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SUMMARY

Wind drag coefiicient values for octagonal pole supports were investigated using a tow
tank experimental procedure. The use of tow tanks is a relalively new experimental
technique for obtaining drag coeflicients for structural shapes.

The experimental technique was verifled by comparing drag coefficients for circular
cylinders in the tow tank with drag coefficients available in published literature. A good
malicl: was oblained; thus the experimential {eclinique was verified.

Full dimension cross-section, manufacturer supplied, octagonal specimens were
tested in the tow tank. These specimens match the surface roughness and the geometric
parameters of field specimens. The average drag coefficient values obtained from the tow
tank experimental procedure are about 25% higher than the AASHTO recommended value of
1.2,

The use of tow tank technology provides a methodology to test full-scale specimens to
determine design wind drag coefficients. In addition, existing design values of drag
coellicients can be verilled and reflned using this experimental technique.
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IMPLEMENTATION STATEMENT

The wind drag coefficients for the octagonal cylinder obtained using the tow tank
technique are about 25% higher than the recommended AASHTO value of 1.2. However, no
change in the AASHTO design value is recommended at this time. Furtiher investigation is

required to verify these results.
The continued use of the tow tank experimental procedure is recommended for the

testing of full cross-sectioned specimens. Accurate drag coeflicient values are obtained using

this procedure.
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ABSTRACT

Highway signs, luminaires, and traffic signal structures are exposed to wind loads
throughout their lives. The design of the cross section, thus the amount of material and
method of fabrication, very often is controlled by wind loads. Improved definitions of wind
loads using drag coefficients make luminalres not only more economical but also more
reliable.

The Texas Department of Highways and Public Transportation sponsored a research
project at Texas Tech University to determine drag coefficients for octagonal shaped
luminaire supports. The research used the tow tank of the Mechanical Engineering
Department at Texas Tech University for the experimental work, The experimental
technique was verified using published data for circular cylinders. One of the innovations
in the project was the use of actual industry manufactured luminaire poles as test
specimens. These specimens matched the surface roughness and the geometric parameiers
of fleld poles. Drag coefficient values obtained in this project are about 25% higher than the
ones currently specified in the AASHTO standard.
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SECTION 1 - INTRODUCTION

Single-pole supports have been widely used to support signs and lights for many
years. Most early single-pole supports were made with circular cross sections. However,
polygonal support poles are being used more frequently since it is easier to manufacture a
tapered polygonal pole than a tapered circular pole, and a polygonal pole is structurally
stiffer than a cylindrical pole.

Typical support poles are exposed to wind-induced lateral pressures. Once this
pressure and its distribution along the length of the pole are defined, the support pole can be
optimally designed for lateral wind loading.

The American Association of State Highway and Transportation Officials (AASHTO)
specifies in iis "Standard Specification for Structural Supports for Highway Signs,
Luminaires, and Traffic Signals" (AASHTO, 1975) an equation for the wind-induced pressure
experienced by single-pole supports. This equation is:

P=0.00256 x (1.3xV)2xCyx Cy (1.1)
where: P = wind pressure on unit area (psf)
v = mean design wind speed (mph)
Cq = drag coefficient (dimensionless)

Ch
*0.00256 converts the kinetic energy of the wind speed to potential energy of

coefficient reflecting height and terrain effects (dimensionless])

velocity pressure.

* 1.3 modifies the mean design wind speed to wind gusts.
The only factor in Equation 1.1 that takes into account interaction between the wind and
the pole support is the drag coefficient (C4). Thus, the drag coefficient is the most important
parameter for optimum design of single-pole supports.

From previous studies, the drag coefficient for polygonal poles has been shown to be
a function of the shape of the pole, the surface roughness of the pole, the Reynolds number,
R,. the corner radius of the joined flat sides, and the orientation of the pole to the wind
direction. The Reynolds number and orientation of the pole are related to wind flow around
the pole; other parameters are physical properties of the pole.

The Reynolds number is a dimensionless quantity which is a measure of the ratio of
inertial forces to viscous forces in the fluid. R, is used as an index to characterize the type
of flow (laminar or turbulent) and the associated phenomena such as separation point and

wake. The equation for the Reynolds number is:



R, = (1.2)
p
where: R, = Reynolds number (dimensionless)
v = velocity (ft/sec)
D = test specimen diameler (ft)
p = fluid density (Ib/ft3)
1! = coefficient of fluid viscosity {ft-sec/Ib)

The Reynolds number is a dimensionless quantity, thus independent of the fluid used for
flow.

