Review

— Viscous fluid in cylindrical shear cell
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[diffeql := Qiff(diff(vg(xr),r).r) + diff(vq(xr),r)/r - vq(r)/r~2=0:

|hc := vg(a0)=0,vg(al)=al*w:

_quol := simplify(solve (ode({diffeql,bc}, vg(r)),IgnoreSpecialCases)) [1]
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rvqnorm 1= subs{vqsolfal,{aD=1,w=l,r=1+{al—l}*xi}}:

_plot{

plot::Function2d (subs (vgnorm,al=1.1),xi=0..1,Color=RGB: :Red, Legend="al/a0=1.1"),
plot: :Function2d (subs (vgnorm,al=1.5),xi=0..1,Color=RGB: : Green, Legend="al/a0=1.5"),
plot::Function2d (subs (vgnorm,al=2),xi=0..1,Color=RGE: :Blue, Legend="al/a0=2"),
LxesTitles = ["(r-a0)/{(al-ad)","v/(w al)"™]
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page:a_____idiffqu := diff(p(r),r) = -rho*vgsol"2/r:

;paol := zimplify(=olve (ode ({diffeqg2}, p(r)),IgnoreSpecialCases)) [1]

C5 = al* rho w* ( a0* —»* = 4 a0? »? In(r))

2 N2 2\2
2r (al”—al")

pnorm := subs(psol, {C5=0, rho=1,a0=1,w=1,r=1+(al-1)*=xi}):

plot (

plot::Function2d (subs (pnorm,al=1.1),x1=0..1,Color=RGB: :Red, Legend="al/a0=1.1"),
plot: :Functiondd(subs (pnorm,al=1.5),x1=0..1,Color=RGB: :Green, Legend="al/a0=1.5"),
plot::Function2d (subs (pnorm,al=2),xi=0..1,Color=RGB: :Blue, Legend="al/a0=2"),
AxesTitles = ["(r-al0)/(al-al)","p/ (w*2 rho al)"])
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(f) Find an expression for the torque (per unit out of plane distance) necessary to rotate the external
cylinder
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~page b| torgue := simplify(subs(2*PI%*al”2* &mu; " *(diff(vgsol,r)-vgsol/r),r=al))

_4dmpadalw Q
—

a0* — al1*

_ (g) Calculate the rate of external work done by the torque acting on the rotating exterior cylinder
W= QW

(h) Calculate the rate of internal dissipation in the solid as a function of r.
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hlazlf = simplify( &mu; *(diff(vgsol,r)-vgsol/r)"2)
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(1) Show that the total internal dissipation 1s equal to the rate of work done by the external moment.
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