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Heat Transfer Enhancement in a Rectangular ChanneL with 60° V-Shaped Ribs

1<11'1l11'll11I'11m~l.JLfI~eJ~n<l flru:;1I'11m~/,J1'11<1111~ m111V11nii'm Vlfllul<l~~1'll/,J~fI"~<11U lV1CJ1L'1lIll'1leJULLnu

·150 "'~ 6 t:lUUI'l~~\JVI'j tlil1J,,1uLileJ~ <ilL.flmileJ~'1leJ\JLLn\J ~,Wrl1l'1l,l\JLLri\J 40000

2<11'1l1LVlfll Ul"~~111<11"'m~/,J flru:;LVlfll \Jl,,~~t'l<11"'m~/,J /,J""1V1CJ,ii'CJ~1'll.n£lLVlYI<1Ill~

321 tlil1J"VI::;L"~1JI'1'l <ilL.flmileJ~ ~~Wj'I1I<lYl'l~ 15000

3<11'1l11'll11I'11m~l.JLfI~eJ~n<l flru::;1I'11m'l/,J1'11<1111~ <1mU\JLVlfll\Jl<l~YI~::;'iJeJ/,JLn~lL~l~ruVl""~<lll11m::;u,

'lleJ1J(l"<l~n~~ 1 t:l\J\J(l"eJ~n1~ L'1lI1l<lll11m::;u, n1~LVI~/,Jm\JfI~ 10520

an~/,J'i~EJ'l::;1J1JYlii"~lU .f11f11'll11I'11m~/,JLfI~<l,n<l flru::;'il'llm~/,JI'l1<1t'l~1'l1H!l1 /,JvnlV1CJlii'mn'(,lt'l~I'l1<1Ill~ lV11J1L'1lt'l1'11'l1'll1

199 "'~ 6 t:l\JU~~/,J1V1 tlil1J<l~~~'1l'" <ilL.fleJI'11'l1'll1 ~~wj'I1I'll<l'l~ 20230

*~~I1I~eJ: sfengsps@src.ku.ac.th, sompokpeng.src.ku.ac.th

nWl~8.n'1r;i'vhfl1'i~ mn m 'ib~lJ?{lJ'i'ifltl~fl1 'i~'8 bVlAl1lJ~tJW1181 tl~tJ~'itl~ b'I;j~8lJ~tlc:r,~ arms n1'i~'8 bVlAl1lJ~
~tJtl~~lbbUUA~~ 1~8i1n1'i~~A~u~11v1'llJlJ 60 tJ~1'11~~~~ltlA11lJ?{~A~U~tJA11lJ?{~'1JtJ~'1ltJ~'1Jtlltl (BR=e/H) whtlu 0.1,

, ~ v

0.2 uae 0.3 i1~~~1t!'i~8~V1(i)~~tJ~~~ltlA11lJ?{~'1JtJ~'litJ~'1Jtlltl (P/H, PR)=21~8v1'1n1'iVl~G1tJ~~?{.fm~n1'i~lm'VlA11lJ~tJtl
v

~~lbb UUA~~ 1tlf11'i'Vl~G1tJ~bbG1~1odtJlf11I'1btJtl'1JtJ~1'l;jG11tlf11'i'Vl~?{tJU~~tJ ~1tl'itl'1JtJ~rilbG1'1Jb'i1tlG1t1l .g~'lil~bG1'1Jb'i1ua t1l'iJ~tJ~
v v ~

1tl~l~ 5000-23 ,000 bbG1~1tlf11'i'Vl~?{tJUi1f11'ibtJ~8U bVi BUt:.JG1'1JtJ~vltJt:.Ji(~b~8UbbG1~vItJ~i1f11'i~~~~ A~U~i1'1Jtll~ ~~~ltlAl1lJ?{~
v

