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CHAPTER I 

INTRODUCTION 

An anemometer is an instrument for measuring the rate 

of flow of air or other gases (fluids) . It is used for 

aircraft flights, weather forecasts, and weather records. 

Other uses include aerial navigation, mining, and aircraft 

testing. 

It is difficult to design instruments to measure 

accurately the speed of moving air; and although recent 

research has helped, difficulties still persist. The 

trouble arises because direct methods are impracticable, 

so it is necessary to measure some physical effect arising 

from the motion. Three such effects have been found 

suitable: namely, pressure changes associated with the 

motion; mechanical effects, such as the rotation of cer

tain types of windmills appropriately mounted in the 

stream; and, lastly, the fact that a stream of air will 

cool a heated object, the rate of cooling being determined 

by the speed of the air flow, which is used in the hot wire 

anemometer. 

The present project is concerned with a new type of 

anemometer, the oscillatory anemometer, which is of the 

mechanical effect type. A digital circuit is designed ior 

the readout of air speed from an oscillatory anemometei-, 
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and wind tunnel tests are performed. A second digital 

circuit capable of indicating air flow directions is also 

presented. 

1.1. The Pitot-Static Pressure Tube 

In terms of accuracy, the Pitot-static pressure tube 

remains the best wind measuring instrument. This is 

especially true when the winds are fairly steady, as is the 

case in wind tunnels. If such an instrument is constructed 

on what are now established principles, it may be used 

without calibration as a standard for measurement of wind 

speeds. This is not true of anemometers which depend on 

mechanical or electrical effects; these are subject to 

individual variations and require calibration against a 

standard instrument of the pressure-tube type. The Pitot-

static pressure tube can have an accuracy of about 0.1 per

cent. 

1.1.1. Principles of the Pitot-Static 
Pressure Tube 

When a moving fluid is caused to stop because it 

encounters a stationary object, a pressure greater than the 

pressure of the fluid stream is built up. The magnitude of 

this increased pressure is related to the velocity of the 

moving fluid. The Pitot-static tube uses this principle to 

indicate velocity as illustrated in Figure 1. The Pitot 
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Figure 1. Velocity indication principle of a simple 
Pitot tube. 
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tube is a hollow tube positioned so that the open end 

points directly into the fluid stream. The pressure at the 

tip causes a column of fluid to be supported. The fluid at 

or just inside the tip is then stationary or stagnant and 

the point is, appropriately, referred to as the stagnation 

point. The energy equation can be used to relate the pres

sure at the stagnation point with the fluid velocity. If 

point 1 is taken in the undisturbed stream ahead of the 

tube and point s is taken at the stagnation point, then 

Pi vi^ Ps 
— + = — , (1) 
7 2g 7 

where P^ = static pressure in the main fluid stream, 

P1/7 = static pressure head, 

Pg = stagnation pressure or total pressure, 

Ps/7 = total pressure head, and 

Vi2/2g = velocity pressure head. 

The total pressure head is equal to the sum of the static 

pressure head and the velocity pressure head. Solving 

Equation (1) for the velocity gives 

VI = [2g(Ps-Pi)/7]^/2 . (2) 

Notice that only the difference between Pg and P^ is re

quired to calculate the velocity. For this reason, most 



Pitot tubes are made as shown in Figure 2, providing for 

the measurement of both pressures with the same device. 

If a differential manometer is used as shown in Fig

ure 3, the manometer deflection h can be related directly 

to velocity. The equation describing the difference be

tween Pg and Pi can be written by starting at the static 

pressure taps in the side of the tube, proceeding through 

the manometer, and ending at the open tip of the tube at 

point s. From Pi - 7X + 7y + 7gh - 7h - 7y + 7X = P^, 

the terms involving the unknown distances x and y drop out. 

