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Passive1\91tJn111v1:JJrrnrn m 'Ylml:JJ1<lu1(iltJ1ITbI1l1lActive dJUn11

a an 111I1I1f1~tl~II" n IU~ tJumllJ1eJU 1~b'l:JJl1mb na 'In@i\91.f~I'JJl nll

1::;1I11'l1eJ~'l'VI"lul\'l~El~II"nlu~tJuml:JJ1Elu ~~lITm1-d''il::;~n11~1 tJ

'ViR~~lUI v1m'h 1~'lI <l~1 'VImn\01nlllU~tJu1UIIUlIm1'l'V1<1m tJ1Utl eJv
II<1mu~ tJuml:JJ1ElU 1'<1::;mllvilJm1rh tJI'Ylml:JJ1eJu1(il tJ1ITII1I1I

Passive dJU1ITn11f1tf,tJn1l1ITmllI1l1l Active ~eJm,yhl~'lJeJ~l'V1"

In(ilm1Iu~tJu1UII1I1Im11'V1<1II\1\lITII1I1I Passive 'iJ::;EllitJilfl11~.
m::;llm1ulhuluRnl!lrn:::@i(il#~mtJ1utieJ ~"'lITn11U'1:l.i\il€l~~nl1~ltJ

'Vi~~~lm v1:JJbb<1::;!T~IlIU1ITnl1~'l~111ml:JJ{1,tJlJ 1111f'il~UU ~1'VI-r1l

?ITm1IvilJn11~ltJ1Ylml:JJ1eJUII1I1I Passivetll~~m1ftnl!lllitJlJ1

1.umh
1f'il'ilUUIf1~eJ~11<1mu~ tJuml:JJ1~U 'l~~m1~\ilI'Ul <l~,~\1\m i'l<l~,

I~eJ~lN mll ~eJb'm111U::;'lJ<l~ l\'l~<l'"usn Iu~ tJuml:JJ11m 1~b'~:TIu.
I~m.b'lUeJ <In111I1I1\'l~El~II<1nIU~ tJuml:JJ1eJu1 ~~'lIm (il1~n,,~1 U

'lIrn::;~fil~:JJu1::;~Yl'lm'~1 tJIYlml:JJ1eJu!T~ Itlll~:JJ ~~'il::;N~N<11~
b'lm1n"(il~U'Yl'u.m1N~'<l1u<l(ilffl'VIm1:JJM 'illnm1ftnl!l11itJ'Vi1l11, ,
ilIIU1~1.1!lJ 1Un11~\ilIU 11\'l~El~II" n bu~ tJuml:JJ1eJU 1~~ b':JJnllU~

mllJ1<lUfl~:TIu~eJnlll v1:JJ~:JJud::;~'Yltn11~1 tn 'Ylml:JJ1Elul ~fl~:TIu~ .
1U'lJrn:::~fil..11U,:::..111~tJ'<l'Yll'UI v1lJ:TIuhJm n ~''V1-rlll1fn1l1 v1:JJ

~lJU1::;~'Yltn11~ltJl 'Ylml:JJ1eJulJeJ~ 2 lIT ~<l lITlllIlI Active II,,::;•

n1~ I'Yl'Vi'1 10520 1n s 0-2326-4197

1'Yl1fll1 0-2326-4198

Abstract An experimentalinvestigationof heat transfer and fluid flow characteristicsin

a tube heat exchanger with V-Shape Rings insert under uniform wall heat flux

boundaryconditions.The air in the tube are presentedfor Reynoldsnumber(Re) in a

rangeof 5000 to 25,000. The V-ShapeRings is introducedas a vortex flow device for

generatinga strong vortex flow in the test tube. In the this work, a V-Shape Rings

elements were mounted on the steel rod with a' single pitch length (P) of 50 mm

throughout 2000 mm (full-length) while the short-length mounted at the entry test

section are used at several space ratios (SR) of 0.5, 0.6, 0.7, 0.8 and 0.9. The

variationof heat transferand pressureloss are displayedin the formof Nusseltnumber

(Nu) and frictionfactor (f), respectively.The experimentalresult indicatesthat V-Shape

Ringsat Rs = 0.9 providethe highestthermalperformance.

Keywords: heat transfer, friction factor, vortex flow, V-Shape Rings, thermal

performance
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'il.<1'Vi1l115000,
3 ~ ~ d
nlf11~11flln11lJlf1,tl~n<1

l~fil Rs = 0.9 hlfilfl:JJ1111u:::m1~lm1'1ml:JJ1m.lfl~b'\91 .~ ,
~;h~'I'1!lJ: nl1~lmYlml:JJ1,m, ilu,:::m)lImllJl~tJ(il'YllU, nl1'l'VI,,'VI:JJU1U, 11'VI1Uill,,

(ilml\91mllJtJll 2000 ll"~llJm ($i\911~1I'V11m~:JJml:JJtJlltltl'Yl(ilb'tlll) 11,,:::mrn,@i(illl'VllU,U.
illlllJ1lhil~lJmllJ tJll'ildjnl1ii\nl!ll1(iltJnl"lllu'lleJ~11~~ltJ5(il11&i'lu'll<l~';h~ (Rs) Irhnll

0.5, 0.6, 0.7, 0.8 II,,::: 0.9 filnl1~lm'Ylml:JJ1<lUbl,,:::ml:JJiuflrul~tJllmblflu81u1U
'IJ 11.1 'lJ 'lJ

""'lJUfll'Jj"1'1II<1::;ilU1:::n<lllmllJl~tJ\91'Yllu\OnlJ~lill f-I"m'Yl(il"<l~'Vi1l':hmrn,1~11'VI1U1Uil•

