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ThermaL performance evaLuation of solar air heater fitted with inclined-baffle

vortex generators
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Abstract
This paper presents the results of an experimental investigation of thermal evaluation of solar

air heater duct fitted with inclined-baffle vortex generators on the absorber plate. The aim at usingthe
inclined baffles is to create longitudinal vortex flows having a significant influence on the flow

turbulence inte-nsity leading to thinner or destroyed thermal boundary layer near the wall of solar air

heater duct. The experiment is conducted for turbulent airfl.ow with the Reynolds number (Re) from
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5300 to 22,700. The inclined baffles were mounted periodically into the absorber plate with three

baffle inclination angles (a = 30°, 45°, 60°) at a sinsle baffle- to duct-height ratio (ell-/=04) and baffle

pitch ratio (P/l-I=l). The inclined baffle provides the high heat transfer and pressure drop increase than

the smooth or flat-plate duct alone. Also, the absorber plate fitted with inclined baffle has

considerably hisher thermal performance than the flat-plate duct. The highest thermal performance

for using inclined baffle is found to be 1.35 at a = 45° and Re=5300.

Keywords: Heat transfer, Thermal performance, Absorber plate, Inclined baffle, Solar air heater.

1. U'VI'I11

'V'I~~~lUL U'W1J'iI ~ CJ-VULA~ eJ'W~?!l f'1'1!1 'W1" nu'il ')11'W

ua :;i1U'VlU1Yl?!l f'1ru 1 un l'iL~U 1(;lYll~!illULI'1'i~\iih bU'1~~ ~
~ II d t)/ "'"

n1'i'V'l(;),J'Wl'V11~~1'WeJ(;l?ll'V1m':ill L'WeJ~'illnfl"ll L'llm 'V'I,,~, ,
~v?l~"ihHl.J1ru"~-WeJCJ"~ 'W~'l~l'W'VI~'WblEJ'W L~'W

'V'I~'l'll'WmJ 'W~'l'l1'W'I11 LL":;'W~~'ll'WLL?I'lvlV1(;lfJ ~'li1

U'VlU 1'1'1 L~:I.IlJ1n~'W 1 urn 'i 111 lJ11 i'VI~ u 'Vl'W'Vj~'l'll'W~'iI ~

'VI1i~ 11.J 'V'I~ 'l~ 1'W LL?I~v1'~ (;l~ LU U 'W~ '1 'llU 'llU ~ 'VI~'l~

?I:; vl~'lhll'1'i11 flll"oW~LL" ~i1eJ cJeJcJ 1'l hi,Jltl ~uu 1(;'1fl~
d J cv Q I' d

bA'iv~~'WeJlf11I'1'V'1(;'1'lbb1.'1'leJ1'V1(;lCJ(Solar air heater) bUU

~tJ mru'llu~'VI~'l~111'V'1 ~m'WLL1.'1'lvlVi (;l~:I.I11offtJ'i:; 1CJ'llu

L'1i'Wn1'iu:u~"bJ n1'ieJULL~'l~,,~~(;l'VI1'lm'iLn~m LUU

1ll'W rrrs L~lJ'lJ'i:; 5 '1'15[11 'V'I1~ LLri bA~eJ 'l~ 'WeJ1 flll'1'V'1 ~~

LL?I'leJ1'~ V1~~~ LU'W~~,Jl LU'Wv cJl~~~ L~vfl Wtl1'V'1~'l~lU

'ill nbL?I'leJ1Vi (;l~1l11 it~bilVltJ'i:; 1CJ'llU?I'l1.'1 Vl 15'V1~'l~

1.'11:1.1l'ifl L~lltJ 'i:; ~'VI5Jll'W1 ~ LLriLA~V'l~'W'eJ1 n 11'1'V'1~~

1.b?l'leJ1ViV1~ ~v nwtJ-rutJ'i~bL~'WVlVl-a'UI'll1111eJ'W ~~

LL~'WVlVl-a''lJrnl:U1v'W~Hn'W tVl CJ'*11 ~L tJ'WLL~'Wb~EJU nl'i
u~ u

~Vl(;)~I'l~U (Rib) 'VI~mb~'Wn'W (Baffle) U'WbL~'WVlVl~\J
v

1'l11:U1v'W'iI:;~'l~(;'11 ~n1'i~lEJ b'VIrnl:U1v'W'il1mb~'WVlVl~U~
fm:l.l1v'W hJ t1'lV1f11l'1iJfh?l'l~'U 1~ EJi1-ifvll(;'1'i11f111nl~CJ

v ~
e .J 0 ..... , QJ &J ~

'ill'U1U:U 1 fl'VI'VIl fll 'i'V'l(;),JU 1 LL~U ~ ~ '1J''lJAl1:w'i eJ'W 'Vl~

'Vll'l !ill U nl'iYlVl(;'1 eJ~bLR:; fll'i'] lR €J'l b:a'l (;)1 LR'IJ
• d"; ,

Pandey et at. [1] 'VIl'V1~R€J~L'V'Im'llllfll'ifl1m'VI

rnl:u~m..l1~CJ~Vl~'lA1U ~11rl'l LL'lJU Llu-cil'lU'WLL~'W~Vl~U

1'l11lJ ~€J u1 U '1il'l fll'il 'VI(;'1LLUU ~ 'UtJ l'U (Re=2100-

21,000) n1'iYl~(;'1v'l'Wu';h fl1'iHLL~U~~ium1l.J~v'W

(;)'lfl~ 111 ~~lfll'i~lEJ L'VlAl1111vUI:I'lfl11LL~'W~~i\J1'l11lJ~ ~
1v'ULbUU5'i'ilim (vlvi:jlL~tlU) ~'l 5.85 Lb,,:; 4.96 Lvl1