~,~ 11 tl'W'iJt1'1JtJ~bG1'1Ji(?{b'1lG1'v1(Nu) bbG1~~l'lh~f1tJub~8~Vlltl (j) b~tJi'lf1'l!ll'1;jlt:.JG1f11'ib~lJ?{lJ'i'ifltl~f11'i~lm'VlA11lJ~tJtl~i1n1'i

~~~~A~U~ ~~~ltl A11lJ ~~~,~ 11~ 8'iJ1f1f11'ii'l f1'1!11'WUllf11'i~~ ~~A~U~~~ ~ltl A11lJ ~~A~U ~tJA11lJ~~'1JtJ~'1ltJ~'1Jtl1tl (e/H)

bvl1tlU 0.2 'iJ::;1'lXri1fl1'ib~lJ?llJ'i'ifltl::;fl1'i~1m'VlA11lJ~eJtl~~~~~ 1~8'iJ::;1'lXrh?llJ'i'ifltl::;f11'i~1m'VlA11lJ~tJtl~~~~ 1.31

fiTI',;.9n: fl1'i~,m'VlA1'lJ~tJtl, ~lbG1'1Ji(?lb'1lG1'v1,~ltJ'i~f1tJUb~8~Vl1tl, A~mtl~11
v

Abstract

This article presents an experimental study on heat transfer enhancement in a constant heat fluxed

rectangular channel with 60° V-shaped ribs. Several V-shaped rib characteristics were introduced such as rib-

to-channel height ratio (e/H=O.l, 0.2 and 0.3), rib pitch to channel height ratio (PR=P/H=2.0). The study was

conducted by varying the airflow rate through the tested rectangular channel with the 60° V-shaped ribs for

Reynolds number from 5000 to 23,000. Various relative rib heights and pitches were tested to investigate the

effect of the 60° V-shaped ribs at on heat transfer and pressure drop. Heat transfer and pressure drop were

presented in terms of Nusselt number and friction factor respectively. The results have shown that the

highest heat transfer enhancement was at e/H=0.2 is about 1.31.

Keywords: Heat transfer, Nusselt number, Friction factor, V-shaped rib

1. 'U'Vl11,

1tlU'iJ~utlbi1tJ~l 'Vl8i1f1'i~U1tlf11'i~ (i)?{l'1;jf1'i'ilJ~,~ 1

btJtl III u 1uin f1~~1u f1'i~U 1u f11'i ~ (i)?{1'I;jf1'i'ilJ.r u 'iJ~i1f11'i

mfltJ'U'iJ ~tJf11'llYilJ eJ(ii'J1fl''J~' m'Vlfll llJ~m.J[1l tJl 'Wv!<l~1

b~8ut1IlmVlADAbbG1~15f11'i~1~1 bbG1~15~lt11t:.JG1~lJ1f1~~~Jtl

btJtl15f11'J~~~~A~U'I;j~tJ bbtJtl~tlUtlt:.Ji(~m 81tlvltJ b~tJ1'lXdl~

f11'i1VI G'Iu 'U U~ 'Wth'W 1~ 8 'iJ::;~~ t:.JG'Iv1'11'IXf11'i b~ lJ8(i)'i 1f11'i

~, m 'VlAl1lJ ~tJtl ?{~~t!bb~tJth~1'J11(i)1lJ11'iJ~vh1'IXbtl~ril ~1~ .

tJ'i~f1 tJUb~8~Vlltlb ~lJ?{~~tl(i)llJl.J1t1118 ti1~Jtl15fl1'Jb~lJ f11'i
v

~18bVlAl1lJ~tJtl~~btJtl15~i1f11'i't11lJ1tJ'i~~f1{JtlU~tJf1'iru

'Vl1':1I;'{''Wll'1dfl'J'JlJ L'll'W1'Wseu U LA~eJ~LLG'Irutl~tJ'W1'l1llJ ~<l'W

b~tJ'1l'''lI'J1'IX'1Jtll~b~f1G1~bbG'l~1tl'i~uutI-rUtJ1f111'1 btJtl~tl

118ut €hl'W~(i)'j'bbG1~Aru~[ll1r;i'v1'1f11'Ji'lf1181f11'ib~lJ

?llJ'i'ifltl::;1 tl f11'i ~ 18 b'VlAl1lJ'i eJu1u vi eJ~ bVl~tJlJ~ i11'l~u
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17 - 19 Vj~"i11fllJ 2561 ill lJ';n1'V1cnilm'VIfll'UL,,~'jI'11lJ~fl,,5<11'U i'VIcnb'(JV1<1f1"'Ufl~

i:'!1:WLVI~ CJmL~:;U 111~ CJf11'lVh111'l'VI~~ eJ~~ Mll1:;~'HU'L.!

LLUUvJ ~ 11'1lflll:W~ eJ'L.!~~lfl~~ LL~:;'U eJ~1 VI~ ~1-til 'L.!111 'l'VI ~ a €I~

A €I eJl111Y'1bL~:;~ f'hill b~'U b'l~l 'L.!~ ~ €I ~1 'L.!·lh~ 4,000 ~~. ~
25,000 vll11l'H U1 tJU bVitJU e.Jfl'U€l~ mruvieJ~b VI~ tJ:wiJe.Ju~ L1CJU

, '" , I I

nuvi eJ~ bVI~ tJ:wViiJ fl1UVi i11U'L.! Lb~:; ~l<;i 1 ~ bL~:;vi eJ~ LVI~ CJ:wViiJ

fl1U~ ~lU'L.!-<;i 1~ bL~:;iJ 111'l&\ ~ ~~ U 11~'VI1~ boUl'UeJ~vi €I'VI~ i:'!eJU

l~CJvll f11'l~ {jlll~ fl1U u U uiJ u 'L.!l b~ CJl n'L.! L~ €IV; \I 1 'lru 11'l1

~:WU 'l:; l1'V1i111 'l ci 1 CJL'VIm 1:W~eJ 'L.!uae I'll Illl U 'l:; 11€IU L~ CJ~ 'VIl'L.!

\I 1 11111'l'VI~ a eJ~ ~u 11 vi eJ~iJ 111'l1~ fI ~U LL~:; Vl1 €I&\~ ~~U11~ 'VIl~

L'1111~1'l1~:wu'l:;l1'V1i111'lcil CJL'VIflll:W ~eJ'L.!LL~:;1'l1 IlllU'l:; 11eJU

b~CJ~'VI1'L.!L~:Wi:'!~:lJ111~'L.! L~m!j 1 f11'lL U~ CJUbViCJU nuvi eJ~ LVI~ CJlJ
v

I I I ,

Vi iJ I:-JU~ L~ CJ1JbL~:;vI €I~ LVI~ CJlJViiJ fI ~U €I ~ 1~ L~ CJl ~U 11v1 €I

~ LVI~ CJlJ~iJ fI~U LLI1:;iJ 111 'l&\ ~ ~~U11~ 'VIl~ LoUI'll €I~vI €I~ LVI~ CJlJ

l~I:-J~f11'lcilm'VIfllllJ~eJ'L.!~~~~~

~ Ii111'l 11'L.!11U CJ111 'l LL~ :; 1'1ru:; [2J n'L.!l ~ CJ.n't I'l
, ,

vll 111'li'l 11't'fl n 1'l LV;:w n l'lci 1 CJL'VI1'111lJ ~eJ'L.! '11eJ~ LI'1~eJ~

LL~n LU~CJ'i.JfIlllJ~eJ'L.!l'lltJ~eJ~'U'L.!l'L.!~iJ I'1~U'!t1cJ n t~ CJvll f11 'l
, "

'VI~ a eJ ~ Vi (;'1[11 'J:; n 1 'l ci 1 CJL'VI1'111 :w ~ eJ 'L.!Vi ~ 1 LLU U 1'1'I Vi

(constant heat flux) l'L.!f11'l'VI~~eJ~ l~CJ U-rU1oUI'111:WL~1~:W

VlI11CJ1 rh1'L.!·lh~bl1'Ub'lCJ1'L.!11~ Re = 5000-25,000 bbl1:;vll

f11'lL U~CJUL oV1CJUI:-J~'UeJ~~eJ~'U'L.!l'L.! ~iJI:-JU~b~CJU 'lieJ~'U'L.!l'L.!~iJ

l'1~uVltJn t~CJ'I11:W:W 60,45, 30 LLI1:;I'1~UIi1'l'l 90 eJ~l'!l,
~~~1'L.!'l:;CJ:;V;Ii1~\l1eJI'111:Wi:'!~'lieJ~ 'U'L.!1'L.! PR=3 LL~:;~~~l'L.!

