
 

Exercise We derive thevelocity profileandnot current forlaminarflowin

a cylindrical pipeofradius R
and length L drivenby apressure

difference

Bp Wealso
assume no slipboundary

conditions

Source Katifori BiologicalFlow
NetworksThe AbsoluteBasics

The frictional
shear force

between two layers offluid in acylinder
is

givenby F m 2itrh.dz
wherethe fluid

flowsalong

the Z axis the layersare
concentric cylinders in r

andmistheviscosity

Theforceon a cylindrical
shell duetothepressure

difference is

F Bp A Ap 2andr

Weassure thereare no net forces on our
fluid so the

forceduetothe

pressurewill balance with
the frictional shear

forcesactingat r
duetoinner

layer
and ntdr duetoouter layer The no slip

boundary
condition
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ensures that rt dr Vr sothe frictional force willhave oppositesigns

Equilibrium canthenbeexpressed

Fit 0 Ap 2irdr p L 21Tru
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solving
this differential equation yields

the velocity profilein
thepipe

Ausatz rt Ar't Br C Plugging in weget
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To enforcethatthevelocitybe

finiteat thecenterofthepipe werequire
13 0

Thus A Ff
Next our no slipboundary

conditionrequires

that
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The not

fluxinthpipisthugitnby
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The conductanceofthepipe is

defined tobe

FYI Q CAP

Thus we can now clearlysee
thatthe flowthroughthepipeis

proportionalto

thepressure
difference alongthepipe



Next we computethevelocity profile andflux in
thecase

of linear viscosity mln bi r

As before the condition
of equilibrium gives us

Bp 2itrdr Mlr
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A p bi r LTrinidad friends
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The radial velocity profile will thusbe governed by

Pr r t v tr ft
To solve this equation onceagain we maketheansatz
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Plugging in weget

4An B FF
andsetting a 0 B 41 4Ar O fr
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Thus wehave Vln C BE r The no slip BC

gives R O E E FFR

pitiful
so in

Tutasttoofconstantviscosity thevelocitynow

decreases linearly
fromthe center totheedgeofthepipe

The mass flux is once again givenby R

Q 21T I run dr 251ft Irl Yr do
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In this case our conductance canbe defined R 51

so that onceagainwe
have Q C Dp

Finally he
consider thecasewhereyou bzIn

Equilibrium gives

Ap Lindr ul 2L fairvia 21TIntdr v later

sp ba t t fumigated Iv hadryz
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We solvethisequation with the ansatz

r AP Br't Cr t D

Plugging in wehave

6A 27 3 At By I BE

Forthis tohold for no we require B 6 0 7

At TfL
So now
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andthe no slip boundary
condition gives R 05

1u 91trkt1

Themass flux isthusgiven by

Q 25ft nun dr 2711 fall 2 da

t.IT

In this case the
conductance isgiven

by CORE
IET


