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Abstract

The article presents an investigation of the effect of rectangular-winglet tape (RWT) insert on

heat transfer and pressure loss behaviors in a constant heat fluxed tube. The effect of pertinent RWT

parameters such as four winglet attack angle (a = 30°, 45°, 60° and 90°) at a single relative winglet

height (BR=0.3) and relative winglet pitch (PR=3) on thermal characteristics is examined. The aim at

using the R\iVT inserted is to create longitudinal vortex flow in the tube to help increase the

turbulence intensity leading to higher heat'transfer enhancement. The measurements have been

II'U1lln'U'II8'vl8~,ri'Ni:1l VilnIilI'l11lJ~'UU1'U~111bU~nl'll ~lJl'ilfll'lt11 tJlVlwnlJfeJ'U fll'lVlIiICleJ,\i11l-Lh.lfl1'l1Ii1tJ1oUmflll'1

liJ'U'IIeJ,1VlClVlIiIG18Ul'U'lh,fll'lb m'1~'Uu1'U~l'illCl'lll'ltJ1 tli:1~?14200 11, 25,900 fll'lVl(ili:1eJ,1in~'ll'\J~tJUlV1tJU'l:::'\Ij'Jl,vieJ

~1i n1'l~ Iiltk, ll~'UU n lli:1:::vi 8l tJ~l~ll~tJU e.Ji:1m 'lViiiii:18'~Ullfll 'l~ (iI~,ll~tlU nG11lJ1stu ~lJ ellil'll n1'lt1ltJ lV11'111lJf8'U1111
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U'VlF)mje)
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fI11lJ'I"I1'U 4 Al (Rp=1.6, 4.5, 8.9 LL;;l~ 14.7%) "iJ1f1

f11'l'Vl(ilG1eJ~'I"I'lJl1 n1'l~1i1~~1UUIi1'1"11'U1,xAln1'l~l(J L'VI

fll1:U~1l'W 1ll1U'l:;neJuL~(JIi1'V11'WLbG1:;?!m'lfJ'U:;L:a~f'l11:U

f11'l~1i1~~1'lJUIi1LL'lJUL-1'U'lil~ r\VI;;r:u~'Ut5'1J1l~Alf11,l:il tIL'VI

fll1:U~1)'UUG1:;AlIll1U'i:;n1)'UL~(J(il'Vlli.JiJfll1:U
.,j ,

f'lG11(ilLfI;;l1ltl ±15% ~1)lI1'Eiamsa-ard et al. [4]

P1n~ln 1,'I"IlI'l11:U ~eJ'W1'W'VieJn;;llJ ;illvn l'l~Vl ~~1'UU(il

'l:;V:;~'Ll (short-length twisted tape) l(il(JiJeJm1~'i.J

,:;(J:;vh~ 3 Al (LR=0.29, 0.43 LL;;l:; 0.57) LLG1:;

bU~(JUbVl(J'lJnu1'lJ'u(il(Jl1 "iJlnn1'l'VIIi1G11)~Wld11UU(il~

'i:;(J:; 0.29, 0.43 LL;;l:;0.57 iJAlf11'iOlm'Vlfll1:U~eJ'lJ(ih

nll1'UUVlVl1 14%,9.5% LLi.1:; 6.7% '1Jru:;~1ll1

u,:;n1lUb~V(il'Vl1'UiJA1~lnll1'lJUIiWl1 21 %, 15.3%

LLi.1:; 10.5% IilllJG1'lti(U Bhuiya et al. [5] ii'1n~l

'1"1~~m,lJ n 1'lO1 1.1LVIf'l11:U~eJ'Uuae fI11:UL~V (il'Vl1'Wms

1VlG1'1J1lwi 1)n G1:u~iJn l'i~ Ii1~~1'lJU(il'l"lsu lli1viJ eJ~ 'il ~1'U.'

v

i'l~l~<'IVI?(lJi'Ut5'1J1l~Alfi l'il:il tilVlI'l11lJ~1l'U'il:UV(~A11ll1

u,:;n1l'lJL~1.IVl'Vl1'Wr.-JG1n1'l'VIIi1G11)~'I"I'Ul11'\J'0li1tJ111~Al

f11,l:il 1.1b'VIf'l11lJ~1l'U'n:u~~ 1ll1U,:; n 1l'UL~tlli1'Vll'U?!~fill
v

LL;;lru U~1.Ii.Jflll:U~1l'WL~m ~:Ufi1r\m'lfJ'W:;b :U~flll:U~1l'W

r.-J;;lfI1'l'VI1i1;;l1l~~'lJll n 1'lHG111il'1JIi1~llJn'Uu(il1~A lf11'l

~11.1L'VIfll1 :U~eJ'WLL;;l~r\:u'l,fJ'W:; b:a~fIll:U~eJ'W~ ~fill n 1,

loUt 'UUIi1Vl1cJ;;11W1JIi1b'i'1(J1u~1~1l'lu~11V1ct1 Eiamsa-ard

et al. [3] Vllnl'H~:UAlf11'l~lCH'VIfI11:U~8'Ll1'W'Vi1ln;;l:U

;il, 1.1n1'l ~ Ii1~~1'lJU~u 'U'lJb-1'W'lil~ LVI1.1 'lJn'U1UUIi11.111bb;;l:;