Research by James (1976) and others has demonstrated that the drag coeflicients for
circular cylinders decrease dramatically In the Reynolds number range of 1 x 105 to 5 x 105,
James' research also showed that the drag coefficients for octagonal cylinders decreased in
the critical Reynolds number range of 1 x 105 to 3 x 10%. For pole sizes of 9 to 30 inches in
diameter and wind speeds between 60 and 100 miles per hour, the Reynolds number varies
between 3.8 x 105 and 6.5 x 105. Thus for practical design, flows in the Reynolds number
range between 1 x 105 and 7 x 105 are needed to assess drag coefficients.

Table 1.1 shows the drag coeflicient values recommended by AASHTO for different
shape poles, As seen In the table, drag coefficients vary with the Reynolds number for
cylindrical and dodecagonal shapes. These values are established from wind tunnel testing
of scaled models. The paramelers of surface roughness and corner radius are difficult to
achieve in a scale model for use in a wind tunnel; therefore these drag coefficients may not
accurately reflect the wind forces produced on poles in the fleld. As can be seen in Table 1.1
drag coeflicient values for octagonal shapes are the highest of all shapes for the full range of
Reynolds numbers. The drag coeflicients will be verified using a tow tank and full-scale
pole sections manufactured by industry.

A two-step approach to assess the drag coefficients was used. The first step was to
verify the experimential procedure and the data acquisition sysiem by testing circular
cylinders in the tow tank. These results were compared to published results to insure the
validity of the experimental techniques. The second step was to test octagonal, full size,
poles. These tests provided drag coeflicient values for octagonal shapes.

This two-step procedure was accomplished using the Texas Tech University Tow
Tank and manufacturer supplied pole specimens. The tow tank uses water instead of air as
the {luid for low simulation. The use of water permitied slower test specimen velocities to
obtain the desired experimental Reynolds number range for drag coefficlent measurement.

Pole specimens supplied by manufaclurers should yield more accurate drag coefficients.



Wind Drag Coefficients, Cq

TABLE 1.1

(AASHTO, 1985)

Type of Member

Khape of Memhers

Structural TS
(Vertical &sgﬁ:oma!)

Single Member or Truss
vd « 32 {16}
32 (16)« Vd « 63 (32}
vd > 64 (32)

Two Members or Truss
{one in front of other)

Three Trusses Forming
Trianpular Cross Section

Cylindrical Dodecagonal Qctagonal Flat Elliptical
H 1
Broadside Narrow side
facing Wind facing Wind
1.10 1.20 1.2 1.7
. 4.0/
106" 9.62" 1.2 1 1.7(0/dg-1) Cad dg
W vdl- Can{2-0/dy) 3
0,45 0,79 1.2 1.7
1.73 2.60

Sign Panel (By Ratio of
Length to Width)
L= 1.0

Traffic Signals®

Luminaires (with
genevally rounded
- surfaces}

Luminaires [with
rectangular flat side
shapes)

1.12
1.19
1.3

1.23
1.3¢

0.5

1.2

‘Wind drag coefficicnts for mombers, sign panels and other shapes not
included in this Table shall be estahlished by wind tumnel tests (over an
appropriate range of Revnolds numbers), in which comparative tests are made

on similar shapes included in chis Table,

2valid for members having a ratio of cormer radius to distance berween
parallel faces equal to, or greatar than, 0,125,

IF1at members are those shapes which are essentially flat in elevation,

including plates, angles and squares,

“Nind loads on free swinging traffic signals may be modified, as agreed by
the owner of the structure, based on experimental data in Reference 38,

Nomenc lature: V
d

» Wind velocity (mph) (keph).

= Niepth (diameter) of memher (ft.} (m).

0/4, = Ratio of major to minor diameter of ellipse (max. of 2).
= Drag coefficient of cylindrical shape, diameter 0,
= Drag coefficient of cylindrical shape, diameter 4.