1 ~ ~ d
b'l'lJll~11flln,1:JJ1f1,<l~n"

f1rn:::mf1tut"U~(ilb'1'VIm1lJ

~. lJ'VIll'YltJl~1JI 'Ylf11u1"u"~lJ"'f1"fib'lU

l'YltJll'lJ(ilb'n"um 199 lJ.3

(il.~.,,1f1u 8.~~1f1u 'il.b'n"um 47160

2b'1'lJll~11 1'1f11u1"u8(ilb'l'VIm1lJ,
f1rn:::I'Ylf11uhU<l(ilfll'VIn11lJ,

Yl(ilfftlUllm'bli;mtl1mUI,,'lJ11mU~\911wlil~ 5000 n~ 25, 000 11'VI1U,uillllnH'dhilff11.J
'U "U 'lJ -u

nl1'l'VImlllU'VIlJ'U,lU (vortex flow) I~<lff11.Jm,'l'VI""11I1I'VIlJ'U,lU~II-iJ~ln~mtJ 1utitl1'1\91b'<lll" ,
1urnm\91" tl~:§u&i'lull'VI1U,uililln$i\91.f~lIu tm~ ,,'\91~' tJ,:::tJ:::vil." Itllnll 50 ll,,~ IlJ\91,. ~

U'l1I'1(iltiel nT,ftnl!lll';~'Yl(il" <l~n.J'Vi'l$in1':JJm,nTHh u tmH111:JJ1mW,,:::nl,'l 'VI"tltl~,tJ

nl11&i'11'VIl'lmJi'lm tJMti Elm tJ1<il1~tlU '1'lJ'\Al;rn05ml:JJ1tlu~ i'11f1~~ ,ll mfl~l-tl um1.
l'!1tJ1h~lvi~~"'
~mu~,jn'1t1'11el-l2
'Yi-lI1I'il(il 'Yi'l'VI:IJd-l~3

t'b@1,Wi lh:::i'I'Yil'f'2l2
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THERMAL PERFORMANCE ENHANCEMENT IN A HEAT EXCHANGER TUBE
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J = <ill1.h:::nEllJfllllJb~tJ~mu

Jp = <il11.h:::n€Jum1m~tJ'iI'YlluYimu~1

h = i:JJu1::f!'Yltmd'V'ilflll6J1E1'\.1 (w/m2 K)

I = m:::bbl'!'1,vJV:h(A)

k· = filnl1'J.tlfll1:IJ1,m (W/m K)

~ ~ <
<lqJ~m"'nI.

A = Y1'H.~f1lnl1!i1m'YlfllllJ11l'\.l (m2)

Cp = fll1:IJ~flll:IJ1eJu~lb'V'n::: (J/kg K)

D = bi'\.l~l'\.ll'1urJn"l.J'tlEi (m).

U1:::mru 1.2 b'Yll

~1'1'i1lJlJ'Ylml6J"ulJd'1,<Pl111 n11~n j,fl rrm Yi:IJilJU1:::l%'Yltm1

~htJ b'Ylfll1:IJ1E1mb,,:::i6JU1:::~'Yltbb 1.,1b~tJ~'Yll'\.l b'il tJHb 'YlflU,fln11

$1~.r.,jolll'!11.,j ml6J0'\.1Ul'\.l~1111 ibn~n11V1~'\.I1'\.1'1'i1eJ nl1m:::bb nn

u1blrniilll'!11~m1:IJ0'\.1Ul'\.l (vortex flow) ~1V11Uolll'!11"]flll6J

0UU1'Utn I'J1U'tl Elbb"nbU~ l'J'\.Im1:IJ1eJmU'UbbUUbbVll'Uolll ~.,jiill

l'!11.Jm1 :IJ{iuihu 1U bbUU iil.,jn ~11 ~1 :lJ11rlbYi:IJflll:IJ b'l1':IJ'lJ1l.Jm::: bbl'!.
'l'i6J'H.1Ul'!.,jmn (vortex flow) t~I'J111n11'Yl~~EltJ~fi1<illb"'lJbJtJ1u,,~, .
(Reynolds Numbers, Re) ':::EI~'ll1.,j1:::'Vdl.,j5,000 - 25,000

,~lJ.J'VImt.J'lJEl~nl1Hbb1-l'\.lb'iJ1:::~~tJn (WPT) ~1l b~Eln11l'!11~m:::bbl'!, ,
'lJEI.,jnl1'V1lJUdU'llJ111 011tJi'H.'lJElUb'lJ<;1ml6J1E1'\.1U'\.Ir.J'It.,]'tlEI b<;1tJ111,
n11'Yl<;1"E1~~6J:lJbEitJ~'lJEI.JtJm'Yhnu 30° ~elml~d'\.lml6Jl'!.,]tJn<?ieJ, .
fll1lJl'!.J'tlEi (BR = 0.1,0.15.0.2.0.25 bW:::0.3) bbi1:::1:::tJ:::~<;1~(PR

v
d ., Q = , ~= 0.5, 1.0 bb,,:::1.5) bWElVllnl1u1:::,mllJllWn11mm'Ylfll1:IJ1ElUbbOl:::

nl1l'!!lJ b~t.Jml:IJol'\.lb tl1l.,j\ll n nl1'1 'VI"m tJ1'U'tl1l ~.J f.I" nl1'Yl'ilfl eJ.J" ~
I , Q..o .Q 6' .d .,,; d d,

WlJl1f11'\.1l'!b'llfl'Yl(Nu) bbOl:::bb1.Jbl'!tJ~'Yl1'\.1(f) ,:::bW6J'lJ'\.I'YlfllBR ~~

bb":::':::"~OI.J~fil BR ~1<;11mhiilu t~I'J~U1:::~'Yl~JllWn11!i1m'Yl

flll6J1E1'Ul'!-J~~ (TEF) b'tl1nU 1.71 b~mYitJunlJbb1-l'\.l~~nl1$1'i1tJn. ,
bb,,:::1uu~,::: 1ifi1Uj:::~'Yl~tn Vlm1!i11'Jb 'Ylml6J1E1'H.bU~ tJl'!~n11. .

