
f\ M.}I f\ ~) ,\iA~ ,\ oJ..":' ,r- ~ ,(~~~,.):'.1, w~t" s".;lS:.o) w.31,." s".;lS:.o~

J...u~lcW.~' J4w ~Lo) \SIA~U ~I ~~~. ~)~

0 ~ . ~ \S1A6J'")~ v~~ ~
l'IS~ 1S~1 ~1

s".;lS:.olS"'~ o~b

~'Y"l..:. ~ o~b

\"1Sy.¥ ~1~ W)~

s".;lS:.olS"'~ o~b

d 7-""1 ~ o~b

r .1.. <' \ . .
I$~ ~ ~, IS)')~.)~

s".;lS:.olS"'~ o~b

~'Y"l..:. ~ o~b

<I\"""'.IM :";x~ t;!.)1;,I\"AA/.f/." :..:.i~)~ t;!.)I;)

o~ - y

~ <s1.):'...:..'1)\:;,:>1..,.,1 > J.'J) jI t 1) ..:xl J.) .-:: 1o~ <1.\1)o~ <11,1~ J.) 'J.) ~ y" Jl,,-. 04..r.- <sIx ~ J> ,~ ..:xlJ.)

~IJ ,~ ).) ...I.ilo~ ~b 'J.) ~ y" l; ..:..'1)\:;.:>1,-;-,1> <s1A.<Sr..:..~ '0. ,..; ..:..~ -.9)\>x 'J o~ o.)lO:...,l04..r.- Jl,:-'"

,~,.;J..ilo~ ~b ~.) J5:..:.~ ..;:..;:;c)..!.::-.o<sIA.<I.AJ,...'J <I.o'J'G<sl::.04..r.-'<SJ'T"'-"~ r 'J o~ <1.\1)04..r.- .s.) <sIx ~

~L..j ~G ').)}I '0.. .; ..:..~ J.) JrSL.. .? ~ 0~ Jl,,-. <sIx~ 'Jro"l>~ J.) 'J.) ~ y" Jl,,-. <sIx o~ <1.\1)J> <.J""L..Ix

d.S ...!.JO')~ OL::..io..!..ol-::"""J..:~.I.::..i.-:: 1o~ r.rJX o~ <sIA.<I1,JJ.) 04..r.- x S;:; 8I~'J Jl,,-.";:";:; jI .s..IA.J 'J J5:..:. ~ jI .s..IA.J

..:xld.S.)"'::'<.S'"p... 04..r.-.s.) ~lS 'J ~I}I ~..,...;;;; ~ ~~I~'J Jl,,-. ~ jI .s..IA.J0L..j 'JJ5:..:. ~ jI .s..IA.J0L..j ~I}I

'~~<.S'" ro"l> ~ <s1A.<SJ'JI'J'..:x;;r*-" ~ jI y"1

..:..'1)\:;.:>1,-;-,I >J.'JJ ,..;:..;:; jI .s..l::.J 0L..j 'J5:..:. ~ jI.sl::.) 01.oj ,o~ <11,1J.) 04..r.- ''J.) ~y" Jl,,-. :\S~..::.J1.o.1S'

Analytical Investigation of Viscoelastic Fluid's
Time Constants on Flow in Curved Pipes

M. Norouzi and M.H. Kayhani M.R. Heirani-Nobari A.A. Joneidi
Mech. Eng. Dep't. Mech. Eng. Dep't. Mech. Eng. Dep't.

Shahrood Unrv. of Tech. AmirkabirUniv.ofTech. Shahrood Univ. of Tech.