. d QJ Ct, ,

Singh et al. [2] YlVlR€J'lLflCJln'U'V'I'1(;lfl'i'ilJfl1'ifl1CJb'VI

Al1lJ~€J'WLLi:l:J Al1lJ L~ EJ~Yll'U1u vi €I ~ 'Uv 1 fl11'1'1l ~~

LLI:I~e:nVi(;lCJ1~EJ1 iA1'U~tJ(;)11LL 'U'UbWfl(;)l t:-J"f11'i'VI~i:l€J~

'V'Iu",h fl1'i~~ ~'l1'l1'U'itJ(;]11'lJ'WI.b~'WVl\11~'Um1lJ~v'W 1 ~~ ~
~lfl1'i~ 1m 'VlAl1lJ ~v'WLbR ~ ~l(;)ltJ'i:;fl€J'UL~CJ \11'VI1'WL.;;ilJ

.!/ I .cd Q <>,J , Q Q

~~'IJ'W 3.04 1.b(;'1:; 3.11 LYil LlJm'VIEJ'\Jfl'U'VI€J~lL'iEJ'U

Skullong [3] Pifl~lb~~'VI~i:lv~b~tJ1tl'lJ~~~~m'ilJfl1'i

1 Vli:lua :;fll':i~lt1 LV1f'111:U1v'WJllti 1 UvlmJU v 1flll'1'1l~~

ua ~€J lVi V1cJt~ tI fl1 'i ~ ~ ~ ~ A ~'\JbB tI ~~ n'1'l1111'VI U 1 5

ili:l~bll(;l'i ~l.JtJ~'VI~ (aJ 2 ~1 ~€J 4Y LLi:l~ 60° 'lJ'WbL~'U
u

~Vls8''Uf'll111~e:i'W fl1'i'Vl\11i:lv~~'\J11 f11'i~Vl(;)~A1'\JbBtI~

'U'Wbb~'W~\11i'\Jf'll1111vU~~lJtJ:;'VI:; 60° 1 ~~lfl1'i~lm 'VI

f'I1111 ~€JU~~fll1l.!lJtJ:; 'VI:;45° uae LL~'W~\11.r'\JA11lJ~€l'U
C>, co: 0 Q,.I .J q ~ ci "" I

t:-Jlb'iEJ'UV11lJi:l1\11'U 'lJru~'VIfll'i(;l\11(;l~I'l'i'lJL€lCJ'l'UULL~'U~\11

-a'umllJ1eJ'W~l.!lltJ:;'VI:; 45° 1~~11:1l.J'i'lflu:a:a~f'I11lJ

~€J'W1.'1~I:I1i1Jin et al. [4] "I11fl1'i,J1i:l€J~b:a~illbG1'tJb~CJ1tl'\J

Vj '1~ ~'i~:U fl l'i 1 VI" uae fl1~~lEJ L'VIf'I1111~€JU 1'WLA~€l~~U

v 1 fl11'1'V'1«, Lb1.'1'v 1 ViV1~!ill tI m 'i~Vl ~~I'l ~U~tJ (;)11\11v b~ €l,

'\JULb~U~~.rUf111lJ1€J'U 1\11t1'V'1'\Jl1 1'l~'lJ~lJlJtJ~'VI:; 45°v ,

1 ~ ~1 fl1 'i~1 EJL'VI1'l1111 1v'W LLG1:;?llJ'i'ifl'W:; b'8~1'l11lJ 1v U

1.'1~?I~ Kumar and Kim [5] Mfl~lfll'l~lCJb 'VIA11lJ1vU

~€J ~ bI'l~v~BU v 1 fl11'1'1l ~~ bb?l~v lVi (il ~~ i1 rrrs ~ (i1 ~ ~ A~'U'itJ, ~
(;)111~ tl1 otl15fl1'i,Jli:l eJ~ b:a~(;)lLi:l'U t:-Ji:lfll'i'illG1 €J~Yi'U11

fll':i~m1~A~U~~~~lUI'l1111fll1~Lvlltl'U 6 1~~lfl1'i

~lCJL'VlmllJ~€J'W~~~Vl Tamna et al, [6] "I11fll'iLoWlJ

msri 1 CJb'VIA'l111 ~€J'W!il, CJ15fl l'i'VI \11i:l€J~1llJ n'U fll 'i,]1 R €J~

b'8~(;)lbi:l'IJ il1CJ 1'Wvlv~'UV1fl1l'!'Il~~LL?I~€J1Vi(;ltl1Vl CJ~Vl~~

LL~U~u'ltJ(;)111~CJ'Il'U11 fl1'i~\11~~U~'W~'W'\J'ULb~U\11~~ ~
~'U Al1lJ ~€J U1~~1 I:IlJ 'i'ifl'U ~ L:a~ Al1lJ ~€J 'U1:1~fll1 fll'i