1 V~ I !i.) vJ .d (L/Q./1'"
LL?!1i1~m Vl'Lll1 ;;l11i1'1JIi1Vl'Lll IilIi1?!LVI;;l1.I:U"iJ~ ,6'1 ~f11

i'l:lJ'l'lfJ'W~i'l~i'l(ill(il1.liJA1LQ~mvhn'lJ 1.18 '1Jru~~;;llli1'1J(il~ ,
v <v q I J I Q..f I

Vl'Wllilli1n;;l:UlJfl1Lu;;lCHVlln'lJ1.1 lil1)lJl Promvonge [2]

ii'1n~ln l'lL ~:u i'lm'w'Ll:; L:a~f111:U~1)i.J1,xuri Lfl ~1)~

bLG1fIbU~ (J'Llfll1lJ ~eJ'U'1JUIi1'Vi1)n;;l:U;iI'(J15f11'i'VIIi1;;l1)~~iJ

i'l~l~f11'llV1;;l~tlth'Ll (Turbulator device) L-ci'W;;111i1'1J1i1

(Wire coil) LLG1:;1'lJUVl(Twisted tape) l;i1~n111:lJ1H

b~eJb~:Ufi1?(lJU'i:;i'1'V1in1''I''Ilf111:U~8'W (Convective

heat transfer coefficient) 1~LLnLfI~eJ~LL;;lmU~1.I'W

fll1lJ~eJ'LllIi1V Prornvonge [1] 'V11f11'l'VIIi1;;leJ~L~m~:u

?!lJ''lfJi.J:; bfl~eN LL;;ln LU~ 1.Ii.Jfll1:U~1)i.Jlli1 1.1~1i1~~;;lJIi1'1JIi1

vl1h;((il~ LVI~1.IlJ,;r\il-ri'lLU~1.I'ULVl1.I'Un'lJG111i1'1JIi1V1Ullllli1n;;llJ

1'W'lil~f)1'l1Vl;;l~'Llthi.J (Re=5000-25,000) f)1'l'VIIi1G11)~

1. tJ'VI1l1

\>1 ~~,nWb'tJ tlU"iJ ,;r1.l'iJ'UU'l~ 1ltl~ ~1f1C1J1tll;;l n

th~u\mG1~~'lJ'VI'lJTVI~1 fIC1J1u n l'i L"iJ~C1JL~'lJ1~'VIl~;iI1'Ll
LI'!'i~.lin"iJLLG1::;n1'i~ \ill 'Lll ~ Iili'l1V1n'i'i:U n1'i LVi:u :U'Ll'1J1l~
U'i~ '1Jln 'J LLG1:;fllllJ IX111n1'i'VI1~;ill u ~ ~~~1'LliJm n~'W'V1n

UYI11~u nll) 1.1 Iil'l:; Vl1:ln ll~U~:lJ1 ru '1"1~~~1'W~;;l1i1;;l~eJ~1~

~m~eJ~ L~1l;;lIi1n1'lH'VI-r'l"l1.l1n'l'l"l~m'Ll unl,;r(J"ill'Lll'Ll.
:Ulf1~~iJLL'Lll A 1i11urns: ~lJtI'i:;i'1'V15m'l"l1 ~LLn~umru~iJ

eJ~L~m~eJU'l:;VlCj'Ii1'1"1~~~l'Ll;;l1i1'1J'Lllli1'illJ~~;;lIi1IX'W'V1'Ll

1 ~ 01 < "v .,j old'Lln1'lr.-J;;lIil~umru'Vl1~1i11'Ll'l"l;;l'Nl'W U'l'eJ~LL;;lmu;;l1.l'Ll

fI11lJ ~8'!.HU'W~Umru '1JUVlVlct~~Hi'l"l~~~1'Llfll1:U~eJ'Ll

LL;;l:;d] 'W~ 111.1 lJHJ n'Wo ~ 1~LL'1"11VI;;ll 1.11u ~1'W'VI1~;iI1'W

1I'!1 n'i'llJ n 1'l L~lJ i'l lJ'i'ifJ 'W:;1,x LLnLfl~eJ~LL;;lru u~ 1.1u

fI11lJ~eJ'WLU'W~ ~"ill LtJ'WeJ~1~~~lli1 1.1~,'Wl VlrueJUn'iruv ,

conducted for the airflow rate based on Reynolds numbers (Re) in the turbulent regime from 4200 to

25,900. The experiments using the plain tube and the tubes with RWTs were also carried out for

assessment. The experimental results reveal that the RWT can considerably enhance the heat transfer

rate up to 3.68 times above the plain tube whereas the friction factor is up to 27.49 times. The RWT

with a = 60° yields the maximum Nusselt number (Nu) and friction factor (j) but the one with a = 30°

provides the highest thermal performance of about 1.5 at lower Re.