- 26,000

",,6' QJ I q,. I d Q .,_.. l.do o:!:I I

1:::I'J:::W<;1bb":::Elm1l'!1'H.flll6Jnll.,j<;11~'J b6JEIbn uununm 1t.JUVl1E1'YlEi

~l~luu~'lJ~,n~ ':::WU·;h8'Yl~WOInl1,]~11.JbbUU Wing Vortex

Generators (WVGs) ,:::1ifi1n1nhm'Ylml6J1E1'Ubb":::flll:lJb~tJ'iI

'Yll'H.6Jlnn11b~l'Jfilnl1r;;lm'Ylfll1:lJ1El'H. (Nusselt) bu~tJ':::Elci1'H.'ll1.J~
2."03-2.34 bbo/in1ru'lJ'il0I1~bbOl:::1lJil~':::Elcilu'll1~ 1.35-1.59-u

S. Skullong et al. [4) .,jl'U1,]tJd'1,<fl~nj,flt1'nj,fru:::ml6J1El'\.lbb":::nl1

'1,VlflJlltJl'\.1'tlEllb"mU~V'\.lflll6J1El'\.l~$1~~.Jbb~'\.Ib'iJ1:::~'iltJn (WPT) iil.,j

1U~ 2.23 nl1'Yl~OIEl.,jbU'\.IbbUlJvJt1ni flll6J1E1'\.1fl.,j~ m11'l'\OI'lJEI~.

biil111m1~nj,fl~'YlTIWflm1,]~11.JbbUlJ Wing Vortex Generators

(WVGs) b~EI'llll'J 1urrrn Yi6JU1:::~'YlTIll1Wnl1~hm 'Ylml6J1m''lJEI-J

bfl~eJ.,jbbOin bu~ tJ'Uflll6J11l'H.bbOl:::nl1'Yl'il0iEl.,jbU'\.IbbUlJy.jt1'n'llml6J1E1'\.1

fl.,j~ L'iltJiJm1'1,VI"Elci'lll.Jb1bUSHJ i.,jbbo/i5300 - 24,000 9Jlnm1~
'Yl'ilflEl.J(WVGs) M111m1;;;nj,f1~6J6J 30° 1:::1'J:::~<;1~(RP = P I 0),

~,~ d • d
bbOl:::El<;111l'!d'\.lflll6Jnl1.,j(RB = E I 0) 'll~~OInl1'Yl~"El.,jWlJll'Yl

, , ~
('hm 'Yl flll6J1EJ'1.'Yi~Yil'!~ S. Chokphoephun et al. [3) lJ'Ylm1:IJU,

'ill6J~liilu E1ci1.,jhn<;11:IJ~'Yl~WOI'lJEI.Jnl1$1'i1.r.,jl.JbbVll'\.l (VR) ~ BR

= 0.1 bbfl:::1:::tJ:::~<;1~PR = 0.5 ,:::lifi1b\),~tJ'lJEI.JU1:::~'Yl~tnwm1

"'" A I "'" "'" ,......, """ 15''VI:IJ'\.Il'\.llJ·Hlruf.ll'YlEl'Yl~REllJE1'YlllVlOl'lJeJ.,jflleJ<;111Rl'\.l1:::tJ:::W<;1'lfOll~,
'lJ'iI (Pc) <?imiw.11'\.lI'1'\.1rJn"1.,jbi'\.lfll~ (de) bb,,:::el<;111~1'\.11:::tJ:::~<;1'lf1lJ. .

U'il (Pt) o/ieJflll6Jn-11.J1UU'iI (W), [CR : y] 1'\.1nl1r;;lm'Ylml:IJ1eJ'\.I

bb,,:::i:IJU1:::~'Yltbb1.,jb~tJ'ilm'\.l1'\.1 'tleJn":IJ~H'l'\.ln11'Yl'ilReJU el'il11

nl1'1V1,,'lJ eJ.,jeJl nlI'11'if'Yl ~ ReJU~ I'h~1 b,,'lJ b1rJb '\.101~ (Reynolds

Numbers, Re) 1:::'VI11.J3000 - 20,000 f.lOI,nnn11'Yl~OIeJ.J1.b'1u

bU1tJUbYitJunumru1~ii1l~'!J~Vl1eJ luu~ eJ[h.,jb~ tJll '\.I'ti E1~lb'1tJU ~.,j

i1 ib ~w;hnl11~ii11'il'lJ'ilW1eJ:IJ 1uu~ l'!16Jl1b11111'.-Iel<;111nl1!l1 tJb'Yl

fl11:IJ1E1'\.1bYi:IJ~'\.IbU'\.IREI.Jb'Yllb~Ellu'1tJU bYitJUnu m 11'if,,"~'lJ~1VI1E11u

U'ileJcil.Jb~ tJl ms Hii1l~'lJ'iI bbfl:::llJu~il6Jn'\.l ~filel<;111 ,h'\.lnl1U'iI

bb,,:::el<;1"ll;;ll'\.1""<;1'lJ~~fil1XEltJ'J 9J:::Rl:IJl'HlbYi6Jel'il11rrrsrnm 'Ylml:IJ

1eJ'\.Ihl~n11fi1el<;111 ;;Il'\.ln11U~bbOl:::5<;111 ;;I"'\.1""~'lJ~~~fi1R.J 'J

mtJ1<flb~eJ'\.I'1'lJ~b'VI~EI'\.In'\.lP. Promvonge et al. [2) ~nj,f1~'YliVl"

'lJ1l.Jn11$1'il.r.Jl.JbbVI1'\.1(VR) bDtJ.J111:IJ6J30 ° tntJlu'tlmhtJb'Ylml6J~ ,
11l'\.lbblJlJvJt1n'llm1:IJ1eJ'\.Ifl.J~ bb":::nl1'Yl~,, E1.Jb<fl~nj,f1W111iJb'il Elf
'<11.J'J 1) elm1s11Ufll1:IJn"h:mbbVI1'\.l (BR = B I 0 = 0.1, 0.15

bl,,:::0.2) bb,,:::2) el<;111s1l'\.l1:::tJ:::~<;1~l.JbbVll'\.l (PR = P I 0 = 0.5,

