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experimental results of heat transfer and pressure lose presented in term of Nusselt number and

friction factor are compared between the inserted and the smooth tubes. It is found that the PR

provide the significant effect on the thermal performance of the test tube. The decrease of the pitch

ratio leads to an increase in the Nusselt number and friction factor. The results reveal that the

PR= 1.5 provide the highest the thermal enh~ncement factor

Keywords: pentagonal rings, heat transfer, friction factor, thermal enhancement factor

The paper presents the study of heat transfer and friction loss behaviors through a constant

heat-fluxed tube fitted with inclined pentagonal rings. Measurements are carried out for the tube of

blockage ratio (e/D, BR)= 0.2, attack angle (ex) = 45° and pitch ratio (P/D, PRJ= 0.75, 1.0, 1.25, 1.5 and

2.0. The flow rate is in terms of Reynolds numbers (Re) in the range. of 5,000 _ 25,000. The.

Abstract

" .Ji'lll:W'lD'U~~'Vl~1iI

f'17uifn: l~bb'Vll'U 5 b'Vl~CJ:W,fl1'l~lm'Vl1'l11lJ1D'U, tillU'l~neJ'Ubl'fCJIiIVll'U, I1i'lU'l~nD'Ufll'lb~:wnl'lti18b'Vl1'll1:W1D'U

U'l1fiVJfhJ

'IJ'VlfllllJdVl1 fl1'l~ n~l nTH) 1m 'Vl1'I':nlJftl 'Ubb61~R1U'l~n €l'Ul1'ftJ\iI'VlTU1'UvI€ln61lJ~~\iI ~~l~ II'Vll'U 5 l'Vl~uim~

l€itJ~mCJ1Iilb1tl'U1'IJ'V'i~n'li1'l11lJ1tl'U~~lfH~ l\i1tJ~\illl~l~bb'Vll'U 5 l'Vl~CJlJ ~~eJ(i)'l1r;i,'Un1'l'IJ'1~nl'l1'Vl61 (e/O, 3R)

bvllfl'U 0.20 11~l€itJ~vllljlJU~'Vl~fl1'l1'\.161 (ex ) = 45° ~eJ(i)'l1r;il'U'l~tJ~'_"W?JeJ~bl'\.11'U~€l'U'U1\i1vl€l (P/D, PRj bvl1n'U

0.75, 1.0, 1.25, 1.5 lb61~ 2.0 n1'l'Vl\il6'lD'U1'?l'i'llllJb~'''UD~Dlflll'1~bbG'f\il~l\ilC.J b61"Ub'ltJ1'U61t1l(Re) 1'U'ii" 5,000 ii~
25,000 ua~lfi1iilfl~1e.JGl"U€l~fl1'lti1 tJl 'Vl1'l11lJ1D'U1~'lU"UD~l61"UU6'lb'1lm!j(Nu) bb61~n 1'l6'lru b1'ftJi'llllJr;l\.l1'U 'lU"Utl~l1i'l

\J '\I "-' 'U

U'l~ fl€l'Ub1'ftJ\iI'Vl1'U (f) bU~8'Ub V18'Uf1'Uvl€l~lb~8'U 'il1fln l'liilfl\~l~'Ull n1'l~\iI ~~l~ umu 5 b'Vl~CJ:W6'1 llJl 'lm ~lJ

G'flJ'l'ltl'U~fl1'lti1m 'Vli'l11lJ1tl'U M l\i1tJ~'Ul1b~D eJ(i)'l1 r;i,'U'l~CJ~V1(i)'I1GlIil61~ne.JGl11Xnfl1'l byj:WbGl~um'1lm!jlb61~l1i'lU'l~ntl 'U

bl'fCJ\ilVll'Ul\i1CJvI€l~~IiI~~'Nbb'Vll'U 5 b'\.1~CJ:w~eJ'1'l1r;i''U'l~tJ~V1Ii1~ lvl1n'U 1.511Xfh6'llJ':j'ltl'U~fll'lb~lJn1'ltilCJl'Vl

1 <11'Ul'Joillil'1'ln'i'ilJLl'I~B~ nCim'Um.llll l'lru~ b'VIl'll'U1i\1i~~Gll'VIn'i'ilJ lJ'VI11'V1rn <1tJ'S1'IJtl{j'l1'IJ'U1'I'l1.l'VI4

t:1'U'UlJ,vn'; iilbllm~,n (j'~'VI'l~w~bil"VI1l 24000

2'IllAi'IJ111'1'ln'i'ilJlA~B~ni\ Aru~'imm'jlJI'11Gl~1 'W1U1.lWII'l11.1111~~'i~'iJiJlJbnrhb~1~ru'VI'VI1'ji\1~n'i:;U~

t:1'U'Uwi\iJ~n1~b'IJVl1l1Vln'i:;U~n~~b'VI~lJ'VI1'Um10520

3~1'IJli'IJ11VIAL'U1111l~I'I~lVln'j'jlJ Aru~IVIAL'Ull11j~1'Ii:11Vln'i'jlJlJ'VI11V181~8'j1'IJtl{jbVI~<1I'1~