Keywords: Heat transfer, Rectangular winglet, Vortex generator, Friction loss, Thermal performance.
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(8)

(6)

(7)

Q . =Q =mC (T -T)=IVau cony pOI

h = €convAT, -Tb)

bb6'1::;~lbGl'llUClb'll<1YibiJ~CJClllJl'lflVlll#i'(;)~d

Nu= hD
k

"",.d ILl I II 4 ~

eJru'\-1[1:W'VIN'LI~'VI8VlV1i1eJU'illfl'VI1~b'lI1m'VI1\1eJ8 n'VI~ 4, -u

#i'l'L1'l1eJ~v1eJ#i''"wn'LI24 ~(11 A1~:wtl'l:;a'VIinl'lcl1m'VI

mllJ~eJ'LIbQ~CJ6'11lJ1";lI1V111#i'(;)~L'i81oJd

bileJ T A8 8ru'\,-j[l:iJi.ilv18'V1fi1i1DUbb~Gl:;'ilfi1l'lllJbb'U1s ~ 'U ~

CJl1 ~~hjfifi11'111lJ!il1U'VI1UfI11:W~D'W'lI8\1vi8 I(11tJl(il

(5)T, =IJ)24

~8'W·i1~CI(111(11CJilAlbv11nu 1.49 bbGl::;ilA1C1~fl11Dtlmru
'U ~ 'U q

i1~l~fll'll Vlllti'UU1U"I1UI1l1UU(ilbbll::;611(11'l1(11eJcJl~:lJ1fl

'iJ 1fHl'Ul~CJ~ e.Jl'L1lJ 1ua (il~1,x b..;jU11 fll'lHi

11iln 'lru 6'1~l\1fll'l1 '\-1ll'\-1~'LIfll~ m:w u Ul u nu 'lIlJ (ilU fl

i11lJ 11mb CJb~:WAl i:w oJ'l:; ~'VIifl1l'V~ 11'111lJ ~eJ'LIbbGl:;

6'1lJ";l'lfl'LI:;b:a'lfll1i.J~lJ'LI1#i'btJ'WeJcJl\1~ bb~cJ\lilfll'll~(11eJcJ
"

fll'lVl(11618~bb61::;[:.JII fll'll bl'l'l1:; Vi b'll~til, bll'llil ~ 11fl tibA8\1
n'Wbb6'1dJbb ml tilJ 1til 'W~AVl1\1b~en n'W fll'l~ (11.r~bbe.J'UUfl

~il:y:woJ:;Vl::; 300 bbll::;~I1l~l'lJ'l::;tJd~I'l'1fun~m~'W~lU

1'!'U~mmv1eJ (PR) bVllnU 1 1,xA1i1:lJ'i'lI1'U:;b'll~l'Il1lJu

b~tJUeJcJl'1lJ1n Skuilong et al. [8J vllfll";li1nblb:S\l bbll::;

'VI(116'1eJ\lbbGl::;lbl'1'l1::;'l-l\i),tJll'h:s~tillb61'l1'l18~fll'l~(11.r\lbbe.J'W

un.fl1CJ 1'LIv18b1'l~8·mll ru oJ~ tJ'Wl'1'"lllJ~eJ'Wl(il CJ~Ul1[:.JGl

(4)

d
blJeJ

(3)

Q", =mCp(To-T;)
~1fl1'l~11'111lJ~81.J~i.i16'11lJl'lm ~tJ'Ul\i)(;)~d

Q,o", = hA(~ - Tb)

(1)

(2)

bl'1~8~bb6'1moJ~CJ'I.J1'111lJ~eJ'UuUUv18 n61lJ bbCl(11'1(;)~CllJnl1

~8loJd

2. 'VI[]'I!I~1'Ufl11:'hl'1'l1:;'l-l

fll'lfl lUlru'\,-jl~l O'I'l11fl11~ltJ b'VI1'111lJ~eJ'U

~:woJ'l::;~'VIifl1WnbVlI'111:W~eJ'U bGl'll'l1m'1lGlYibiJ~tJ 1111

(b/O=BR) bb61::;~(11611m::;CJ::;ViI'l'llUfl(P/O=PR) ~lb~tJl

A8 0.3 uae 3 1'l1lJ~1(;)U

d d -=t V d.c:o' Q I

i1bVlGltJ:W:.J'UN1Vl:W:YlJoJ:;Vl::;Ufl4 I'll (a = 300, 450, 600

bb6'1::;900) ~(il611'U1'nllJ6'1~Ufl~m~'Ue.Jl'UI'!'UtJfl611'1v1lJ
u . v

8 th~~1n fi1bb61::;il"\\'1'LI1 uti eJCJbd 8 bVi tJunu ~ oJfl";lrua ~11
fll'llVi Glti'LIU1U (;)'1J'LI'I1Ul~CJd ~'1il u U1A(il 1Ufll'l

