Exam 2 Formulas
CM4650 Polymer Rheology Prof. Faith Morrison

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

Rate of deformation: y = |)_/|

Tensor magnitude: A = |4| =

44
2

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

Shear strain: y,,(tg, tp) = ftt” V21 (£")dt"
a

(Bird, UR sign convention on stress)

Newtonian, incompressible fluid: = —p(Vv + (V)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: NY) =N+ Mo — M) [1 + ()’/A)“]n%
(Note that a, 4, n, 70, and n,, are parameters of the model and are constants)
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oV 2
Navier-Stokes Equation: P(a—; +Vv- V!) =-Vp+uV°V+p9
o Vv |=-V
Cauchy Momentum Equation: #| 7y ¥¥" V¥ ] =~VP~ Vez+py
(Bird, UR sign convention on stress)

Continuity Equation: P__y. (pv)

ot

Fluid force F,,, on a surface S:
(Bird, UR sign convention on stress)

Fon = ff 7 - _l;l”surfaceds

0= [[17 Vlourpacedts

Fluid torque T,,, 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)

Ton = fj [E x (@ _l;l)]surfaceds
S
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Elongational flow: v _ngz
¢(®)x,
Shear flow: v = 0
0 /123

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

o N (0 t<O
Start-up of steady shearing kinematics: ¢(t) = {).,0 t>0

Cessation of steady shearing kinematics: ¢(t) = {};O ; i g

0 t<o0
Step shear strain: ¢(t) = {yo 0<t<e
0 t=>¢

Small-amplitude oscillatory shear: ¢(t) = y,w cos wt
Steady elongational kinematics: &(t) = &, for all values of time t

0 t<0O

Start-up of steady elongation kinematics: &(t) = {g £>0
0 =

Shear viscosity: n = %
0
Shear normal stress coefficients: W, = —_(Tl;f"),ll'z = —_(TZ;Z_T”)
0 0

—(t33—711)
&

Steady elongational viscosity: 7 =1, =

_ —(721)

Step strain: G =
Yo

Small-amplitude oscillatory shear: —7,; = G’ sinwt + G"' cos wt

—(7o) cos G’ = —(7o)
Yo Yo

G = siné
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Table of Integrals

ua+ 1

du =
ju u a+1

1
j—du=lnu+C
u

4+ C «aisaconstant

j(lnu)du =ulnu—-u+C

b b b
fudv = uv —jvdu
a a a
Miscellaneous
A1 A Ags
A=\|A21 Az A3
Az1 Az A33/ 53
d (uw) dw N du
—(uw)=u—+w—
ds ds ds
él éz ég u2W3 - u3W2
uxw=det|lu; u, uz|= —(uyw3 — uzwy)
Wi Wy W3 UgWwWy — uUwq 123
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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.

X

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.

Z
A
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Cylindrical Coordinates

System Coordinates Basis vectors

Cylindrical r=x% +y? é, =cosbe,+sinbe,

Cylindrical 0 = tan-1 (Z) &g = (—sinB)e, + cosfe,
X

Cylindrical z=12z e,=ée,

Cylindrical x =1cos0 é,=cosBe,+ (—sind)e,

Cylindrical y=rsin6 é,=sinbe, +cos0e,

Cylindrical z=1z e, =8

Spherical Coordinates

System Coordinates Basis vectors
Spherical x =1sin@ cos ¢ e, = (sinf cos )&, + (cos O cosp)éy + (—sing ) &,
Spherical y =rsinfsin ¢ e, = (sinf@sin¢g)e, + (cosOsinp)é, + cosp &,
Spherical Z=r1cos0 é,=cos0 &.+ (—sinB)e,
Spherical r=Jx%+y? + 22 e, = (sin 0 cos )&, + (sin O sin )&, + cos B¢,
Spherical L ( [x2 + y2> ey = (cos @ cos p)e, + (cos O sin p)e, + (—sinO)e,
0=tan™"" | —
z
Spherical é = tan™! (X) ey = (—sing)e, +cospe,
X
Coordinate system surface differential d.S
Cartesian (top, n = é.) dS = dxdy
Cartesian (side a, n = é,) dS = dzdz
Cartesian (side b, n = é,) dS = dydz
cylindrical (top, n = é,) dS = rdrdf
cylindrical (side, n = é,.) dS = Rdfdz
spherical, (n = é,) dS = R?sin 0d0d¢
Coordinate system volume differential dV
Cartesian dV = dxdydz
cylindrical dV = rdrdfd:z
spherical dV = r?sin fdrdfde
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