1.0, 1.5 bb,,:::2.0) HeJln1l'1bU'\.I'lJeJ"]bVI"11'\.1nl1'Yl'ilReJlJ ~1'V11U

b"'!Jb1t'\.l"rJEI~1'\.1'ril"]5000 ~.J 26,000 iJlI,,]tJ1il.JbbVI1'\.l~HR11"]

1!l1b'Ylfl'VI:IJW": l' d , 1 ~ d .1 = =, "'\illltJ '\.I'YlmWeJ'lfltJ VlbW6Ju1:::R'Yl1l111WnlJ1:::lJltJ
fll1:lJ1~'\.I t'iltJ~' ~ , 1 ~",<;111wmflll:IJnl'ln.Jbb'VI1'\.l (BR) 9J:::'liltJ Vlnl1

tlltH'Ylflll:lJ~"'" '" ~ l' ~~",d d
du ..,,,b":::n11RrubRtJflll:IJ~UJlll'J 'U'YleJb~~'YlR~ 'll.Jf.I".~ ,

nl'J'Yl'il,,1l.JWU1'1' ~ '" ~ d ,
~ n11bil tJb'Ylflll:IJ1eJUbb,,:::m1l'!!lJ bRl'Jflll:lJ~'\.I'Ylfll
tl'il11s11U ~ ~, • ~ , , ~ dt flll:lJnl1.Jl.,jbb'l'ilU (BR) ,:::1'V1fllR.JnJl'YleJf.I'\.I.Jb1tJu
<iltH\),w1:::l'hBR - 0 2 ~ ~ " • ~ d

- . ':::mmn11mm'Ylflll6J1E1'\.1bbOl:::n11R!lJbRI'J
fll1:IJiilU:llln ' ~ • ~

nJ1El'il"llsll'\.lflll6Jnl1n"]bbVll'\.l BR = 0.15 bbOl:::0.1

, ,
l'\.1bUvn:::'lll.J b16J<flm:::bn~ nl1'V16J'\.Il'\.1R-JR~ YiU1b1 ru'lll-J <fl'\.l'tlmbOl:::, .,
fiEIFJ'lb~eJ6JR"ltJ".J'ill6Jbb'\.llbbn'\.lnl'~'1,'VI" 2. nl'J$1~.r-J~lR11.Jml6J

0'\.1th'\.l~1111ibn'ilnl1'V16J'\.Il'\.l'VI1eJm1m:::bb'YlnU1blru~lR11.Jml6J,
0'\.1th'\.l (vortex flow) ~.JbU'\.I1TInl1~fh1.JM1UR'\.Ihl'\.1'lJrn:::d

btlEl.J9Jln1ITm1~.Jn~11Rlm1mYimilnl1riltJb'Ylml6J1eJ'\.IMR.Jmn •
bbo/inwu1l'1ITnl1~.Jn ~119J:::1111'.-II'h<flllh:::~, n uu b~tJ ~ rruu Yi6J
.f

R.J'!J'\.Imn•
.Jl'\.l1,] tJ'1'i11iml6J R'\.Il, nl 1bYi6Jn11r;;1 tJbn ml6J1eJ'\.Ib~ u1'if

b'YlflUflnl1$1~.r.J~lR11-Jml6J0'\.1Ul'\.1~1111 '.-Ibn'il n11'V16J'\.Il'\.1'VI1eJnl1,
m:::bb'YlnlJ1blrn~lR11-Jml6J{i'\.lUl'\.1 (vortex flow) ;;;.J~'l1'eJ6J"•

.:::l <I-' .J' """ g,.. d
.Jl'\.11,]tJYibntJl'l1'eJ-J~.J'\.I 'Jj\l{l"W'YH)\l [1) 111nl1I'1nj,flnl1b~6J

U1:::~'Yl~mVlm1!l1 m 'Ylflll :lJ1eJ'\.I1wri EIn fl:IJb'il tJnl1$1~.r.J ~'R11.J

fll1:IJ0'\.1Ul'\.ltntJlwriEl~~vJt1n'J5ml6J1E1'\.1fl.J~ (constant heat-flux)

b'iltJH fll'il'lJ~dJ'\.I~1l'!11.Jflll6J0'\.1Ul'\.11~tntJl'\.1'tlEl'Yl~l'!E1lJsJi.J~n11

1~1lJu~Htn tJ1'\.I"1~'lJ~<;101E1~ ml:IJ tJl1b ~E1R11.,jnl1'1 'VIflbblJlJ

'ilflEl'il9J:::bbU.JElElmU'\.I 2 n~6JlvIrlJ ~EI 1. nl1$1~.r.J~1l'!11.Jml6J, ~
0'\.1th'\.l ~1111'.-Ibn~m1'1, 'VIflbblJlJ'VI6J'\.Im.,j~.J b'Ylflu'l'ln11l'!11.J nl1'1 'VIfl,
bblJlJ'VI6J'\.Im.Jl'!16Jl1rlbbU.JElEln'1~Dn 2 uuu ~E1 m1'1'V1flbblJlJ'VI6J'\.I, ,
fll.Jo/iElbtlEl.J (continuous swirl flow) bbfl:::nl1'1V1flbblJlJ'VI6J'\.Im.J,
bU'I'n:::'lh.Jb~6J<fl'\.l(decaying swirl flow) nl1'1'V1flbblJlJ'VI:IJ'\.I1'\.1o/imtleJ.J,
9J:::bn'ilnl1'V16J'\.Il'\.l'ilfleJ~ml6Jml'lJeJ.J'tleJ 1'\.1'lJru:::~m1'1,'VI"bbUU'VI6J'\.I, ,



(7)

(6)

(5)

(4)

1ilU I,'VIfW on~1Jd,fJ1rnam [JU1Jn-

(3)

(2)

(Manometer)

:j)'u,~IU'Yl~I1'1JUb1l'u,bbUUbb'VI1U1~1(V-Shape Rings Turbulater)

