Exam 1 Formulas
Polymer Rheology Prof. Faith Morrison

Rate of deformation tensor: y = Vv + (vo)T

Rate of deformation: y = |Z|

Tensor magnitude: A = |4| = + /=12i=1

Total stress tensor: I = pI + T
(Bird, UR sign convention on stress)

ov
Navier-Stokes Equation: P(a—; TV V\_/j =-Vp+ ,UVZY +p9

ov
Cauchy Momentum Equation: /’(E Ty Vyj =-Vp-V-z+pg

(Bird, UR sign convention on stress)

Continuity Equation: 86_,? =-V-(pv)

Newtonian, incompressible constitutive equation: T = —p(Vv + (Vo)7)
(Bird sign convention on stress)

Fluid force F,,, on a surface S:
(Bird, UR sign convention on stress)
Eon = fj [ﬁ ) _l;l]lsurfa(]eds
S

Flow rate Q through a surface S:

@ = [[17 Vloursacedts
S

Fluid torque Ion on a surface S: (R is the lever arm vector from the axis of rotation to the point of application of the force)
(Bird, UR sign convention on stress)

T,,= ff [R x(n- _l;l)]surfaceds
S
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Table of Integrals
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Cylindrical Coordinate System: Note that the 8-coordinate swings around the z-axis and
the r-coordinate is perpendicular to the z-axis.
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Spherical Coordinate System: Note that the @8-coordinate swings down from the z-axis

and the r-coordinate emits radially from the origin to the point; these are different from their
definitions in the cylindrical system above.
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Cylindrical Coordinates

System Coordinates Basis vectors

Cylindrical r=x2 +y? é, =cosfe,+sinbe,

Cylindrical 0 = tan-1 (X) &g = (—sin@)e, + cosf e,
X

Cylindrical z=12 e, =¢,

Cylindrical x=71cos@ é,=cos@e,+ (—sin@)ey

Cylindrical y=rsin@ é,=sinfe, +cos0 e,

Cylindrical z=12 e, =¢8

Spherical Coordinates

System Coordinates Basis vectors
Spherical x =1rsinfcos¢ e, = (sinfcosg)e, + (cosOcosp)ey + (—sing ) e,
Spherical y =rsin0sin¢ e, = (sin@sin¢)e, + (cosOsinp)é, + cosp &,
Spherical Z=r1cos0 é,=cos0 &+ (—sinB)g,
Spherical r=x2+y2+22 é, = (sin 6 cos )&, + (sin O sin )&, + cos b,
Spherical NS g = (cos @ cos p)é, + (cos Osin p)e, + (—sinb)e,
0 =tan!| Y —_

an -

Spherical ¢ = tan~! (X) e, = (—sing)e, +cos¢ e,
x

Coordinate system surface differential d.S
Cartesian (top, n = é,) dS = dzdy
Cartesian (side a, 7 = é,) dS = dzdz
Cartesian (side b, 1 = é,) dS = dydz
cylindrical (top, 7 = é,) dS = rdrdf
cylindrical (side, n = é,.) dS = Rdfdz
spherical, (n = é,) dS = R?sin 0d0dg

Coordinate system

volume differential dV

Cartesian

cylindrical

spherical

dV = dxdydz

dV = rdrdfdz

dV = r?sin O0drdfde




464  Appendix C

C.2 Differential Operations in Curvilinear Coordinates

F. A. Morrison, Understanding
Rheology (Oxford, 2001)

TABLEC.3
Differential Operations in the Cylindrical Coordinate System r, 8, z
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C.2 Differential Operations in Curvilinear Coordinates 465
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Differential Operations in the Spherical Coordinate System r, 8, ¢
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