“In metric units this bacopes 40.512.
**lo metric upits this becomes 5.55.
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SECTION 2 - LITERATURE REVIEW

WIND TUNNEL STUDIES

The vast majority of experiments conducted to determine the forces on structures
involve the use of wind tunnel technology. Wind tunnels allow specimens of various cross
sections to be tested to determine the wind-induced forces exerted on the member.
Studies on Circular Cylinders

Von Karman's classical works in the early 1900's gave insight into the vortex
shedding phenomenon of flow around circular cylinders. Taylor (1915) documented the
change in drag of a circular cylinder with respect to the smoothness of the cylinder surface.
Taylor also identified the influence of aspect ratio on drag. Fage and Warsap (1930)
investigated the effect of free stream turbulence and surface roughness on the drag and
pressure distribution around a circular cylinder. Roshko (1961) was first to suggest at least
three identifiable regimes of flow: subcritical (purely laminar boundary layer separation),
supercritical (laminar separation followed by turbulent reattachment and eventual
turbulent separation), and transcritical (transition to turbulence in the boundary layer
occurring ahead of separation). These regimes of flow are related to a dimensionless
parameter, namely the Reynolds number (R,). In subsequent works, Achenbach (1968) and
Bearman (1968) firmly established that this "laminar-separation/turbulent-reattachment"
was responsible for the low drag coefficient (C4) which occurs at the beginning of the
supercritical regime. The boundary between the subcritical and supercritical regimes is
marked by a highly distinguishable drop in C4 (1.15 at R, of 1.5 x 105 to 0.25 at R, of 4 x
105). Using data for a circular cylinder from Schewe (1983), obtained in a pressurized wind
tunnel, a plot of C4 versus R,, is shown in Figure 2.1.

Data from a report by James (1976) on circular cylinders is plotted in Figure 2.2. The
plot demonstrates that C4 is dependant on the Reynolds number and surface roughness.
Surface roughness is usually measured as a ratio of roughness to cylinder diameter. When
comparing data of one circular cylinder to another, the surface condition must be
considered. For the purposes of this study, standard roughness values for manufactured
specimens are obtained from the Cameron Hydraulic Handbook (Ingersoll-Rand, 1984),

i n (1) linder

The most extensive experimental work to date on polygonal cylinder shapes is the
research performed by James at lowa State University in 1976. James used wind tunnel
technology to obtain drag coefficients for octagonal, dodecagonal, and hexdecagonal cross
sections. James verlfied his experimental procedure by comparing his circular cylinder
results with previously published data.



a0

1.4

1.2

a8 -

0.6 —

0.2 ~

10000

l T T 1T TTT ] I T T 17T 17T I i

100000 1000000
Rernolds Number (Rn)

Drag Coefficient for Circular Cylinder Obtained
in Wind Tunnel.

Figure 2.1

I

T

I

T
10000000



~Po—A~=000 QA=D

a0

1.2

Achenbach

Rough./Dia. 45.0E-4 x
|
Achenbach \\:5 ]
Rough./Dia. 11.0E-4 y QD \
5, S 0
0.8 Jorgensen >‘E| \
Rough./Dta. 1L.1E-& s \
Ve \ '
\ ) Y
0.6 \
\,“,‘l / X 3\ X
v X X xX
\/ éﬁpj
0.4 0 l /
i \
0.2
o T T T T T T T T e e I A I A o
10000 100000 1000000
Reynolds Number (Rn)
— Achemnbach —— Achenbach —— Jorgensen
O &* circular (James) X 12° circular (James)

Figure 2.2 Drag Coefficients for Circular Cylinders




James conducted tests on various polygonal models manufactured in the lab. During
these two-dimensional tests, James measured the cross-flow lift and drag forces on each
specimen. Models ranging from 6 to 24 inches in diameter and wind tunnel speeds up to 210
feet per second were used to obtain his data. Using different combinations of wind speed
and cylinder diameter, James achieved Reynolds number values of up to 2.1 x 108.

From James' experimental results, several conclusions were drawn about drag
coefficients of the octagonal shape. One conclusion was that the corner radius of the
octagonal shape influences the drag coefficient. The corner radius is the radius of the arc
where two flat sides of the octagonal cylinder meet, usually expressed as a ratio of the
corner radius to the inscribed circle radius of the cylinder. As the corner radius ratio
increased (the corner became more rounded), the drag coefficient decreased. Figure 2.3
shows data obtained by James (1976) for the octagonal shape with various corner radii
ratios. The experiment also indicated that the of angle of attack of the wind on the cylinder
influences the drag coefficlent. Although not true for every corner radius ratio and
Reynolds number, the maximum drag force was generally experienced when the flow was:
directed toward a corner. A plot showing the influence of the angle of attack on the drag
coefficient is shown in Figure 2.4. Flow normal to a flat side and toward a corner was found
to be the controlling angle of attack for drag coeflicients.