ABSTRACT
In this paper, an analytical solution for the second order fluid flow in a curved pipe is presented. Perturbation method
is used for solving the governing equations and unlike the previous researches, the second order perturbation terms
were considered. Here, an analytical relation for the flow rate was presented and axial velocity, secondary flows, and
components of stress field were calculated accurately. Also, based on the solution of second order fluid flow
presented in current work and 'upper convected Maxwell fluid flow obtained in previous studies, the effect of
retardation and relaxation times of viscoelastic fluids on flow in curved pipes were investigated. In this article, it was
shown that increasing the retardation and relaxation times cause the flow rate enhancement and reduction,
respectively, which is one ofthe main innovations of current study.
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o.> :.l~ ~ 6..I,J)~ 04.~ ~I) ~ ~ 04..r.-

0L;..r.- -Sly! -s)~ ~.Y'" ~4 oS ..:: 1~~ 04.L. ...:: 1
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2
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2
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u~ ~ o~ ..A..j~ ~ J~I ~;-o ).) ~I ~

U ..:: 1y-S;;, 04.L:. ...:: 1o~ ~b p; ("~.)~ .1'"

\Su~4 <L.;~ o.)~ ;), ;:..)u~ ~I ~b

'.)~IS" ~ \S;o~

82 4';oJ>-Y'-~

)L.L.) ~.) ~ .1'"u~ ~b ~ u)'.)L o ~ ..J..i~)

u u U;. I L ..:: 1J I 0...:; u)L,.;:.. <\ Jb "",l:..o~ ~.. ~.;-O .. .

~I~) U ..:: 16)' <Lk".1'" u)'.)ko 0.))~1 ':""'...I..!~
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u)'.)L o J.> ~~; ~I <L;...J..i~~;-o 82 ~

\Sly-! y-!.j ~.l::..; \Sjy-o ~.I~ JL,...I ~ d.L,L:>~I~..)

:...I..!.1IS" ':""'...I..!"-!.yl:i\SlA,04..r.--~ \S)~ ~ r

/f(Z) = gz(r)sin(2~),

w(Z)= !20(r) + !22(r)cos(2rjJ).

(..;JI-r. )

(y-r. )

:J!Zo(r) ,g2(r) ~I~ .})',...b ~ o~ U)~...k1.) "-!

4,,;-0 ~.l:;,; ~ o~)i;.SY"'~.I).) lA,01./:,) '/22(r)

U ..:: 1y-S:, 04.L:. ...:: 10~1 .0~ LY..IB ~ ).)

\Sly--; B ~ ~ ~I~) ~ ~ (r. ) ~I~)

<L;~~ ~ ..: ,1o~ J»j5' ~I ~ ).) )4 ~

).) ~I) ~I JI~I U .:: 94.).)01~1S"(y-r.) ~I)

J~I ~ .1'"~ cJ)G. Yo~ o.)~ ~ 04..r.--c6Lo ~
o~.0,l).) 04..r.--~.) ul~ ~b "-!«\A) ~I)

..)~ IS" ~

w4.~ I.$!~~ -y

~.j~ \Sd JI~I jI";.)L, <L;01~1S" I) 04..r.--~.)

:.))~I.: ,...I..!~.)~;-o lJ \S)~ ~r
2Jr 1

Q = J J wrdrd~.
0 0

(r '>

81 4';0 J> -r-~

0.)~~;-O ~ (y-r) .u.)ko).) nr) ~I) 0.)b)} 4

...1-"\ .: ,~ ,,/1) "",..b .0.)ko ,81 0...:; lJ ~- IS" . r . ".1'" . .1'" . -

..: ,1x.j Js:.::."-!.0.)ko ~I ~4
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,«'f) ~I) J>j-iI ("~ \Sj.1'"..b~ JL,...IjI ~ ~. ~ ).)
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- 1 (0)'

[

Re(r2 -4)

)
( )gl r --rw . W

288 -24 We
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"::""'-'...I..! W (I) \Sly-! y-!.j ~4 ,J.oL:>.0.)koJ> 4 ~ 0.)'/

:~1 IS"
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..I...A>I~x.j u)~ !I(r) (;!lJ '\Sj.1'"~1~ JL,...\jI ~

:.)~
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1920(r2 -1)We2
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J~I ~;-o u~ <L;..bJ-:.1'"~I!J) U .: ,1./;;, 04.L.:,

~I!J) o~ .0,1 ).) ~.) ~ .1'" J~ 04..r.--~ r 01~

';';1)[n] 0~ Xl)~u~ .h..,~ )4 ~ n y- , "

)K :;,1\S1y-!~ J!JI~ .1'"u~ ~b ..: ,1o~

1 (0)-rw
!t(r)=-1152G

(, ,,)