.w\l)J'Ul~ oJmru i1~1' fll";l1VI61VI~'LI1'11.:J1'l1:Wuu:bbfl'U'lIU(il
um ~lJb ~:Wi1:lJ'l";lfl'U::;1,xbbn bl'1~D~bbGlmoJ~tJ'Ul'1l1lJ~lJ'U

"I1U (ilvi eJ fl a lJ 1(iltJ vll fll ";l~ (il .r ~ u e.J 'UU fl ~ oJ'VI";l,

mru~fi1.r~Ufll.j:WoJ:;'VI:; (a) 300 ~fi16ilUl'1l1:W~'1Ufl~lJ

b~Ue.J1U~'LI~mnwilJ (fJ) bv11nu 0.1 ~8m Skullong
4.".. d Q.) A II

et al. [7J Aflblb'll~Vl(116'1eJ~bfltJlflU~~l'lm";l:Wl'1l1meJ'W

bb6'1::;1'111:W1l11'L1Vl1'L1fll'i1 '\-161fl1tJ1'Wviml'1~eJ~bb6'1moJ~tJ'W

I'1l1:W~8'LI(il,CJfll";l~ (11.r'llltlmrub~:W rn 'lcll m Vll'1l1:W~eJ1.1

'lIU(11bbe.J'LIUfl~~'LI·mbtm N61flTl'VIl1l61m~U11 fl1'l~I1l.r~

~oJfl'lru(;)~fl~ll1 ,x~lfll'lcllm VlI'111:W~eJ'LI(;)loJ'l::; mJU

b~CJ(11'VI1U 'll:WVl~CI:W'l'lflU::; b:S~m1:W~eJu a~fll1v1 eJi.i1~

~ .1 ,~ , 1 .,. 01 ,d ~ ~
~\l)JU1~ufl"H\.lfi1~fl6'11l fi1CJ:W~(11u'l::;i1~1'H~86'1'l1~'l::;(11U

Ill'll Vl6'11,xbb~~bb'l~~~~'Wfl11b~:W ~~b1tJfl11fl1'l1 Vl6'1V1~'W

I'1l~ (V~rtex generator, VG) lfi1tJ~oJmru6'1~l~fll'llvl61

VI~UI'11~~lJCJ:W1-U A8 Ufl (Winslet) ~~ Xu et al. [6J

vllfll'l,i'161eJ~b~~(;)lb(;1'1I (Numerical simulation) 'lIeJ~

N6'1m::;VlU 'ill nm 'l ~ (11.r~ufl~il~ eJ~li1m'lflU::; b~~ 1'111:W

~eJ'WN6'1f11";l"\\'l61eJ~~u'"h fll";l~(11.r~Ufl1,x~1fl1";lcllm'VI

1'111:W~8Ubb61::;I1lloJ'l~ fl8Ub~ tJ(11'V11'W6'1~fI1'lvi eJN'l1~b1tJU~

~eJ'W~~fl11v18i.i'"lb1cJ'ulU'lh:J 110-340, 110-360 uae

28-59% 1'l1:W~1(ij'U

'ill n ~l'Wl~tJ ~ e.JlU:W 10[1~ Iii'uu i1fi1~h~b..;j'W11
el1Jmru b'\-1~lJU6'11:W1'l11b~:W~ 16'1:lJ'l'l11'W::;11Xbbnbl'1~8~

uaruoJ~ tJ'Wml:W~8'W l~ 'W'l::;(;)UVll1, ~8:lJl ~~ l(i1il fll'l
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logger) Lbfl::;I'l€llJoWlbM tl~'J~ v'ilVlUl~U'UVi n-1im,JfI~HI

'J1n data logger 1'U1'11'U'lJe'lnl'l1I7lrilfllldJI'lUMnfl~tllJ

c>, 0 I .d ~ I.)

en 24 MlbbVl'U~ 'lJru::;Vl~ruVl.iJlJVl1'1b'1l1bbfl~Vll'1een'J~

1-1ibVl8~llJI'1ULtJfI'tlUI7l RTD (PTlOO) 1'Un1'l'1I7lri1117l1'J

bVl8f(lJfi'UbtJil.r"VllJlilt1nliien1Jbl'l~8~U'UVinitll.JfI (data~ .