... ...... "
~~(;)'lLL~'UnUV(~'VI1~(;)1'WU'ULLn~~lU~1'l'1lv,vlv

'OJ 1 fl ~1'W1~tI~ ~ l'Wll 11 Uv ~ (;lbbl:l~ ~1 ~L i1u11fl1 'i

tJ-rutJ':i ~Lb~U~~~U Al1l.J~vU 1\11EJfll'l ~ (i1~~A1'lJ LLi:l~ I.b~'W
... • ,\J

nW,'lll.J1'i11b V1lJ~1 fll'i~1EJ b'VIf'I11lJ ~€J'ULLR:;?lm'ifl'U:; L'8~
1'l11lJ ~ vU 1~Lbri LA~€J~ ~'U v 1fl11'1~~~ LL?I~€JlY1(;l61!il ~ ~fll1

fl1 'l ~ \11~.."Jbb~U \11\11s8''UAl1lJ ~€J'WLb'U'U~'l L~lJ'VI~v bL~UL1 tI'lJ~
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1V1tJ bil~l:; nl"i~ (i1 ~~bb~'W ~'WVI~BA~UUWJ:; 1-M'l'il flO 1

01 tJ bVIAlll11e:J'Wbbfl ~ 61:W1"i(l'W~ b;a~m 1:W1B'W6I ~ nll fl 'Jill
nl"iHjA~U~iJflll:WVl'Wl ;~iJ nl'~ ~UcJ'W 1V1tJ;5nl1n11

~lflB~b'8~.rlbfl'IJ'illn Promvonge et at. [7] u.ae
_~ d U

11ln1WIVIfleJ~'illn Skullong et al. [8] b'We:J~'illmb~'Un'W

VI~e:JA1UU1~611:w1'lm'l~1~nl'l Lvau 'lJUlB~b ~n'l1(ln:w u tn

n'l:; uarn 'l LVlfl'IJe:J~'lJe:J~ 1 Vlil.fll tJ1 'Wvl e:Juae b~:W 'l:;(;)U

fllll1~ 'Wth'W1-M' nu '1JB ~1 VIil11>l~ n-h B tJ 1~ 11nVlll1
.... Q.I cJ Q,.I 0::> Q I &I

~1'W 1 'il tJ bn en rru B'VI 1l'Vlia '1Je:J~~dJ 1.1:;VI :;lU:,j 'Wn'W ~ B

;;IdJ 'l'l(l'W:; b'8 ~ A'lll1 ~B'W '1JB--1bA ~e:J~ ~'W e:J1 n 11'1 'VIi f(~

ll;;l--1Bl'i1i (iI~iJ~l'Wl'WiiBtJ (;)--1~'W1(iI(l1.1'l:;;;I~fi'1Je:J~--11'Wl:D{J

dAB n1'li'im~l~Vllh'l il'lJB--1~dJ1.1~'VI:; bb~'W~'W~iJ ~ Bl'il
Q 1.1 d I Q.I

;;IdJ 'l'l(l 'W:; b'1l~ All:W 'l e:J'W'IJe:J--1bA 'l B--1~ 'We:J1 n 11'1 'VIi fl~

bb;;l--1Bl'i1i(il~ till{Jn1'l~VI~--1~1.1n'lru;;l~1--1n1'l1 vau 'lJtnB~
~ ~ Q ,::;...J<::!I ,

bVln'1f'1l'WVlLbc.J'Wn'WVllI~dJ1.1:;VI~ 3 I'll (a = 30°, 45" uas
60°) U'Wbb~'U~(iliUAlll1~e:J'U (absorber plate) 1'Wil--1

rrrsl Vlil'1Je:J--1e:J1n11'1dJ'Wbb uu~'Uth'W ;~lJ~lbil'Ub'l1n 'U

ilVlGle:J{J1'Uiwi~Vlll--1 5300 (;--1 22700, '

..d1~ ,
2. 'I'1~'I!f~'I1 t" b'Ufl1'll'tl'lnru

I'iln1'l~lm VlAlll1~e:J'W nl'l6lrub~{Jflll:W(;)'W bbil~

61:W'l'l(l 'U:; b'8~ flll:W ~B urn tJ1 'Uvi e:JL~ ~e:J~ ~'U e:J1 n 1 1'1'VIi f(~
- ,de< :'1 1 luv.x1.l,;;I--1e:J1V1{iitJVI:We:J1nll'lbu'U'UB--1 VlilVlVl;;lBUbb6lVl--1 IilVl~'U

;;IlI"lilA'll:W~B'U'l~Vlll~All:W~e:J'U~Blnll'1l(;)fu

(Qair) bbil~n1'l'VilAlll1~B'U (Qconv) lb6l1il~11i11i1--1d

Qair = Qconv (1)