v

ml:Wi:'!~fI~U\l1eJml:Wi:'!'l~eJ~'U'L.!l'L.! e/H=0.3 l~CJ&\~fI~U~~lv v

U'L.!'UeJ~'lieJ'l'U'L.!l'L.! L~eJ V;\ll'lru 1 I'll f11'lcil m 'VI1'1l1:W~eJ'L.!t~ CJ

LLi:'!~'l1'L.!L'VIeJ:W'UeJ'lL~'UUi:'!L'Bm1 (Nusselt number) LL~:;f11'l

~tllL~CJI'111:W(;)'L.!t~CJ LLi:'!~'ll w 'VIeJ:W'UeJ~(;)lU'l:;n eJU L~CJ~'VI1'L.!

(friction factor) \11 n f11'l'VI~ ~eJ~~U)l'll~'VI~l1eJ'l~iJfI~UVlcJn

vll~:W 60 eJ~1'!11~Alf11'lci,m'VIm':W~eJ'L.!LLm~AlIll1U'l:;neJu

L~CJ~'Vll'U?!~?!~ 1i11:Wl'lltJ~€l~'lJ'Ul'UViiJI'11uVltJn:w:w 45, 30~ . ,
LL~:;1'11UIil'l~ 90 eJ~1'!1 t~mLi:'!~'l1'U'lUI'111:W~:W~'U5'l:;Vl11~,
51il'l1~1'L.! L~'UUi:'!L'Bm1 \l1eJL~'UUi:'!L'Bm-1'UeJ~vI eJ~~",U~ L1CJU bU'L.!

4.48, 3.93, 3.43 Lb~:; 1.78 Lvll ~'V1-rUI'1~UVltJn:w:w 60, 45,.
30 Lb~:;fI~UIil'l~ 90 eJ'll'!1 LL~AlIllTlJ'l:;11eJubaCJ~'VI1'L.!n~:lJ1n

