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Recal] A= dF F (see  Rinamghiis notes)
ol 4
Gl dV = | O dF, Fa TV
Ly L = vl " "l 0
J = tha i E’j—h )
-.-( )
= 1 Friav  dE, dle
Vo MZ
Sks
® Recal] D= F dE F — CHa #3)
AF
L A /[ _-T !
0:D JAVe = (JO-[F dE F dV
° 0

_page 7




—page 8 s ! < 1d5 (y”/p + D'{ (,RE_)

)

‘ P !
~Vo
Note + ) ) rate af Work dong }m
. / strescec . bes umit >
S F \(, red  volume
£2E \  Jork- conjngale pan

_page 8



“Pages 3 The figure shows a test designed to measure the viscosity of a
fluid. The sample 1s a hollow cylinder with internal radius @, and

external radus a@,. The nside diameter 1s bonded to a fixed ngid
cylinder. The external diameter 1s bonded nside a ngid tube, which
is rotated with angular velocity @(f). Assume that all material
particles in the specimen (green) move circumferentially, with a
velocity field (in spatial coordinates) v =vg(r,1)eg.

——— (a) Calculate the spatial velocity gradient L in the basis
- {e,.ey.e.} and hence deduce the stretch rate tensor D.
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(b) Calculate the acceleration field

v - QW + Ly = "‘_@L ér

—

ot |y aj r

(c) Suppose that the specimen 1s homogeneous, has mass density o, and may be i1dealized as a viscous
fluid, in which the Kirchhoft stress 1s related to stretch rate by
T=2uD+ p(r, 1)l
where p 1s a hydrostatic pressure (to be determined) and 4 1s the viscosity. Use this to write down
an expression for the Cauchy stress tensor in terms of p, expressing your answer as components in

ie.eg.¢] Noj.ﬂe a- - '

T=¢C = u [ % _ Ve\ (to@tr 1@ Ca) + AT
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(d) Assume steady deformation. Express the equations of_h“_- 14 8 danterms of v (r.1).
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~ (e) Solve the equilibrium equation, together with appropriate boundary conditions, to calculate v,(r,f),
and p(r). (The pressure can only be determined to within an arbitrary constant).

Solve &,_ ( Ve - Usg \ 4 r /’3?_‘," -V =0
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' diffegl := diff(cl,r) + 2*%cl/r=0: ~—

' be := vg(a0)=0,vg(al)=al*w: Baundaly Cﬂa‘”‘)d-h[

gsol := simplify(=solve(ode({diffeql,bc}, vg(r)),IgnoreSpecialCases)) [1]
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p2ol := simplifvy(=zolve(ode({diffeqg2}, p(xr)),IgnoreSpecialCases)) [1]
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