
Water Tunnel Experiment 

Objective:

Measurement of the Drag Coefficient of a Cylinder

MAE 171A/175A

• Pressure Distribution on Cylinder

• Drag from Momentum Loss Measured in Wake

with laser Doppler Velocimetry - LDV       

Measurement Techniques



• Demonstration of pressure increase with depth

• Weight of the column W=mg=ρAhg

• Weight is supported by the net pressure

=(P-Po)A

P=Po+ ρhg

Review of Hydrostatic Pressures
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- Pressure increases with depth

- All points at a given depth are at 

the same pressure

Review of fluid motion

• The motion of fluid depends on the Reynolds No.

- Laminar

- Turbulent

• The laminar flow may be presented by streamlines

• When the fluid velocity is large or when the fluid encounters 

most obstacles, the flow becomes turbulent



Describing Fluid Behavior at Isothermal Conditions

• Conservation of Mass

• Newtons Second Law of Motion

Conservation of Mass
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Constant density:

0=⋅∇ w
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Note: This is valid for unsteady flow



Newton’s Second Law – Euler’s Equation
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p – pressure

- body force per unit mass

Assume body force is due to gravity, and it is conservative

g – acceleration due to gravity

Euler’s Equation
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Vector identity:

Thus

Constant density



Bernoullis Equation – Steady Rotational Flow
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Consider Flow Along a Streamline

Along a streamline
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Bernoullis Equation – Unsteady Irrotational Flow
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• We Measure Flow Velocity Using Bernoulli’s Eqn:

Applications of Bernoulli’s Equation

∆h is determined experimentally

Pitot tube was invented by a Frenchman Henry Pitot in 1732

Pressure Measurement Procedure

2.   For velocities of 0.8, 1.4,  and 1.8 m/sec plot the pressure coefficient as a function of 

angle around the cylinder on a single graph.  The pressure measurements are located at 

the following angular positions. 
1. 0 

2. 22.5 

3. 45 

4. 56 

5. 67 

6. 78 

7. 90 

8. 101 

9. 112 

10. 123 

11. 135 

12. 157.5 

13. 180 

 

Before the next lab meeting: 
 

Plot the pressure coefficient as a function of angle around the cylinder on a single graph.  

Compare the measured pressure coefficient distributions to that for the idealize flow 

around the cylinder, Cp = 1-4 sin2(θ), by plotting it along with the measured pressure 

coefficient. 



Part 2

• Drag from Momentum Loss Measured in Wake

with Laser Doppler Velocimetry - LDV

Laser Doppler Velocimetry

• It is a powerful technique used for highly accurate measurement 

of fluid velocity in liquid or gaseous flow

• It was developed in 1964 by Yeh and Cummins to measure 

laminar water flow

• Does not disturb the fluid flow

• The technique has been improved over the years and it has

variety of applications



How does it work?

• A pair of laser beams are focused down to create 

interference fringes at the optical volume formed

• Due to the Gaussian intensity distribution of the laser

beam, the fringes at the center of the focal volume

will be brighter

 

Intensity 

start of  

fringe pattern 
end 

Direction along 

Flow 

Part 2

• Drag from Momentum Loss Measured in Wake

with Pressure Array



Drag Coefficient
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Mass Conservation

Cross Section: (Rate of Flow)
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Equation of Motion – steady Flow:

Drag Coefficient
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Reynolds Transport Theorem

If static pressure on AA1, BB1 are same 
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Drag Coefficient

Equation of Motion
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Drag Coefficient

Drag on Cylinder:

Per unit length (b = 1)
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The Drag Coefficient CD

This is measured using Pitot tube



Velocity Measurement Procedure

Velocity Measurement Procedure



Trapezoidal Rule

• Direct way to calculate numerical integral is by breaking of the

area under the curve into small known area squares and counting   

the squares

• Another way is to breakup the curve into straight line segments

, therefore creating trapezoids and add up the areas of these

geometric figures

• The area of a single trapezoid (with width h and height a and b)

h

a
bArea=h(a+b)/2

Trapezoidal Rule

•Apply this rule to an integral I:

• Approximate I with a finite difference:

• Here i is an index that goes from the first data point (i=1) up to last 

data point available, i=N, xi is the value of the independent variable at 

the i-th datapoint, and f(xi ) is value of the function f at xi .
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Effect of Finite Viscosity

• What is the Reynolds number?

The Reynolds number is the ratio of inertial forces , as described by   
Newton's second law of motion, to viscous forces 