Then, solving for the pressure difference, 

Ps - Pi = 7gh - 7h = h(7g - 7) . (3) 

Equation (4) can then be substituted into Equation (2) to 

yield 

VI = [2gh(7g - 7)/7]l/2 . (4) 

The velocity calculated by either Equation (2) or (4) 

is the local velocity at the particular location of the tip 

of the tube. Because the velocity flow varies from point 

to point across a pipe, a traverse of the pipe should be 

made with the tip of the tube placed at the ten points 

indicated in Figure 4. The dashed circles define concen

tric annular rings which have equal areas. The velocity at 

each point can be calculated using Equation (4). Then the 
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average velocity of flow is the average of these ten val

ues. The volume flow rate can be found from 

Q = Av , (5) 

where Q = volume flow rate, 

A = total cross-sectional area of the pipe used, and 

V = average velocity. 

1.2. The Rotating-Cup Anemometer 

The rotating-cup anemometer in general use has three 

cups, hemispherical or bluntly conical, at the ends of 

three light arms like spokes in a wheel, radiating from a 

central hub. Originally, cup anemometers had four cups but 

modern instruments have three cups because research in wind 

tunnels has shown this number to be the best. 

1.2.1. Principles of the Rotating-Cup 
Anemometer 

The aerodynamic force on a cup with its concave face 

presented to the wind is greater than when the wind is 

blowing on its convex face; therefore, the wheel of cups 

tends to rotate in the direction of the convex faces. 

The ratio of the wind speed to the linear speed of the 

centers of the cups is termed the factor of the anemometer. 

In the earlier versions of cup anemometers, this quantity 

varied rather widely with wind speed, making it necesr.ary 
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to apply large corrections to the indicated speeds over 

most of the range; but in carefully designed modern instru

ments with three conical cups having beaded edges, the 

factor is practically constant for all speeds in excess of 

about 6 miles per hour. The general shortcoming of cup 

anemometers is that they tend to over-indicate in fluctuat

ing winds to an extent that may reach 3 0 percent in very 

gusty weather. It has been found that conical cups suffer 

from this defect less than hemispherical ones, and this 

over-indication limits the accuracy of this device very 

seriously. Even though rotating-cup anemometers cannot be 

relied upon for accurate meteorological anemometry, small 

hand-held cup anemometers still come in handy when accuracy 

is not a prime factor. 

Small anemometers which are intended to be held in the 

hand are often arranged with a mechanism that indicates on 

a built-in dial. Energy from the rotation of the cups is 

used to drive a mechanical counter to show wind speed. An 

example of a modern rotating-cup anemometer is shown in 

Figure 5. This particular anemometer was designed and 

built by Epic, Inc., and it has the Beaufort scale in 

addition to three other units of speed. The Beaufort scale 

is a scale of wind velocities employed in meteorological 

work ranging from 0 (calm) to 12 (hurricane) . It v.as 
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developed by Sir Francis Beaufort (1774-1859), a British 

Admiral. 

1.3. The Hot Wire Anemometer 

As mentioned earlier, the hot wire anemometer uses the 

cooling effect of air as its means of operation. In one 

version of the hot wire anemometer, an electrically heated 

fine wire is placed in the air flow, as shown in Figure 6. 

The wire tends to heat because of the current in it, but it 

is cooled by convection heat transfer to the moving fluid 

stream. As the air flow increases, the wire cools, and 

increased power is necessary to maintain a constant wire 

temperature. The input power to the hot wire is then a 

measure of air speed, and a meter in the electrical circuit 

of the hot wire can be calibrated to indicate air speed. 

In another form of the hot wire anemometer, the wire 

is not maintained at a constant temperature but is allowed 

to take on a range of temperatures depending on the velo

city of the fluid. Either the temperature of the wire or 

its resistance can be measured in order to determine the 

velocity of the fluid. 