Drag coefficients for the octagonal, dodecagonal, and hexagonal shapes are shown in
Fig. 2.5 (James, 1976). Octagonal shapes demonstrate higher drag coefficient values than for
any of the other polygonal shapes.

TOW TANK OR WATER TUNNEL STUDIES

The use of water as the fluid for simulating flows around structures (as in tow tanks
or water tunnels) is far less common than the use of air (as in wind tunnels). There are
relatively few published works in this area.
Studies on Circular Cylinders

One report was a study of transition flow around circular cylinders in a water tunnel.
The study was performed at the Ames Research Center and Aeromechanics Laboratory, U.S.
Army Research and Technology Laboratories, by Almosnino and McAlister (1984). The
purpose of this study was to confirm the phenomenon of asymmetric flow separation from a
circular cylinder in the critical Reynolds number range. In addition, an attempt was made
to visualize this flow separation and correlate the visualizations with measured lift and
drag coeflicients.

The study examined the flow around circular cylinders for Reynolds numbers of up

to5x 105. As can be seen in Figure 2.6, the average drag coefliclent measured for the
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circular cylinder tested remained in a somewhat constant range between 1.3 to 1.5 until a
Reynolds number of 3.1 x 105 was reached. At this point, the average drag coefficient for the
cylinder abruptly decreased to 0.8. The decrease continued up to a Reynolds number of 3.45
x 105 where the drag coefficient reached a minimum value of 0.44. Continuing to increase
the Reynolds number brought a slight increase in the drag coefficient. No surface roughness
parameters were available in this published study, but the data obtained exhibited the same
trend as the drag coefficients for circular cylinders in previous wind tunnel studies.
udies on Oc linder:

As of the time of this study, no published literature was available that utilized either

the tow tank or the water tunnel to measure and document drag forces on octagonal

cylinders.

13
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SECTION 3 - SPECIMENS, EXPERIMENTAL PROCEDURE, AND VERIFICATION

SPECIMENS

One of the most significant aspects of this study was the use of full-size,
manufacturer supplied. sections of support poles as test specimens. The sections were
supplied by Falcon Steel Company of Fort Worth, Texas and by Valmont Industries of
Valley, Nebraska. By using these sections as test specimens, drag coefficient values obtained
in this study should closely simulate the drag experienced in the fleld.

The test specimens received from the manufacturers included both circular and
octagonal cross sections. The octagonal cross sections were constructed of 3/16 inch thick
steel plate with diameters (measured by the inscribed circle of the cylinder) of 9, 16, 24, and
30 inches. Figure 3.1 shows a cross-sectional view of the octagonal cylinders and identifies
the inscribed circle of the cylinder along with the corner radius of the cylinder. Although
most support poles are manufactured with a slight taper along their lengths, the specimens
received for this project are not tapered. The exterior surface of the octagonal cylinders has
a galvanized coating. The coating on the test specimens provides the same surface
roughness as support poles used in the field. Circular cylinder specimens were obtained
from a pole manufacturer and a pipe supplier. These circular cylinders have diameters of 9,
16, 18, and 36 inches. All circular test specimens are constructed of 1/8 inch thick steel
with a single coat of paint on the exterior.

All the test specimens obtained from the manufacturers were initially 5 feet long.
The length of each specimen was cut to 48.625 inches long for placement into the tow tank.
When the test specimens are mounted on to the attachment plate, the gap between the
bottom of the tank and the bottom of the test specimen is less than one-half inch. This
clearance is intentionally held as small as possible to simulate two-dimensional flow

around the specimen.

EXPERIMENTAL PROCEDURE

The first step in obtaining the drag coefficients for cylinders was the verification of
the experimental techniques used to perform the study. This verification was accomplished
by testing circular cylinders using the experimental techniques and comparing the results
with published values. The experimental apparatus used to obtain the drag coefficients was
the Texas Tech University tow tank and its associated equipment.