1'l1CJL'li'L.!n'Ul~ mL?!~~ 1'L.!'lUI'111:w~:w~'U5'l:;Vl11~51il'l1~1'Ullll
v

u'l:;n eJU L~tJ~'Vll'U\l1eJ IllTlJ'l:;neJULa CJ~'VI1'U'UeJ~vI eJ~ iJ I:-JU~

L~CJULU'L.! 19.58,13.83, 8.43 LL~:; 7.53 Lvll ~''!t1-rUI'11U

VltJn"j:W 60, 45, 30 LL~:;1'11UIi1'l'l 90 eJ~l'!l

i:'!1CJl t'lJI'1b~:W~'UbL~:;flru:; [3J l(;)vllf11'li'ln't'flf11'l, ,
ci 1 CJL'Vl1'1l1:W ~ eJ'U LL~:; f11'l?! ru L~ CJ1'111:W (;)'U1 'U'lieJ'l'U'U l'U ~ iJ~~
'ill f11 PIbU'U'U eJ~1m'l 'VI~ ?!eJU 1'U?!.fl11:;v1 111bbU U vJ iIn'111'111:!J

~eJ'UfI~~t~ CJ1.;r1'11U~L VI~ CJ:W1ll1l t~tJiJ~~ ~1'L.!ml:Wi:'!~fl1U \l1eJ~
1'111lJ?!-.l'lieJ~'U'L.!1'L.! (e/H) bviltlU 0.4, 0.3 bbl1:; 0.2 ~~~~ltl~
'l:;CJ:~V;Ii1~\l1eJI'111:Wi:'!~~eJ~'U'L.!1'L.!(P/H, PRJ Lvllnu 2 ~~f11'l~

'VI~~ eJ~l-il'1'111:W L11 eJ1 f11P1 LU'L.!'UeJ~1 '!t1~1 'L.!f11'l'VI~~ eJ~ LL~:;iJ'li1~

L~'UL'llu~{ihvllnU 5000 D~ 23,000 \llm1'U~f11'l'Vl~?!eJu~11'l

~U11~Al (e/H) Lvllnu 0.2 \I:;1~Al?!:!J'l'ltltl:;1'111lJ~eJ'L.!

i:'!'l?!~ (11) LVl1nU 1.25.v ,

.fl1t\fr~U ~'U'iN.;jbb~:;l'1ru:; [4J 1I'lvllf11'li'ln't'flf11'l

cilm 'VI1'111:W~eJWL~:;f11'l?!ruL~CJml:W(;)'L.!1 'L.!'lieJ~'U'L.!l'L.!~iJf11 'l

&\~~'lfl1U ~ LVI~ CJ:W'lU 1ll1~ 1~CJ1-il'el1 f11I'!L U'U'lJ eJ~1 VI111'L.!f11'l

'Vl~?!eJU 1 'UMm:; LL~uvJ~niI'111:W~eJ'L.!~~11'1~~ 1'11U~bVl~ CJ:W

'lUIll11Vll:W:WU:;'VI:;Lvllnu 30 eJ'll'!l ~1i11:WV1P1'V11~f11'l1V1~
v •

&\~ ~~~ ~1 <;i1 '1'11€I'I~1'U'VI ~?!eJU 1-il' L~ €I?!~,~ n 1 'l'!t1"j'L.!n ~U LL~:;

f11 'lVllJtl4,~~~ ~l'L.!m llJ?!~ 1'1~U ~eJ 1'111lJ ?!'I'li eJ'I'Utll'L.! (e/H), v ,

Lvllnu 0.2, 0.3 LL~:; OA ~~~~1'L.!'l:;CJ:;Y11i1~1i11lJCJ11~eJmllJ

?!~'lieJ~'U'Ul'L.! (P/H) Lvllnu 1 1~CJ~~~1'L.!mllJnl1~~eJI'111lJ
v

i:'!'I'UeJ~'lieJ'ILviltlU 1 0 Lb~:;f11'l'VI~~eJ~Hf111lJL 11f11'l1Vl~'UeJ~~
'illf11I'!1'U'l:;(;)U\l11'l1 ~A1L~'UL'ltJ1'U~W;(Re) eJ~1'U~l'1 5000

D'l 23,000 \lln~'L.!vllf11'lLU1tJULViCJuf11'lcilm'Vl1'1l1lJ~eJ'L.!1'L.!

'Vi\I u'U eJ~ L~'UUi:'!L'B~'V1(Nu) LL~:; n 1 'li:'!ru La CJmllJ(;)'Ul 'U'lU (;)1~ ~ v

U'l:;neJUL~CJ~'Vll'L.! (f) L~eJvllnl'lLU1tJULViCJU'ViUl1~Al

(e/H) \l11~~U11~Al (e/H) Lvllnu 0.2 \I:;1~Ali:'!m'ltl'U:;

1'111lJ~eJtli:'!~i:'!~bvlltlU 1.35v ,

2·'Vl'l'l!:lli
f11'l'Vl~l1eJ~dL ~eJ i'l n't'fl f11 'l b~lJ f11'lci 1 CJL'VImllJ~eJ'L.!1 'L.!

