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elongate conduit is attached. The conduit extends in a direc 
tion substantially normal, or radial, to the direction of airflow. 
The conduit is adapted to receive the shaft of the implement, 
with the grip end of the implement extending beyond the far 
end of the conduit and into a clamp. The clamp is adapted to 
hold the grip end of the shaft in a fixed position. 
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WIND TUNNEL TEST APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of patent application Ser. 
No. 12/561,865, filed on Sep. 17, 2009, which has been 
allowed as of Jan. 23, 2012; which cites the priority of pro 
visional U.S. patent application No. 61/097.809, filed Sep. 
17, 2008. The contents of U.S. Ser. Nos. 12/561,865 and 
61/097.809 are incorporated by reference herein in their 
entireties. 

BACKGROUND 

The present invention relates generally to an apparatus for 
testing in a wind tunnel an elongate object, which, in its 
normal use, has a fixed end and a free end, and in particular 
such an object with a head unit coupled to a shaft. The exem 
plary object used throughout this description is a golf club, 
but it should be understood the present invention, and 
embodiments thereof, may be utilized with other objects. 
Wind tunnels are highly useful for testing the aerodynam 

ics of the shape of an object and for testing the objects 
dynamic response to aerodynamic forces. Sporting imple 
ments, and in particular golf clubs, are subjected to aerody 
namic forces as they are swung or otherwise propelled 
through the air. Thus, at the most basic level, one would 
expect a more streamlined or aerodynamic head shape should 
pass through the air with less turbulence and at a higher speed. 
With respect to golf clubs, a streamlined or aerodynamic 
shape of the golf club head could beachieved by mounting the 
head within a wind tunnel, measuring the aerodymanic effi 
ciency of the head, and reshaping the head to attempt to 
improve its aerodynamics. 

Such an approach, however, fails to test the effect of head 
aerodynamics on the head and shaft coupled together. In order 
for a wind tunnel to accommodate a full Swing golf club. Such 
as a driver, the wind tunnel would need to be at least five feet 
wide and provide means for fixing the grip end of the shaft in 
place. Wind tunnels of this size are not readily available and 
are quite expensive to build or use. Further, if the entire club 
(head and shaft) is placed in the air stream, the aerodynamic 
response of the shaft to the wind stream couples with the 
response of the head. This complicates the task of determin 
ing the effect of aerodynamics of the head on club perfor 
mance. What is needed is an apparatus to allow testing of the 
dynamic response of an elongate object, with a head attached 
to a shaft fixed in position, to aerodynamic forces Substan 
tially isolated on the head of the object. 

SUMMARY 

One embodiment of the present invention comprises an 
apparatus for testing an implement having an elongate shaft 
with a head end and a grip end, with a head attached to the 
head end. The apparatus may include a wind tunnel with a test 
cell adapted to receive the head of the implement and permit 
a range of unrestricted movement of the head within the test 
cell. The test cell includes an inlet and outlet for air flow and 
a portal or opening in a wall of the cell to which an elongate 
conduit is attached. The conduit extends in a direction Sub 
stantially normal, or radial, to the direction of airflow. The 
conduit is adapted to receive the shaft of the implement, with 
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the grip end of the implement extending beyond the far end of 65 
the conduit and into a clamp. The clamp is adapted to hold the 
grip end of the shaft in a fixed position. The clamp may also 
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comprise a rotary element allowing for rotation or radial 
movement of the shaft to simulate changes in face angle of the 
head relative to the air flow. In a preferred embodiment, the 
end of the conduit proximate the grip end of the implement 
has a closable membrane that allows the grip end to extend 
through it with minimal loss of airflow. In use, aerodynamic 
forces applied primarily on the club head by the air flow 
through the test cell induce regular or irregular vibrations, 
oscillations, or other movements in the implement. Each of 
the cross-sectional dimensions of the conduit and of the test 
cell is Sufficient to permit a desired range of unrestricted 
movement of the shaft and head as the implement undergoes 
Such movements. In a preferred embodiment, at least a por 
tion of both the elongate conduit and of the walls of the test 
cell are transparent for viewing or measuring the movement 
of the shaft and head. 