(;)~~'Ui.r:w1.1'l:;i.:iVl~nl'l'VilAll:W~e:J'WLQ~tJ (h) vn~llti1

'illn

mep(To -7;)h= _ (2)
A(Tw -Tb)

d -
LlIe:J z; = (To +T,)/2 LLl1:; t; = I:rw 124

'il'1Ji(;;IL;ailViLil~tJ (Nu ) Vll1t1i'illn

Nu = hDh 1k (3)

nl'll Vlil'1Je:J--1e:J1n1I'1LL;;IVI--11'ULVlBdJ'1JB~bil'1J b'ltJ1 'Ufl\1lGl

;--1~'Ue:J~nUL~'U~1'U~'U~nill--11El(1l'lB~A (Dh ) ;;Ill1l'lD

L~tJ'Wlti1b'\'J'U

Re=UDblv

1i11'\.h:;m)UL~tJ(ilYll'W (f) 'VI1fillli1'.llfl

2 tiP
f = (L/ D

h
) pU2

A (rn")
d J" d, V 1.1

AB 'Vi'UVlfl'l'lmmVlfl11:W'lB'U!i1'ltJf11'l

'Vil'IJB~bbe..h.!r:J!?IiUA11:w1B'W

AB ~lfl1l:W~A'll).j'~fm.l~lb'Vil~'lJB~

Bln11'1

t. (oC)

To (0C)

T, (0C)

Tw (0C)

.. _ d

Ae:J ~ruVlJJlILQiltJ'UB~e:J1n11'1

fie:J BruVl.flDe:J1n1I'1Y1l~BBfl, ,
.. _ u

AB ~ru'YjJJlIBln1I'1V11~b'IJl

fiB BruVl.flDi:)'liJ~tJ'UB~bbe.J'U\1I(1Iiu, v v

m (kg/s)

U (mls)

All:W~B'U

Ae:J B(iI'llnl'll'V1flL'8~:Wl11'Ue:J~Blnll'1

v (m2/s) Ae:J All1JVI'UVll~~'ililU'UB~e:J1fl11'1

;;I :w 'l "J n 'U ~ l ~ --1I'l l 1 :w ~ B 'U (Thermal

Enhancement Factor, TEF) A B B \91'll fi l'U 'IJ B ~

~:w1.1'l~~VI~fl1'l'VilAll:W1B'U'UB~~'Ui:)lVl(1l;;lBU (h) nu

~dJ1.1'l:;~Vlifl1'l~1f11l:w~ei'U'UB~~'Ui:)lL1tJU (h.,) ;~fi(1l

~fi'1iK~-UU'lJB~lV1ill~tJln'W (same pumping power,

pp) 'illmBn;;ll'lell~~~ [1-8]1(11mbG1(11--1~~G11Jfl1'l~Bl1.1d

h I Nu I (NU J(f J-1/3 (6)
TEF = h., pp = Nuo pp = Nuo fa

.1 ' ~d3. ~umrubb6'l:;d5fl1'l'l1~6'lB'I

3.1 e:J'\.Jmfll.l~1'1nTa1'VlilVl:u'Ul'td--1'!fti61lbeJ'U~'U. .
I Q.I 1.1 0 I ..... d dc>l

bbc.J'Wr:J(1I'1IUfllldJ'lB'UYll'illmbc.J'Ue:J:;~:W b'U!:J:W VI:W

'U'W1V1All:Wfll1~ (Vv) 300 D(l~bll(il"J tJl1 (L) 420

Dil~bdJm LLil:;~~ (H) 30 Dl1~b:WVl'l lL~'U~'UiJfl11:W'Yj'Ul
..... ..... Q "'" ~ , Q.J V d

1 ua m:W\9l'l ~fl'Ul:w1(i1V1 (iI--1U'ULlc.J'W~(1I'1fUAlldJ'lB'U l'VliB

;;I~1--1msl VlilVl~'U fll--1 enuu 'Ulfl'l:; uamsl Vlil 1V1tJlJ

'l:;t):;'i'1(i1'1l(ill:Wbb'Ulfl1'llV1il P=30 :Wil~b:W\9l'l VI~mviln'U

flll:W;;l~'1Je:J~vie:J (=H) 1V1tJ:\l~(1Ifil'Ufl1ll1;;1~'lJe:J--1LL~'U~'I..!, . ,
~Bml:W6l~viB (e/H) 1'l~~bvilnU 0.4 l.I.il:;:W:W1.1:;VI~ 3, ,
l'il (a = 30°, 45°, 60°) li1~bL;;I\1I--11'U'l1.1~ 1 Ll~'U(1IVliu, v

fl1l:W ~B'U a nv1l1-M'1B'U til, {Jbb~'U~ (iIl\9le:Jn vJYJ l'U'U 11'1
v

(4)

2000 1\91 ~ (~lil B--1bU 'lJ'Vi iK~--11'U Alll1 ~e:J'U 'illn

bb;;l~e:Jl'i1i\9l8) 1.l,(l~lJ fl1'l~:WiJ'Ul'Ue:Jcil~~h ~m':1B~n'Ufl1'l

'.'! qJ li!1tJ A11lJ~B'U 88fl~U,),) mfl 11'1.fl1 tJU8 f1

(5)
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3.2 fl1'.J~~~~eJ'lJfl·HUbfl~eJ~ehJeJlfllf!'W~':Ibb61~eJl~~~, ,
bl'l~eJ~ei'Ue)lfl1I'1,\,H~'~bb~'reJT~\ilV bb~Ii1~!il~'l'tJ~ 2. ~