1.4. The Oscillatory Anemometer 

The oscillatory anemometer is really a modification of 

the wind vane. This modification enables the anemometer to 



Support 
Filament 

End View 
( Enlarged ) 

13 

Filannent-

Figure 6. A schematic of a hot wire 
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give an indication of wind speed as well as direction. If 

the fin assembly on a wind vane is changed so that the 

fin's downwind edge is hinged on a vertical axis (off of 

the horizontal main member), and its upwind edge is free to 

move back and forth in relation to the main member, the fin 

would be forced to jibe back and forth under the action of 

the wind, forcing the main member (or vane) to oscillate 

about the direction of the wind. Prior to the work done by 

H.H. Jonsson and B. Vonnegut in 1985, there seemed to have 

been no mention of this technique for measuring wind in the 

texts on meteorological instrumentation. An illustration 

of Jonsson and Vonnegut's oscillatory anemometer is shown 

in Figure 7. 

1.4.1. Principles of Operation 

As shown in Figure 7, the main member of the oscilla

tory anemometer is mounted so that it is free to rotate 

about a vertical axis. A fin is then mounted on a pivot on 

the end of the main member in such a way that it is free to 

swing from side to side, also about a vertical axis. Fixed 

on either side of the main member is a detent, and the 

distance between the two detents determines the fin's angle 

of attack or fin angle. In other words, the movements of 

the fin are limited by these fixed detents. 
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Detents Fin bearing 

Main bearing 

Figure 7. A schematic illustration of the 
oscillatory anemometer. 
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When the main member is aligned with the wind, the 

only stable positions of the fin are 'at the detents. In 

either of those positions, the fin's angle to the wind is 

one-half the total fin angle and experiences a force that 

has a horizontal component perpendicular to the main 

member. The resultant torque causes the main member to 

rotate about its vertical axis. As the anemometer's 

excursion angle (which is the angle of the main member to 

the wind) increases, the torque decays and vanishes. The 

key here is that the anemometer overshoots this angle of 

zero torque because of its angular momentum—the angular 

momentum gained while the main member was moving through 

the excursion angle. After that overshoot, the fin experi

ences a force in the other direction, which brings it over 

to the other side and reverses the torque. This action 

halts and reverses the anemometer's rotation. As the 

anemometer overshoots the zero torque angle on the other 

side, this process repeats itself. The anemometer (or the 

main member and its associated components) is thus forced 

to oscillate about the direction of the wind. 

From the foregoing, it is evident that in this config

uration the anemometer would respond only to horizontal 

wind components. It turns out that the components that are 

of main interest here are the horizontal components. 

Vertical wind components would be indicated if the main 
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member were mounted in such a way that it were forced to 

oscillate about a horizontal axis, instead of a vertical 

axis, by a fin similarly balanced on a horizontally ori

ented pivot. An additional fixed fin would then be used to 

keep the anemometer aligned with the horizontal wind compo

nent while oscillating in a vertical plane about the three-

dimensional wind direction. 

1.4.2. Earlier Tests on the Oscillatory 
Anemometer 

Earlier tests and experimentations by Jonsson and 

Vonnegut were focused on the following: 

(a) the relationship between frequency and wind 

speed, 

(b) the relationship between frequency and fin area, 

(c) the relationship between frequency and moment of 

inertia of the main member, 

(d) the effect of fin shape, and 

(e) scaling effects on the other parameters. 

A summary of those earlier tests is given below. 

Ca) The relationship between frequency and v/ind spoo:l. 

For this test, an anemometer whose main member was 

23.6 inches long and having a moment of inertia of 

6.34 X 10"^ lb in2 was used. The fin used was 2.64 in*̂  

(rectangular plate, made of 0.002 inch thick aluninu-

sheet) . The dependence of the oscillation freqiK^ncy on 
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wind speed and the effects of fin angle were investigated. 

The results were as depicted in Figure 8. 

(b) The relationship between freouency and fin area. 

The dependence of oscillation frequency on the fin size was 

investigated. The frequency was found to vary with the 

square root of the fin area. 

-^^—The relationship between frequency and moment of 

inertia of the main member. To establish this relation

ship, a second main member whose moment of inertia was 

6.27 lb in2 (i.e., about ten times larger than the first) 

was tested at the same wind speed. It was found to oscil

late 3.3 times slower than the first. This means there is 

a square root dependence between oscillation frequency and 

moment of inertia, considering 3.3 = (10)^/2. 

