamic Azad University, Tabriz,

Abstract

In this paper, performance of a solar air heater teen investigated by using of transverse ribs.tlig aim, the governing
equations for fluid flow including mass, momentumdaenergy conservation laws have been solved bgnFlsoftware. With
respect to having turbulent flow in solar air hestnd noticeable portion of radiation in heatdfan turbulence and radiation have
been considered either and for finding best modeisturbulence and radiation, results have beenpeawed with previous
experimental studies for solar air heater withdls.rThen effects of parameters such as existehdbs changing effective heat
flux, geometry and arrangement of the ribs in défé mass flow rates, have been studied by usimgptzfined best models. The
results confirmed enhancement of thermal performdncusing of transverse ribs and illustrated thetige shaped ribs have the
best thermal performance among the investigatechgeies. In addition, optimum arrangement of ths iis different for various
Reynolds numbers. So that in low Reynolds numbptsnom gap between two adjacent ribs is more than high Reynolds
numbers.

Keywords: Solar air heater, Transverse ribs, Periodic floerfnal performance
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2 Surface-to-Surface



033l (535 2 Wyl alold pois Sl i cnl 50 5 0g 00 ib S
TV ST e el ol 5l el il 5 sl 0ids (o (2o T
S dicion polie a5 (JSG opl @z gl bl oad ools las
Wloads plaie 255 nlo L ocalie julen, olael jo cdul
alold 21581 9000 5 55yl jalei; slacl jo aS 898 o aein
YL s, slael 1o 5 ipme Glosgae B jglome )Ll 90
Gl cure Slodgaze U jglme [Loi g0 yw alols ials 9000
5 3000 jolsis; slacl gl oSG b 4 058 o0 LS Jlanl o358l
Gial3dl el yioplis 25 B jglme Sl 90 (s alold Liyl33l H000
yondkio 25 0 > g0 yo ol L5 Jlanl ai g ool L5 Ll
22 5 LS Jasl aciig g 9000 julsn, sae gy bl ge
11000 5 10000 45 julgin, sae iali8l b ogd oo Jol> ol
slael sl alge Cawdy yiodio 15 alol jo L5 Jlanl aciy
Aol iy el L oS Uil ateiny o 15000 4 12000 a5y
9o folo prorlo 1158 g jolome )Lt 90 (o
ob 4 S5 slaalols o la )Ll 9525 (il g Slacel yo
Led irm a¥ b o om 5l sl oY (Sl &Sl opdle
Blo sl S92 g cucly aShy 5] cos 3979 4 e Sy s @
)bt alols (28l e Jdo e 4 g 99bos 33 lyr pln
N jaen, olael jo aSl o el sads cdl vae ol cely
ORlFl cde a lajld alols aalS 5 edg i Ol e pe
b 2l ams po g (Faasl 2l cel dT b by 3,55
Ol Sy Sllog » Ol axmio Djglxe y0 23 i Y
s slo)S JU oyt Sl el ol al & 55 e it

D

70 T 430001 60004 9000x 10000 11000e 12000+ 15000
+

60 | S
5
£50 « X X x x x X X X
3 a A A A A A A A A
s40 |
30 |

e & 6 & o o o @ o
20 L~ —

10 11 15 16 17 20 22 25 26
Gap between two adjacent ribs (mm)

5055198 oS 033 3 slesS sl GiulT il -\ Ui

Gl gy olucl jo o yg5

1000 W/m? ole,8 |Li caalllas 5)50 (5aud 93 550 STen 1o

ool a5 8gd e 8)ly it e Bl 5l (L) dorin) il axis
oaiygl 8,85 3 5l 00i, 38 Jlw les ialidl Gl (ole)S Lo
Jleel iy jsb 4 5l gy 05l 0,5 50 alo)S LS 05l o0
5,5 Job j0 Zdyen G,k 4 boo cS sy ualidl el aS 05 o
35 Vb o)les 4 (il b )3 il sgzg cde 4y g 05 0 05 g

O JS8) o9 o Jiiie

shls slapSe Slsa 1 51 Gy g wilge jlaio cp it (slogS L
SIS cai A ol s Saan derd (eupe laBed slaykd
55580 (glo )Lt o5 dopo MF Joan" 0 il e 00l cn i
L oS ol axg BB ool oad ooyg] il slajolsn, iy
ool Gl Jdo &5 09die in 2le)S 33k Gulsn ) vae Al
S adlie (KAt St o5 Gl s o il il

e se Gl L) (Sl lers Ojglome )5 il angi 3 Y

& G liseo glayads (2o y5 003 Sguts w0y —F Ju
Glizro gy olael 5o ,Kusy

@le S 035l 390 o

e ket Syam dod Ld | sapl )Ll cons
Ao & S Sorb s | Ll e el o Re
Syan
0.014 13.87 4.4 3000
-0.58 18.93 0.31 6000
-0.0086 22 6.66 9000
0.026 21.98 12.42 12000
1.79 20.87 15.1 15000
o 5logS Lo laiized L Re
ladiyed 4 St A S
0.19 4.05 3000
1.25 5.62 6000
1.93 6.28 9000
2.86 5.62 12000
3.89 461 15000

