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1. Pipe with a Manometer. Water (density ρw) flows steadily down the inclined pipe at a
constant mass flow rate ṁ as indicated in the figure below. The velocity profile is uniform.
Answer the questions below listing all your assumptions and clearly define your control volume.
Each part (a-c) can be done independently.

(a) (9 points) What is the pressure difference between section (1) and (2), i.e. (P1 − P2), in
terms of known variables? Note: The pressure does not vary radially within the pipe.

Answer:
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(b) (11 points) For part (b) leave the pressure drop as (P1 − P2) in your solution.
What is the net force in the direction of the flow (z-direction) exerted by the pipe wall on
the flowing water between sections (1) and (2)?

Answer:
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(c) (5 points) For part (c) leave the pressure drop as (P1−P2) in your solution. What
is the power loss caused by friction between sections (1) and (2)?

Answer:
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2. Microfluidic Device. You are looking at a cylindrical microfluidic device through which
laminar fluid axially flows.

• The fluid flow is at steady-state,

• The fluid flow is laminar (droplet-based microfluidics approaches explicitly aim to ensure
laminar flow within the system!),

• The fluid flow is downwards (in the z-direction) because of a pressure difference and gravity,
where P = P (z),

• The fluid is Newtonian,

• The fluid is incompressible.

Note that it is easiest to use a cylindrical coordinate system to solve this problem.
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(a) (4 points) Perform a kinematics analysis and use continuity to determine which variables
the velocity, vz, depends on.

Answer:
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(b) (6 points) Which of the nine components of the viscous stress tensor τ , are non-zero?
Explain why each component is or isn’t non-zero. The nine components are as follows:
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Answer:
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(c) (6 points) Consider a thin shell, with thickness ∆r, as illustrated in the figure on Page 5.
What is the volume of the shell, the area at the top of the shell, and the area of the side
of the shell?

Answer:
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(d) (9 points) What are the different force contributions in this system? Name each one, and
write down the expression for it. Express your answer in terms of each force acting on the
shell fluid element.

Answer:
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Scratch Paper. The work on this page will not be graded.
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Scratch Paper. The work on this page will not be graded.
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