(d) The effect of the fin shape. Experiments using 

six fins having the same area (0.93 in^) but aspect ratios 

from 0.3 to 3.0 were performed in a conduit. The frequency 

of the anemometer's oscillation appeared independent of the 

fin's aspect ratio. 

(e) Scaling effects on other parameters. The oscilla

tory anemometer was scaled down to a few inches and tested. 

The results were consistent with observations made above. 

Tests run on an anemometer that had been scaled up an order 

of magnitude or so revealed the following: (i) in steady 

wind the long main member oscillates as regularly as the 
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smaller ones do, only at a lower frequency; and (ii) small-

scale turbulence caused by nearby obstructions to the wind 

sometimes causes its big fin to flutter and thus disturbs 

its oscillation. This author believes that large size 

anemometers are not the optimal design, except perhaps 

for special applications. A more attractive design should 

use a main member of about a foot or so long, rather than 

12 feet. 

1.5. Evolution of the Oscillatory 

Anemometer 

As is the case with most innovations, several inter

esting questions about the oscillatory anemometer arose 

after its development and initial testings. As a result of 

further research, development, and testing, the oscillatory 

anemometer has evolved into a digital equipment. And, even 

though some heretofore new, unexplained phenomena have come 

up, answers to most of the earlier questions raised have 
been found. 

The remainder of this thesis will focus on several 

issues, among which are: (i) how best to obtain data from 

the oscillatory anemometer; (ii) what the optimal fin size, 

angle, and shape is; (iii) how the oscillatory anemometer 

compares to other wind-measuring techniques in terms of 

performance and reliability; (iv) how the oscillatory 
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anemometer reacts to turbulence; (v) wind tunnel tests and 

calibration of the digital instrumentation; (vi) recommen

dations for further work and experimentations. 



CHAPTER II 

A DIGITAL INSTRUMENTATION FOR AN 

OSCILLATORY ANEMOMETER 

After the oscillatory anemometer was built, the task 

of figuring out how best to obtain data from it remained to 

be done. Even though tests confirmed that the anemometer's 

rate of oscillation gave an indication of wind speeds, it 

was necessary to devise a means of numerically displaying 

(preferably digitally) the correct wind speeds. Further, 

the need to have a readout of the wind direction became 

obvious. This chapter discusses how the above requirements 

were implemented. 

2.1. How the Different Parts Fit 

Together 

Thoughts about what is necessary to get the oscilla

tory anemometer introduced in Chapter 1 to digitally indi

cate both wind speed and wind direction give an overview of 

the project. 

Since the oscillatory anemometer is a mechanical 

device, and a digital output is called for, it is apparent 

that an electronic circuit is necessary. Furthermore, 

there has to be an interface between the mechanical device 

and the electronic circuit in order to synchronize thG two. 

There also has to be a means of controlling the rate at 

22 
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which the electronic circuit counts and displays the wind 

speeds. After further consideration, it was decided that 

two circuits should be designed and built. The first 

circuit was to take care of determining and displaying wind 

speeds while the second circuit was responsible for deter

mining and displaying wind directions. This breakdown was 

decided upon in order to make the necessary instrumentation 

less complicated. An added incentive is the fact that 

troubleshooting the two circuits separately would be much 

easier. The block diagram in Figure 9 shows how the basic 

concepts involved tie together. Discussions of the two 

electronic circuits will be presented in succession for 

convenience and clarity. 

2.2. Interface and Electronic Circuitry 
for the Wind Speed 

As part of interfacing the anemometer to the first 

electronic circuit which takes care of recording and dis

playing wind speeds, the anemometer's shaft and main bear

ing assembly was modified. As shown in Figure 10, a 

segmented wheel (made out of 0.125 in aluminum with seg

ments cut out) was slipped over the shaft and held in 

place. Next, a "C" shaped wooden bracket was mounted in 

such a way that the blades on the wheel could be turned 

without coming into physical contact with the wooden brack

et. A hole was then drilled at the top of the bracket, and 
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a light emitting diode (LED) was placed inside the hole as 

shown in Figure 10. A second hole was drilled in the 

bottom side of the bracket and a photo-transistor was 

securely held in place. 

