Exam 2 Formulas
Polymer Rheology Prof. Faith Morrison

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

Rate of deformation: y = |Z|

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

Shear strain: Y21t ty) = | :” Y21 (t')dt"

oV
Navier-Stokes Equation: ,0(8—; +V- V!) = -Vp+ uV2y + )

oV
Cauchy Momentum Equation: P(a TV VMJ =-Vp-V-z+pg

Continuity Equation: £ =_v-(pv)

Fluid force F on a surface S:

F= J:]- [ﬁ ) _g]lsurfacedA

S
Flow rate Q through a surface S:

0= [[17 Vlourpacedts
s

Fluid torque Tona surface S: (R is the vector from the axis of rotation to the point of application of the force)

7= [[[Rx G- ~Dlrsaceda
S
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Newtonian, incompressible fluid: = —p(Vv + (Vo)T)
Generalized Newtonian fluid (GNF): = = —n(y)y

Power-law GNF model: n(y) = my™ !
(Note that m and n are parameters of the model and are constants)

Carreau-Yasuda GNF model: NW) =Nw + Mo —No)[1 + ()’/A)“]n%
(Note that a, A and n, 70, and 7, are parameters of the model and are constants)

Elongational flow (uniaxial, biaxial): y=\ '_xZ/
2

¢(H)x;
Shear flow: v = 0
0 /123

Steady shearing kinematics: ¢(t) = y, for all values of time t

i : N (0 t<O
Start-up of steady shearing kinematics: ¢(t) = {).,0 t>0
. L . (Yo t<0O
Cessation of steady shearing kinematics: ¢(t) = { 0 t>0
Steady elongational kinematics: &(t) = &,
. . L 0 t<O0
Start-up of steady elongation kinematics: &(t) = {
&0 t=0
: : . N (& t<O
Cessation of steady elongation kinematics: &(t) = {0 £>0
Shear viscosity: n = M
Q)
Shear normal stress coefficients: W, = %,‘P = @
0 0
Elongational viscosity: 1 = @
0
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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.

Spherical Coordinate System: Note that the @-coordinate swings down from the z-axis
and the r-coordinate emits radially from the origin; these are different from their
definitions in the cylindrical system above.

VA
A

System Coordinates Basis vectors

Spherical x =1sinécos ¢ e, = (sinfcos ¢)é, + (sinfsingp)e, + cos e,
Spherical y=rsinfsin¢g | &, = (cosfcosp)e, + (cosfsing)e, + (—sinh)e,
Spherical Z=rcos@ ey = (—sing)e, +cosge,

Cylindrical xX=rcosf e, =cosfe, +sinfe,

Cylindrical y =1sinf €9 = (—sin@)é, + cosbe,

Cylindrical zZ=12z e,=é,
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