'lUL~'UUi:'!L~~'V1 (Nusselt Number) LL~:;f11'li:'!ruL~CJmllJ(;)'L.!
v v ~

1'L.!~UllllU'l:;neJUL~CJ~'VI1'U (Friction Factor) l~CJiJ'VIt]'t'fli~

1-til'Uf11'lAl'Ulru(;)'l\l1eJ 1 ud

L~'L.!~l'U~'L.!~mil~l~~'leJ~n (Hydraulic Diameter: Dh)

(1)

l~CJ~ A fleJ ~'L.!~VI1Jllll~'UeJ~'lieJ~'U'Ul'U, m2

p AeJ 1'111:WCJ11'UtJ~b~'L.!'ltJU'lu'lieJ'I'Umtl, m
v

L~'UL'lCJ1'U11~ (Reynolds Number: Re)

pVDh,
Re=--

Jl. (2)

P fleJ 1'111lJ'!t1'U1LL1.l'U'UeJ~'UeJ~1V1~, kg/m3

V fleJ 1'1l1:WL11Lil~CJ'UeJ'l'UeJ~1'!t1~, m/s

Dh fleJ b~'U~''UI'!'U~nm~l~meJ~n, m,
J.l fleJ f111lJVli1~~lJ\J'lru'UeJ~'UeJ~lV1~, kg/m.s
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nl~1.b~'1l:wi'1llnl~~~I'i''U'1Il~~l'1ll.NAi.1G\fli.1'Um A~~~ 1

17 - 19 '11~'wnfl:W 2561 ill :wvlli'VItJl<1m'VIA1'U1i.1~~l'1l:W~Ai.1ihn'U i'VItJlL'iJ(;IG\fli.1'UA~

\llltb~n8Ub~(WI'Vll'U (Friction Factor: f)

2 ISP
f = (L/Dh}pU2

t~w~ l',.P A8 fl11~\ll'U\i1nl'l~mj, Pa

L A8 1'l11WJ1'~'~Vlvllnl'l'VI~\l8~, m

U A8 1'l11~b~'bQ~(I'1I8~'1Imhij\l, m/s

b\l'1l'l1?!b'8\l'Vl(Nusselt Number: Nu)

hD"
Nu=-

k

t~CJ~ h A8 Al~~tJ'l:;?i'VIinl'l'I"'nI'l11~~8'U, W/m2.k

k A8 Al~~tJ'l~?i'VIin1'l1.111'l11~~8'U, W/m.k

( ) (_)-1/3TEF = Nu .. ~ .
lOuo To

t~(I~ Nuo A8 b\l'1l'l1?!b'8\l'Vl'1l8Wi8Vl:iJf.J'l1~b~CJU

fa A8 \llltJ'l~n8ub~CJ~'VI1'U'1I8~vl8f.J'l1~b~(lU

~tJ~ 1 bb?!~~ii'm~ru~'1I8~I'l~Ubb\l~\lllbbtJ'l~1~1 '118~

I'l~U t~ (ll?!~~1 offvhl'l ~u1 off8\l:ihiJmj:W1'l11~ VI'Ulbvi 1nu 0.3. ,
iJ\l ~ b~ \i1'l ~ ~ n1l flU bb~'U'VI~ ?!8'U ua ~ 'ltJ ~ 2 tIll'U ~ 1~ "U'U,
~tJmru~H1 'Um'l'VI~\l8~~~tJ'l~n8'U till (I~tJmru~l~ 1 t~ (11off

~~\l~ (blower) '1I'Ul~Vin~ 1.5 kW btJt!bbVl~~tllbi1~\l~ ~~

1'l1'UI'l ~ tJ~~ 1 ru \l~L VIa boU1~'U~ l'U VI~?! 8'U t~ CJn 1 'ltJ 1'U.
~t!b18{b{ii8{ t(iwtJ~mru\l~ bb~\l~I'l~~'1I8~m'l'VI(i)?!8U~~(1 n

v

(3)

fllV1'U(i)t(i)(lAlI'l11~(i)'U\i1nl'l~8~bb~'U orifice 81ml'l~LVI\l~l'U

b-ii16'i'1j(i)'VI~\l8~~:;~8~tVI\l~1'Im~8~ i1lJ ~~:WVI'Ul~~(i)d:::b{JI'JU, .
nl'lb VI\l'(J~~B1n11'l1 Vf~msl Vll1~'U'l}rU1J~ (I~61(i)bbl1:;1VII,VI11.
~l'Uvi 8tJ1U?!.nl~ rrrsl VI\l b~ 81Vf~l nlf'\~l VI\l n8'L1boUl'1l~

'VI(i)i18~:iJii'n~ru~btJ'LI fully develop bb\l~LVI\lboUl~'LI~l'L1

'VI(i)?!8'U (test section) ~'LI~1'U~VI~?!8'UtJ'l~n8'UtIll(l~8~

'U'Ul'L18\liJbiJ(I~~~I'l~'U\ll11 'U'Ul~nl1~(W) 0.30 b~m (Ill,
(L) 0.40 b~m bb\l~'l~CJ~1'l11~?!~'1I8~~8~'1I'L11'U(H) nl1~ (t)

v

(4)

bvllnu 0.3 iJ\l~b~\i1'l bb\l~'l~(I~Vi{ii11l (P) I'l~Vlbvllnu 90

iJi1~b~{ii'J t~l'Jbb~'LI'1i8~'U'LI1'L1(i)~n~11 (1nvh1Vf~8'L1ti111'J. ,
heater lvHh'1l'LI1(i) 1,000 l{ii11l t(i)CJ8ruVl.niJ81ml'l~tVlm-iil, ,
88mb\l:;~ruVliJiJe:1lm(l1'L1~nl(i)ti1lm'VI8{tmltJbtJ\l type K

