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An exactexpressionis derivedfor therotationalfriction coefficientof a cylinder of infinite lengthandconstantpermea-
bility immersedin an incompressibleviscousfluid. An asymptoticexpressionfor thetranslationalfriction coefficientof a
permeablecylinder movingin a sheetof viscousfluid embeddedon both sidesin a fluid of muchlowerviscosityis alsogiven.

In this letter we considera porouscylinderof in- FelderhofandDeutch [2]; anda macroscopicderiva-
finite lengthanduniform permeabilityimmersedin tion wasgivenby WiegelandMijnhieff [3]. Applica-
an incompressiblefluid (viscosity~)androtatingwith tions of the Debye—Brinkman—Buecheequationto
a constantangularvelocity w0 aroundits axis. The the flow of a solventthrougha polymercoil are also
problemis to calculatethe rotationalfriction coeffi- found in refs. [4—10].
cientfR,which is definedas theratio T/w0,whereT Thex andycomponentsof Uare:
denotesthetotal torqueof the forcesper unit of

U~_worsinø; Uy=
4w

0rc0S0. (3)lengthwhichthe cylinder exertson thefluid.
l’his problemis relevantto therotationaldiffusion For thepressureandthe velocity we make theansatz:

of a patchof cross-linkedproteinsin a cell mem-
P= constant, (4)

brane [1]. This rotationalfriction coefficienthas
neverbeencalculated;theanalogousproblemfor a V, = —V(r) sin ~ Vy = +V(r) cos 0, (5)
sphereof uniform permeabilitywassolved only a few whereV(r) denotesanunknownfunction — the mag-
yearsago by FelderhofandDeutch[2]. nitudeof thevelocity — whichhascylindrical symme-

Considera cartesiansystemof coordinates(x,y, z)
try. Upon substitutionof eqs.(4) and(5) into eqs.(1)with thez-axisalongthe axis of thecylinder. (Present- and(2) one findsthatall equationsare satisfiedpro-

ly, we shallalsousecylindricalcoordinates(r, 0~z).) vided V(r) is thesolution of the ordinarydifferential
Let VandP denotetheaveragelocal velocity andpres-

equation:
sureof the fluid andU the local velocity of the cylin-

j (V/k0—w0r/k0, 0<r<a,der.The fluid flow hasto be solvedfrom the Debye— ~ —— (6a,b)
Brinkman—Buecheequation: r r

2 1.0, a <r.

—VP+ V— (~/k)(V—U)= 0, (1) The boundaryconditionsare:(i) V(0) shouldbefinite;

togetherwith the incompressibilityequation: (ii) V(oo) = 0; (iii) V and J/’ shouldbecontinuousat
r = a.

dlv V = 0. (2) The solutionof this differentialequationis straight-

In this note we only considerthecaseof a uniform forwardandone finds:
cylinderfor which thepermeabilityk(r) = k

0 if r <a, (w0r + B11 (r/\/~5, 0< r <a, (7a)
k(r)= o°if r >a;a denotesthe radiusof the cylinder. V(r) =

A microscopicderivationof eq.(1) hasbeengivenby tA/r, a <r, (7b)
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with: Table1
The secondcolumn givesthecorrectionfactor to thehard

A = o.0a
21

2(a)110(a), (8) disk rotationalfriction coefficientdueto finite permeability,

eq. (11); the third column givesthecorrectiontermto thein-B = — 2w0a1o10(a). (9) verseof theharddisk translationalfriction coefficient,eq.(12).

In theseformulae thedimensionlessparametera
a/’~/k~is the ratio of the radiusof the cylinderand ‘2 (a)/10(a) (2/a2) + Io(a)/aIi (a)

the distance\/i~over whichthe fluid flow effectively 0 0

penetratesthecylinder. TheI~(o)denotethe modified i 0.1072 4.2402
Besselfunctions. 2 0.3022 1.2166

The torque of the forceswhich the cylinder exerts 0.4600 0.6337
4 0.5682 0.4145

on the fluid, perunit of length,equals: 0.6426 0.3039
6 0.6958 0. 23 82

a ~ 7 0.7355 0.1952
T=_21rB~-fr2Ii(r/\/J~)dr=47r?7woaJo 8 0.7662 0.1649

(10) 9 0.7905 0.1426
10 0.8103 0.1254

Hencethe rotationalfriction coefficientper unit of
lengthis givenby:
fR = 4ir~a

2I
2(a)/I0(c). (11) be givenelsewhere[12]. The correctionterm(2/a

2)
+1

0(a)/a11(a) hasalso beentabulatedin table 1.
In the limit a -~ 00 thecylinder becomesimpermea-

ble andone recoversthe trivial resultfR = 4in~a
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