2 3l amivo 1 5o (ilo S HLb i 5T ¥-F
&log5 )l 51,18 (g y95 (S0 STan

Wibge oleyS 005l cp s sl logS HLod aSul @y 4z b
ol 2l L e 26 pepn 4 Cwend )l e
a3y slogS i sl sxs,9l 3,5 oo;L 40 100 < q < 1000
e il b aS 0gi o enlie " ISE" @ 4z b el sad
b ol sse ilidl e o5 e Gl el sas o ol S Lo
Azl BB Gis Gialeye i @y azgi b lo S 5Lo lade ol

el

65 rSG=T00Wim2 =200 Wim2 "
60 Fag=300 W/m2 xqg=400 W/m2 -
55 | g=500 W/m2 =600 W/m2 +
o L+9=700 W/m2  -q=800 W/m2 %
=900 W/m2 #q=1000 W/m2 &
545 | P x
40 | 3 x A
235 . x A
230 | : A
25 | % A
20 ﬁ S *
*
BE, .
10 -

3000 6000 9000 12000 15000
Re Number

il boli e 3 2o S 5L i il -4 JSCS

@ losS 033b 10 byl il jsT gy -¥-0
SlogS b 1yl (ol yo5 (10,5190
Ji 5 eelen 16 e L 55 o Aol L sla i o

G e3 TSe Slee (ole)S 033l il

Y7t



BLig s osliein, Loyde 5 oy Lo,

YO

4.02e+02
3.97e+02
3.92e+02
3.86e+02
3.81e+02
3.76e+02
3.71e+02
3.65e+02
3.60e+02
3.55e+02

3.50€+02  p s

3.44e+02
3.39e+02
3.34e+02
3.29e+02
3.24e+02
3.18e+02
3.13e+02
3.08e+02

3.03e+02
2.97e+02

Contours of Static Temperature (k)

gy 50 (G y95 (xS0 S Ten (gl oo (gl H5ls —IY STl

bz b Lk 5l 15000

4.20e-07
3.79e-07
3.38e-07
2.97e-07
2.56e-07
2.15e-07
1.74e-07
1.33e-07
9.22e-08
5.13e-08
1.03e-08
-3.07e-08
-7.17e-08
-1.13e-07
-1.54e-07
-1.95e-07
-2.36e-07
-2.77e-07
-3.18e-07
-3.59e-07
-4.00e-07

Contours of Satic Pressure (Pascal)

29k o ol e (S S lgn (gl HLiS 2598 1Y USS

1500030454

3.58e+02
3.54e+02
3.51e+02
3.48e+02
3.45e+02
3.42e+02
3.39e+02
3.36e+02
3.33e+02
3.29e+02
3.26e+02
3.23e+02
3.20e+02
3.17e+02
3.14e+02
3.11e+02
3.08e+02
3.04e+02
3.01e+02
2.98e+02
2.95e+02

—

Contours of Static Temperature (k)

3 58 5led (9 o 95 (S0 STen (sl Les 5gls -1 S
15000

sl L bz sl e 5 )Lt shls slapSe Slen 5
oen sloyS JUml Gl 5l ol g exijsl 08 wlie Loyis
Kooy plEim 4 Js MY USE" spise Sl sles Lialiil cesl
ol SLbl o aidl anwgt 5550 Y b Lo @ ld @ pan
)ld @ b by 5l (Sl wbos Gew Yo G 4 Gl
S oshioe o3 ol Saz B o Wil sl 5 00,5 5,55 5
SOk sge 5l o wBler il JB S5 sl S O jpa
oo pled Jhed oS (end )0 Lad paals Lol S el ay g ,Ld
boogdiee JoSi5 Sn gl S g aiS bz 5l Send w09l
Wlo,8 Gl Cond (0 a5 Cd )T am i Gy e VY S @ asg
sl @y Cond LS JUl i ceo )8 Bs @ Jlw los S5
b oeizmed abor it IBl Lz A cde 4 biwend
JS5) sl (o) AipaS Co pos 5 i L3 ey55es abii )3 oS
s sLid Ll S bl s "VF S gllae (VF 5 )Y
il e 50zl Lad Sl e 51 550 alold 4o g azil e (3lis!