2.2.1. Operation of the LED/ 
Photo-Transistor Pair 

Because a light emitting diode would continuously emit 

infra-red light (providing the necessary voltage is sup

plied to it) , the associated photo-transistor would con

tinue to absorb this light and would remain on unless there 

were an obstacle blocking the infra-red light from getting 

to the photo-transistor. 

The modified anemometer shown in Figure 10 operates in 

a similar fashion to the earlier model shown in Figure 7. 

Thus, when the wind blows, the main member is forced to 

oscillate about the direction of the wind at a frequency 

that is indicative of the wind speed. When the main member 

oscillates, the segmented wheel follows suit, since the 

wheel is held secure onto the shaft. Also, because the 

wheel's blades are located between the two edges of the "C" 

shaped wooden bracket, the wheel alternately blocks the 

infra-red light from getting to the photo-transistor when 

oscillation takes place. The photo-transistor is connected 

in such a way that whenever it absorbs light, its output 

is high. This high output is represented by 5 volts; and 
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when no light is being absorbed, its output is zero. The 

latter is the situation that prevails whenever any of the 

wheel's blades blocks the light from getting to the photo-

transistor. Now that a means of generating the appropriate 

digital signal has been developed, the technique for pro

cessing this signal will be discussed. 

2.2.2. Relaying the Signal Beyond the 
Photo-Transistor 

The interface circuitry is directly connected to the 

photo-transistor. As shown in Figure 11, the photo-

transistor is connected to a transistor in common collector 

configuration, which in turn is connected to a buffer. The 

reason for this second transistor (a 2N2222 in common 

collector mode) and the buffer is that the photo-transistor 

does not provide a large enough current output to trigger 

the one-shot 555 timer. The common collector transistor is 

biased in such a way that it yields a large enough current 

swing to trigger the one-shot. The output of the common 

collector transistor is taken to a buffer before it gets to 

the one-shot 555. This is more of an extra precaution—to 

make sure the signal is certainly large enough by the tine 

it gets to the one-shot. 

The function of the one-shot is to produce a positive 

pulse each time it is triggered. This pulse in turn 
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Figure 11. Instrumentation interface showing major 
components. 
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triggers the first counter. For each triggering pulse, the 

counter counts upward by one unit. The triggering device 

for the counter must be bounceless and noise free, provid

ing one, and only one, positive edge per desired trigger

ing. This was why a one-shot was used to trigger the 

counter. 

The counters are cleared every 1.5 seconds by the 

control unit. However, just before the counters are 

cleared, the count is latched by the D latches, from where 

it is then passed on to the decoders. As the name implies, 

the function of the decoders is to tell the displays which 

segments to light. The decoded number(s) is (are) continu

ously displayed on the seven-segment light emitting diodes. 

Because the D latches latch every 1.5 seconds or so, the 

updated wind speed is latched before the counters are 

cleared. This updated wind speed is subsequently decoded 

and displayed until the next update comes along. 

2.2.3. Justifying the Values of the 
Components Used in the Transistor 
and Timer Circuits 

The values of the components in the transistor circuit 

were chosen to bias the transistor for the right current 

output to trigger the 555 timer. This common collector 

transistor is initially in the cut-off region, but it is 

driven into the active region whenever the photo-transistor 

conducts. 
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Figure 12 shows the transistor and timer circuits in 

more detail. The first 555 timer (connected to the output 

of the common collector transistor) is shown with the 

required external components to make it operate in monosta-

ble mode. The components on pin 7 of the one-shot set the 

pulse to the width desired. 

2.2.4. The Counters 

As mentioned earlier (section 2.2.2), the output of 

the one-shot is connected to the counters. The counters 

used are base ten counters. This means they can count only 

up to the binary number 1001, which is the equivalent of 

the number 9 in base ten. As might be expected, it is 

convenient to use this kind of counter (base ten) when the 

output needed is in decimal, which is the case here. 