'U'l'il'Jlf11l'1.f11I'J'U'iln bVl8~hjI'1UbtJ<1'IJUI7lK -oJl'Ul'U 24

!il, 11ntllm~IiI~~~fj'vl€lVll7li'le'\Jbvi8 Hll7lri1eruVl[liJ~~ , v

(11)

(electrical wire) 'U'U117l2000 W bbfl~vllfll'lfl1'UfllJ'V'I

ii'n<&fIl1lJ~8U'U8'1'IJl7lfllI7l1 'V'Ivh 1~fl~~ 1'1''UVilili'le1Jfln~

Vll7li'le'U1Ji' 'Jlfl11u81nll'llV1i1~lUlJlcJ'Ibb~U orifice

meter ~'11-1ibU'UI'l"l'1Ii1tlM'l1n1'l1 Vli1'11mElln1f'1~Vl1wih

~I7lVlI7l?1e1Jll7ll'J:Uinclined manometer biJ'UI'l'lll7lril

fl11l.Jbbllln Iii1'1'11€J'I'l:;lilmh vietlll ufh'U1U ruVIl flltllll'll

nl'llV1f1'IJ€l~elnll'l 'Jln,r'U€llllll'llVli1~lU settling

tank bbi1~calm section ~'1vhVlUl~U11J?1il1'1in1'ilV1<1

'U€l~elnlA1 ~:rlii'fl'\~ru:; fI1'il VI au 'U'U~\liJUlb~l.J~ (fully

developed flow) rie'Ub-1i1~1'11UVll7li'le'U (test

section) 1171tJvi eVll7li'le1Jflnvh 1Vi~euJi',tJ'lJlilfllI7l1 'V'Ivh~

(10)

bb'l'llil'U~'1 (High pressure blower) 'IJ'U1M1.5 i'i1f1lMIl1

dJubbVl~'1rl1bUM'1Ie~1V1f1Vl(ili'l€J1J (€lln1f'l) 1MtJ:U

inverter b1J'UI'l'lfl11Jfl:Ufl11:Ubhl€l1J'U€l'l~l7lfllJ vh1~

i'l1lJl'lfl fl11JfllJelM'llfl1'l1 VlfI'IJtH€lln11'1~ Lo1h1'11'1,'U, v

(9)

Q, t, c:..d
3.2 fll'.i\ilI'l\il~'tjI'l'VIIil618~bba:;15m'i'VII'I~€J~

nl'l~17l ~~'l/(ilVililfl8'1bfl~8'1bbfl n LU~ tJ'Ufl11lJ~8'U

bbi'll7l'lIil'l'lU~ 2 'Jln'lU'tlMVlIili1€J'IU'i~fl81JJi''ltJ~MfllJ~ . ,

fl11:Ui'l'l (b) 15 iJ~~b:U1iI'i bV1tJ'Ubvlln'U~17l1hufl11:Ui'l~. . ~
unliim~'U~1'U~'U8nfll'1vl€l (b/0=BR=0.3) 'l~tJ~oWM'Il

(P) 150 :iJfI~b:UM'l bVltJ'Ubvl1n'U~17l1'11U'l~I'J~-WIiI'llunlii€J

b~U~1'Uf'1'U8nm'lvie (PIO=PR=3) bbm;n:ul.JU~'VI~4 ril~ ,

(L) 1200 iJfI~blJliI'i fl1'iVh~W1U (tin) vhll7ltJH'bb~u

e~fliJb{Jmj~:Ufl11:UVl'Ul (t) 0.5 iJfI~bWl1'l ~J1n,r'Uvh~
n1'i''lb'J1 ~btJ'W'lU~bVI~tJlJ~W:rlbbB1~1il~'UbtJ'Uri 117ltJunnv ~ ~

bb~UUn~H't;{1V11'UVlIil6'le'U ua ~vleVlI7l i'Ie'U'IJ€J'I

bfl~€J'IbbflmU~tJ't.lfl11lJ~8UU6'l17l~1il~~U~ 1 'Jlfl~uvi€J

Vll7li'l€J'U:U'1IU1l7lb~U~1"'f'1U8mm (0) 50 jJfI~blJlll'i tJ11~

3. fltlfl'HUbba::;15m'l'VIl'lt;l8-l

3.1 8t1mru61h~fl1':i1'Vit;l'Vi1l'UrrN'1IUI'IUfl, ,

TEF =( ::J/ (~rFactor, TEF) 'Jlm€lni'll'lell~a~ [1-8, 10, 11]

lvifl flrui'l:u,j~'I'mn1tJm'\"j'IJe~mn1f'1

~ruVl!JjJ'IJ€l~lV1f1LiJ~tJ(Tb) 'J1n?1:Un1'l (4)

i'lm'Hl"'~b~'1fl11:U~8U (Thermal Enhancement

o .d
~nn1V1UIilVi

b~€l ~ A8 rilfl11lJlilulilnfl18lJ~IilVll7li'l8'U L A8

fl11lJtJ11vleVilili'l8'U bbfl~ p Ae fl11lJVlU1bbtiU'U€l~'lJ8~

2 M
f = (L/ D) pu2

b~€l U uas v b'lJUfl11l.Jb~'bu~mbfl~fl'1l.JVlUl7lb~~'JflU

'lJeN81n11'! 1iI1lJ,11ril'U

bb~~ri11'l1lh:;ne'Ub~tJI7lVllU (f) i'l1m'lflVll1Ji'Iil~d

Re= UDlv

fllb~'lJb'itJ'1uml (Re) t;{1V11'Un1'l1V1f1'IJe~'IJ€l~1V1f11u

vl8Vll7li'le'U i'l1m'lflVl11Ji'Iil~d

T;, ~e ~ruVllJjJVl1~88n (OC)