The tow tank, shown in Figure 3.2, is located in the Mechanical Engineering
Aerodynamics Laboratory on the Texas Tech University campus. The tank is an above-

ground fiber reinforced structure 32 feet long, 16 feet wide, and 5 feet deep. The tank is

15
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Figure 3.2 Texas Tech University Tow Tank.
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designed to hold a water depth of 42 inches. The towing system associated with the tank
includes a structural bridge {(spanning the length of the tank) which supports a carriage plate
for the attachment of test specimens. A Zenith Data Systems personal computer with a
Metrabyte Das 16 A/D converter is used to control the acceleration, deceleration, and
velocity of the specimen for each test run from operator inputs. Receiving output from the
computer, a Westinghouse Accutrol 110 adjustable frequency controller controls the
frequency signal sent to a Reliance 5-HP, 1730 RPM, AC motor. The frequency sent to the
motor determines the speed at which the test specimen is towed through the water. A 22:1
reduction V-belt drive system, connected to the motor, and tow cable attached to the carriage
plate permit the specimen to be tested at a variable speed of up to 4 feet per second. The
control system also has a switch box which allows the operator to manually control the
towing direction and speed and also provides a safety "dead man" switch for emergency stop
of the towing system. Figures 3.3 and 3.4 show schematic representations of the tow tank
and towing system,

The connection of the pole test specimen to the attachment plate is accomplished by
mounting a 4 inch channel "T" frame on the test specimen. Figure 3.5 shows the test
specimen standing vertically, with the "T" frame welded into the top of the specimen. Three
holes drilled in the "T" frame line up with holes drilled into the attachment plate allowing
the specimen to be bolted rigidly to the attachment plate. This rigid attachment transfers
the forces acting on the test specimen to the attachment plate and subsequently to the load
cell (see Figure 3.3).

For octagonal specimens, the ability to rotate the test specimen was necessary to
determine the change in drag coefficient due to a varying angle of attack of the fluid on the
cylinder. As would be expected, and verified by James (1976), the orientation of the
octagonal cylinder to the fluid flow has a significant effect on the drag coefficient values.
For this reason, and to accommodate different size test specimens, the attachment plate is
provided with a series of holes. Using conclusions drawn from James' study of octagonal
cylinders, two orientations of the cylinders to the towing direction, shown in Figure 3.6,
were studied in this project. The first orientation studied is flat face of the octagonal
cylinder normal to the towing direction. The second orientation studied was a corner of the
octagonal cylinder normal to the towing direction of the cylinder. These two orientations
provided controlling drag coefficient values (James 1976).

Measurements of the drag force on the specimens was accomplished using a Lebow
3132-500 load cell rated at 500 pounds capacity. As shown in Figure 3.3, the test specimens
afe suspended vertically from an attachment plate into the tow tank. Figure 3.7 indicates
forces in static equilibrium and the two couples, one produced by the horizontal forces and
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Figure 3.5 Test Specimens with "T" Frame Attachment.
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the other produced by the vertical forces. The load cell measures one vertical force. The
horizontal drag force is the resultant force of the uniformly distributed forces acting on the
test specimen. All other forces imparted on the test specimen by the fluid are self-
equilibriating; thus the resultant horizontal force acts at mid-depth of the water height.

In designing the three-point connection to the attachment plate, care has been
exercised to insure that no horizontal force is transferred to the load cell. To accomplish
this, rod end bearings are placed on the top and bottom of the load cell to isolate the load
cell and make the connection incapable of resisting any horizontal force. The total
horizontal force on the test specimen is resisted by the remaining two rigid attachment strut
connections.

For the load cell to sense the full vertical load reaction, the two rigid attachment
struts must allow the attachment plate to rotate. As shown in Figure 3.7, the rotation of the
attachment plate transfers the vertical reaction force to the load cell. The rotation of the
attachment plate i1s allowed by placing a rod end bearing at the connection of the two
attachment struts and the attachment plate.

The force that the load cell senses is transmitted to a Measurements Group Model
2310 signal conditioner/amplifier /filter. The output signal is amplified for recording by the
personal computer. The conditioning ability of the 2310 instrument is used to produce a
"false" zero reading, thereby eliminating the effect of the welght of the test specimen. This
"new" zero reading allows calculation of the drag coefficlent directly without having to
compensate for the weight of the test specimen. The amplified and conditioned load cell
output signal is sent to the Metrabyte DAS-16 analog to digital converter that can be
processed by the computer.

The procedure for obtaining the data desired follows a simple straight-forward
sequence. Each test specimen is mounted to the attachment plate which in turn 1s attached
through the three-point support system. A computer program called "cyldrag," developed
and refined throughout the study, is used to collect data during the tests. The program
promptis the operator for input variables such as: the number of data samples per second,
the speed of the test specimen, the magnitude of amplification, and the inscribed cylinder
diameter of the specimen.