iill1JlIVI~bll'l!1Jm iilbflm~B~lI'\1l.l~ (j'.mll'1l1'\1l.l~15000

*iiiI'1I'iB:witoon_9912@hotmailcom, 0-3642-2125,0-3642-2610

Study of Convection Heat Transfer ln Heat Exchanger Tube with Pentagonal Ring

Inserts

ETM - 18



f111lJ18U~lJlnfl'"JlvieJ~"lb~CJU l'w'll" 236 - 344%

~'U€I~tlUbil'IJL'itll uiliiLLil:; fl1'i~(;1'l1'1l1'l1111'f1'lllJ~UtJ'lU

Promvonge u a ~ A ru e [4] Pi n ~ 1 fll 'i LVilJ

tJ'l:; ~'VI6m~ fl1'i~lCJ l'VI1'l'lllJ~eJ1..I1\i11.11-11'l'1LL'\-'1'lU'l 1, bBCJ,

1UVlmA~€I~bbilm tJ~ CJUf1l1lJ{€IU 1\i1tIi'1fl~lfl1'i'lldCJ~~

l.jlJ 30° ~5~l'il<:1'lUfll'i'IJ'l1'fl1'i1V1il (BR) 0.1,0.15

bbil:; 0.2 'Vl\ilil€l~1U~'l~b(;'l'm~luilii 5,000 - 26,000

~Ull~ tJ iii 'il <:1'lUnl'i'll11,n1'i1 VI(1 ~ ?I~'iI:;Vl11Vibn\il
"

bbil:; ~ e.Jil ~ €Ifl 1'i01 1.1 lVIf1'lllJ 18 uhJlJ1 fl un 'iI1 n e.Jil.
I I iJ d d.col 0

nl'i'Vl(;1il eJ,~U 11 fl1'i111CJl'VIfIlllJ'i€lUlJl n'Vl~\ilVlfI?lI'VIl

l.jlJ 45°

Wojtkowiak and Hyun [2] <Jlil€l,n1'i01CJlVl

f1'lllJ1€1U 1Uotl'l'lfll'i 1VI(;'lb6'U'U'il'U L~tI'U1uvi€l1\i1tl1<:1LL~U

.col ~ v v q £!J/ QJ

?llJ lJ 1 IiI'llJe.Jill'\-'1lJ€IU fl'Ufll'J'iJ \iIfI 'i'U bbU1 Ltl€I, n U Lbil:;

'itJ~wu eHA~u:ll e.Jil€I~l~lJ 1n ~ €Ill1'ltJoj:;n€l'UL~tJ\iI'VllU
o

l.jlJA~U LL(1:;5\il'i1~'1..l'i:; CJ:~~\iI'U~eJfI'll:U~' ~e.J(;'l~ eJll1'l nll1 U'lJru:;L~ tI'ltlUflL Uue.J(;'l1Vi~lfilTlh:; neJUL~tJ\iI'VI11..1

tJ'i:;neJ'UL~tI\iI'VI1Ubbil:;fll'i~lm 'VIA'lllJ1eJU1uvi€l~:llfl~'U mnflllL ~UtlU ll~~~?I€I'LL 'U'UM~1Vifll'il ~lJfll'i~ 1m 'VI

Promvonge and Eiamsa-ard [3] lti1Vllfll'iPin~l

n l'i ~ 1tI b'VIf1, llJ ~eJU1UvieJn (1lJ~:ll n 1 'i1~ Il1,?I ~1-lfI'lllJ
~UtJ'Ubb UU LLVI'lun 'i'ltl(conical-ring) 11..1n 1'l'VI191(;'l€I,11il

uU~buu 2 uuu fieJ HIl1, ?l11'f111lJ~UtJ1Ubb uuu VI11..1
dv ,

fl'ilCJ'VI'iI\91l1~bb'U'U~88n(D-nozzle arrangement) bb(1:;
~ ~ 1 V

u u u bbVl'lU n 'i'ltl 'VI'iI \iI'llHb'U U ~ L'lJl (C-nozzle

arrangement) 111lJll~luvieJ'VI\iI(1eJ~~~nl'i'VI\il?leJU'il:;eJ~

1Uotll,b(1'IJL'i~lU(;'l11l8,000 fi~18,000 11'LL'\-'11Ufl'i'ltl~:ll

tJliI'il~lU'i:;tld;IiI'/Jvil~'l tl1..lfieJ 2, 4 bb(;'l:;7 ~'UllbileJ

b(1'IJL'JCJlU(;'lI1lL~lJ~U'il:;L ~lJfl1'J~lm 'VIrnllJ~eJ1..I11iluVI'lU

n'i1CJLL'U'U~eJeJfl'iJ:;?I~1~1'l11lJ~1..ItJ1'UllillJlnfll1bb'\-'111..l

fl'i'ltlbLUU~ bil Lu1..Ie.JG11Vi:lltJliI'ilnl'i~ltJ LVll'l'lllJ~81..1~?I~
o "

V ".'...:!:I"": .:;;: dt QJ 1 'V

'i€lU UUI'l€1m1'l11lJb'l'llJl'llU eJmlfll'lOlm'VII'l'llJ'l€l1..l'il:;

lJ1n~u!iI'lti uae luVlnn'iru'iJ:;Vlll ViLil(;1fl1'i1veu U'UVllj1..l

1U'iI:;Vl11Vi:llm 'i~l 1.1b'VIA'lllJ1eJU11illJlfl~U bb~bb~'U'ill1..1~

~'lJ1..Il(;11Vlru'il:;'I'll1Vibn(;1[11'i?lrub~CJfI'llJ IiIUlJln flll
V 0 V

'illUliIllJlLUlblnU (coaxial-disk) ~~111lJl'i11'\ll~u1iKbil1 il
luvieJ 1(;1t1tJ-r'U'IIUl(;1'11eJ,bb~U'illUIiIllJ5\il"Jl~'l1..l1f'1~'IIeJ'