V Ae rilfll1l.J1ii1~~mJ (voltage)

I ~e m:;bbi'lh-Jvh (A)

k Ae i'lm'Wfl1'ltllfl11l.J~eU (W/m K)

m ~e ellil'i1nl'jlVlm~~m~'lJ8~Elln1f'1 (kg/s)

T, ~e ~ruVllJjJfj1bu~tJ (OC)

T,' Ae 8ruVl[ljJVl1Wih (CC)
, -u

11iltJ~

A ~e vr",~fjln1'ltilmVlfll1l.J~m.l (m2)

c, ~e rilfll1l.J~fl11l.J~eu-oJlb'\"jl~'lJe~Elln1f'1 Wkg K)

D ~e b~"'~lUf'lU8mm'IJewie (m)v
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f)1'J111l?f'U'iJ ~ G1f) 1'li'1 f)'\oJ1l'8~VlIilG1 'iJ~'IJ e.Hf) 1'J

ci 1 CJ bVIf'lll:W ~ 'iJ 'U u a ~ f'lll:W b~ (J IilVl1 'U.fI1 (J 'I.'U vi tl
4. e·mn'1'l'VIfl<l'iJ~

4.1 n1'~'VId'Ua'iJ'Uvim'l.l6hfh~CJ'U

Inclined manometer

Variac transformer
--"

"i Pressure (appinfj '. <, ~

L~~lJ~i~;~3~~,,~~~~~~~=:~I!=:J~ai.
Settling tank Prcssllfc// .~.

Electrical heater
Calm section

R~"""';1H"
. j.i~~.:~r.......

.........

Data logger

,T~
I

Isometric

AirWorkingfluid

0.5 mm

1200 mm

Tape thickness

Tape length1i11'J1~~ 1 'l1(JG1~b~(JIil'1ltl~"'1'J1ilbli1tl{bbG1~b1tl'U1'1I~';;

'I.'Uf11'JVlIilii'1'iJU

0.3

3

BR

PR

4200 to 25,900

30°; 45°, 60°, .90°

ReYholds number

0:

'l~Vl'"h~ 1ll1ll Vl'\1~Vl1~l ~lllG1 ~Vmtl tlf)'1I tl~?h'UVlIil a tJ'lJ'J ~

Hilj1'UtliJlliltl{llUU&i~liltlG1 (digital manometer) dJ'U

(1)T11ilA1 'vnniJlli1tl{~l~'l bW:;b1tl'U1'11~H''I.'Uf)1'l

VlIilii'1tl1J~f)ii'1~tJ111 'U1i11'l1~~ 1

ETM - 15
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R,

1(10\)[1 25"(10 JOOO')

o 0

~"f) . 0"90'~ +i"'(,I)'

~,:0 ~ II" ~5"

2(11)
$ U ~ Jet

I!lU

100

"
14f}

Z

rou

,0)

~
.ro

zn

100(10

.~{,o -----.- -..- - _ _ __.__ ..__ _ - -----.

L6'1'UU?fL'1l6'1Yin'jru V1iiI?feJU~ eJb6'1'U U?f L'66'1Yi'UeJ~vieJt:.JU~b~tJU
(Nu/Nuo) flU Re 'iJlflfl1'lV1ii16'11)~'W\J11fil Nu/Nuo ~

Lb'UJ1UlJ6'1ii16'1~L~numJL~eJilnl'lb~lJ~'U'U1)~fil Re 1ii1tJ

nl'l&\iiI~~Lb~'UtJn1~fil Nu/Nuo Li:I~tJbvilfl1J 3.58,

3.49, 3.43 LL6'1:;3.37 r\lWrun''lru a = 60°, 45°, 30°

Lb6'1:;90° {;lllJ,ililu nll&\IiI~~bL~'UUfl a= 60° ~fi1
Nu/Nuo ~~nl1 a = 45°, 30° bb6'1:;90° 1'W'1il~ 2.2-

2.9%, 4.0-5.1 % bb6'1:;5 0-6.5% {;lllJ~li11J

1'U'ih~ 69-73% 11i1tJmru a = 60° l~fil Nu ~~nl1 a

= 45°, 30° bb61:;90° 1lI1:U~lilu

'jU~ 5 LL?fIil~fllllJ~lJ~'U5'j:;""11~BllI'jl~''Uv

(13)