As shown in Figure 13, two counters are connected in 

cascade. This is necessary if wind speeds greater than 

9 miles per hour are to be registered. Every time the 

number of input pulses is greater than 9, a carry signal 

is generated by the first counter. This carry signal is 

connected to the input of the second counter which counts 

the tens digit. The first counter counts the units digit. 

As an illustration of how these counters work, if 2A 

input pulses were generated, the first counter would have 

"0011" (BCD) on its output pins, and would have generate/! 
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three carry pulses. These three carry pulses would then 

increment the second counter by three. The resulting 

number counted is 34. From the foregoing, this design is 

capable of counting up to 99 miles per hour (or 99 units to 

be more exact). To be able to count beyond 99, a third 

counter (and a third seven-segment display) will be re

quired. 

2.2.5. The Electronic Control Unit 

The control unit is in charge of generating the posi

tive pulses which clear the counters and enable the D 

latches. Because the count needs to be latched just before 

it is cleared, the positive pulse going to the clear pin of 

the counter needs to be delayed just enough to let the 

count be latched first. 

The electronic control circuit is shown in Figure 14. 

The first 555 timer is in astable mode. This timer gives a 

pulse every 1.5 seconds and could be called the clock of 

the control unit. The pulse from the first 555 timer is 

connected to a second 555 timer which is in monostable 

mode. Each time this second 555 timer receives a negative 

pulse from the astable 555 timer, it generates a minimum 

positive pulse. This pulse is attached to the D latch and 

to the next 555 timer which is also in a monostable mode. 

Each time the second monostable 555 timer receives a pulse 
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from the first monostable 555 timer, it generates a minimum 

pulse, but this pulse has been delayed by the length of the 

first monostable 555 timer pulse. 

The circuit was designed so that the operator could 

select the wind speed readout in either miles per hour or 

in kilometers per hour. This selection is possible by use 

of the switch on pin 8 of the first 555 timer. The time 

constants of the components at both settings of the switch 

were chosen with the conversion factor between miles and 

kilometers taken into account. For a more complete table 

of conversion factors, see Appendix B. The potentiometers 

in the control unit circuit are used for fine tuning and 

calibration of the digital instrument. 

The external components in the 555 timer circuits are 

those recommended for the desired modes of operation. The 

diode in the control unit is used to block any a-c. compo

nent of the Vcc fîoiî  getting into the system. 

2.2.6. Printed Circuit Board for the 
Wind Speed Display 

After the circuits discussed in this chapter were 

built and tested, it was decided to rebuild the circuits on 

printed circuit boards. Two printed circuit boards were 

made. Both boards were double-sided. Even though the 

double-sided versions were harder to make, it was worth the 

effort, considering the savings in space for the circuitry. 
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Figure 15 shows the computer printouts of one of the print

ed circuit boards. This board is for the wind speed cir

cuitry and display. 

2.3. Interface and Electronic Circuitry 
for the Wind Direction 

There are at least two ways of approaching the problem 

of finding a means of getting the instrumentation to digi

tally display wind directions. One approach is to use a 

wind vane interfaced with the necessary circuitry. This 

method was found easier to implement because no further 

modification to the shaft/bearing assembly of the oscilla

tory anemometer was necessary. The second approach calls 

for a direction sensor to be added to the shaft/bearing 

assembly of the oscillatory anemometer. This modification 

would involve use of some averaging circuitry which would 

present a steady result to the subsequent circuits as 

though the anemometer were pointing in a fixed direction. 

When there is a change in the wind direction, a different 

steady (averaged) result would be sent out by the averaging 

circuit. Averaging the direction in which the anemometer 

is pointing would be necessary because the anemometer 

oscillates about the mean direction of the wind. 
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Figure 15 Composite computer printouts for the wind 
speed circuitry and display PCB: (a) com-
posite printout of the top layer. 
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Figure 15, (continued) (b) composite print-out of the 
bottom layer. 