bbWU'il1U~eJ1f'!~vimuu 0.9, 0.95 LL(;'l:;0.99 ~'LLWU'iJ1U

d'il:;~ 'ill sru 11Vi111lJl'JtI ~ flTlVll-!U 1!i1bUUb(;'l'IJb'ien U(1v1

fl1'iVll.j1..lA8 0, 250, 500 bb(1:;1,000 ~'WlrJl f111lJb11

1urn 'lVlljU'IJ€I~bbWU'illU 'iI:;~e.J(1~ €ItJiii 'lln 1'l~ 1 tIb'VIfI,llJ

VlSlfl'\llSltl liI~u
Han bb(1:;l'lru:; [1] Vllnl''jPin~le.J(1'IJeJ,~tJ~l'f1~U

~'l 1.11 Vin'l:;mu n 1 'lbb(1n btl~1.1UfIlllJ ~eJU~tJ 'l:; ~'VI6fll~
1(;11.1 fll 'l ~ (i),J U 1 fll 'l b~ lJ n 1 'i ~ 1 1.1 b'VIf1, llJ ~ eJU 'IIeJ,

ll'l~eJ~bbilmtJ~ CJUI'l'lllJ~eJU 'i):; bUUnl'l~'lCJ1 Vibn(;1e.J(1

tJ'l:;VlEr\il~Gi'~~lUbb(1:;!iiU'VlUn1'ie.JAIiI1iI~t1ulu'lh~'VIf'!l'l'l~

~~ lUlJ 1HI~ l'l'lllJ~ 1.11 CJllJ1U fll'iPifl~ll~CJ b~CJ,tl'U

fll'il ~lJ nl'i~l m 'VIfIlllJ ~eJutihtl16fll'ibb 'UU~1~ 'l 1(;11.1

lVIfIU 1'l1un 1 'l l~ lJ n 1 'l ~ 1 tI lVIf1, llJ ~ eJU 'II8 ~ll'l ~ 8,

bb(1mtJ~tlUl'l'lllJ18U?lllJl'lmlu~1!i1 216[11'l A81~fll'J

uuu Active LU1..I16~tifeJ~H'~Gi'~~l1..1'i11flillCJ1..I8fllillJl

~,.JtJ11..1fll'lL~lJfll'i~1 m'VIl'llllJ181..1 Lotl1..lfl1'i~1..I?1:;LV\ 81..1

HI'l~1..Il~tI' bU1..I!iiubbil:; 16nTmuu Passive ~'lbUU15~

bJ!ii 8,1o(i~ Gi"'l1..l'il 1 n fll uu 8 n billJ lotll alu nl'l b~lJ

nl'i~lt1 l 'VII'l'lllJ1eJU1(;11.1b\'Ju 16~Un1~tI';11..1dUlJ 1nl!i1

'Vhnl'lPin~l 1usil u 'U'U~1..I~h lL(;'lmtJ~ tlUl'llllJ~eJU~v

1. 'U'VI'lh

bl'l~m ua n btJ~CJUl'llll_l'reJ1..lilnTJ~ ml'lml-UtlueJ th~
u ~~VI(11CJ~~11.J:tl1Ii1tJ'J:; ,)1"lu bbil:;1U'lU~ iii111Vln'j'llJ

b~eJ1mum:;'\JlUnl'l!illUl'llllJ~eJU b~U m:;'\JlUnl'lbe.Jl

lV1ii m:;'\JlUnlTv111'l11lJl~um:;mUnl'lbl(1mtJ~CJuVll~

l'l'lllJ~eJU b\'h..I!iiU~~buueJtJmru~~'U'VI'Ul'V1c11I'lru~'iI:;, v
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b~eJ A A"il ~'U~nl'lciltJbVlI'l11:W1"il'Ubb'lJ'lJf11'l

'Vil'V"il~[;.JiT~'~\lfl1VlI'l11lJ1 "il'U'V"il,vi"ilVlUli((ilfl61lJ T, A"il

~ruVlJJil~lbo~tJ~llil'J1nqruVlJJm'h hm~l.l~~(il (1',) \lIllJ

bb'U1tJl1'VeHvleJ'VIU1i((iln6'llJ, ~ ,T;; AeJ ~ruVlJJilVll~b.;rl

bbl.l~Vll~eJeJfl\llllJB1#1'lJ m uae Cp AeJ ellll'l1f11'l1V161

(5)Ts =2:: Ts/28

(4)t; =(~) -1';)/2

(3)

b~eJ U Ul.l~ V bU'U1'l11lJb11bU~mb~~1'l11lJ'VIil\llb:a''iJm1

'VeJ,eJlflll'llllllJ <11(i'i'lJ

~lJ1.h~f1Vlifll'l'VilI'l11lJ1eJ'UbQ~tJ (h) vll~111il

'iJlfl fll'll(il~ ruVl.iJ:llbbl.l~l'llllJ~eJU~U eJUb.;rl'l~'lJ'lJl'llllJ

~eJ'U~1Vln'lJmrn 1'1 (Qah') uae 1'l11lJbb\lln~1''VeJ'qruVl.iJil

m1,n'lJ~ru'VI.iJilmf1l1'l (Tw -1/,), ~lJtJ'l~f1Vlif1l'l~ll'llllJ

" d 1"" ~'leJ'Ubfll.lEJVll (il'iJln'VeJl;j61Vl(ill.leJ~(il~i,'!lJfll'l

(1)Re = UDlv

111bi,'!'UeJ1'W~tJbb'lJ'U'VeJ~bl.l'ViTi,'!b'BmtJ(Nu) Ul.l~i(,tJ'l~neJ'U

1'l11lJb~tJ(ilVl1U (j) ;;I1V1-r'Uiln~ru~'VeJ'fIl'lcilmVlI'l11lJ

~eJ'Uua ~ il n~ru ~'V eJ, 1'l11lJ #I'U1lIf11'l~eJlJ\lIllJ g11#l'lJ 1(iltJlJ
11l1t1tJ'l~i,'!~rlb~ eJAn~l fIl'lb ~lJ nl'lcil tJbVlI'l11lJ~eJ'U1 'U