~~t:.J611~ Lfliilnw1( iiI'Ul1~n 1'l~~\J14'U'U1)u L'IiiilAlllJfeJ\J

(thermal boundary layer) Vi 11 ~ 'Uo ~1.",6'1Vi1 ~1 \J

?fllJ l'lm ~lJ msua n LU~tJ\Jfll1lJ~eJ'U'illfl'1J'h lru~lvieJ

" 1v s J, ::'1 1suu iillJ1n'U'U 'Uru:;V1bbt:.J'UunlilJu:;Vl:; 90° 'UeJ~ ""6'1'iJ:;

1""6'1.ullJ~l'U bL6'1:;Vlli'Ul'UU1 n ruIill'UVl~~Uruvil,!'U ~~t:.J6'1

nl'lV1Ii16'1eJ~tl?feJIiIAAeJ~flULeJn6'11'l51~8~ [10,11] rrrs

&\iiI~~bb~'Uunl~fil Nu 6'1~nl1fl'lruvimu~1~lb~tJU1)~v v

(12)

~b""~ tJlJ ~\JcJ 11~fil Nu ~~nl1vi eJbukl~ lL~mJ'iIl fllilJ

U:;V1:; 1Ii1tJbb~tlUn~~lilJU:;Vl:; 60° 1~fil Nu ~~~iiI

L~ eJ~~1 n~ 1:; iIU fll 'j.",lJ'U fll~'Ii eJ~'UeJ~1""6'1.il1tJ1'Uvi1)?f~, -u

"4 'illnnl1YlIil6'11)~V'jlrll nl'l~IiII1l~bb~'Uun'lUYll~
v

4.2 il11~hm'VIfl11:U~eJ'W

fllllJ~lJ~'U5'l:::w:h~ Nu flU Re LL?fiil~iI~~u~

R.e

~U~ 3 fll1lJ~lJ~\J51:;j,jll~ Nu bL6'1:;f fl'IJ Re mruvieJ

LU~l~lb~tJU

'0 o.os
,,,.._.___

70
Nuu

0.07I c Pr')~CI\!"mo.',lh rube
-Gniclimiki.:orrehlliu(1 >'

60 ;.Y .' 0.06

~ o-/

50 ),>,r 0.05

0-/

Z 40

~.~
0.04 '<,

/
/

30
.

O.D.)

9/
,

20 / 0.02
9/ f,•

10 0 Present smoothtube O.Ol--- Pctukhov correlation

0 0.00
0 5000 JOOOO j5000 20000 25000 30000

.d d d I Q

fl6l1ii1Lfl6'1eJ'ULi:l6'1tJ6% 'Uru:;Ylfllf'illnt:.J6'1il1'lYliil6'1eJ~:U

fillJlnnll f ~M~ln6'1""~:U~\J5L~nUeJm'd\Jfltl 1ii1tJilfil

fll1lJfl6'11ii1bfl~eJ\JLu~tJ 7%

Q../ ..... QJ II' d
YI~6'1eJ~n'IJ?f""6'1lJ'W'U5~ln?flJn11Yl (12) uae (13) ~n

bb?f~~1t1~U~ 3 ~ln~u'iI:::b~'U1J1':hfil Nu ~lJ1~lnl'll'l

Yliil61eJ~~fillJlnn'"h Nu ~ln?f""~lJ~'Ulh~mj'eJtJ 1ii1tJ~fil

01"" q 0 JI"il11bu'ltJ'lJbYltJ'lJfll Nu bb6'1:;fYlb~~lnil1'l

f =(0.791nRe-I.64t'

6'1eJUvi elL u~l~hL~ tJ'IJLL6'1:;'I.h:.J6'1~1(1)LU~tJ'lJbViau fl'IJ

6'1""~lJ~'U€l'UeJ~iil1V1tJt:.J6'1'UeJ~filNu ~lnnl1Yl~6'1eJ~~n

t11lJ1bU~tJ'lJLVitJ'lJflU6'1""~lJ~'U5'1ieJ~ Gnielinski l'U'liru:;

~fil f Vi_lnllLU~tJ'lJLVitJ'lJfl'IJ6'1j,j~:U~\J5'UeJ~ Petukhov

~lmeJn?fl151~8~ [9]1~tJ?f""~lJ~'U5~~""lJ~LL?f~~1'U

6'1lJnl'l~ (12) bL6'1:;(13) iill:U~li1U

6'1""~:U~'Ui5'1ieJ~Gnielinski,

Nu - (f IS)(Re-l 000)Pr
-1+12.7(J/Sr(Pr2lJ-I)

