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Unified Engineering Fall 2004
Fluids Problem 1

Part A. (80%) An 8.5× 11 piece of paper is sent scooting across a smooth table at a speed
of 1 m/s, on a layer of air 1 mm thick. See figure on page 1 of Lecture 1 notes.

a) Determine the strain rate θ̇ of the air layer, and corresponding shear stress τ being applied
to the fluid. Air viscosity at sea level is µ = 1.78 × 10−5 kg/m · s .

b) On its own, the paper will decelerate from the friction. Determine the force F which
would have to be applied to the paper to maintain its speed at a constant 1 m/s.

Part B. (20% freebie if completed) Skills self-assessment.
The objective is to establish the average UE student’s understanding of material taught in
the prerequisite subjects. The collective results will be made available to the whole class to
let you gauge your own level of understanding of the material relative to the average UE
student.

Use the following scale for your responses.

1 Poor understanding, or never heard of the concept
2 Weak understanding, probably couldn’t apply it properly
3 OK understanding, could apply it with considerable effort
4 Good undertanding, could apply it with little or no trouble
5 Excellent understanding, almost second nature

TOPIC OR CONCEPT UNDERSTANDING

1 Equation of state for a perfect gas p = ρRT 1 2 3 4 5

2 Fluid viscosity µ 1 2 3 4 5

3 Vector addition and subtraction ~u + ~v 1 2 3 4 5

4 Scalar (Dot) product of two vectors ~u · ~v 1 2 3 4 5

5 Vector (Cross) product of two vectors ~u × ~v 1 2 3 4 5

6 Vector relations in polar coordinates r, θ 1 2 3 4 5

7 Conversion of a vector into a new coord. system (x, y) → (x′, y′) 1 2 3 4 5

8 Normal and tangential vectors on a surface n̂ , t̂ 1 2 3 4 5

9 Gradient of a scalar field ∇p 1 2 3 4 5

10 Divergence of a vector field ∇ · ~v 1 2 3 4 5

11 Curl of a vector field ∇× ~v 1 2 3 4 5

12 Stokes Theorem
∫∫

(∇× ~v) · n̂ dA =
∮

~v · d~s 1 2 3 4 5

13 Gauss (Divergence) Theorem
∫∫∫

∇ · ~v dV = ◦
∫∫

~v · n̂ dA 1 2 3 4 5

14 Gradient Theorem
∫∫∫

∇p dV = ◦
∫∫

pn̂ dA 1 2 3 4 5

15 Line, Surface, Volume integrals
∫

~v · d~s ,
∫∫

~v · n̂ dA ,
∫∫∫

~v dV 1 2 3 4 5

16 Conservation of mass 1 2 3 4 5

17 Conservation of linear momentum 1 2 3 4 5

18 Conservation of angular momentum 1 2 3 4 5



Unified Engineering Fall 2004
Fluids Problem F2

A large tank is filled half with water (ρ = 1000 kg/m3), and half with oil (ρ = 850 kg/m3)
floating on top of the water. The water and oil depths are 1 m each.

a) Determine and sketch the pressure distribution p(y)− p0 from the bottom of the water to
the top of the oil. Choose any convenient p0 you like.

b) A 1 meter cube of polypropylene (ρ = 950 kg/m3) is now dropped in the tank, and comes
to rest at it neutral buoyancy position. How far is the bottom of the cube from the water/oil
interface?

y

?



Unified Engineering Fall 2004
Fluids Problem F3

A certain thin airfoil of chord c = 0.5 m has the following linear variation of pressure on both
the top and bottom surfaces when operating at α = 5◦.

pu(x) = p
∞

+ pu0
(1 − x/c)

pℓ(x) = p
∞

+ pℓ0(1 − x/c)

p
∞

= 100000 Pa

pu0
= −1500 Pa

pℓ0 = 1000 Pa

a) Determine the lift L′, moment M ′

c/4, and center of pressure xcp

b) This operating condition corresponds to cℓ = 0.8. What must be the airfoil’s flight speed
in sea level air?



Unified Engineering Fall 2004
Fluids Problem F4

Anderson Chapter 1, Problem 7. (page 82).



Unified Engineering Problem Set #9 Unit M2.1
Fall, 2004

9(M).1 Write out the following tensor equations in full:
(Note:  these equations do not necessarily have any real meaning)

(a)   Cmn = Rmnjk gj zk          (for m = 1, n = 3)

(b)  E = 1/2 sab eab

(c)  Hi = bab Pab ni

(d)  s31 =   3m’ !!1n’ s'm’n’

(e)  fpq (∂gq/∂t) + xp  =  0
  
x1 =  l1n ˜ x n

n=1

3

Â
  
x1 =  l1n ˜ x n

n=1

3

Â