5,000-25,000 JlltJ 1~1b~eJ'U1'V'VeJ~~iln~1'I1llJ~eJ'W~1 Vln'lJ

wiT ~'VeJ~vl eJVl(ill.leJ'I'l~~ 1 'U611'U'VeJ~Wl.lnl'lVi (ill.leJ,11il.

tJ'l~~nvl~\lI~mbb Vl1'U5 bVl~EJlJlJ1btJuqtJmrui,'!~1~1'l11lJ

~'UUl'U'V"iH mrl VI~m tJ1'Uvimilul#1(il fll.llJ ~ eJ\lI'll;;i,'U

nl'l'V11~fIl'l1V1l.l (BR = e/D) bUU 0.2 bbl.l~eJm1;;i,'W

'l~tJ~'W\lIiil (PR = P/D) b'U'U 0.75, 1.0, 1.25, 1.5 uae

2.0 1(iltJvllf1l'ltJ-r'Ub:U~tJ'tJeJ\lI'llfll'llV1l.l'VeJ~eJlf1l~ ~~

bbi,'!(il~1unlu 'lJ'lJ'VeJ~bl.l'Vb'ltJ1 'Ul.lii (Re) eJtJ1'U'1h~'l~Vlll~, ,

~ U"'hu1 'Uvi nu ~ nul ~ EJUI'IlllJ ~eJ'UVlU1M(il~'U 1b'li'U
vieJVlUl~(il'ltJVl'l '~b VI~tJlJ<D\lI-ri,'![6] ua ~vieJVlUl~\lI'ltJVl'l~

'U \ 'U.

~bV!~tJlJ~'U~l [7] ~'lJllqtJn'lrui,'!~1~1'l11lJ~UtJl'U~1~-r'lJ

I'IlllJ i1tJlJ ua ~1Vi [;.Jl.lil'Vi5~~.1'U AeJnl'lHI'l ~1J tJ nua ~

bbr.J'W~'UL(ilEJAn~l(i~il n~ru~~tJ bb'U'lJ~l~1 'l~ tJ~ fIl'l<D(il

11~ b'U'U~'U bb~fIl'lAn~lb:a~Vl(il~eJ~~1oiibbW'U~U ;;I1V1-r'lJ

bu'UqtJmru i,'!11~1'I1llJ ~'Uth'U[ll tJ1uvi eJV!U1 i((iln61lJEi',ij

eJ~1 'UtJ~:lJ1ru U eJtJ 'l'Ul~ tJflU'lJ d ~ ,11il111u 'Ul iii (ilf11'l,

1(iltJ n 1 'l '011 VIbn (iln 1 'l1 VIa u 1J1J1 eJ1bVi I'llill UVIil-Jo'VeJ,

1~ u Vl1U ~~(,'il:lJ1'lm~lJ ~,tJ 'l~ naun 1'l b~lJ nl'lcil mVi

fIl1lJ1eJ'U1Iilii, 1.631'W'li,,~ij~lb~'Vb'ltJ1'Ul.l~~1

b~eJ'01 nl'lA n~ll'll1J~ n1Jn 1'l1oiieJtJn'lru (,'i~l~l'llllJ, ,

'iJ~'Vh1Vlbil(il1'l11lJb~EJ(ilVll'W~~~~'Wb'li'Wn'W1(ilEJ~D\lI'l1;;i,'W n'lru~~nl'l1?il~bb Vll'W 5 bVI~ CJ:lJ~~ Dml?il'Wnl'l'Vl1~

'l~EJ~~\lI~ 0.5 bb~~eJllI'l1?i1'W'l~EJ~~IlI~ 1.0 'iJ~1V1~1 nl'llV1l.l 0.2 bb~~Pim~1[;.Jl.l'VeJ.:m1'lbtJ~EJ'WbbtJl.l,eJ\lI'l1;;i,'W

(,'ilJ'l'lt1'W~l'llllJ~eJ'W~~~~~(il 'l~EJ~'W\lI~'VeJ·:ml'll1-ll' bbVl1'W5 bVI~mJ1'WvieJ

Chingtuaythong bb~~l'lru~ [5]1'ih~bbVl1'W~tJ~11

(V-shaped ring) 1Unl'lb~lJtl1'lt11EJbVlI'l11lJ~eJu1'W 2. 'VI(]'M~U61:;nl'llbl'l'll::;~'li'eJ~61

vieJbl'l~eJ~ ua m tl~EJU1'l11lj'~' eJU 1(ilEJAm~lB VlB~ l.l'VeJ, 'lUl~EJdvll(,'im'lOU~fIl'lti1m Vll'llllJ~eJWllEJ 1uvieJ

eJW11cilU'l~tJ~'W\lI~ 0.5,1.0, 1.5 u a e 2.0 u a s VllhM~"nl.llJ1'W~tJ'VeJ~bl.l'ViTm'Bl.l'IH\lIml.l'Vb'lEJ1u~(il1'W

eJml?i1'UfIl'l'V1l~nl'llV1~~ 0.1, 0.15 bbl.l~ 0.2 'Vi'Ull ~tJ'VeJ'b~'U,.hu~mJn~l' (0) (,'il:lJ1'lm~EJ'W1Iild'ju