~n'Mlnldb ~:uwldill m'Ylf111:U11JU (Nu) ~,lJ,::n 1JUb~tJ~'Yl1U (f)

bb"::I1':u,nm::nl'b~:um,illtJb'Ylf111:U1im (TEF)'t~.[J~n'Ml~~l

5~d1~1'u,nl1'lJl1~mjl,'VI" (RB)=0.15 fh5~,'~lU,~[J::Y1~ (Rp) =
1.0 bb"::f115~11~lm::w·:h~~lU~I,:Il~~~~bb'Vllm~1.J8ml:UfJ11y]8

(Rs) = 0.5, 0.6, 0.7, 0.8, 0.9 LW:: 1.0 'lJU1~'lJ8~Lb'VIlm~1lJ'lJ'u,I~

L~w.il'u,fluUn"'~LL,,::ml:U1.1ll'lJm~ 48 JJ6'l~L:U~1LL,,::tJ112000~
JJ6'l~ L:U~,~l:U~I~U t~ [Jbf1~1J~'Yl~l1'ilDIJ::cfi'8~lJm1~:Uil, 'u,l'u,rlUml:U

q

11JU1Jcil~~ LY'lillJ 1J~rlUmdl1'rub~[Jml:U18UlJ1mf1~1J~nlL U~f111:U- .

(1)

, fr' d, d d , .:!I , .....

f.IlUflU1.1n ,,'~f1~'Ylb'111bf111J~'Yl~I:1'1JUbb6'l:::U,::1.1~:Ulnnl1'Vl11Jb'111nu
,::tJ::-HYdrOdynamiC development length ~~~'VI'U;'~rl,1~m,I,'VI"

'lJ1J~1Jln111~I, 'Vl" b'll1 'll~'Yl~ iH1U~ &1n'Mrn::b 11Unl11, 'Vl" uUU fully
q

develop bb,,~I,'Vl6'lb'lllbfl~1J~'Yl~I:1'1JDt~tHf1~1J~'Yl~l:1'ilu'lcfIlJnl'~~~~

~lJmrnnlbU~ml:U11JU (heater) ~,,1J~f111:U[Jl1y]1J'lJm~ 2000
..... f( d.c::. , .... ""'::;....... .c::.

1~~ mn'Yl1J~IU'u,1Jn~n~~~~I:1'I1.11~~rn'VllJ:U (thermocouple type
o , d v ,

K) 'iJl'u,l'u, 28 ~~~"1J~ml:UfJ11'Yl1Jbb"::'Yl'Yl1~b'lJlbb"::'Yl1~1J1Jn'lJ8~'Yl8

I,cfi'~~~~11'1[Jl~8rn'VlnlJbbuu RTD PT100 t~[Jl1'l1.1l~8rn'VlnJJrln
" 'lJ 'I <u <u

d , "'..... d......c::. " d
b'll8:u~m'lJlnUbm1J~1~~rn'VllJ:U (Data logger) 'iJl'Ul'u, 2 bm8~ bb,,::
d v ,<=I =::;...... ...... I

'Yl'Yll~b'lJl bb6'l::'Yll~1Jil n'lJ1J~'Ylil:unld~~~ ~'ll~1 ~fll1:U~ uem f1,8:U
q

3. i)t.ln"j"nt'l1lPllHhm<l~1finl"j"'I1lFl'H)\J
q

1JlJmrn~1,num''Yl~I:1'1JUlJ,::n1JDcfi'--W1JlJmrn.Jl~ 'l ~lmlJ~ 1, ,-
t~1.1Hbf1~1J~fhd't~,,:u (blower) 'lJ'Ul~ 2 HP b1lmb'VI~~rhd:t~,,:u ~~

mml:lJlJ'1m rn,,:ul, 'VI"b'lll bf1~1J~'Yl~I:1'1JDt~ 1.1bfl~1J~mlJfI:Unll~' tJ, q

lJ'1mrnm::bbl:1'I,y.jY:h (inverter) ~1J~bf1~1J~nlbU~,,:u hltJlJ'1mrn,,:u

bb.J":::lh~nl,'Ml" 1J~IJ::nnl~ t~ 1.1bfl~1J~iJ1Jl~mlm 11 (orifice-
meter) mnlfl~I,'VI"b'lll"1J~'Yl~l:1'ilm::cfi'1J~I,'Vl"t:-iluri1Jn":U'lJm~b~U

pVD

Re = f-L
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.il~'b6'l'lJb'[J1u".1 (Raynold number, Re)

hD
Nuo = k

t~1J~ T;, = (To + T,)/ 2

jPLV2

M = 2D

= 1Jrn'VInJJ~i11y]mil,~tJ('c)
q -

= ml:Ub~h,,~[J'lJ1J~I,'VI" (m/s)

= bbd~~Ul,y.jvh (Voltage)

= ml:unll~bbt:-iunu (m)

= ,::1J::nTliJ~ (m)

= ml:U'VIUlbb1lU'lJ1J~'l'VI"(kg/m 3)

= ml:U'VI-u~i:U1Jdru (Pa s)-

= b"'lJbd1nU~~

= 1Jrn'VInJJ1Jlmflbil,~tJ (0 C ), -u
~d v 0C= ~rn'VIlJ:U'Yl'Yll~b'lJl( )

= 1Jrn'VInlJ~'YmmJn (0 C )
q v

Nu p = b"'lJibm']j"t1'lJ1J~rimlJ~l

p = ml:U~U (Pa)

Qair = 5~dlmlbhm'Ylml:U11JU1Jlmfl (W)

