Homework #2 MEMS for Mech. Eng. Applications 

   Due on 12/1/2009
1. (Paper reading) One of the highly cited papers in the field of microfluidics is “Engineering Flows in Small Devices: Microfluidics Toward a Lab-on-a-chip,” written by Howard Stone et al. Read this paper and briefly summarize with respect to the following. The paper can be downloaded from website http://etl.snu.ac.kr. 
(1) List at least seven different methods to actuate fluids through microchannels. Rank the methods according to their desirability in terms of scaling, power, manufacturing ease, and cost. See lecture materials as well as Table 1 in page 383.
(2) In order to enhance mixing, one needs to implement passive or active mixing. Explain each method and list at list three examples for each principle (pp 395- 397).

2. (Scaling concept) Consider a laminar flow into a small tube as shown below. Here, the inner cylinder depicts a control volume.
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(1) Obtain velocity profile uz(r) provided that shear force (F() and pressure force (Fp) are:
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(2) According to (1), how would velocity change with decreasing channel size? Describe in terms of scaling laws.

(3) Based on results in (1) and (2), how can we obtain a reasonable flow rate without altering channel geometry in very small channels (e.g., < 100 nm)? 

3. (Diffusion / Detection) It is often questionable how long it would take a sensing molecule to arrive at a detection electrode. According to the random walk equation, the diffusion length x of a molecule in solution is given by
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where t is the time required for a molecule to diffuse over distance x. 

    (1) Discuss the scaling of diffusion in terms of t vs. x.

(2) Calculate the volume (V) and time (t) to diffuse over a cube size of L for L = 1mm, 100 (m, 10 (m, 100 nm, respectively. Assume that D = 10-5 cm2(s-1.

(3) Based on the above results, what are the advantages of using a very small electrode?

4. (Electroosmosis) Using Navier-Stokes equation, find the velocity at a diffusion layer and outer diffusion layer and sketch the velocity profile. Assume no pressure gradient, inertia-free flow, and
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(Debye length) <<
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 (tube radius).
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[image: image14.png]Pressure-driven viscous flow in a cylindrical
channel: Hagen-Poiseulille flow
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Hint: 

(1) Poisson’s Equation:
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(2) Navier-Stokes Equation:
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 is the electrical body force per unit volume)

(3) You can assume plane geometry for diffuse layer since 
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 (very thin shell).

(4) Boundary conditions: 
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 (at the edge of diffuse layer)
(5) You may want to combine both equations. Use further suitable assumptions if necessary.
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