" uVl1u#l,n ~ 11 (,'illJ1'l0 b~lJeJ \lI'll nl'lt1 1EJbVll'llllJ 1eJU11il
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. ,
n'tJ~'UnlmbbVl1'U 5 bVl~l'JlJU<1:!flTW(B) ui'lI1I,«n~ru:;m'J

1~l'I u \-j1tl bbC\:;m'J11"n II'J1uvi eJ'VII'Iaeu

~tJ~ 3 bb?lI'l,<i'n'tfru:;'Vil,m'l1~'"bb\-j,tl 5 bVl~m.j

b-ifl1tJ.flltJ1uvieJVli?li'leJU11'1I'Jill'i1(A) bbi'll'l'lR1bbtJ'l~b~l'Jlo(JeJ"

'Uil"lw;l eJlnll'1

b<1'Ub'JtJ1U<11'1 5,000 - 25,000

b<l'U~It! ~t!cJn<11"'UeJ,vieJ 'VI1'1<1eJ" 50 mm

e)\iI'l1~,tlnl'l1i11t!, BR 0,20 (e=10 mm)

I1lJtJ:!'VI:!,a 45°

e)\iI'll~,tl'l:!I'J:!~\iI~, PR 0.75, 1.0, 125, 1.5

uae 2.0

(8)

€tI"'t1m'ilUttlvi8'V1i?1G'feJUvll'iJlmb~tl8::;I'1~i'in Vltll 2

iJ<1~b:W\il'l<i'n'tfru~m'UeJnb\'Ju~tJ1"'lWdU 5 b\-j~tJlJ !ill'u1'U

b\'JtI~tJ1'~ ""vll~lJtJ:;V1:;nuVi 1'I'VIl.:inl'llVl<1'UeJ"eJlnll'1~ bo(Jl

in 45° 11111'Jl",,\-j1tl5 bVl~I'J:W:We)\iI'll~,tlnl'1'Un:Jnl'1l\-j<1

(Blockage ratio, BR) Vl~eJe)\il"il~l'U'1:;'w:h'l'llllJ~"'bb\-jlt!

nU'Utlll11vieJ bvi,nu 0.2 bb<1:;:Wf11el\il'11r:i1t.l'l:;I'J:~V1\i1(Pitch

ratio, PRJ 0.75, 1.0, 125, 1.5 uae 2.0 m:w,h!ilu R"~tJ~

21i?1tJvllnl'J'VIi?I<1eJ"\iI1m1eJtll'U1t1m'J1"~ 1

, ,
lI'11eJ"~81i?1bl'l1eHli?1l'l11:WRu \iIn1'l~8:Wnl'ltJ-ru I'i ,e) \iI 'llnl'1

1Vl<1'UeJ"'il1n 11'11offnl'ltJfu I'llllJb ~''1eJU:WilllileJ1i i?Iau 1i?1I'J1if
8t1b181b\il eJ1~ 1t11ltJn'Jru 1'i?IelWil msl Vl<1'U8"81 nll'1'lJUi?I

tl8~VJ<1
(7)

, ,

b~ ill i?Iil ruVlfliJ'U eJ" eJ 1nll'1V1V!lH -if1-8 eJ n'UeJ,vi eJ, "(6)

'VIi?1G'fe:J'Ub\'JUvitl'VIe:J'bblil''UU1I11b6lU~lu~ucJn<1l.:iJlll'JlU (0;) 50

iJ<1~blJliI'l\-jUl (t) 1 iJ<1~b:WIiI'1em (L) 4,000 iJ<1~blJliI'1uae

l'U'lh"nl'J'VII'IG'fe:J'l.IfnllJI'J11 2,000 iJ<1i'ib:WIiI'1Vhnl'Jii\i?I~"51i1

blile:J~-ri?lvie:J(Band Heater) 'Ut.I1l113,000 lVl.l H~~lvieJ
v!1'I?leJuvr~'eJ:w.r":Wnl'l~:WQ'U1U tltlI'111:W1e:J'lJ~ II'J b'VIeJil n~

1J'l'll'Jlnll'1 vhnl'lii\Iil~"1ltJmruli?11lru\-jiJmhvieJ1i?1l'Jl'(jvhli?1

3. n'l'i~(1]~'l~t1n1rubb6l::15fl1'iVl~6leJ'l

~tJn'Jru 0'11\-j-runl'J'VIi?I<1sun 1'Jb~:Wf11nl'1tl It! b'VI

1'111:W1eJutJ'i:!neJu!il11'Je:JtJn'lru~w'l R"'JtJ~ l1i?1I'JHvitl, I"

( !!!!__)(L) 1/3
Nuo 10

hi Nu ITEF=- =-
h Nuo pp 0 pp

b~il M ~il AlI'111,lJ(!)'Ul'InI'11illJ uae p ~il f1l1lJ

'vl'U1u ti'U'lIil-1'l1il~l wa ~rui:1lJU~Vmfl1 tJm~'lIil-1illfl11'1
o d ~ 1 d 'T'~nfl1'vlU(1]'VI~ru'vlJJlJ'lIil~ 'vlG'!bQ<11'J~b 'Jlni:1lJnl'l (4)