The testing of a particular specimen requires the following steps. The signal
conditioner is reset to give the "new" zero reading described earlier. Once this has been
accomplished, the computer program is started and the desired test variables requested by
the program are input. With the test specimen at the starting position in the tow tank (at
one end of the tow tank), the program is engaged and the test begins. Using the input
variables, the program calculates the distance the specimen will travel and sends a signal to
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the motor controller. The test specimen is accelerated to the desired speed which is held
constant during the data acquisition period. The program collects data samples based on
the input before the program was engaged (normally at the rate of 80 Hz). The data is
collected while the test specimen is being towed at the constant speed. As the specimen
reaches the end of the test run, the computer stops collecting data, decelerates the specimen
and brings the specimen to a stop. The program utilizes the data collected during the
constant speed section of the {est run and calculates the drag coefficient for each data

sample point using the following equation:

Cy = F 3.1}
5pV2A
where: F = drag force (Ibs)
C4 = drag coefficient (dimensionless)
p = fluid density (slugs/ft3)
V = velocity of specimen (ft/sec)
A = projected area of specimen (ft2)

The procedure described above is referred to as a test run. The test run is repeated ten
times with the same test specimen at the same speed. The program then takes each of the
data sample points collected during all the test runs and calculates the average drag
coeflicient value.

For this study, Reynolds number values encompassing a range from 5 x 104 to 7 x 105
are desired. Knowing the Reynolds number at which drag coeflicients are wanted, the
required velocities, to be input into the computer program, are calculated using the

following equation:

Rau
VvV = 3.2)
Dp
where: R, = Reynolds number (dimensionless)
p = coeflicient of fluid viscosity (Ib/ft-sec)
D = specimen diameter (f)
p = fluld density (Ib/fi°)

The desired Reynolds number range from 5 x 10% to 7 x 105 was obtained by varying the size
of the test specimens and the towing speed (maximum of 4 ft per second).

VERIFICATION OF EXPERIMENTAL PROCEDURE

The verlfication process used drag coefficients for circular cylinders from previous

experimental projects for comparison with values obtained during this study. The study of
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circular cylinder drag coefficients dates back to the early 1900's and is the best benchmark
available for verifying a new experimental technique for obtaining drag coefficients.

To verify this study's experimental procedure, several circular cylinders of different
diameters were tested and the drag coeflicients measured. The cylinders available were of 9,
16, 18, and 36 inches in diameter. The specimens were towed in both directions to induced
tension and compression in the load cells. It was found that results with the load cell in
tension and compression matched well. The large 36 inch diameter cylinder showed
significant scatter, probably because the length of the tank permitted test distance of only a
few diameters.

Drag coefficients obtained with 9 and 16 inch diameter cylinders are shown in Figure
3.8. The figure also shows the results obtained by James (1976). It is observed in the figure
that drag coefficients obtained in this study show the same trend as the ones obtained by
James. Admittedly, there is some scatter in the results, though a similar scatter is also
noted in the results obtained by James. Looking at the trend and values of drag coefficient

in Figure 3.8, it Is concluded that the tow-tank procedure gives reasonable results.

26



Le

=P~ OO QARYD

an

1.2

1 H x
N
. ® 5 ©
0.8 = | ¥y &
* Y
FAN
0.6 O \Iﬁ
R
o¢?
0!4
(/’\O<>O
0.2
0 * k T T T s i e
10000 100000 1000000

O

¢* circ. in Tension

16° circ. in Comp.

Reynolds Number (Rn)

+ 9" circ. In Comp.

x

16 circ. (James)

216" cire. in Tension

2 6" eire. (James)

Figure 3.8 Experimental 9" and 16" Circular Cylinder Drag Coefficients
and Reference Drag Coefficients.



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



SECTION 4 - OCTAGONAL CYLINDER RESULTS

Drag coeflicienis for octagonal shaped specimens were obtained using the
experimental procedures described in Section 3. Unlike the circular cylinder, the octagonal
cylinder drag coefllcients are dependent on the orlentation of the cylinder to the fluid flow.