Another embodiment of the invention comprises a wind 
tunnel comprising a test cell, having a width longer than the 
length of the elongate implement with an head attached to a 
shaft, such as a golf club. The apparatus comprises an elon 
gate conduit mounted within the test cell, with the longitudi 
nal axis of the conduit being Substantially normal to the 
direction of the air flow. The conduit is adapted to receive the 
shaft of the implement, with the grip end of the implement 
extending beyond the far end of the conduit and into a clamp. 
The clamp is adapted to hold the grip end of the shaftina fixed 
position. The clamp may also comprise a rotary element 
allowing for rotation or radial movement of the shaft to simu 
late changes in face angle of the head relative to the air flow. 
Each of the cross-sectional dimensions of the conduit and of 
the test cell is sufficient to permit a desired range of unre 
stricted movement of the shaft and head as the implement 
undergoes such movements. In a preferred embodiment, at 
least a portion of both the elongate conduit and of the walls of 
the test cell are transparent for viewing or measuring the 
movement of the shaft and head. 

DESCRIPTION OF DRAWINGS 

These and other features, aspects, structures, advantages, 
and functions are shown or inherent in, and will become better 
understood with regard to, the following description and 
accompanied drawings where: 

FIG. 1A is a plan view of one embodiment of the present 
invention; and 

FIG. 1B is a plan view of another embodiment of the 
present invention. 

DETAILED DESCRIPTION 

Referring to FIG. 1A, one embodiment of the present 
invention comprises an apparatus 10 for testing the dynamic 
response an elongate object, Such as a sporting implement 
with a head and shaft, and more particularly as shown, a golf 
club 100 with a head 110 and shaft 120, to aerodynamic 
forces. As used herein, the term golf club shall be exemplary 
of any elongate object with a head and shaft capable of being 
used with the present invention. As shown in FIG. 1A, appa 
ratus 10 comprises a wind tunnel 12 with an area designated 
as a test cell 15 through which airpasses when the wind tunnel 
is in operation. The test cell 15 comprises an inlet 20 and 
outlet 25 for air flow and, in a wall of the test cell 15, a portal 
30. Attached to the portal 30 is an elongate conduit 35 adapted 
to receive the shaft of the club and allow a portion of the grip 
of the shaft to extend past the far terminus of the conduit 35 
and be held in place by a clamp 50. 
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The wind tunnel may be any conventional wind tunnel, but 
it is contemplated that in a preferred embodiment the wind 
tunnel will be significantly smaller in its cross-sectional 
dimension than the length of the golf club. The inlet and outlet 
allow unrestricted air flow over the head 110 of club 100 and 
through the test cell 15. In a preferred embodiment, at least a 
portion of a wall of the test cell 15 is transparent for viewing 
the response of the club to the aerodynamic forces exerted on 
it by the air flow. 

The elongate conduit 35 is preferably made of a transparent 
material, or includes a transparent section, again for observ 
ing the response of the club to aerodynamic forces. The con 
duit is sized to be somewhat shorter in length than the shaft of 
the golf club to permit the grip end of the shaft to extend into 
the clamp 50. The clamp 50 holds the grip end of the shaft 
firmly in place and may be any traditional type of mechanical 
clamping device. In preferred embodiment, the clamp 50 may 
include elastomeric or cushioning members to hold the shaft 
tightly while also protecting from damage, as well as to 
simulate the dampening effect of a golfer's grip on the shaft 
during Swing. The clamp may also include a rotary element to 
allow for rotation of the shaft in order to change the face angle 
of the head relative to the air stream. Any suitable mechanical 
or electromechanical rotary element may be used for this 
purpose, and preferably the rotary elementallows for rotation 
of the shaft while the system is under test conditions with full 
air flow. The distal end of the conduit 35 (closest to the grip 
end of the shaft) preferably terminates in a closable mem 
brane or cover 45 containing a slit or aperture through which 
the shaft 120 may extend. The membrane or cover 45 serves 
to minimize air loss from the wind tunnel. In a still further 
preferred embodiment, the conduit 35 may be fitted with a 
Small aperture 55 through which a thin line or string 60 
passes. The line 60 may be tied or attached to the shaft 120 
and used to brake or arrest movement of the shaft caused by 
the aerodynamic forces of the air flow through the wind 
tunnel. A padded collar 40 may be used to facilitate fitting or 
sealing the conduit 35 to the wall of the test cell 15 at portal 
30. In a still further preferred embodiment, the end of the 
conduit 35 and portal 30 may be threaded for ease of installing 
and removal of the conduit 35 when the wind tunnel 12 is 
being used for other purposes. In addition, the test cell may be 
provided with a cap or other closure device to seal the portal 
30 when the conduit 35 is not installed. 
No particular size or shape is required for the test cell, but 