~ ..:: 1.., ,l.:..oo~ \S)~ ).) ~yl:i \SlA,04..r.-- 0.)~

..)~~ ~r"' 01~~.) ~b "-!~ J> ~I

y-!Ix .0,1 c6Lo ~ ).) nA)~I) JI~I .oS.: ,1~1~

).) 0L;,.r.--~.) ul~ J),:--o~b LY..lx~!J.: ,1~

~.1'" ~ ~b jI ~.0,l "-!~ o~.0,l

~b ..I..:...ojL".;!Jo.)~ y!..i;0~1\S)~ ~r \SIx .s:.,.

~ .1'"u~ ~b 4 ~ ..: ,1;)'4 ~;-o u~

~ r"' !J<L;yl:i\SL1>0L;,.r.--\Sly-!\S;~.) \SlA,~4 )'4

~ ''''~ I.l.o.:;..o ~~.'~r"' H)}' u <...J-'. 0..., I,J ,--- ~ \S)~
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Q =Q

[

1+02
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:8 -17~~oRe2-

))

.
c, 1541

Re4
4180377600

.:...0 ~ j.l...1~) .)~ )UA.o (n") ~I) ).) }'I ,~
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[ (
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-+-We
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,«ri) ~I;> y--:->I~ ).) ,.) ~ yo J~ c.s-'"~1
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J, 51... ~ yoJb j,; J~ ~ , ~I ~ j1SOF,.)
I.J"'I,...>;llS,) .r..[, 0] )~ , 0""';.r.1)~ j1UCM
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.).:;,,1'- '.L .I.l o ~")II-('".~ ~ .r.I.J"'~ , u -.r.-u -.r. - .~,

0L. j ,UCM J~ ~1...j~~ ,6 ~1 jl ..:: 1o~ ~

j1 ~Ub) 0L.j,.) ~yo J~ ~1...j ~~, ~ j1 ~I.b)

,<L...,.l.;Jb~).) 01, ; ~ 0!1.r.~ ,.: 1js: :. ~

.)~ .u .), ; k.)1 0~ )~ 04.)1}' ~ , ~j~,
, ~ j1 ~Ub) 01...j ;I..jro UCM J~).).3' .r.-ij.!.I,

0.)L. ~ ~ j1 ~Ub) 01...j ..j ro ,.) ~ yo J~ ).)

..:: I~")II~,

, ~ ")I~ ~ ).) ~,;~ lSl.b 04.r.- .6# r ~);)
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1- Retardation Time
2- Relaxation Time
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~» j11) w j1 ~l:.." }.w..o 0'~\$""" 'lS)!J><..o.::.&.y->

- >:2
:.)),I.:: ~ u ~yo t;.r..j ~I)
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I 11 2---Re -
48 17280
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R 4e+
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f20(r) , w (O)(r) .:;,,~ J'~I;-ll ~ ,Jl;1S'cbA-o
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2
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, 81]
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j--.::-iIS-' ~ 10~.r.- )~ ~ ) ;,9) ~ .~,.:. lS'"~~j ~ylJ
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~)L> ~~I.:...o 3yL".u,JchA-o.: I).:...o ~
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u~' . UCM J .Lc A. -'1 u, . Lo' A !:-i!\L,~ ~ ) ~ ) U )~.r- .
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Second Order Fluid

(We=2)

, \1'
2'" /.

,'-' .~.'/

~ a.~~
"'1 = -0.043, WI'= 2.45 "'1= -0.033, WI'= 1.55

"'2 = -0.023, wi = 1.37 "'2 = -0.018, wi =0.87

"'3= -0.004, W3'= 0.54 "'3= -0.004, W3= 0.34

chA-o~ ~~ ~) ~ylJ ~Uz,0~.r.- t!l; t!.j':; :(n~

~):P'-"~.r" (~}'~L~4 J-:>R ~ ~Jl.ilS'

~I~I )~ ,~ ~ yo J~ 0~.r.- (Jl.ilS'chA-o~4 ~)

.O)=~.l, Re=50) ~ ..5~:y"I,
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