'ii'l'Ul'U'll~ ~~~'U 12 ~(i) t(i)mJ'LIVinAl~1~tti1\l~8tJn'lru, ,
FLUKE 2680A 6'il'LIA11'l11~(i)'LI\i1nl'l~8~bb~'LI'1i8~'U'LI1'L1ml~

U'LiVinAl~Lti1\l~8tJmru TESTO 1445 ~'LI~1'U~1offVl~?!8'U,
~::: rX 8~:iJn l'lVf~ Q'LI1'LIn'LI1'll1~~8'L1b~ 81J8~ fl'LI n l'l?! ru b~(I, v u

(5)

Variac transformer
Calm section

Settling tank

\~~~~b=~~~---
t .. Y

~:;';"_.:Jf Pressure tap 1

11

1

,','

Blower

'----__ ~~DI·itg-cta-l-m_a-no-m-e-te-r--~'iii.. J:
~ = =Inverter

Test Section
!... -- -~- - - ~ .. ----- -_ .... _ .. _-- -- - -------- --:

............... ;

Data logger Laptop
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n1'itb:;~l,Jl'1!ln1'j'i:;iii'U'1!l&i'jl'1!.Nf)<I"n<ltlm f)~"~ 1

17 - 19 Vl~~Jllf)l,J 2561 ru l,JvnlVltmi'mVlf)1t11<1~'jl'til,J"f)<I€i"ltllVlCJ1L'U.,"n<ltlm

4. e.J61n1"i'VI~~H)'l e11il'il~l'Ubi:1'1J'l1i'1b'EfI'\,hu~tJ:l_llnfl11v1m.J'l1~b~tJ'U 4.63, 4.56

nl'i'VI(;)i:18~1I;1Vhnl'iiilm~1t:.Ji:1'1J8'lnl'i[l1m'VIfllllj'~'m.J uae 4.26 bVIl
, ,

nl'i~qJb~tJfllllJliI'Ubbi:1:;fll'ib~lJi'llJ'i'i[1'U:;nl'ib~lJnl'i~ltJb'VI

A 11lJ ~8'U ~11i1 'ill n fl 1 'Ib~:WfllllJ a ~ A~'U ~ 8 A 11lJ i'I~'1i8~'1J'U 1 'U, v

(BR=e/H) bVlln'U 0.1, 0.2 uae 0.3L(;)tJflWIi'ill'irul'illflnl'i

'VI(;)i'l8'Uvlm.J'l1~ b~tJ'U n'Ui'I'vl~lJ-A''U6'1J 8~ Dittus-Boelter bbi:1:;

Blasius [5J 1'Uodl~nl'il'vl~bb'U'U~'Uth'UIiI~~tJ~ 3 'Vi'U11f'11

Ai:11(;)bfl~8'U8~1'U'1iI~ 5 btJ84b<1f'U1il

90 1°
0 Aat-platedu<:l o Fhlt~pJa{edU\.1

1
So - Disttas-Bcelrer Correletioo --- Blasius Ccrrelaricn

70 r JO~
60 0° i0°~··~;--OO
50 0°

,
;Z

0 1
"- 0 r~-.

40 ',() 07- ~-Q
.----~

130 QO::.>-CJ.!>

20
J 002

10

o 0.00
0 sow 10000 15000 20000 25000

Rc

'i'll~ 3 i;'I'vl~lJ-A''Ut5'1Je:J~Dittus-Boelter uae Blasius
"

~tJ~ 4 fllllJ~lJ-A''U6'i:;'vl11~ b~'1J'l1M'8i:1'1'1 n'\Jb~'1J b'icl

L'Uflv1 'Vi'U11b~mi:1'1Jb 'itJ'1 'U i:1v1b~lJ~'U1 ~~1 bi:1'1J'l1i;'1b'Em-1b~lJ~'U

bod'Ub~ u I n'U A~'U ~tJ 1iI111 ~~ 1 bi:1'1J'l1i'lb'Efi vh ~:WlJ1 fl~'Ub~e:J

btJ~tJ'U bVitJ'U n'Ut:.J'l1~ b~tJ'U bti8~'ill fllilli'l~l~flll:W~'UUI'Ubb 'U'U

fl~'\J'ltJIiII1~~t:.Ji:1~8nl'i~(;)flI1:W'vl'U1'1J8~~'U'1Je:J'U b'1Jlilbb~:;vh 1~
v

bfi(;)nl'ii'l~1~flll:W~'UUI'UJ11'vl~ (flow redevelopment)

n'lruA~'U~tJliIll ~ (BR=e/H) bvlln'U 0.3, 0.2 bbi:1:; 0.1 'il:;1~

~1 bfl'1J'l1i'1b'Emhi'l~ fl11 t:.J'l1~b~tJ'U Iill:W~ lli1'U
v

'itJ~ 5 flll:w~:w-A''U6'i:;'vl11~~lml:wIil'Ui;'Irub~tJ1'U" " ~
b'VIe:J:W'1Je:J~liIltJ'l:;ne:J'U b~tJ(;)'VI1'Utl'U bfl'1Jb'itJ'1 'Uflv1n'lruvle:J~ nl'l