05 ol gl oy s 5 celin (Jos gundy i lagSe S
VIR

SRl el (gand et GlSe She jo jLd 5l eslanul -
S PSS

53 oslaial 3,50 alides abolie JS5 L sl )b (pleS 035k -
o3l Bld 4 npany 5l wdy A sandyer slapSeSlee
b emye e csladiied JLd slos Hlid 5l wile (ple)S
Sanl Lkl 5 Syan dos

100055 100 5| Cdl> amio o)l 5o ale,¥ Lo ialsdl -
Gelyg> SeSlse le)S 003l SRl Gl wmye s g
D950

el b slopl > sy @leS Bl & Jls age Gl! -
¥, slael ) a5 Sjse fp bl Dol waliBee jalsi,
Vb julen; olael b aslie jo jslre [l g0 ange alold (yul

JOWETI

Loles -#
m) Coluws A
CAz gyl a
M) (Sdgyoen b Dy
D &5 @55 E
N) =)= 9 F
N) o Sasl o o £

T sl el a4 (Fobsl i (6530 o)y

w

Sy 0slS Jds @ (Foasl i (55 o) 6
w)

(m/s?) 23,5 Sles g

j w8 ol b

(W/m?) il oo I

J s (Sl s Ji

WIm.K) o5 bl K

WIMm.K) 350 b5 bl Kefr
kgl9) o> 20 1
cdl sae Nu
8 e Cdl soe Nuy,
el adl sae Nu,
(s ) LSSl el
Pa) Sl jLes P

m) e p
Jilyy sae Pr
JRUSTRRNYS Re

€ dolas ;0 592 9o alox R,

(M) Cexdge oy f
(M) Cgz oy 3
(M) A3y Sz oy §

D) oz 2leyS Bl ;500 5 olond 2S1y Gl S Sh

5.83e-01
5.53e-01
5.22e-01
4.91e-01
4.60e-01
4.30e-01
3.99e-01
3.68e-01
3.37e-01
3.07e-01
2.76e-01
2.45e-01
2.14e-01
1.84e-01
1.53e-01
1.22e-01
9.14e-02
6.07e-02
3.00e-02
-7.67e-04
-3.15e-02

Contours of Satic Pressure (Pascal)

Gl byl gl

50 dges slp a5 VO IS 50 s Jlop 4 ax g b (izeen
Oeles sl oled IS B 5l (S8 g gl et sl e
als ) 90 logame 0t 55 a5 jolailen oul oad ool ol Laals 5
Gz S oS Sabiee LS5 LS s gund et e Slee o
S 50 9 SzoS baasls F cpl 51 (SO asl oo 0 Sl Ll 90 ,»
wlo)S g 0y o0 JSB LB b lse by 0y93 e 4 g 009
a5 005 Gled 5l ol e 5l ) bkl cnl) Ceas 0 S
B 35 s0 oS e 5l s o o Lis _talS lol,S cle
Dgd ges JoSis glals 5 )l g0 0ai gl 0,5 0 a8 el 53

Sl glyls (il yo5 (S0 g (5l cas w10y i Sz -0 JSB
1500050551 55 sleid ol 50 (g4 95

S ez -0

LI s Jd Do saedysr slapSe Slse adllas cnl o
5 GlaBjed (ompe chn Ao (sonl ablis U5 L sla )l
@S Giipee 45 2285 L8 goae Ll 5 gledane 3550 slosS
5l le Jodog

b alie )5 (2-ph)l (Soal - stz 5 (Sasl Joa -
S aisl Gy giladas jo e aoys o eSSl do Jas ple
RCTPIEYRONE A I

lgo 10 ob,F b giludas o @i olade Juo -

g TS Sle le,S el il

55



(BLig s ooliain, Lol g o9 Lo,

ey

on absorber platdnternational journal of heat and mass
transfer, Vol. 45, No. 16, pp. 3383-3396, 2002.

[9] Ong K.S., Thermal performance of solar air heaters:
mathematical model and solution proceduBelar energy,
Vol. 55, No. 2, pp. 93-109, 1995.

[10] Bhushan B., Singh R., Thermal and thermohydraulic
performance of roughened solar air heater havingryzted
absorber plateSolar energy, Vol. 86, No. 11, pp. 3388-3396,
2012.

[11] Ammari H.D., A mathematical model of thermal
performance of a solar air heater with sla®enewable
Energy, Vol. 28, No. 10, pp. 1597-1615, 2003.