The test specimens were supplied by manufacturers of support poles. The four
specimens each had different diameters, as measured by the inscribed circle of the cross
section, of 9, 16, 24, and 30 inches. Different diameters were used to obtain a Reynolds
number range from 5 x 10% to 7 x 105,

Table 4.1 summarizes the testing performed and the results obtained. As shown in
the table, the specimen size varied from 9 inches to 30 inches and the towing speed between
0.43 and 3.63 feet per second. These combinations of specimen size and towing speed yielded
results with the Reynolds number between 5 x 10% and 7 x 105. The table also shows the
measured corner radius ratio, and the minimum, maximum, and average values of the drag
coellicient obtained with (a) the flow normal to a {lat surface on the test specimen and (b)
the flow normal to a corner of the specimen. Figures 4.1 through 4.4 graphically show the
results summarized in Table 4.1 for each test specimen.

As can be seen in Figures 4.1 through 4.4 the flow toward the corner generally has
higher drag coefficient values than for the flow normal to a flat side. Also, these figures
indicate a larger scatter in results for large diameter specimens. This larger scatter is
probably due to the short test distance available; for the 30 inch specimen the test distance
is 8 limes the diameter while for the 9 inch specimen it is 40 times the diameter. The drag
coefficient values shown in Table 4.1 indicate that there is no trend with respect to corner
radius ratio, at least in the range of 11 to 44 percent ratio.

Combined results for all test specimens are shown in Figure 4.5. The figure also
shows results of octagonal shapes obtained by James {1976) and the value recommended in
AASHTO speciflications {1975). The results shown are for the flow directed toward a corner
of the specimen since this provides controlling drag coefficients. The drag coefficient
results of this study and the ones obtained by James' study are consistent for low Reynolds
number range. For higher Reynolds number range, where specimens of 24 and 36 inch
diameter are used, drag coefflcient values obtained in this study are significantly higher
than the ones obtained by James. The reason for this difference may be that in James'
study the drag coefficlent reduced with increasing Reynolds number while in this study no
correlation is found between drag coelficient and Reynolds number. Not enough data is
available to suggest definitively which drag coefficient trend is correct,

29



TABLE 4.1

Test Results for Octagonal Shape

SPECIMEN PARAMETERS RESULTS
DIAMETER
(in.) Min Max Corner Specimen (oF) Comments
v v Radius Orientation min avg max

ft/sec ft/sec Ratio % *

9 0.83 3.63 4 A 97 1.20 1.38 Fig. 4.1
B 123 1.35 1.58

16 0.57 3.26 25 A 1.06 1.30 1.44 Fig. 4.2
B 1.20 1.35 1.59

24 0.54 272 13 A 1.10 1.25 1.45 Fig. 4.3
B 1.28 1.50 1.74

30 0.43 3.04 11 A 1.02 1.30 1.61 Fig. 4.4
B 1.40 1.77 2.25

A. Flow directed at flat face of specimen
B. Flow directed at corner of specimen

*Ratio of corner radius to inscribed radius of specimen

Note 1. Galvenized surface roughness of 0.006 in. (Ingersoll-Rand 1984).
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The test results fall o a large extent above the drag coelllcient value of 1.2
recommended by AASHTO (see Figure 4.5). The average drag coefficient value of the four
specimens for flow direcied at the corner (see Table 4.1) is 1.5, about 25% higher than
recommended by the AASHTO speciflcation. More data with longer test run distances
(longer tow tank) is needed to establish definitively the drag coefficient value.
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SECTION 5 - CONCLUSIONS

The results of this research project have provided additional information about drag

coefficients for the octagonal shaped luminaire supports. The research has also

demonstrated the viability of tow tank experimental procedures to produce drag coefficients.

Conclusions derived from the project are:

1.

The tow tank experimental procedure can be a viable and effective procedure for
determining wind drag coefficients for luminaire poles.

Flow normal to a corner of the octagonal cylinder produced drag coefficient values of
10% to 20% higher than that for flow normal to a flat face.

Drag coefficient values for octagonal shapes did not exhibit dependency on the
Reynolds number as shown in previous studies. The drag coefficlent values remained
in a range of 1.2 to 1.7 over the range of Reynolds numbers of from 5 x 104 to 7 x 105.

The corner radius ratio in the range of 11 to 44 percent did not have an effect on the
drag coefficient values obtained.

For the octagonal cylinders tested with the corner normal to flow direction
orientation, the drag coefficient had an average value of 1.5. This value is 25%
higher than the one recommended in the current AASHTO standard.
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