, ,

b~:WAll:W~~ A~'U?ie:Jflll:w~~ode:J~'1J'Ul'U(BR=e/H) Vl'U~e:Jfl~l~ 'l

'illflnl'i'VI(;)i:1e:J~'Vi'U111'Uodl~nl'i1'vl~~'UU1'UA~'U~ (BR = 03)

'id~~11i1ItJ'i:;fl8'Ub~tJ(;)'VI1'U:Wlfl~~(;)b(;)tJ'il:;~~1 BR = 0.2

uae 0.1 ~8tJ'l i:1(;)fI~lill:W~lli1'U ~~'il:;1~~11i1ItJ'i:;fle:J'Ub~tJ(;)

'VIl'Um n fl11 vi 8t:.J'l1~b~tJ'U WlltJ bod'Ub~ zn tl'U

~tJ~ 6 bbi'l(;)~flll:w~:w-A''Ulh~'vl11~e1Iil'ili'iI'U

Li:1'1JU i'IL'8~Vi'ill n n 1 WI (;)~ 8 ~ 'Vi'Ull ~ 1 eJIil'11 i'i 1'U bfl '1JUi'Ib'8~Vi~ 8

bi:1'1JUi'Ib~~ Vi'1J8~t:.J U~ b~ tJ'U ri 8'U-1J1~ A~~ b~ 8 b~'1Jb'itJ'1 'Uflv1l1 ~ 1

b~lJ~'U 'Ii~~ril BR bvlln'U 0.3 'il:;1~~leJI'l'l1i'iI'Ub~'1JUi'lb'E~Vi

i;'I~i;'I~(i\l:W!ii'·:lt.J BR bvlln'U 0.2 uae 0.1 (il1lJ~llil'U b(;)tJ~~l
v ,

350
a= 60', PR-2

• BR~O.3
300 ~ BR=O.2

a> BR~.I ••
r 0 Flat-plate duct •• (J()

:t • () ()sa
• : o IV e.~'"

• ()(l;"'
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! e
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Re

'i'll~ 4 All:w~:w-A''U6'i~'vl11~b~'1J'l1i;'1b'Ei:1Vin'Ub~'1Jb'itJ'1 'U~v1
"
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5000 15000 20000 2500010000

Rc

'itl~ 5 flll:W~lJ-A''U6'l:;'vl11~~11i1ItJ'i:;ne:JUb~tJ(;)'VI1t!
"

tl'Ubfl'1Jb'im'Ufllil

~u~7 bbi;'l(;)~All:w~:w-A''U(5'J:;'vl11~e11il'l1~''U(1)1

tJ'i:;n8'Ub~tJ(;)'VI1'U 'Vi'U11e11'l'l1i'i1'UliIltJ'i:;n8'U b~tJ(;)'VI1'Ufl'lru

'VI(;)i;'Ie:J'U~e:JIiIltJ'i:; nau b~tJ(;)'VI1'U'1Je:J~t:.J'l1~b~tJ'U~ u 'Ulb LJ:Wi;'l~~t!
"

b~mi:1'1Jb'itJ'1'U~v1b~:W~'U bliltJ~ BR bvlln'U 0.3 'il~1~~181il'il

i'i1'U(1)ltJ'i:;neJ'Ub~tJ(;)'VI1'Ui;'I~~?!(;)bb~~1il1:W:W1WlltJ BR ~ 02, , .

bb~:; 0.1 IilllJ~lli1'U ~~11e1Iil'ili'iI'U(1)ltJ'i~n8'Ub~tJ(;)'VI1'Ubu~ tJ

:l.Jlnnl1t:.Ju~bltJ'Ubvlln'U 59.23, 51.72 bb~~ 44.82 bvll

1 'U'1Jru:;~~li;'1l.J'l'i[1'U~ fll'i b~:Wfll'i~ltJ b'VIAlllJ{8'U n'U bfl'1Jl'i cl
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17 - 19 Yi~~.mf1lJ 2561 i\.IlJVll1VltJl.rmVlAlul<lEhl'lllJ~A<l1l,nu lV1tJ1b'IJ(;l<lfl<lUi'l'J