Figure 15. (continued) (c) composite print-out of the 
bottom layer superimposed on the top layer. 
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2.3.1. Description and Operation of the 
Wind Vane 

The wind vane used can be seen in Figure 16. It is 

the standard type used in meteorological measurements. 

When it interacts with the wind, the vane swings freely on 

a central pivot and the end of the main member that does 

not have the vane blade is forced to point in the direction 

from which the wind is coming. This is because the surface 

area of the vane blade is much larger than the surface area 

of the main member by itself. From aerodynamics, the end 

with the greater surface area also has the greater force 

acting on it. 

Should there be a change in wind direction, the wind 

vane would point in the new direction. The main member/ 

vane blade assembly can be rotated through 3 60°, and thus 

can assume any horizontal orientation. 

Located on the central pivot of the wind vane are two 

plates (or rings). The upper plate turns with the main 

member/vane blade assembly whenever the wind changes direc

tion. The upper plate also has a brush secured to it. 

This brush makes contact with the plate (or ring) at the 

bottom. 

Unlike the top ring, the bottom ring does not turn. 

The bottom ring is divided into eight segments, each iso

lated (electrically) from the other segments. Each of the 

segments represents a direction. A wire is connected to 
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each of the eight segments of the bottom ring. Thus there 

is a total of eight wires coming out from the bottom ring. 

In order to obtain a meaningful electrical output fron 

this mechanical device, the circuit shown in Figure 17 was 

designed. The top part of Figure 17 is actually the bottom 

ring on the central pivot of the wind vane. Connections 

were made from each of the eight segments to a 5 V voltage 

source using the eight wires mentioned above. The need for 

the 120 n resistors will become apparent shortly. 

2.3.2. A More Detailed Discussion of 
the Circuitry for the Wind Direction 
Display 

The resistors that are connected between the eight 

segments of the bottom ring, as well as the 5 V source, 

play an important role. If these resistors were not there, 

then when the brush made contact with one of the segments, 

the output from all segments would (inappropriately) still 

be equal since the positive terminal of the 5 V supply 

would be grounded. However, with the resistors in place, a 

rotating zero is sent to the inverter inputs. The zero 

represents the direction of the wind. 

The "circulating zero" is changed into a "circulating 

one" by use of the inverters. This is necessary because 

the fifteen-segment displays used require a "one" to oper

ate properly. 
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Figure 17. Basic schematic diagram of the electronic 
circuitry for the wind direction. 
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The outputs of the inverters go to buffers (as shown 

in Figure 17) through the diodes shown. The diodes inhibit 

current from flowing back up into the inverter outputs. 

The fact that more than one inverter is connected to each 

buffer makes the diodes even more necessary. 

From the diodes, the signal is taken to the buffers. 

There are four buffers, one for each major direction (i.e., 

north, south, east, and west). Two fifteen-segment dis

plays are used. The first display indicates north or 

south, while the second display indicates east or west. 

Though the displays used have fifteen-segments, only eleven 

of the segments were sufficient to display any of the eight 

possible wind directions. The fifteen segment displays 

used were the lEE 3784R type, the pin assignment diagram of 

which is given in Appendix A, along with those of the other 

chips used in this project. 

2.3.3. The Buffer/Display Interactions 

The buffers are used to increase the signal level and 

to drive the displays. Each buffer has eight inputs. The 

eight inputs are tied together and then connected to the 

appropriate diodes. These connections are shown in Fig

ure 18, which is a more detailed version of Figure 17. 

As an illustration of how the buffer and displayr, 

interact, the reader can examine how the south buffer (tor 
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example) was connected. The south buffer was connected to 

south, southeast, and southwest. When either of these 

three directions is selected, the output of the south 

buffer will be high, and the first display displays "S." 

If the direction selected is "SE" or "SW," the first dis

play would continue to display "S," while the second dis

play would display "E" or "W," as the case may be. It goes 

without saying that the second display would remain blank 

if the direction being displayed is either "N" or "S." 