?f""~lJ~'U5'UeJ~ Petukhov,

u 6'1n bU ~ tJ 'Ufll1:U {eJ 'Uihb~ tJ1J bb6HiI~1u; 'VIeJ:U'UeJ~

b6'1'UU6'1b'66'1'1'l(Nu) bb6'1:;;r'U~:;neJUb~tJ~'VI1'1/ (j)

iill:U~l;r 'IJ L~ eJfll1:UCln ~ eJ~'UeJ~'Ii~YI~6'1eJ~~~vhmrmuv ,
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4.4 a:W"i'Hl'LI:::b~.jfl11:W~eJ'U

b~eJ U'l~ dhJ?I:Ud'lIl'LI~"lJ eJ'Ibfl~eJ' bbi:1nb1.l~tJ'LI

1'l11:U~eJ'LIVm1iJblileJ~~rDn1'LI~U?llJ'ldt;1'L1~t;a,fI11:U~eJ'LI

(Thermal Enhancement Factor, TEF) IlnthmH1'L1,
n1'lU'l~biJ'LII'Ji:11i1'bb?lIil,1'L1?1:um'l~(11)

~U~ 7 f111:U«:U~'lJ5d:;'l-111' fifo nu Re

~1.l~ 7 bb?lM'I'I'l1·:u«:u'0''LIi5d:::'(,j11,fifo nu Re

'illnnl'l'Vl(ili:1eJ,'V'IUll t~eJfh Re b~:U~'LI~'1'J611VIAl fifo

b~:U~'LI\iIl:Ulli1tJ fifo jJAlbi:l~tJbyhnu 23.8,21.4, 18.8

bbi:1~ 16.7 ~l'l-1-rUf1'irun1'l~IiI~,bb~'LItJn~ a = 90°,

60°, 45° uae 30° Ml:UG111i1U

Rc

1500() 10000 15000 )0000IOOO()5000
o~~~"~~~~~~~~~~~~~
o

5··

[j

,~ 20"

2:5 .. •• ~ 0

• • ~
~ <> <>~ ~~ ~ <> ~ <I>• ~ ~ <I> <l>

<> e.. <> <I>
<> ~ "
"

<) (l"'45"

<!> '1' ....:.;0"

35. -0 q '60"

• q '..·90'

40

Rc

'lU~ 6 fI11:U«:U~1.Jlh:;'l-111' f nu Re,

I).f) .. _J.. __~ ••• ; •••• ~ •.I,...,.:~J..__~_S~...1....2 .. '-,.S....l....~:."..,?,.._.L.'t ,L•••• :-?.,... .J..q....l__..,...,
() SUOO lOOt)!) 150(10 200n(J 1500!l 3(J(lOO

o.i,

0,4

0,5

0.7

• • • • •~ • • • • .e .. e .. .. ., e ~ .,~ o o$ o o <) <) " o.. ., .. ., ., .. e e '"

0.'

0,')

i.n

• 0 '····1)0'·

~ I) '" su"
<) O~, 45 n

~ i:l"",)O"

1.1

i),1

V11ili:1eJ,.n?leJMI'I~eJ~nu naln rrrsl 'l-1fl"lJeJ,beJn?ll'lell,lj,
[10,11] nld~M~"b~utJmi~~i:11V1Alfb~:u~,~'LI 92.4-

96.4% b~eJLU1tJUbV1tJUnuvimu~1~bb1tJU

fl1'l~(iI~'bb~Uun l(i1mb~utJn~ a= 90° jJAlf?l~?I(iI, ,
v (> <v d

m:U(il,tJ a = 60°, 45° bbi:1~30° (i]1dJi:1l(ilU b'lJeJ'I'illn

mru:l.J:UU:::V1~Al~~ (a = 90°) tJn'il:::lu'U'l~~t1fl1'll'l-1i:1

'I1eJ,'11eJ,1'l-1fl~'~i:11VlLil(ilAdl:Ub~tJ(ilVll'?I'~'LI ~'~flfl1'l
u

r<;
I

Q V d <:l

fl1 'l<'lrub<'ltJ'W a ,nl'lJ L'lJ<).:I 'ill n f1,l:1Jb<'ltJ(iIVI 11...1, v

;;jl'l-1~Un1'll 'l-1fl"lJeJ~eJ1n1I"1I;htlvieJ~ ~(iI~~ bb~t1Umb<'l(il~11...1

bVleJl.J'UeJ,til'll.1'l~neJ1.Jb~tJ(ilVilti (j) bbfl~eJ(i]dl~'l'Lltill

U'l~n €IUb~tJMVlltimruVl(il <'IeJU(9)eJtil,U'l~ nou b~tJMVll'lJ

"lJeJ,vim1.l~1"J11'b1tJU (fifo)

rnl:U«:U~tIlh:::w:il~ f nu Re bb<'l(il,1i1~~u~6

'illmU ua M,1VIbt1'lJ(i, f111:Ub~tJMVlltl~ b~:u~t1b ~eJ''ill nv

R,

lSOIHI mcoo2(JOljlj1,)"0(10:i/H)l) tuouo
1.0 ,_ , J. , .• __~_. __ •••. , ••. .l.

1,)

3,0

3.5
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