A1U'l:; ~'VIBIll~'VI1-11'111lJ1il U'lJil ~n 1 'l1~"N bb'vllU

III tJ1Uv1eJua (1]-11U ~u'(J eJ,1lI1tJ'J:;ne:J'U n1'1b~lJ n1'1~ 1m 'VI

1'111lJ18U (Therma\ Enhancement Factor, TEF) i'l1'J1:W

1(1]I'Jf11e)iii'11~,U'lJ 8 -1ra'UUG'f b'B<1'>1 ~ n f11iJiii'ilr:i lU i{1 tJ'1:;nsu

b~l'Ji?I'VI1U~l!i1'iJlnnl'i'VII'I<1eJ"~fh<i'"oVub&lentlU G'fl:JJl'i~\-jl

l!i1'iJln-VeJbG'ftle:Hbtl:;'UeJ,Webb [8]

Nu= hD
k

b:S~:lJlG'!'(Jil~ ill n 1AbbG'!:;rh I'I'11lJ ~ 1'111 lJ ~ il'iJ,j' 1b'Vn:; 'lJeJ-1 uUUb'VIe:rft:wfi''lJbU<1'(jUI1IK ,; ltlltl 28 ~liI(il<1eJi?Ifn 1:WtJl1vieJ

illfl1A l'IllJi11(!)U bG'!'(J11?H;sm1W~tJ (Nu) b~tJ'Ul~b1}u 'VIi?I?l8Uli?1I'JWllbb\-jti~nl'lii\i?I~~~'l:;t!:;'L,h~ 75 iJ<1~b:W\il'l

'l1:W .r~iii i?I~ -18 tl n 'l ru 1i?I8 ru \-jn il u u U RTD Ptl00, '"
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(9)
Nu _ (J/8)(Re-1000)Pr

- 1+12.7(J/8Y!2 (pr2!3-1)

s»

'VIl'L1?1eJ'U'1lVl'VIVl61eJ,?{lV1-rmi eJ~'H1l'JU U'LI <J~:Wrrrs

'VIVl?1eJU LL61::;LU1 l'J'ULVll'J'Unu ?1V1?(:lJ~'LI5~ L1]'IJ~ l'JeJ:lJ-ru

1Vll'Jel \11'j 1fl 1 'j ~ 1 tJ L'VIfll1:lJ ~ eJ 'U LL?1Vl-11'U ~ U '1JeJ ,

ta '1J U 6'1 L'8a vi Lb61~ bU1 uu b'Vl8 u nU?1V1 i1:lJ~'LI5'1JoeJ,

Gnielinski ~TLlfll'j?!ru L~tJfll1:l-IA'LILb?l~, 1'LI'lU'1JeJ, Al
'1.1 <V 'U

?1V1i1:lJ~'LI5'1JeJ,Gnielinski,

d Q) I V

fl1'lVlVl?18'U LVWVll 8 Ii1'ilfl1'iml'J LVlfll1:lJ 'Hl'LILLi:1~

msaru L~I:Jf111:lJ~'U <J~LL?1Vl,1 'U'lU'1JeJ, 1iI':mU'lHil~ fleJv • ,

th::; il 8'U L~1J~1V1TWbbi:1::;LU1 CJULVlI'J'UfYmlV1i1:lJ'l~UIT'1J8,

Petukhov 1U'1h'ill'i1V1mL'U'U~U"\}JU [9]lVlI'J?1:lJn1'l

~~ 2 LL?1Vl~1U?1:lJil1'l~ (9) LLi:1~(10) \111:lJG11~'U

4. I!·H;lm'i'l'lVl~eJ,:jtt6l~m'ieJ;hJ'ill:Jt:J~

4.1 m'i'l'l1'IJaeJ'UvieJ~"u~I:J'U

." ....
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, .J IV I3.4 - 4.0, 3.2 - 3.7 uae 2.9 -- 3.4 lVil VleJlil'l1611tJ

'l~tJ~-WIil'ii0.75, 1.0, 1.25, 1.5 llfl~ 2.0 Iil1lJGi'l~'lJ

d c::l Q.) c::,[ I Q Q ,

l-lbbVl'ltl 5 bVlRtJlJll~b8tJ~flUfl'lruVl8I;J'lb'ltJU VI'lJ'll

ellil)1~''Ub~'lJU61b~~vl:r1Al1'U'Ii'l~ 3.9 - 4.6, 3.7 - 4.3,

Q.J I "'" r: d col" d
eJlil'1li:!'ltl'1~tJ~VlIil'(JlJlfl b'UeJ~'illfllJ'ill'U'l'U'l~bbVl'l'UVi

mflflll dJ'Ufll'l b~lJ~'U~'V1lt VlbnVlfll'1~tlth'U'lJ~mlJ

~tl:aVlW'lA'lllJ~8tlmh~ ~eJb~ 8''illflW~'IJ€J-l n1'11VlfIuuu

'ledb VI f'1 ~ -1WR1VI:r1nrs bv1lJnl'1tll tJ bVIfl'lllJ ~eJtllJ1

mfln-l1

JU~ 7 bb?fVl-1elml~'ltlbR'lJl161b'BRvlfl'1rut~

d ..",. .... ...... I Q, ClI

bbVlltl 5 bVlRtJlJbeJtJ-1bVltJ'lJfl'lJVleJWlb'ltJ'lJ'illflfl1'lVlVl~8-l

~'lJ11fll'l1~'l-1bbVl'ltl 5 bVl~tJlJb5tJ-1l'PJ'\J~VI~fl1'l1V1R

45° ellil'11~lt!fll'1'lJl1-1fll'1lV1~ 2.0 ~nellil'1l~l'U

'1~tJ:;V;Iil'ii bviln'lJ 0.75, 1.0, 1.25, 1.5 bbR:; 2.0 'Vlfl

mrui:!llJ l'1t:l b~lJ fll'1tll tJbVImllJ~eJ'U t Vli:!-l~tlb~8 bVlIJ'lJ,
n'lJvi 8 W lb1tJ'lJ 1VltJ;;1n 1HlJ:; 'IJ€I "~'U fl'll'V'i VI'lJ11

