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Water Tunnel Velocity Calibration and Drag Measurement on a
Cylinder From Pressure Measurements

Objectives: (a) Calibrate the velocity of the water tunnel as &tion of impeller motor rpm for

use in subsequent hydrodynamic experiments. (b) Make measurements of the drag coefficient of a
circular cylinder at three different flow velocitig9.8, 1.4, 1.8 m/sec) Both the velocity
calibration and drag measuremeats based on pressure measurements.

Discussion: A circular cylinder is located vertically in a water tunnel. A pressure sampling
system provides measurements of the pressure different across a pitot static probe and the
pressure distribution arounde 1 inch diameter (2.54 cm) cylinder.

The drag [3 due to the pressure distribution on the cylinder can be calculated by integrating the
pressure p around the cylinder:
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The pressure Drag can be rewritten in terms optkesure drag coefficientsg
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To perform the integration in eq. (1) around the cylinder we integrate in terms ofightara
coordinated from 0 to Z. The angular coordinate), is taken to be zero at the leadaing edge
stagnation point. The reference area is A=D b where D is the diameter of the cylinder and b is a
unit length along the cylinder, giving the incremental area da = (D/®) bTthe pressure drag
coefficient can then be calculated from the following integral.
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Experimental Procedure:

1.Calibrate the water tunnel test section by generating a plot of velocity versus motor frequency
using tle upstream pitestatic tube and Bernoulli's equation. Calibrate the operation of the water
tunnel for motor frequencies from 15 4& Hz in 5 Hz increments. A calibration of the pressure

transducer will be provided in the laboratory.

Static _ Freestream

Ua ‘/ pressure Pressure
N Q
a —— O
Pa b

P1

Pitot Probe: Measurement of Fluid Velocity
1 1
P, +_2ana2 =h +§pr b2

where:
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and:
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2. For velocities 00.8, 1.4, and 1.8 m/seaot 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:

1. 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, £= 1-4 Sir?(0), by plotting it along with the measured pressure
coefficient.

2. Using the analysis given in the discussion section, calculate the drag coefficient for each of
the three measured pressure coefficient distributions. To check your integration
procedure alsontegrate the idealized inviscid pressure coefficient distribution for a

cylinder G = 1-4 sir?(0). The resulting integral should givepl= 0.

3. Based on the error in the pressure measurements and the other uncertainties in the
parameters in the experiment calculate the error in the calculated drag coefficients.
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Part Il

Water Tunnel Velocity Calibration and Drag Measurement on a
Cylinder From Laser Doppler Velocity Measurements

Objective: Make measurements of the drag coefficient of a circular cylinder at three different
flow velocities. Both velocity calibration and drag measurements are based on velocity
measurements from a ladgoppler Velocimeter.

Laser Particle Velocimetry:

An understanding of the simplified theory of the operation of a-Bsepler velocimeter is
necessary for performing the water tunnel velocity measurements.

When two monchromatic laser beams cross, a fringe (interference) pattern is formed
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Due to the Guassian intensity distribution of the laser beam, the fringes at the center of the focal
volume will be brighter than at the edges. As a particle crosses the fringes, the scattered light will
have the following intensityignal:

A

Intensity

»
start of end Direction al
fringe pattern Flow

The faster the particle moves through the focal volume, the higher the frequency of modulation of
intensity.

The velocity of the particle can be determined from the frequency times the fringe spacing.

The fringe spacing is the product of the wavelength of the lasalivided by two times the sine
of the half angle between the two bea®&.

A=—2

ZgnE

For the argosion laser system used in this experiment

A1 =488.0 nm = 4.88 x 10cm
A2 = 5145 nm = 5.145 x 10 cm

For a 50 cm focal length lens ®=2.32°
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If the velocity in the direction of the flow is,lJthe frequency from a particle crossing the fringe
volume is

The laseiDoppler velocimeter instrument @ets the optical signal scattered from particles in the
flow and determines the velocity from the measured frequency. By traversing the laser/detector
head and the crossed laser beams across the water channel velocity profiles can be measured.

Finding the drag from the measured velocity:

The calculation of the drag coefficient of a cylinder examined the momentum loss in the wake
from the velocity measured with the LDV apparatus. The analysis is based on a control volume
analysis using the geometry shoinrthe figure below.

Uy 2 3
—> . e
L o' h . y Ly U4y
_>: 1 :
—'\/J/P ___________ 5

1 65 4
Ui =V, P1 U2, P2

The integral form of the mass conservation equation is given as:

}pa. G0

Since there is no fluid flow fhrough the top and bottom surfaces of the control volume above, the
integral ecomes
3

2
,{ pUldy_,[ pUzdy =0
I

!4 .
Using the geometry above, this integral can benieeen as
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h ‘h
’l Uldy—’l U.dy =0
I'0 0

and, since the upstream flow velocity is uniform this simplifies to give

h
U]ooh-,‘ Usdy = 0
0

add and subtract 4} h where Y is the freestream flow located downstream of the cylinder:

-h
Ugh-Ugh+ f (Ug,-Updy=0
0

A little algebra then gives
- h

U
(Ugeo- Uy h+U200} (lU_ZJ dy =0
2

0

If we define the displacement thickne4sas

h
AE’[ ( LlJJ—Z} dy = displacement thickness
lo 200

we can then writa relationship between the freestream velocities upstream and downstream of
the object, the displacement thickness, and the height of the appartus as

2
-5

u loo— U2c>o
1)

Eg. (1) can be used calculate the the change in the free streaity Vedot state 1 ahead of the
cylinder to state 2 in the wake of the cylinder. However, unless boundary layer effects at the
water tunnel walls are taken into effect, this relationship will not be very accurate.

The Drag force on the cylindean be calulated from the momentum loss of the the fluid
entering and exiting the control volume.

In general for a flow with uniform loss in flow velocity the drag would be given as

Drag = - AU (2)
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where i is the mass flow rataround an object andU is the change in frestream flow speed
around this object. Again, this form assumes that the flow field is uniform in the direction
transverse to the mean flow vector.

Our situation is more complex, in thaketflow magnitude does vary in the transverse direction.
In this case, the drag is given by momentiomlance arguments in terms of an integral

Drag = IIpUzda~ (U, -U,)

The drag per length b of the cylinder is given by
h
Drag= prUZ '(Ul - Uz)dy (3)
0

Assuming the velocity ahead of the cylinder is unifoldh = U, and setting b=1, the Drag per
unit length of cylinder is

Drag==pU h(—2——2d
—plw“u o) | (4)

0

With the assumption thdd,, = Ulw

Drag= —pulw jw 2[ (J—)Ddy (5)

U200

The Drag codicient Cpis defined by normalizing the Drag by the dynamic pres%méi, and

the projected area of the cylinder where D is the diameter of the cylinder and b=1
is the unit length of the cyliter. The Drag coefficient per unit length of cylinder is:

(6)

Experimental Procedure:

1. Use the same motor frequencies used previously in pressure distribution measurements to set
water tunnel velocities 0f0.8, 1.4, and 1.8 m/setlse the LDV system to measuthe axial

velocity and RMS velocity 6 cylinder diameters upstsream to 16 diameters downstrea®n (use
diameter increments except downstream beyond 6 diametedsdisseeter increments). Plot the
velocity and the RMS velocity for each flow conditias a function of distance from the cylinder

on separate graphs and compare with the velocity from the pitot probe calibration. Also, on a
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