1'L1{;jli1bbr:1(il~lu~u~ 8 vnr:h~Alr:1:W'l'Hl'U:;nl'lb~:wnl'i~lmVl V1~(il~eJ BR bVlln1J 0.2 ;g~"i)::::ilAw/lln1J 1.31 ~~n1l BR

fl11:W~eJ'LI:ilbb'LIl 1ii:W{;j(il{;j~brim{;j'1lb'ltJ1'L1{;jliib~:W~'U 1(iltJ~ BR bVl1n1J 0.1 bb{;j:::0.3 (ill:W~ll1l1J

bVl1n1J 0.2 "i):::1 ViAlr:1:1.J'l'l1l'LI:::n1'lb~:Wn1'l~lmVlfl11:W~eJ'LIr:1~ ~
~ a (il1(il CJ1ViA 1 r:1:W'l'l1l'LI::: rrrs b~:W n1'l~ 1 CJb VI Adl:W ~eJ'LI r:1~(i~, ~
1.31
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'lUvl 7 I'lll:W~:W~'LIth:::'l-I11~ei'\iI'll~l'LI(ihu'l:::neJ1Jb~CJ(ilVll'L1~

, ,

nl'liiimnnl'lb~:Wr:1:W'l'lll'LI:::nl'l~ltJb'Vll'lll:W~eJ'LIV1:il~{;j

~eJn1'l~(il~~I'l~1J~l'lll:W~~I'l~U~ BR ~1~'1 "i):::1ViAln1'l~lm'Vl

I'l 1 1:W ~ eJ 'LI'1. ~ ~ n 11 n 'l ru vi eJ ~ U~b~ CJ1J u (;j::: 1 Vi A 1 n 1'l b~:w

r:1:W'l'l1l'LI::: n 1'l~ 1 CJbVii'll l:W~eJ'LI r:1~n1lvi eJ~ U~b~ CJUrKl CJb'11'L1n'LI~
1(il CJAl BR ~1 ViAlnl'lb ~:Wr:1:W'l'lll'LI:::nl'l~l m 'Vll'ldl:W~eJ'LI ~~
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6. belmmehlB~

[lJ l~~ eJlh'l~\iI'l, 'li'l{;jeJ~ U'll1Jbbfh bb{;j::: 'V'l~~b"i)(il 'V'l'l'l-l:W

l~f'i" (2551). n1'lb~:wn1'l~lm'Vlfl11:w~eJ'LI1 'LIvieJ~m~CJ:W 1(ilCJ10ff
1'l11Jbb{;j:::un, n1'lU'l:::'1llJl'"dlnl'lbI'l1eJ~lCJll'llm'llJbl'l~eJ~n{;j

mA~U'l:::b'Vl1'l1'VlCJI'l~~~ 22, 15-17 ~{;jll'llJ 2551. 'l-liil 335-

340.

[2J ~(ilm n'LInuCJn1'l, Vii bVll'lb"i)~qJ uae 'V'l~~b"i)(il 'V'l'lm..n~f'i"

(2552). B'Vl5'V'l{;j'1leJ~lJlJ b~ CJ~'1IeJ~I'l~1J ~eJn1'l~ lCJ bVimllJ~el'LI,
1 'LI'1ieJ~'lJ'LI1'L1~:il1'l ~U'l-I tJn, n1 'lU 'l:::'"dlJl'"dl n 1'l bl'l ~eJ~l tJ,
1I'lln'l'llJbl'l~eJ~n{;jbbtAn.h:::b'Vl1'l1V1CJ I'l~~~ 23,4-7

'V'l~I'l~n1tJ'LI 2552.

[3J r:1~tJl1'"dl'lb~lJ'V'l'LI, ru(illm b~tJ'l:::1'L1tJl:a'l::: bb{;j::: 'V'l~~b"i)(il, v

'V'l'l'l-llJl~f'i" (2554). nl'lb ~lJ nl'l~l m 'Vll'llllJ~eJ'LI1 'LIvieJ'lJ 'LIl'L1

1(il tJnl'l~(ilI'l~1J~b'l-l~tJlJ~ll, nl'lU'l:::'1llJl'1Jlnl'lbl'l~eJ~l tJ

'V'l~~~1'L1bbtA~U'l:::bVlI'l1'VlCJ I'l~~~ 7, 3-5 'V'l~~ml'l:W 2554,

'l-liil 243-248.

[4J m~loo.J'll ~'LI'V'l~~, eJl'L11"i) mud'~ uae 'V'l~~b"i)(il 'V'l'l'l-l:W

l~f'i" (2554) 'V'l~~m'l:wml:W~eJ'LI1'L1bl'l~eJ~bb{;jmU~CJ'LIbb1J1J'1ieJ~

'lJ'LI1'L1~~n1'l~~~~I'l~u~m~tJlJ'lU~ll, nl'lU'l:::'1J:Wl'"dlnl'lv ,

:W'l-l11'VltJl~tJ'lJeJ'LIbbri'LI, 27-29 :wn'lll'l:W 2554, 'l-lii1 535-

540.

[5J Incropera, F.P. Dewitt, D.P. Bersman, T.L. Lavine,

AS. (2007). Fundamentals of heat and mass transfer,

6th edition, John Wiley & Sons Inc.
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