Cuegtion 4 [Lnit £}

Anincompressible, Newtonian, viscous fluid {constant coefficient of viscosity goand
density p} Mows steadily o the anmalar region between two concentric, very long,
civcular cylinders of constant radii o and b (52 a). The outer cylioder i8 eotating
witly constant angular speed 1 abont s axiz, aond the innee cylinder 15 roaintained at

reesk.

Thire are no body forees acting oo the Bod. With refereoee fooa cvhnedrical

polar coordinate systom O, Heela, 2} with the z-aviz slong the common axis, the
velocity vector field u is independent of & and the How is symmetrical about the
T<PNI%, {

{i)

{ii}

{iii)

{iv)

Write down the mathematical consequences of each of the E'ulluwi-im pm'l.-lﬂ i
the probifem statement.

1.  The Buid iz incompressible,

2. The fluid fows steadily,

3. The velocity w is independent of 2.

4. The Aow iz symeoetrical abont the 2-pxis.

Write down the boundary conditions on w at the cylinders © = o and + = I
Usze the contitmity equation and part (i) to show that
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where wg and w, depend only on v, Here g and e, are the conventionat
cylindrical padar unil vechors.

Use Lhee three components of the Mavier Stokes couation and pares (i) and (i)
tox shaver that the pressure; p, satisfies

r}=lj|'fp¥:fr+ﬁz]~

where Fiz) iz an arbitrary funedion of =, and that wy and . satisly

il g eiia

g =+ :'F — tg=1Kl
and
Ld { duy Tdp
padr oy J T poz
respertively,

Henoe show that the pressure gradient in the s-direction is constant, = K say,
Al thiat

2 z —FrE
Tig = ﬂfl_,(-r—ﬂ—) and :.:;:-:E:-I-Cf'lug,r-l-ﬂ.

bt — a* T
wlheiee
Kt —a%  Kia®log, b= b log, a)
€= torii ™ P T el
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