Llill'JiJ~;;) rllJ bb'l~!il 'L! ~ ~ btJ'l.!Lb '\.-1~ ~ ill'Ll fhii'~ 1'L! fll'l(:.Jii' fl!il u
v

enflll'1~l'L!bbW'L!eJeJ~~~ (Orifice plate) ~H~l'H-r'Ullil

el\il'llfl1'lL'\.-1rlnmJb';h~~''L!VI\iI~eJ'U LVlUiJ Settling tank

'\Ihm':h~:Dm~b'\J u'U1l1'lL '\.-1rl1VibbneJ1fl11'1 bbrl~'1leJ~U-r'U

~m~fl1'lll;1(;l (Calm section) '\Ihm:rl~u-r'Ui,'jm'\l'inl'l

LI;1 a '11 eJ ~ eJ 1 fl 1I'llVi:Wii' fl ~ ru ~ ~ (;lJ 1.11 b~ lJ ~ (Fully

developed flow) n eJ 1.1b-ii1~ ~ 11.1 VI Vl ~ eJ 'U bVI eJ 1

LlJA'iJbUrl'Ii'UIil T (Hype thermocouple) :;)11.1,1.1 24

!il, vll'\.-1L71~llileJru'\.-1n:iJi:hbb~l.J\iI(P1<B'<JI'l'llJ~eJ'l,j LIilWl1'l. ~ ~
~ Iil~~ b'\lleJ'lLlJI'1UL U(;l'U'lJ bbWl.JVlIil<B''UI'l'llJ~eJl.Jbbi,'jIil~!il~'lU~ ~
~ 3 '1Iru:;~L~1.Jb'11eJHVleJru'\.-1Jl:iJ'1IUIil RTD (PTlOO). ~
:;)11.JJ1.J 2 ii, 1.;n'L!nl'll\il~ru"v1JJ:iJenn11'1'\111~bi1bb(;l~

Vll~eJ eJn'1leJ~~'l.JVlIi1~eJ'\.J A1~ ru '\.-1JJiJVi'~'\.-1lJlil'IJ~<i~lJ1V~

Data Logger 11.1 FLUKE 2680A bb(;l~U'l~lJJi:1(:.JrllJ1V~
.d ~ ,

bl'l'leJ~l'leJlJy.j'b\ileJ'l

Pressure

Digital manometer

Data loggerLaptop
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An dimensicus in mm

