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Homework 2
CM4650
Spring 2020

Part A: Problems 1-4 are Due Monday 3 February 2020, in class
Part B: Problems 5-7 are Due Wednesday 12 February 2020, in class

Please do not write on the back side of any page of your solution. Please write legibly
and large.

You may find this page helpful in this homework:
http://pases.mtu.edu/~fmorriso/cm4650/formula_sheet _for _exam! 2018.pdf

Please make note of the discussion about the stress sign convention and the difference
between the two symbols [ = 1 + p! (Understanding Rheology) and [ = T — pl (4n
Introduction to Fluid Mechanics).

Note that the Understanding Rheology textbook has some typos:
www.chem.mtu.edu/~fmorriso/cm4630/URerrata.html

Paxt A
1. (2®ypoints) For the vectors given below, what are the following quangitfes equal
to? Shew your work in Einstein notation before substituting the specific vectors a
and b fronMgglow.
a. the gradient of a, Va
b. the divergerfegof b, V-b -
c. the Laplac1an of V-Vbh =V2h
d a—b X ~
Tx%y
7 a={"Wy -2
& 2\ 2
;:,"‘ = Zy A ‘_‘ xyz
r 4 b =(8~—3xz)é, + 4x by, — 8xyé

y
|\

2. (10 pomts ¥ hat is the correct way to write the quantity ﬂ R i€, (currently
writtend Einstein notation) when we write it in Gibbs (vecton- sor) notation?

4. ov
What is -ax—ejem in Gibbs notation?
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3. (10 paints) The flow rate through a finite surfade S can be written as:

Q ff - vsurface X

where 7 is the unit figrmal to the surface dS and v is the vek&ty at infinitesimal
surface dS. The solut ' for the veloc1ty field in Pmseullle flow in a tube is given

convention of our book):

ds

surface

_ [f o

¢ unit normal to the infinitesimal surface dS and 1 is the total stress
tensor with the Sign convention of our text. The solutign for the velocity field in
Poiseuille flow in aglit is given in the text (see example'$=5.2). Starting with the
equation above, calculate the total vector force (three components) on the upper

wall. Show your work.

Part B

5. (10 points) Sketch (by hand is all I require; you can use MATLAB or something
else if you want) the following vector velocity field (x, y, z in millimeters):
mm —2x
v (—S—> = <—2}’>
4z / xyz
You may confine yourself to the first quadrant (x, y, z all positive) and the plane
where x = 0.
Hint: You will need to choose some points, calculate v = |v| and the direction of

v at those points, and then draw arrows of the appropriate lengths and directions
at the points. Usually we center the vector at the points chosen.

6. (20 points) Text 3.17 (Drag flow in a tilted slit). Do not use tables for the
momentum balance; use Einstein notation as in the text, begin from Gibbs
notation (do not use tables).

7. (20 points) Text 3.18 (Tangential annular flow; you may use tables,
http://pages.mtu.edu/~fimorriso/cm4630/Operations_with_Del ¢yl sph.pdf)
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Exam 1 Formulas
Polymer Rheology Prof. Faith Morrison

B

Rate of deformation tensor: y = Vv + (Vi)”

Rate of deformation: y = l}_”

Tensor magnitude: A4 = [4]| =+ %
Total stress tensor: I = pl + T

(Bird, UR sign convention on stress)

oy
Navier-Stokes Equation: P(‘a_; +y VZJ =-Vp+ HVPy + PE

X iy Vy|=Vp-v
Cauchy Momentum Equation: #| 5° +YVR|=-Vp -V -+ pg
(Bird, UR sign convention on stress)
- . op
Continuity Equation: 5 -V -(pv)
Newtonian, incompressible constitutive equation: T = —pu (Vv + (V)T)
(Bird sign convention on stress)

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

C
AL

) F®

Fon = f f [ _g]lsurface.ds {

S
Flow rate Q through a surface S:

0 = [[ - Bloursaceds (-
S

rface S: (R is the lever arm vector from the axis of rotation to the point of applicgtion of the force)

Ton= ff [R X (- _g)]surfaceds
S

Fluid torque T,,,, on a

(Bird, UR sign convention jon stress)
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464 Appendix C

C.2 Differential Operations in Curvilinear Coordinates

TABLEC.3

Differential Operations in the Cylindrical Coordinate System r, 8, z

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