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1. (30%') Consider a two-dimensional paraliel plate microfluidic flow channel of thickness 4 and

depth w (into the paper) connecting two liquid reservoirs on the respective right and left hand sides of the flow

channel. Liquid water of viscosity # and density p is poured into the left reservoir, and by capillary

pumping, & liquid column starts to grow within the microchannel, In this problem, we would like to investigate

the growth of this liquid column (or advancement of the liquid meniscus) with respect to time, ie, L (), by

taking the following steps:

(3] (5%) Considering hydrostatic forces, please evaluate the pressure p;.

(i)  (5%) Assume constant values for the surface tension, 7, and the contact angle, &, near the meniscus
(or at the interface of the water and microchannel walls) of the liquid column inside the microchannel.
Please calculate p; by performing a force balance on the liquid meniscus, .

(iii)  (10%) Given the pressure difference of Py— Py, please calculate the flow field as well as the volume
flow rate within the liquid column or two-dimensional parallel plate micro flow channel,

(v}  (10%) Using a control volume analysis, please derive a differential equation that governs the growth of
the Jiquid column, i.c., L (#), inside the microchannel. Solve this equation when subjected to the initial

condition of L= 0.

Fig. 1. Capillary pumping inside a two-dimensional parallel plate microfluidic flow channel,
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2. (gg%) A fluid, driven by pressure, flows in the positive x-direction within a long flat duct of unit
depth (into the paper) with the length and thickness of the duct being respectively given by L and 2 (k<< L).

The duct has porous walls such that injection of the fluid into the duct is achieve at y =90 and that suction of

the fluid from the duct is obtained at y =/ . As a result, a constant cross flow is maintained everywhere within
the duct, that is, #, =v, with v, being a constant. Neglecting gravitational effects and assuming constant

fluid properties (e.g., viscosity, u, density, p, etc.), please solve for the velocity distribution, u_, as well as

the mass flow rate, #, in the x-direction within the long flat duct under steady and fully developed conditions.
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Fig. 2. Parallel plate duct flow subjecied to suction and injection of fluid at the wall boundaries.
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