
Abstract 

Er.ic1 \olutmo of rhc Navler-Sri>Les cqu.ilton5 I\ oht;m~eii lor a pulwttlc ilaw u i  ,to mcornprcrrMc. vixatt, l l ud  
IP  d tuhe io! c!irp!lc:.l rioih-scitton whcn lhr p r c i m c  g ~ a d ~ c l ~ l  3s p~'.cnhcd b) Founcc r ~ c i c h  tn t ~ i i l ~ .  

1. Mathematical Goramuliation 

The importance of tile study of pulsatile flows in channels and pipes is well known. 
ilchida' has obtained the exact solution of pulsating laminar flow superposed on the 
steady motion in a circular pipe. The flow is assunred to be unidirectional and has a 
non-vanishin8 meati. Here. we consider the same flow conditions as in Ilchida' hut in a 
ptpe of elliptical cross section given by . ~ ' l a ~ + ~ ' l b '  = 1 in Cartesian coordmate system. 
For t h ~ c  flow Navlm-Stokes equations reduce to a single cquation 

where u(.r.r..r) is the velocity :-direction. p is the density, p is the pressure, v is the 
kinematic viscosity and subscripts denote parti;d differentiation with respect to that 
variable. Following Uchida', we take 

2nd substiruting (2) it1 (1). we get 

11 ,,,, + u  ,,,, +cr iu , ,  =p, , /u ,  a;, = --inlv. n 2 0 

The boundary corrditioris for the flow are given by 

u,, = 0 on x2/n' -ty'/b2 = 1. 11 r 0. 

as the velocity is zero on the boundary of the tube. 



ti,,,; + 1: ,,,,,, k t b ' ; ; ( l " / ? )  ( C I ) S ~  L t  C < h  .:>/I (ti,? . / , , , / { V * ; )  (1, ,I 2 0, (6) 

'l'hc zorrcyxindiiip Iiorir~d:ir\ condition I S  

where CQ,,, and up2:,, arc niodil'icd h1:irhieu . i r x l  Mathicu luoutl~ns i c ~ ~ c c t i v e l ~ , ~ S ' " ~ ~ ~  
a known constant, = ;c2/4 .:,,, --: J," c~ej,,,(rl.~l,,)d?l. The orthogo~lal 
propcrty of Mnthicu funclions cr:,,, wl~ich ; I IC  C O I I ~ P I L ~ ~ U  i n  tlitcrvill ((I, 271) is used to 
obtain thc abwc result. The approxim;itc wries %oluticin for the special case of (7) with 
n = I which is not cornpletc has heen prewntcd rccentl) hy Mchrotra el 01'. The 
cornplcte exact solntirm for ;I pul,,:~tilc flriw in an cliiirtic cylinder is given by (R). 

The results correspondmg to a circular cylindcr :ire ohtilined by taking the eccentricity 
of the ellipse as zero ( a  = b or c - ( I ) .  As l .  - >  I), tiit systems of confocal eilipses become 
system of concentric circles. In this Limit, we h;ivc from ~ c l x h l a n ~ ,  

where = xZ+);' and a(, is the radius of the cylinder. Using (9) in (8)- we obtain 

which coincides with the result glven by Uchidal 
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