[12] shahmardan M.M., Norouzi M., Kayhani M.H., Delouei
A.A., An exact analytical solution for convectiveedt
transfer in rectangular ductdgurnal of Zhejiang University
SCIENCE A, Vol. 13, No. 10, pp. 768-781, 2012.

g oSl SIS 5l 5 (b o See (g3l dnd g Shaeme VY]

905 Gblie o digai plaisle G (g5 Gialopos gl (sl

o PV S ol STl pkigre alzeo ol Sl wgbo e

AYAZ YPA-YEY L o ¥
slo 56 Sls o a gy o, Slos ez odli e o g3 ) [vel

$)L Blaie SoS 4y dao jee JUI )0 &ilge loduz b o 95
A0 FFV-YYA L o F L5 P s e o)L g b ol SIS

o Sledie 5 Cle ep s pale g g 0355 i 6yl w8 il [V0)]

5 (Uil (5518 3l Dl b ardy55 St g0 (sla, SIS

YO YYA o @ 5 Y 3 s Cailfle nligeo (55l el
AYas

[16] sSingh S., Singh B. Hans V.S, Gil R.S., CFD
(computational fluid dynamics) investigation on Nussember
and friction factor of solar air heater duct rougbe with non-
uniform cross-section transverse rinergy, Vol. 84, pp. 509-
517, 2015.

[17] Duffle J.A., Beckman W.A., Solar engineering of that
processes, 1980.

[18] webb R.L., Eckert E.R., Application of rough sugado
heat exchanger desigmternational Journal of Heat and
Mass Transfer, Vol. 15, No. 9, pp. 1647-1658, 1972.

[19] white F.M., Corfield I.,Viscous fluid flow: McGraw-Hill
New York, 2006.

[20] Graebel W.,Advanced fluid mechanics: Academic Press,
2007.

[21] chhabra R.P., Richardson J.Rgn-Newtonian flow in the
process industries: fundamentals and engineering
applications: Butterworth-Heinemann, 1999.

[22] Gnielinski V., New equations for heat and mass-fearia
turbulent pipe and channel flowinternational chemical
engineering, Vol. 16, No. 2, pp. 359-368, 1976.

[23] Dittus F.W., Boelter L.M., Heat transfer in autorriebi
radiators of the tubular typeUniversity of California
publications in Engineering, Vol. 2, pp. 371, 1930.

[24] Bardina J.E., Huang P.G., Coakley T.J., Turbulence
Modeling Validation, Testing, and Development, NASA
Technical Memorandum.110446, 1997.

[25] Bopche S.B., Tandale M.S., Experimental investigetion
heat transfer and frictional characteristics ofuabtilator
roughened solar air heater duaternational Journal of Heat
and Mass Transfer, Vol. 52, No. 11, pp. 2834-2848, 2009.

[26] Twidell J., Weir T., Renewable energy resources:
Routledge, 2015.

[27] Sukhatme S.P., Nayak J.P., Solar Enelgwy Delhi: Tata
McGraw Hill, Vol. 3rd edition, 2011.

Sl 51 Joe sl Jasl oYoles [0 aie O ez

k—eRNG X &5
(K) Jlows sloo T
©) ob; t
M/9) )b ,> s oo ddlho u;
(M/S) Cae oo Mo v
Comd ST aasl bz 5o Slogh blasil 558
(kg/m-sLI/mbos) JS Sl g M
s 5l am e alols y
s wdle

K slp (Seanl July sae o
€ &lp Sxas] Juily sas a,
m?/s® L J/kg - s) Suasl Bl &, €
e losl,
(Pa.9 c3) u
(Pa.y jzo ol Hefr
(kg/m®) J&= p
W/m2K*) o3l go gLzl 2ol o

Al

(N/m?) (a5 jgmsls
(N/m?) S5 A5 9l Test
58 &b D
gl 45 0
ERETS)
T 55l b
S lade eff
LS th
&=l -V

[1] Hans V.S., Saini R.P., Saini J.S., Performance tiffcially
roughened solar air heaters—a revieRgnewable and
Sustainable Energy Reviews, Vol. 13, No. 8, pp. 1854-1869,
20009.

[2] Kakag S., Shah R.K., Aung WHandbook of single-phase
convective heat transfer: Wiley New York et al., 1987.

[3] webb R.L., Principles of Enhanced Heat TransferwNe
York: John Wiley&Sons, Inc, 1994.

[4] sundén B., Brebbia C.A., Faghri Mdeat transfer in gas
turbines: WIT press, 2001.

[5] Prasad K., Mullick S.C., Heat transfer charactassof a

solar air heater used for drying purposApplied Energy,

Vol. 13, No. 2, pp. 83-93, 1983.

Prasad B.N., Saini J.S., Optimal thermohydraulic
performance of artificially roughened solar air leestSolar
energy, Vol. 47, No. 2, pp. 91-96, 1991.

[7] saini SK., Saini R.P., Development of correlatidios
Nusselt number and friction factor for solar air teeavith
roughened duct having arc-shaped wire as artificial
roughnessSolar Energy, Vol. 82, No. 12, pp. 1118-1130,
2008.

[8] Momin A.M., Saini J.S., Solanki S.C., Heat transferd
friction in solar air heater duct with V-shaped rdughness

(6]