Qconv = 5~11mlillm'Ylml:u1m.tt~1JnTl~1 (W)

m'I1':u~,m&1'_'~1'Umrny.j&1niml:u11JUf1~~ (Constant Heat flux),

Nu

mlY1,nlrnl1h~~'Yllim~mdill tH 'Ylml:U1mt'lJ 1J~ri1Jn":U'VI'!t'1~~

f1~~~~m'I:1'1J~ 1~:j)'U~1'U'Yl~l:1'ilUI,lm [J1'Uri ilbb<lmlJ~ tJ'Uml:U11J'U

IIIb1I'U1J~cfi'il~Y11J1,rnl~~ 1'U~,U ~ &1~~lU~ cfi'1J~1,n un11'JJUbf1~1J'Uyj~

":lJbb6'l::m,,hm 'Yl~11:U11J'Ut~tJ~&1~~lU~yj~,,:u 1,n um,oJJu bf1~,m

mnlfl 1'VI1'VI61Nl'Urinn":Ul1'l:1J1'b1~1J1,rnlI,cfi'~1J

= ml:U[JTlY]1J'Yl~I:1'1JD(m)

= 5~dlml1,'VIm:n~m" (kg/s)

L

u
V

W
y
P
f-L

7J
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'lmJJ~ 6 fl'llll~lI~Uf:l~'VIll,jmlll~lI~uid:::'VI':il,ji'll"'lJld1l'~
1U,,~ll,,::~'<l~'l'Ui'lJJ':i::n!lU l~[J'<lmUmrn ~lj nl,l~bl 'VI'lUJJJi'll~ii

~l Rs <iil~ ') 'illnnl':i'Yl""!l,jyjUllm':ilb'4ll'Vl'lU1JJi'l1~~1 Rs <iil~')-u

Re

JJJ~ 5 mll1~lI~'Ui':i~'V\"ll,jill"'lJl ':i!.J1'UiiI.lll,,::5mlb'4'luiI'llWlJ

3000025000200001500010000sooo

SR:: 1,0
SR'= 0,9
SR:;; 0,8

• SR;;Q,7
5R ~ 0,6
SR; 05

" 45°, Ra = 0.15. Rp= 1.0

o
::l

EO
::l
Z

l~lI'<liil€l'<lmlll!.Jlly]El) lliil:::0.9 ~11l1,mY1l1fhm':itllm'Ylml1l1ElU

lmn~l~!.J,jflU ll":::"\9l"~~~l Rs = 0.8. 0.7. 0.6 U,,:: 0.5 \9llll~l~U

rrnrnnl'Ylml1l1eJU ~ l~lIll'U'ill nri 1Jr11l~[JUln\9l'ill n rrn l~ll 'VI'lU':itl.
iI'l111 [J1Uy]aus n ltlm !.Juml 111€lU'il:::lJJ ~11~ nl':il 'VI"uinnutvortex

flow) U1l1ffill'VI'lU1JJ<;)'l1~~ f./"1~U1l1rn~,jn~11ii5\9l"nnl1~
lwnlJJm[J'Uml1l1eJ'U~~,jn·:hu1l1rn~hllju'VI1U':iJJi'l1~ ~

~1'VI1Unl':i1b'4ll'Vl'l'UdJJi'l11u'r'i1JlliilmJJ~[J'Uml1l1E1U l~!l~'Uh~
~lm':iDlm'YlmllJ1€l'U~l~1I1l''U (Nu/Nuo) yju':hm11~ll'VI'lmJJ<;)'l1~
~lm':im~1I~lm':itllm'Ylml1l1eml~~,j~\9l~~1 Rs = 1.0 ll,,:: 0.9~ ,

'illmtl~ 5 mlll~1I~UIT':i:::'VI':il,j<;)'ll"'lll':i!.J1'U,,~Uiil:::5\9l-:ilb'41'U~
ill"'ll'I!~l;,,tfmrn~iinl':il~ll'VIJ'UJtJi'll~iifh Rs oll,j ') mnrrrs

'Yl<;J"eJ,jyjullm':il~ll'Vl'lmtlilll~fh Rs oll~ ') "'lm1m~mhnl':i~
tllm'Ylml1l1€luM1'<lml'Vllmtlil1~fh Rs = 1.0 (ll'VI1Unn~\9li~~ ~

~tJ~ 4 AlllJ~lJ.wwh~vl';h"lii'll<I'lIl'ltJ1ui;lii uae 1ii'1li;l'1l'l1m'8<I~'1I!lwi€l
ltl<h

Re

o L.J......1.....L--,-J._J_-'--l--,-J._J_-'--l--'-"-'---'--J--,-.L.L--'--'-'-.l-L---L-J0.00
o 4000 8000 12000 16000 20000 24000 28000

mJ Smooth Tube
-HI-- Perukhov
-Q- Blasius

10
0.01

90 0.06
Nu

80 • Smooth Tube
-0-- Dirtus-Bcrlter
~ Gnielinski 0.05

70

60 0.04

50
::l 0.03 '--,Z

40

30 0.02

20

'illnJtl~ 4 lw<;J~mlll~m~-''U'Ih::'VI·:h~fhilll'''lll':im'U,,~

(Re) 1u'll1~ 5000 < Re < 25000 ll":::fhilll"'lJ'I!~l;"~

(Nusselt numbers; Nu) dhm':iltl~[Jmhil·<HwlJ'I!~l;iiI~~l~

,llnnl"l'n<;J ~ElU'YlElr11l~tJU flU ~'VI~'UIT'llEl~ Dittus-Borlter lliil:::

rhiltl,:::nElUl~[J<;J'Yll'U (f) l~ltl~[Jm-Yl[JuflU~'VI~'UIT'llEI~

Blasius 'illfl m'ltl~!.JU l-Yl[JtJyju';h rhil'lliil'll'I!~l;iiI~ll"::i'l

tl,:::n ElUl~[J<;J'Yll'Uiirhlm1l~ [J,jfl'U

4.I-Hln1Wl\9lGHhl

~
~

.~

t.
\
.

