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Wind tunnels in many sizes, shapes, and speeds

-scale wind tunnels
usually open)

Original Wright brothers wind tunnel



History of the SUNY Cortland

wind tunnel

9.25 feet(1.16 tabletaps)
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Theory part 1: the force |




Theory part 1: the force law




Theory part 1: the force law




Theory part 1: the force law
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Project 1: Wind tunnel characterization

Chelsea Allain, Greg Cassiano, Victoria Kilfeather




Two methods for measuring
wind speed




PITOT TUBE EXPERIMENT

Pressure gauge uses units of
inches of water

2(AP*284.84)

\azsta O V™/s = 21.56VAP. Pitot
. Tube

Conversion equation is V /s = \/



Comparing Pitot tube and
anemometer data

* All measurements
shown on this graph
were taken in the
testing chamber

* The pitot tube and the
anemometer were in
the middle of the © @
testing chamber. Velocity (m/s)
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@ Calculated Velocity ® Measured Velocity Power (Calculated Velocity)




Velocity variation in the diffuser

Veloaty (m/s)

Distance From Beginning of Diffuser {m)

Theoretical ¢ Experimental



Project 2: Measuring drag coefficients of sports balls
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Theoretical model of turbulent drag

Drag force: Farag = EPVZCdA

Drag of a Sphere

Solving for the drag coefficient: —— Smooth
=== Rough
C, = 2 F drag , baseball & golf
7 p)
PairV A

Where:
p = density of air

v = wind speed

C4 = drag coefficient

From: www.grc.nasa.gov/www/k-12/airplane/dragsphere.html
A = cross-sectional area



Drag forces measured at different speeds -

Forceof DragonD fferentSpheres S . e
0.6




I EWAR

Spherical Object Coefficient of Drag
Blitz ball 0.45 + 0.06
lacrosse ball 0.49 + 0.05

: " 'Drag of a Sphere
tennis ball 0.51 £ 0.02

baseball 0.64 + 0.10

—— Smooth
=== Rough

» These measurements support the idea that the
shape/surface features affect the aerodynamics.

« All 4 balls behaved as expected with the coefficient
of drag equal to 0.5 (within error bars).




Project 3: Drag forces on cars

Joseph (Joey) Cirillo, Cody Johnson, Demani Williams



Background Information

ropriate normal force

v
7

ween tires & surface



Modeling the F1 rear wing

Hijp speed (lower downforce)

J




Drag Force vs. Air velocity of Scale VW Beetle

« Results do not exhibit a
simple v2 relationship

Drag Coefficients (Cd):
e Trunk closed = 0.26
* Trunk open = 0.40

* The trunk open C; is larger, in
agreement with expectations.







Summary

» Calculated v,,,, is higher than actual v,,,,

honal Aeronautics and Space Administrat

Brag of a Sphere @

» It is possible that the turbulent drag —— Smooth
forces in the wind tunnel are not the - s T
same as full-scale flows. _ Model Actual

* Re .~ 100,000
e Re..iua ~ 2,000,000




Project 4: The influence of wing shape on lift

Emily DeClerck, Zachary Fernandez




Introduction of Wings

ow Pressure » Two main effects create lift in wings:

High pressure
\ » Lower pressure above the wing
shapin
High pressure ( ping)

» Redirection of the air flow
(angle of wing)
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Types of Wings
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Types of Wings
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lift force [N]

plywood (flat)

-~ 20 degrees
-8~ 12 degrees

1 —e— 5 degrees
-&— 0 degrees

lift force [N]

model airplane (shaped)

-&— 20 degrees
-8~ 12 degrees

1 —e— 5 degrees

—&— (0 degrees




Pitch angle is more important than shaping
at pitch angles above ~10 degrees

At a ratio of 1 the two
wings behave the same

-o— 20 degrees
-~ 12 degrees
-~ 5 degrees
—o— 0 degrees
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Conclusions and outlook