bR'lJUm'BRvlnAlb ~lJ~tlb~mR'lJb '1tJltl~!ilb~lJ~tl tVltJfl'lru

~elIil'l1~'l1..l'1:;tJ:;V;Iil'iiU81J 'il:;1VIAl bR'lJ11i:!b'B~v1~?I-lfl11
v

4.2 f11'lrilfJb'Ylfl11lJ¥eJ1..l

'lU~ 6 bbi:!Vl'A'lllJ~lJ_W'U6'l~vdl'bR'lJb'ltJl'UR!ilv

n1Jb~"lJl1i:!b~ml 'IJ€I ,vi 8 ua flbU~ tJ'UAl1lJ ~81.J~1~l-l

~U~ 5 1'll1lJ~lJ-wtlih:;'Vril-lbfl'IJb'ltJltl~!ilnuiI'lu'l~fleJU

b~tJVl'Ylltlltlfl'lruvieJWlb1tJ1J

Re
250002000015000100005000

o.ooL--_-~--_-_~ __ ._J

o smooth tuba
..... _. Petuknov

0.01

0.02

0.03

'<,
"-0

····~Q.·-·_Q·-..--.Q_-_.Q_·-·_.Q_._._Q.-__o

0.04
(10)

0.05~--- ,

JU~ 4 AlllJ«lJ-wtl5'l~Vll1-lbfl"IJb'ltJltlflvlfl'lJillU'l:;flmJ

b~tJ(il'Yl1t11tlmruvi€JW, b1tJ'lJ

Re
2000015000 25000100005000

1O-I--_~--_-_~_~ __ ---.---'
o

30

~ 40

50

60
a smooth lube

20

7O~-- --,

.
A~1(ilbA~8t1bil~tJ 1tI'li'-l ±6% ~~~eJllb Utl'lil-l~tJ€JlJ1U

l!i1'IJ€J-l'l/Vl'YlVl?I€J'lJvi€JbA~€J~ua fl bu~ tJtlA'lllJ ~€Jtl~l!i1

i:!~l-l;Utl

'illfl fll'l'YlVla e:mi 8 W')61tJU b~ 8bU1 uui ill tJU flU

61V1«lJ_wtl5~~fl~Tl bb61Vl~1t1'lU~4 bbi1~5 AlllJ«lJ_wtl5
'u

'l~Vl1l~bi1"IJ b'lcJL1.m!il 1tI'li" rrrsl VlmbU'lJ~ u thtiA €I

5 000 - 25 000 ~'lJllbfl'IJl1m~~v1'IJeJ~vieJVJVl?feJunl'h' ,

1mjbAtJ-lfl'lJ61V1~lJ_W1..lB'illfl61lJfll'l~ (9) 1VltJnAl1'llllJ

d .,j + ~.,jA~1(iJbAfleJtlbilfltJ _5% bb?fVl-lbtl JU'Yl 4 u a e
AlllJ « m~'tlB '1~ Vl1l-l ba'(J b'l ci1u~!il n'lJ i1l'lJ'l ~ fl €I U

b~tJVl'Yllti ~'lJ1l i11u 'l:; n€I'll b~tJVl'Yl1t1vieJ'YlVl?feJ'lJn I'll
1mjbAtJ~fl'lJ?fVl~lJ_W1..l5'illfl?llJnl'l~ (10) nA1AlllJ

f = (0.790lnRe-l.64t2

fll~th~'lpihJ1rn ~L~~B~18'iP11n'j~!JL~~'Nn,m 1i·nJ~~L1'11'111'18fI#,~31
4 - 7 mn{]ll'1!J 2560 ll,vrl~1Jm\.nvn
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lUf1~ n'lJrillU'l::;n€lUfl1'lb~l.Jn1'lci1mVlAl1lJ1eJ'W ~.:]

~'ill'lru 1<J1nn1d~1 tJb'\llfIll:U 1'iJ'\1n'\Jfll'li:'! rub~tJfIl11J riI'\1~~
'\'l'\Jll bd'iJL~l-:) bb'VIIurn tJLUviEluenbU~ tJ'\1A111J1'iJ'W~.:j

4.4 riI''l.h::;neJ'Unl'lb Vid..JfI1'lcilm Vlfl11:IJ~€l'W

'lU~ 10 bb(\Iil.:jAl1l.J<1:uvt'\1lh~'VIll-:)b(;j'Ub'l~~

Re

~'l.i~9 Alld..J<1lJvtwh::;'VI11.:]bI:1'Ub'ltJ'1'W(;j~n'lJ

Bill 'll~lU ril1U'1~neu b~tJ~Vll '\1

10000 3000025000zoooo150005000

2.0
0 PR - 0,75

Pentagonal ring, 45" " PR '" 1,(1

0 PR= 1.25
0 PR= 1.5

1.5 '" PR = 2.0
0 x Smooth tube0 0

0 0 0 0

..., 1.0 0
Q

0 o 0
0 0 0 0 0 0 0 0 0

0.5
"