it should be of sufficient size to allow substantially unim 
peded airflow above, below, and on either side of the club 110 
during testing. In addition, it is possible or even likely that 
regular or irregular vibrations, oscillations, or other move 
ments may develop in the shaft 120 of certain elongate objects 
under test as a result of aerodynamic forces applied primarily 
to the head 110. Because the grip end of the shaft 120 is fixed 
by the clamp 50, the amplitude of the movements typically 
increases in magnitude along the shaft from the grip end (a 
Zero amplitude) to the head 110. In order to observe these 
movements, the test cell should be of sufficient size to allow 
a desired range of movement of the head 110 in three dimen 
sional space, without collision with the walls of the test cell 
15. Likewise, the conduit 35 must have a cross sectional 
dimension sufficient to allow a desired range of movement of 
the shaft 120 within the conduit 35, without collision with its 
walls. 

The wind tunnel 12 includes a motor and fan, or other 
traditional means, to generate airflow to simulate the desired 
aerodynamic conditions for the object under test. For golf 
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clubs, the desired velocity of air flow generated by the wind 
tunnel ranges from approximately 60 mph (88 feet per sec 
ond) to 130 mph (191 feet per second), which is the range 
within which most golfers Swing clubs such as drivers and 
other woods. 

In use, air flows over the club head, which is suspended in 
the test cell at the end of the shaft. Therefore, aerodynamic 
forces experienced by the head are transferred to the shaft, 
and the response of the head and shaft in combination, as a 
system, to these forces can be observed and measured. The 
club head and shaft may vibrate, oscillate, and move in 
response to the aerodynamic forces in regular or irregular 
patterns. It is possible that resonant or unstable forces may be 
generated within the club during test, at which times it may be 
desirable to arrest the movement of the shaft using the line 60. 
A second embodiment of the present invention is shown in 

FIG. 1B. Test apparatus 70 comprises a wind tunnel 72 with 
an area designated as a test cell 75. The width of the test cell 
is sufficient to accommodate the length of a golf club 100. An 
elongate conduit 80 is mounted in the test cell 75 by any 
traditional means, with its longitudinal axis substantially nor 
mal to the direction of airflow. The shaft 120 of the club 100 
extends through the conduit 80 with the grip end of the shaft 
conduit extending from the terminus of the conduit and being 
fixed in place by a clamp 50. The conduit should be mounted 
far enough away from the inner surfaces of the wind tunnel to 
allow a desired range of movement of the club head without 
collision with of the club head with these walls. As with the 
first embodiment, the conduit is sized to allow a desired range 
of movement of the shaft as the club responds to aerodynamic 
forces exerted on the head. The distal end of the conduit 70 
(closest to the grip end of the shaft) preferably terminates in a 
closable membrane or cover 45 containing a slit or aperture 
through which the shaft 120 may extend. The membrane or 
cover 45 serves to minimize effects from airflow through the 
conduit. Similarly, at least a portion of a wall of the test cell 75 
and of the conduit 80 are transparent to allow viewing of the 
golf club, and more specifically, of movements of the golf 
club, as it is subjected to aerodynamic forces. 
By substantially shielding the shaft from the airflow in the 

test cell, the forces acting on the head-shaft system are those 
resulting from the aerodynamics of the head. Thus, either 
embodiment of the apparatus of the present invention allows 
isolation of the effect of head aerodynamics on the head-shaft 
system dynamic response. 
The invention claimed is: 
1. An apparatus for testing a sports implement having an 

elongate shaft with a head end and a grip end, with a head 
attached to the head end, said apparatus comprising: 

a wind tunnel comprising a test cell adapted to receive the 
head of said implement and permit a range of unre 
stricted movement of said head therein, said test cell 
comprising an inlet and outlet for air flow and a portal: 

an elongate conduit adapted to receive the shaft of said 
sports implement, said conduit having a first end and a 
second end, the first end attached to said portal and 
extending therefrom in a direction substantially normal 
to the direction of airflow through said test cell, said 
second end comprising a closable membrane adapted to 
permit the grip end to extend therethrough with minimal 
airflow; and 

a fixed mount proximate the second end of said conduit, 
said mount adapted to clamp the grip end of said shaft in 
a fixed position. 