'..__ ._ s ..-_.¥"._._-_._._ _ . "._ J.

n1''l't1\91~eJU1\91[Jm-:il~m'llmtl~h'l~1'U'lil~ (side) eJclm~'il\911\91~ ~ ,
1lffi'VIlln~l 'VIf1~'illmf'UYilm-:ilU\91lf1~eJ~ rlll U\91ml~.r.reJ'U1\91!.Jll,,:::, ~
lf1~1l~lhU\91"lI (blower) ~lm-:itl1U1nmrnmdl'V1"'lleJ~eJlmf'11'V11~

\9111l~~1l~m-:i.Jl'Ulf1~1]~mlllf1115\9l-:ilm':il'V1" (invertor) l~1]cl, ~
lu'lll~<;)ll"'lJmn,,~ 5000 - 25000 hwl'Ullol'lll,j~'Yl\91~1lU 'il::~1],j

':i1l1~1lrn'VIlln ~TY]eJ't1\91~eJU ll,,::: 1]rn'VIll n'll eJ~1]1nll'l~'Yll,j l'llllliil::
q <ij 'l '\J

'Yll~!leJn'lleJ~Y]!lm~riEl'U~lm':iDuYinfh 1\9l!.J~lm-:il\91fh!lrn'VIlllJ~1, ~
.t. "",d q., , at

'Yl!l'Yl,j'VI1l\9128 ~'fHliil:::~nj,'V\!JlI'Yl'Yll~l'llllliil::'Yll~El1]n'llEI~'YleJeJn2 ~\91

lliil::UUYinrhmlll~U\9ln f11eJlI':i::w;h~'Yll,j l'lll ml:::'Yll~1]an 'VIf1~'illn

'Yl\91~lltJl~!.JU1eJ [J1~~l m-:i'VI~'U:i'im'U 1~ll 'VIl'U:i'U,jl'U~l'U,tJ'U (top)

llci\9l':i,j'il\911<;JeJffi'VIlllJr11lU'l:::'I'11m':i't1<;J~eJu~meJu
'II 9 'I <u



mrnftmn Nu/Nuo fifO TEF

bb'VI1'\.l1JJ<;)11:Ls=1.0 1·.·.··\riii~·~-t:5;.~·ii 27-29 1.25-1.49
'1/

. bb;,,11.t~U<;)11>Ls;0.9 i;'@:B--4.4: ....•.. 26-28 ,1.26c1.50 ......',-'-cu-"-"'_' -,.-_'. "',

bb'VI1U"i:U<;)11:Ls=0.8 3.5-4.0 22-24 1.21-1.43
'1/

bb'Vl1U1:U<;)11:Ls=0.7 3.2-3.7 19-21 1.15-1.37
'1/

bb'VI1UdU<;)11:Ls=0.6 2.7-3.1 17-18 1.03-1.22
'1/

bb'VI1U1JJ<;)11:Ls=0.5 2.1-2.4 ,.15:1 ~""'.,. 0.84-1.00
'1/

1i11"il\J~ 1 m-:;riltJb'Ylm1:U1DU <;)lJJd::;neJ1Jb~tJ'iI'Yl1mb61::;":lJ1-:;blU::;

m1b~:lJm1bhtJb'Ylm1:U1eJU

R.,

"iU~ 8 ml:!JR:u0uIT1::;'VI11.Jf11elWI11N1U'llD.J11.Jbb61::;"m1DU::m1
'"

0.8L.._~_~_~~_~_~___'_...........J
0.4 0.5 06 0.7 0.8 0.9 1,0 t.t

1,:2

,,4

Re e 5107, Re= 0.15, Rp = 1.0

u,
W
I--

1.8 ~------------------------------,

'illmJJ~ 8 bb"'iI.Jf.l61mdbJJ~tJUbbJJ61.Jfll"m1blU::;m1b~lJm1
'1/ "

ril[Jb'Y1mllJ1eJU91lnm11Nbb'VIlmJJ<;)11r\~f11 RS Ilil.J 'l Y\f11 Re =-, ,
51 07 ~1Jl1,,:lJddblU::;nldb oW:lJnl1ril m 'Ylfll1lJ1DU'iJ::;ilf11!,l'.J~'ilr\f11

Rs = 0.9 bb61::ilf1161'i161.JeJcil.Jd1m1l~f11Rs = 0.8, 0.7, 0.6 bb61::;0.5

'ill:U~l<;)1J 1U'lIrn::;~f11 Rs = 1.0 ililf1161'i161.,j'inmh Rs = 0.9

b~nUmJ

Re

Juri 7 ml:IJR:IJ~Ulh::;WJ1.J<;)lb61'l1b1tJ1U61.l bb61::":lJd1DU::m1bv1:!J

rmrh [Jb'Ylml:IJ1ElU

1500010000 25000 300002000()5000

'~~-------------------------------,

1.4

LL
w 1.2
I-

1.0

os
0
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91lm:u~ 7 mllJRlJ0uIT1::;'VI11.J<;)lb61'l1l1tJ1U61.l bb61::;"lJd1blU::;- , ,
mdb~lJmdrhtJb'Ylml:IJ1DUmrnY\~md1Nbb'VI1UdJJ<;)11y\ilrh Rs

'1/

Ilil.;)"l f.l61'l1D.Jm1b~:lJm1riltJb'YlmllJ1DUbb61::<;)lJJ1::nDlJb~tJ'iI~lU

'iJlnm11Nbb'VI1U1JJ<;)11~fll Rs Ilil.;)"l mrn1~"1:lJ11bl~.,j"lJd161U::

mn ~lJmdril tJ~mnllJ1ilUilEln:lJ1 '\.r".J"~ 1~ mtl:lJllmtJlJb Y\tJlJ~

f11riltl.JojJlJ~'il61W~tJlnlJ'YifJ~lb1tJlJ ~~1~lb'VI1'\.l1JJ<;)11~fll RS =
'1/

0.9 'iI::'Y111"jlfl~il.,j ll61m:u~ tJUml:lJ1fJU~f11,,:!J11ClU::mdb ~:lJnl'l

riltJb'YlmllJ1fJU".,j"'illl61::;61'i161.,j~f11RS = 1.0, 0.8, 0.7, 0.6 bl61::

o 5 'illlJ~l<;)lJ b~eJ.,j~lnm11'hl'VIlmJJ<;)11~fll RS = 0.9 "l:lJ1-:;D

b~:lJl'hm1riltJb'Ylml:lJ1fJul.nn<i'bfi~.Jn1Jfl1 RS = 1.0 1U'lIrn::;~md

b~:lJ1JU'lIeJ.Jfll <;)lJJ1::;n au bfftJ'iI'Yl1U~1'11UeJtJnl1 b1ieJ.J911nf.l61'l1eJ.J