0.0 X

5000 10000 15000 20000 25000

Re

~U~ 8 fr:n:u6i':uvtUlb~'VI11~bf1'Ub'ltJ'1'\1f1~n'\J

1ll1U'l~fI€l'\Jb~tJ~Vll'\1

Q PR 0.75 Pentagonal ring,45"~ PR 1.0
60 0 PR 1.25

0 PR 1.5

" PR 2.0

0 0 0
0

0 0
40 0

~
0

? ? V V

V
o 0 0

0
0

20 o 0 0 0 0
0 0 0o " A c

o

.d
35.6-277,21.7-27 9,170-21.9 660::; 12.6-16.2 VI

e)\il'll~l'll'l~tJ~~\il~ 0.75, 1.0, 1.25, 15 uas 2.0

IIll:U6'11riI'\J

~U~ 9 bb(\lil~e)\il'"il~lu!illlh~n'iJub~tJIilVl1U~':]

dJ'\1fI1 'lbVi8'lJ ril1lJ'i~ n nu b~tJlilVI1'\1fI'lru1~"mb 'VI1 '\1 5

b'VI~U:un'lJfI'lruvl'iJNlb~U'lJ '\'lUll ilrilLu'lil-:) 38.9-48.8,

ClI , I del d d

25,000 bbo~<J~1JI"ll~~fl11fl'lru'iJ'\1l11n b'\1'iJ~<J1f1n1'l:U

1~bb'VI1'\15 b'VI~UlJll-:)b8tJ-:)'ih'\1lulI1n'il~ 1U'Ul1-:)fI1'l1'VI0

'UeN'iJ1f11Y'lVl1L~i1~uvh UfI1'lU~ VI~fll''j 1'VIo:u1n

~ d/ d dQ./ I "'" G'U .:::10

b'\'llJ'UU bU€l~<J1nVl€l\il'l1611U'l~U~'\'l\il'llU€lU<J~lJ'illUl'\1

1~ u ~''\1:U 1n vh1~~ n 1'l Ji'1'\1n 1'11.'1CI:U1n h18 ~

PR = 0.751~fhe)Iil'l1~lurillU'l~n€l'lJb~U~Vl1U~~~Iil1i~

49 bVIl b~mViu1.Jn1Jv\'iJ~hb~U'lJL'Wfl'lru~bCl'llb'ltJ'1uCI~

~U~ 8 bb61~~Al1lJ<1lJvtUlh~'VI11~bCl'llb'lU'1UCI~

bbCl~!illU'l~ ne:JUb~U~VI1U '\'l'lJ1166ull UlJ!illU'l::;ne:J'lJ

b~U~Vl1U~rhmlCl~b~nU'iJm~mCl'llb'ltJ'1UCI~b~lJ~U l~u
e)\il'l1~'U'l::;CJd1\il,jUeW PR = 0.75 n!illU'l::;n€l'lJ

~U~ 7 Al1:u6i'lJvt'Wlh~'VI11~bCl'lJb'lu'1uCI~nUe)\il'll~lU

bCl'lltl61b'ilClYi

Ro

10000 2500020000150005000

o PR;Q.75
\} PR = 1.0
o PR=1.25
o PR=1.5
l:J. PR =2.0

PentagonaJring, 45°

0
0

0 0 0 0 0
0 ? 0 0 0 0
0 0 0 0

v 0 Q ? 00 0 0
0 0 0 0 0

" " 0 0 0 0 0

~ 3 '" "

Re

'lU~ 6 Al1lJ<1:uvt'\.di'l~'VI11~bCl'llb'lu'1uCI~n'lJbCl'llU61b~ClVi
v

5000 25000200001500010000

50

100

~ 150

0
0 ?

0 0
0 9 0 0

0 v 8 0
0 ? 0 c:

0 0
0 ? 0

8 8 A
6

'"

'Q PR = 1.0
250 0 PR'" 1.25

o PR= 1.5

Pentagonal ring, 45°o PR= 0.75

6. PR:; 2.0
x Smooth tube

200

300 -c------------------,
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Experimental Nu

(12)f = 10.557Re-O,098PR-2 065

Nu = 0,848Re0604 Pr04 (PR + 1)-0586 (11)

'" 1"u d '" d d+L'1JtJtI1il1il~61lJfll'lVi (12) lJAlllJ!'l(llli1bf'l(l8UVI _5%

LL(I:::bL611i1~1u~t1~12

61V1~:W~U6'1J8~L(I'1Jtlm6B(lvl

o <u d.c::l O.:oJ.
61IVl'l1J1-1LLVI1U5 bVl(l{JlJb8{J~:\jlJ 45 LL(I:::lJ

51i1'l16iltlnl'l1l11U 0.20 'V'i'UlIL(I'Utl61L~(lvl~

AlllJ ~lJ ~ tIl5 n'U 6Cl 'lJ l ':i~1 u fI ~ ra 'iJ VI 'l1 tI\~(Prandti

Number) LL(I:::51i1'lI6ilUl:::tJ:::~i7I'Il Hi1i1-161lJnl'l~ (11)

,J"" d d+ 10ldl'6~lJ!'llfnllJ!'lfllIi1LA(l8t1V1 _4% LLfI~bLClIil~tI~uVl 1
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