15 I 3S I :;5 1 35 1 35 I 35 I 35 I 35 I 35 I 35 I 35 i 35 120

I ! I I I I 1 I _j,
I 1 I I I I I x': '5I I j tIl 1 I I I

~~~~~~7~~~ ~
1 ; I r I I I I 1 I
I 1 I 1 I I I I I I

•.~_-l._. .I __' .___'_•._._.•...J.- .._.-1- •._. __ •.• .J.. ._1 .....1._._._-1. .__..1_..._

I I I I I I I I I I I I
I I r I : J I I I I I t
I I I j I 1 I 1 I I I I

X X X X X X X X X X X X 175
300

420

X : Thermocouple

4. e.J61f11'l'VI~61eJ~

4.1 fl1TI'1~6ieJtJvieJe:Jdb~tJtJ

VI~~ eJ~ n1'llil'll'J?ieJ'llii~'Ui1l~oil'lll'rmJ ~m..!~lb~m:J~~

dJ 'U~ ~'ii'wu 'U v1~J'Ui ~ eJ!'I; l1J (1 f1(iieJ~:(j~til eJ~vh n 1'l
v

ml'J?ieJ'lJbi~'U~ r;)i'IJ!'I111J~m.J~li~tl'IJ 1r;)tl1offmllil.loW'U15

~~l.Il1'UeJ~i1l'!JeJ~ Dittus-Boelter ib~~ Blasius \Jlf1

ieJf1?11'Jell~5~ [9J l'Uf11'J1il'l1'J?leJ'IJ~1f11'J~lmVlf'l11l.1

~eJ'Ubi~~ f'l1111 b~tlr;) Vll'U~ ~bb~~~ 'lu iVIeJlI'1JeJ~b~'1J-U~b 'il~Vi

(Nusselt number, Nu) bb~~\illth~neJ'lJf'l1111b~tl~VI1'U

(friction factor,j) 1r;)tl61V1~lIoW'Ul5vi'~f1~11bbi'l~~vi'~i'l1If1l'J

~ (7) bb~~ (8) (;l111G11v1'IJ

i'lVI~lIoW'Ufi'1JeJ~Dittus-Boelter

Nu = 0.023 Reo.s Pro.

i'lVI~lIoW'Ufi'!JeJ~Blasius

f = O.316Re-()·25

90 r-------------------,0.08

70

0.02

o A.al-p!a~duci
80 _ Di~llus-Boe.lter Correlation

c ful-pJlteducl
--- BJasj~ Correlation

0.06

60

0.04 ......
'0

=Z o
.....'_0---Q-

o

30

20

'0

R,

~U~ 4 !'Il111~m~''U6'J~VI'h:] Nu uae f fltJ Re mru
bb~'U~r;)i'Umll1~eJ'U~lb1tl'U

f11'J i1l'Jl'J?ieJ'IJ uelu ~ ~ oil'IJ!'I1111 ~B 'U~ 1 b~tl 'IJ

bi61~~v1~~U~ 4 'Jlfl~UL1J'i.Jf11'Jbmtl'IJbVitl'IJl'il Nu uae f
'j~",11~t.J~ f11 'jVl\il~ eJ~fl'IJi'lVI~lIOW'U6~lfli'lli f11'j~ (7)

bi~~ (8) i1l11J~1v1'IJ bi1ltl'l'l'IJ':h I'll Nu ~lflfl1'jVlr;)~eJ~lJ
d u CI.J u .: .d I U

!'I1111 f1" 1~ b!'la B'U fl 'IJ?iVl?ill '1'1 'UUbi) ~ Vbvrinu 4.5 %
.d c:oI, d d I GJ

'1Jru~Vlf lI!'11f'l1111!'1~1\ilb!'l~B'Ubtl~mVllfl'IJ 6.2%

4.2 f11'Jm~'JltJ£)ruV!flil'1JeJ~bbt:1'U~~~tJfl':n:u~€1'IJ
'" "

'JU~ 5 bb?l\il~f11'Jf1'J~'JltleJruVln:ll~lbb~'U~r;)i'IJ

f'l11~~eJ'U (Tw) ~~~G'il'U'j~tl~fl~'j&1~~~bVleJf[lIiubtJ~
, ,'.,,-d

i1leJ!'Il1l.1~~Vl8 (x/H) f'l1i1l1~'l VI Re=5300

(7)

140

130 Inclined-baffle , Re--5300

120

110 e ., e

" e 5
il

e
100 m " il I i i IIm II ~90 .. '" II if

G SO II II
'-- 70.: 60

(8)
50

40

30

20

10
O~~~~~-L~~~~~~~~~

o I 2 3 4 5 6 7 8 9 10 11 12 13 14

xlH
.d Q' Q..I V col""

'JUVI 5 fl1'Jm~'Jltl8ruwlll'1JeJ~bbt.J'Ur;)\il'1l'IJf'l1111'jeJ'UV1l1
\I ., 1.1\1 ~ \l

fl1'j&1~\il~ bi~'Ufl'UbBEJ~

~1 f1t.J~ f11'lVl i1l~eJ~'I'I'lJl1 I'il~ruVl.fJ:ll~llJbb 'Ulb-Ull
, 1.1 ~ v .d

b~1I:U'Ui1l111'j~tl~ x/H bb"~~~"~b~fl'UeJtlVl'l~tl~ x/H =

11 uae 12 b~8~'Jlfle.J~f1'l~VlU'1JeJ~nl'lbi~_r~i'1bi~~
, ,QJ J.I ~Q

U'l'l 81 m f'lil18'U Bfl ?il'U Vlr;)?iBU Lbe.J'U~\il 'lfU !'Il1lJ 'Hl'UVllJ

fll"'&l~~~bb~'U~'Ub~tl~~ a = 60° lJl'ileJruVlilmh~l?ir;)d \ '-l \

bd8~~1 fl bb~'U~ \iliu !'I11lJ~eJ'U?ill.J l'lm~'IJ ltl f'l11l.J~8'i.J
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Hi dJ u fl tll ~~ 11l1lJ iii '"HJ a = 4 5 ° uGl::: a = 3 00

\il1lJ <11vlU 11))mbm~~ ~fJ''lJfJ,fIl5~ Iil~' bVI€IfllJ fl,kO 11