'lleJ.,jl1.,j'lleJ.,jbb'VI1UdJJ<;)1110% ~'VIltJl:u1:JJN.Jf.l61llieJn11b~:lJmd
'1/

ril tJb'Ylml:!J11JrUbbllintllJ~.,jf.l611"j1'11<;)lJJd::neJlJb~tJ'iI'Yl1U61'i161.J

~1'V111Jm d1~lb'VI1U1JJ<;)111U 'YifJus n bJJ~tJum1 :lJ1eJU if.J~1Jl1
'1/

m1 1Nbb'VI1U1U<;)11 ,,1 :!Jl11,l'I111"j1'11"lJ11DU::;m1b~:lJ msrn tJb'Yl
'1/

ml:IJ1eJUb~:lJ1JU".J"'iI~1'11 RS = 0.9 ElrJ1u'll1.J 1.3-1.5 b'Yi191ln'YiEl
- , '1/

Re

"iuri 6 ml:!JR:lJ0uIT1:::'VI11.J<;)ll61'l1l-:;mUi,l~hW::R~N1U<;)11.b::;nillJ
'"

,oL_--~----~----~----~--~~--~o 5000 10000 15000 20000 2SOOG 30000

'5

20

'50 ~5
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SR,; 1.0
SR' 0.9
SR.0,8
SR.0.7
SR' 0.6
SR·0.5

a" 45', Ra = 0,15. R,= 1.0

~~----------------------------~-,

"1:lJ11mv1:lJrl1nl"Hl1tH'Ylfnl:krhl'u'l.1 1~tHl'VI,mJJ.1,1~rl1 Rs =-1.0 91::;'Y111vhn~ll-:i.J.11U'lIfJ.,jil1mfl".,j"ml61::;61~61.,j~fllRs = 0.9,- ,
0.8, 0.7, 0.6 ll61::;0.5 'ill:lJiih.1lJ difJ.J91lnm-:;1~ll'Vl1UJJJ~h'l1miil

bb61n bJJ~ tJuml :lJ1fJm::;,,1:lJ1-:ibllv1:lJfllrmrn tJl'Ylml :lJ1fJU1"j".J1Ju-
'l.1lllli f.l61'LJfJ.Jnld 1~bb'VI1 UdJJ .1,191::; lJJ'lIl1.J m-:i'l 'VI61111u1mi il

bb61mJJ~tJuml:lJ1fJU 'Y111"j~lmfl!ntJ1m1mb61nbJJ~tJuml:lJ1fJU~

m1'l 'VI611mJJ lllJlJ~ lJJ~ tJu 'lJJ1utlm2l'rn:::dJun~:lJ m::;lb,,'\ 'VI611U ~.Jf.l61

1"jfll.1,JJd:n au lfftJ~'Yl1Ub~:lJ1Jm1n'rlDih1~lJ
~ ~ , 0 1 ~ ~~, • 1.01 ~ d ~~l'V1-:;lJrrrs b"ll'VllUdlJ 'illl bU 'Yluuan llJ61tJuml:!JdfJU l:lJD"U b'il-f11<;)lJJ-:;::nD1HfftJ~'Yl1U~lv1:!J1Ju (fifo) ~lJl1m1hhmlUJJJ<;)11

"1:lJ11bl'Y111"jfll<;)1JJ-:;::;nDlJlfftJ~'Yl1Ulv1:!J1JU".J"'iI~fll Rs = 1.0 DU- , -
1Whl.J 27-29 b'Yi1''iJlnr1ili-11l1tJlJ
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= ,:::. "'" &,,,,,, ..... Q "'"

UWl", lY1tJ1UY-IU1l1f11nddml1fl~dd.J'V\lUrn'YI~ fll'lJl1'll1

lmmd:JJbfl~1l.Jn~ f1rn::lmmjdJl'Tlfl~{ flfl1UUbYlfltulfl~
Y-Id::'l1ldJbmh9l1flrnYlVlljfllWI m::u.J, 2551.,

lm6'6.J~ltJYl1l.:J, "n1db~dJUd::i'i"ll~1l1Y-1n1dnlmYlmldJ11lU~
lurl1lnmJlWltJl'l1i";1i;1'11.:Jfl11dJ0uthmllu Coiled-wireuselu

[1]

Rs = 1.0 bbfl::0.9 bbfl:::iJ.JY-I1J11nTll~bb'lljlUi11
~ ~ .1 '" ,,; .¥ '~T ,,; .¥

'iI::r]1b~~l~lud:::mnJ b~tJ~mUb Y-IdJ'lJU:lJ1nb"lmnu b~ tJ'iI:::bY-IdJ'lJU~
I I Q...< I d .J' q.. d d,

.J~~l'n~l Rs = 1.0 bYl1n1J 29 bm bbfl:::bY-ldJ'lJUU1ltJYI~W1"1lmRs =
".. Q..<O I I "'" d d.:::!l d Q &'

0.5 b'Yllnu 15 bYl1'i11nYl1lmbdtJU bdJ1l"lldl1Hl.Jf-lflm:::YlU"IlbnWl'lJU

"lnmdl~bb'V\lUJuil11uJu'lJ1l.JmdnltJbmmdJ11lUbb~:::i':ll.h::n1lu
~ " ,,;, w d d

bfftJ~YI1U tJ.JY-IU11mnldb Y-Id.Jnldbi1tJbYlf111d.Jd1lUYIb'V\d.J1::~:JJbdJ1l

bU1tJUb.y;tJUnufhilUd::n1lUbfftJWlYI1U~b ~dJ'i1u (TEF) 'iI::1l~~~l
d, d I <V

Rs = 0.9 bbfl::dJm~.J"Il~W1bmnU 1.5


