Prob. 3.1 - A dye test is being conducted on a particular flow field.  A fine line of dye is injected into the flow for 0 ( t ( 20 seconds.  The resulting streakline at t = 20 seconds is shown in the figure below.  The values of L in the figure indicate the length of each segment of the streakline.  The magnitude of the fluid velocity (i.e., the speed) is constant, but its direction is not.  That is, at each instant all of the flow is going in the same direction with the same speed.  However, at certain times the flow has an instantaneous change in direction.  

a) Construct the pathline for a particle of fluid marked by a spot of dye released at t = 2 sec (2 seconds after the start of the injection).  The pathline should cover the time period 2 s ( t ( 20 s.  

b) Mark the time that the particle of fluid is located at significant points along the pathline.

c) Construct the streamline through point D for t = 19 seconds. 

Procedure:

1) Based on the streakline shown, deduce what the flow directions were for the 20 s during which the streakline was being formed.  (Hints: When did the dye at A, B, and C leave the injection point?  What was the flow direction while the dye between A and B and between B and C was leaving the injection point?)

2) Once you know the flow directions for the different time periods, start with a particle at the injection point at t = 2 s and deduce the path that it will follow.

3) Knowing the flow direction at t = 19 s, draw the streamline for part (b) of the question.  


Streakline for Prob. 3.1

Prob. 3.2 - For the expansion shown below, the cross section is rectangular with the width normal to the paper being 0.5 m.  The width in the plane of the paper varies linearly from 0.1 m at x = 0 to 0.2 m at x = 2 m.  There is a steady flow rate of 0.5 m3/s.  The fluid is water and is incompressible.  As the movie showed, there can be stall (flow separation) with the flow going one direction in part of the flow area and in the opposite direction in other parts.  For this problem, assume that the flow is one dimensional and fills the entire flow section with a velocity that is constant across the flow area at each flow cross section.  

a) Calculate the cross-sectional average velocity (U = Q/A) at x = 0, 0.5, 1.0, 1.5, and 2.0 m.

b) Plot the area and velocity versus x.  (Note that area varies linearly with x but the velocity does not.)
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Repeat parts (a) and (b) with the diffuser being circular and with the given dimensions being the diameters.
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	Graph of A and V
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	Graph of A and V
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