(dU~ 3) nl'hfnllJf1611Iilbf1~fJtlbQ~tJ 1.2%v

Q,) G.I C '" .... d
f1l1lJCllJ'V1tlli5:::VI'")l'lf11fll5f1ltJ b'VIf1l1lJ5 fJ'LI'VI

bbClIil,1'L1b'VI€llJ'IJ€l'l Nu ~'Ib tJ Will u '\.hHn~nul'i 1 Re

bb~(;1'1Iil'l'iU~ 6 fl15'V1l))n€l'lbb~(;1,h~bi1'L111 l'il Nu iJ
bbt!JltilJ~lJ~'LI11l1lJI'i1 Re ~b~lJ~tl f11'i~V1~'bb~'U~'LI

lJlJU:::'VI::: 600 U'LIbb~'LI(;1I))~Uf111lJ~fJ'LIiJI'i1 Nu Cl~Cl(;1
, \J '1..1 ,

InllJliI'tJ bb~'LIfl'LIlJlJU:::'VI::: 450
, 300 bb":::bb~'LI(;1(;1~1J. ~

LI """ c::J ".... d ..,. .:; , ~ d
f111lJdfJ'LIe.Jlb 5tJ'U InllJ6111))'U b'LIfJ~'J1flfll'l\ill))l1l~bbe.Jtlfl'LI'VI

iJlJlJU:;'VI:!~~'J:;vh 11Xbnm:!V)'Ufl 151 VI61u'UUJfJ~b Vlfl'11. ~
11l1lJ u u 1 fl 5:; bba fl 151 VI n (longitudinal vortex

d ~ '1" vgenerator) 'VIbb'IJ~bb'l~ Cl~e.J61 Vl51lJl'H1'IJ1))'lJ11~fl15

~\ilJt!litl'IJfJ'Ub'IJl1lf.l11lJ~fJtl (thermal boundary

layer) 'Utlbb~tl~V1~'UmllJ~fJ'LIllilbtJtlfJcJl~~ fIl5~V1 ~~
! ;:;; d q I· ,. IV II co """

bbc.J'LIfl'LIb€ltJ~lJf11 Nu 5'1mlbbe.J'UIilVl'l1'Ufll1lJ5B'LImb'ltJ'U
~ v

€ltJ1'L1-ci" 71-76%
v

300.-~---------------------------,

" tl'=60"

• a=4SO ."250 e a=30"
•• ()G

0 Flat-plate duct
•• I) () 1&'"'" . .

200
• () (J e 9

". e
• () eli··." • ·i. 150 • •

••e
100

!
0000

SO o 0 0000
0

0
0

0
0

0
20000 250000 5000 10000 15000

Re

5U~ 7 bb511l~f111lJ~lJ~'LI55:!Vlll,511l51~1'L1
\J V II

b,,'lJU~b ;a,,-h mru~I))V), ueiu ntlliifJ b61'IJU~b '3" -h'IJB~ uelu

V11il~'U!'111lJ~e),U~lb~tJ'U (Nu/Nuo) n'U Re 'Jlfle.J"fll5

~Iil" fJ,'V1'U'"ll fl15~1il~~V)1~-rl'fll'i 1VI61u U'UJB~b Vlfl'1l
""" I ~ did. .... ,

'IJ'LIVIbbc.J'Ufl'LlbB tJ,ClllJl'H1'IJ1 m 'V1lJa l1l':ilfll':it:l1tl L'VIfl11lJ

~€l'LIlV)btJ'LIBcJl~~ lliltJfll NuJNuo nbbmltilJ,,(;1n'l
.:::: 1.1 ..,;,.%, I ~ Q .d

b61fl'LIBtJlnllJfl15b'V1lJ'IJ'LI'lJB'If1l Re bbe.J'LIfl'LIbBtJ'I'VI~lJ

" ",
lviln'U 4.1, 3.9 bbf1::: 3.6 I1lllJ<11v)'U flI5~V1V)'1bb~'LIfrtlV1

a = 600 11Xfh Nu/Nuo bQ~tJ~'Iflllfll5~rl~'Ibb~'U~'l.I~

a = 450 u 61:; 300 bvi 1 n'U 5.2% u a e 1 1.6%

111llJ <;\'11il'U
70r------------------- -,

65

60

55

5.0

4.5

,;'
40

Z 35"3
Z

30

2.5

2.0

1.5

1.0

0.5

0.0
0

• a» 60"

() a-45"
e tl'=o30o

. " ". . ... . ............
c (II 0 0 0 0 0 o 0000

I?Ge9@IllG9SC)6l:e

·5000 10000 15000 20000 25000

Rc

4.4 fll5aruba~'W6i',:j..:l1'Ub.neJ,:j~lflfi1dl:ubafJVI'VI1'U
\J ~

fll)~ru b~tJ'V16i'~'Il'l.lb ~B'I'i11flfl15~1'l.1'V11'L1fl15~~ .~ d1 I I ill 1.1 J d

bVlf1'IJfJ~Blfll~'V1 Vl61e.J1Ubbe.J'LI~V1~Ufl11~5fJU'VI~fll)

~V1~.:Ibb~U~tldJtJ, bb5VI,1'U b'VIBlJ '1IfJ,lillU5:! nnu b~ tJlil

'VI1'l.l (jJ bbn~5ml~1'L1v)lU5~flBUb~tJVI'VI1'l.l if/fa)
2.4

2.2

2.0

• a= 60~
c a=4SO
III a=30°
o Flat-plate duct1.8

1.6

1.4

............
1.0

() () () () () o () 0 0 0 00:)

mesSeseeesee0.8

0.6

0.4

0.2
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~tJ~ 8 LL6II9l~fllllJ.rlJ~~'Ulh~VI'll~ f n1J Re ,l1n

nl'l'VI V1<HJ~YI'lJ'h A'; fllllJ~La tJ I9l'VIl'Un ~ru ~Lr.JU ~ Vli'1J

fllllJ1tJ'U~iJ nl'l~19l tiI~bbC.h..ltl'UL5tJ~iJ I'll bV1lJ~'Ub tJ'LImh~
lJ 1 nb~ tJ LV\ tJ 1J n 1J u eJ'U ~ I9li'1J fllllJ ~ tJ 'U W I b~ I'J'U I I9lI'J

d.1 d • 1""Li:lYll~'VIl..!lJu~'VI~ 60° lJfllf~~~19l Ufl'lru'VI11l6l8'U

Ld 8'l~ 1 n n 1'l ~ I9l~ 'luelu ~'U~i1lJlJtJ~ V1~61'l~ ~'Vh 1 ~ Ln I9l, ~
nl'lnV1'1Jll'lnl'll VI<'l'IJ8~'lJeJ'l1 VlC1AeJ'Uiil'lmn ~~e.J<'l1 ~

L~lJ 'l~ #i\JfllllJ~'U Ul'U'IJ 8~'1J eJ~1 VI<'l.f1181 uri eJ'VIV1?!eJ'U~ ~
mnmlJ nl'l~V1ti1'lbbeJ'Un'UL51'J~i1Al f ~~nhLeJ'U~Vli1J

fllllJ~eJ'Ue:ilb~I'J'U8~1'!..1'1iI'l 22.9-41.4 L'V1l
~.---------------------------.
55 • a=6(t

0' a= 450

e a=300
50 -

'0
...........

35

G o QQ(JQQGQQCJG

e e QjeeeeeGleGe

~ 30

25

20

IS

10

O~~~~~~~~~~~-L~~
o 5000 10000 15000 20000 25000

Re
J 'IIJ ClJ f' I IIIJ

~tJ'VI 9 fllllJ6IlJYI'U5'l~Vlll~ fifo nu Re

fll1lJ.rlJ'WUlh~Vlll~ tilltJ'l~ fl eJ'Ul~ 8V1'YIl'Ufl 'lru

~19l~~ bbeJ'U~'U~eJtilltJ'l~ neJ'UL~8V1'V11'U'lJeJ~lbeJU~ 11li''U

fllllJ1eJUe:ilL~tJ'U (//fo) LL6II11~vl~~tJ~ 9 ~ln~tJbb(lI1l~1~

b.;lull L~eJAl Re L~lJ~'U~~e.J<'l1~Alf/fo L~lJ~mlllJ

11118 fl)o iJfi18~1-W'1il~ 33.4-41.4, 26.2-32.2, uae
22.9-26.5 ~1V1-r'Umrunl'l~I11~~LLeJ'U~UL51'J~~~lJtJ~'Vl~

a = 60°, 45° LL<'l~30° t'lllJ~llii'1J

~ I .... Q. ~

4.5 i'l:u·;ml'U~'tJ£).:JbR'l£).:Jfl'UeJ1mA'VH1.:jb"1.:JeJ1'VlVlI'J
""'" d I aJ

fll'l tJ'l ~ LlJU6IlJ ss nue 'IJ8~ Lfl'l8'l fl 'UeJ1 n 1 PI'W<'l'l

LL?!~81 V1 t'ltJ u.6119l~1'Ub'Vl'eJlJ6IlJ'i'l(l'W~ L:a~fll1lJ~eJ'U (TEF)

~ln6llJfl1'i~ (6) 1(ilmb6l19l~vl~'itJ~ 10 ~ln'lLhL6IVl~

fllllJ.rlJ~'Wth~Vll1~ TEF tl'U R; ~~btJ'U';;mJ<'l~r111.nru

~lnA1 Nu uae f ~~AI9l~fh~~-U'Ub~Entl'U LI9lI'JYlU'llA1

TEF iJbb'UlLtilJ<1Vl<1~b~8i1fl1'lb~lJ~'U'lJeJ~Al Re ms

~Vl~~ bLeJ'U~'W'U'UbbeJ'Ul9ll9li'U!'l11lJ1tJ'LIi1A1 TEF eJtJi. 'LI·th~
" "

1.17-131,1.2-1.3511<':; 118-1.33 <11V1-r1JbbeJ'LItl'LIVi

~lJcJ~'VI:; a = 60°, 45° LL,,~ 30° (;11lJ<11vl'U n1'l~I1I~~
• ~ .. d .1 lv. 1bb!:-J'Un'LIbtJl'J~O{]~lJu~'VI~ a = 45° Vlfll TEF ~~<lVl 'LI

mru'VIVl6l8'U-d'LI1I8i1AlbV]ltl1J 1.35
L~

1.55

1.50

145

140

1.35

130

"-

'" 1.25
i-

1.20

1.15

LID

105

1.00

0.95

0,90
0

• a""'6O"

c a>=45°

GI a::t.3o"

G
• G G. ..

5000 10000 15000 20000 25000

Re

5. i'l"a'IJ~61fl1"a'VlI'l61eJ"l.
fl1 'l illmn B'VI5')11<1·~eJ~l..!lJtJ~'VI:;'1IeJ~bbeJ'U~'U bEi I'J~

~i1~eJn1'lOll'Jb'VI!'llllJ~tJ'W fll1lJb~I'JI1I'VI1'U bb<1:;
.,. J,.I d I QJ

61lJ 'l'i (l 'U ~ b"tf~ fllllJ 'l eJ 'U '11 eJ~Lfl 'l £)~ ~ 1..181 n 11'1YI<1~

bb<1~81~t'I m U-cil~fl1'l 'lVI<'lll'UUl'U bb<1l11~1 ~b .;I'LIll fl1'l
..,,!:: I ~ "'" I QJ SoI.d..,
(;1111(;1~ueru fl'LIb88~'U'LIbbc.J'LI~ 11I'1l'Ufll1lJ'ltl'LIb Yltl6l'l1~ fll'i

'lVI<1u U'Ul eJ1b V\ ni (;11lJ u 'Ul fl'l~ bL6In-rs 'l'I-I<1'lh tJb~lJ A 1

fl1'lOll'J L'VI!'llllJ~8 'W1~~ nllbbeJ'U 111111i'U fll1lJ ~8'Ue:i l
v

b~I'J'Ufi~ 71-76% ~~fl'lrubbeJ'U~'Ub51'J~~i1l..!lJtJ~'VI~ a =
60° 1~A1fl1'lOlm'VIfllll..l~1l'Ubb<'l~fll1m~tJlil'VI1'W~~~(il

.J , .." V .d... ~
'IJru:; 'VIfll61lJ'l'l n 'U:; b"tf~ m llJ 'leJ 'W~~<ll'l ')II 'U'VIn 1'l t'I 111(;1~

• :; .. J.. ° 1 ... . ~ 135bbe.J'Ufl'ULeJtJ~'VIlJ~l..lU~'VI~ a = 45 I1ItJlJfl1LV1lfl1J .

Lb<1~i1fhn~flllbb~'Utl1..lb51'J~lJlJtJ:;'VI~ a = 30° uae 60°v ,

Lv]ltl'U 1.4% ll<1~ 3.3% t'l1W;l1vl'U
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