Similarly, the first display would be blank in cases when 

the direction being displayed is either "E" or "W, • ITJ M 

2.3.4. Printed Circuit Board for the 
Wind Direction Display 

A double-sided printed circuit board was made for the 

wind direction display circuitry—similar to the one for 

the wind speed display. The computer program used for the 

design of the printed circuit boards was MACAD/PCB. 

The computer printouts of the printed circuit designs 

are as shown in Figure 19. 

2.3.5. The Digital Instrumentation as 
Seen from the Outside World 

The two circuits built were enclosed in one cabinet. 

The front and back views of the cabinet are shown in Fig

ure 20. The equipment was designed with its own power 
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Figure 19. Composite computer printouts for the wind 
direction circuitry and display PCB: 
(a) composite printout of the top layer. 
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Figure 19. (continued) (b) composite printout of the 
bottom layer. 
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Figure 19 (continued) (c) composite printout of the 
bottom layer superimposed on the top layer. 
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Figure 20. The digital anemometer as seen from the 
outside: (a) front view of the anemometer 
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cabinet. 
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supply unit so it could be operated from a 120 V, 60 Hz 

line. 

Results of wind speed measurements and calibration of 

the digital anemometer are presented in Chapter 3. Discus

sions of the results are also presented in the same chap-

ter. 



CHAPTER III 

WIND SPEEDS, MEASUREMENTS AND 

CALIBRATION 

3.1. A General Oveirview of Concepts 

In order to determine what the optimal fin size and 

fin angle should be for the digital anemometer that was 

built, several fins were tested at different fin angles. 

The fins were rectangular in shape, and were made out of 

printed circuit board material. Choice of this material 

was based on the fact that, because of its light weight, it 

puts little stress on the detents. In all, there were 

seven fins used, varying in size from 3 to 25 in^. 

To provide different fin angles, two detent brackets 

(or fin stop brackets) were constructed, with holes drilled 

and tapped in the brackets to provide fin angles of 3 0^ to 

18 0°. The two brackets used are shown in Figure 21. 

A wind tunnel capable of generating steady winds was 

used for testing and calibrating the digital anemometer. 

Winds with speeds varying from about 15 to 80 ft sec"! 

could be generated by the wind tunnel; each wind speed is 

maintained uniformly (for all practical purposes) at all 

points inside the wind tunnel. 

The mechanical parts of the anemometer were clamped 

down inside the wind tunnel alongside a rotating-cup 

52 
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anemometer. The mechanical parts of the anemometer were 

then connected to the digital circuitry via the intercon

necting cable. 

Three wind speed measuring instruments were used, so 

the readings obtained from each could be compared to those 

obtained from the others. The three instruments were the 

digital anemometer, a rotating-cup anemometer, and a pitot-

static pressure tube. As stated in Chapter 1, the pitot-

static pressure tube is a very accurate instrument; so 

accurate that standard error analysis reveals it can con

sistently give wind speed readings to within about 0.1 per

cent of their correct values. For this reason, the pitot-

static pressure tube readings were chosen as the standard 

to which the digital anemometer had to be calibrated. 

3.2. Presentation of Results from Wind 
Speed Tests and Calibration 

The results obtained for each fin size at the differ

ent fin angles are presented in this section. These re

sults are presented in both tabular and graphical forms for 

the readers' convenience. A brief discussion of results 

for each set of data is also given. A summary of results 

is presented in the next section. 

Table 1 and Figure 22 depict the results obtained 

jsing a 3 in^ fin at 30° fin angle. As can be noticed, the 

iigital anemometer recorded readings that were much higher 



Table 1 

Test Results for a 3 in2 Fin 
at 30- Fin Angle 

55 

Digital 
Anemometer 

17.6 

23.5 

26.4 

27.9 

34.0 

48.4 

55.7 

63.0 

73.3 

82.1 

85.1 

91.0 

95.3 

Rotating-Cup 
Anemometer 

Pitot-static 
Pressure Tube 

13.7 

18.2 

22.8 

27.3 

34.6 

45.6 

56.5 

65.6 

73.0 

77.5 

81.1 

85.0 

86.0 

15.5 

20.3 

23.8 

28.6 

33.0 

42.0 

50.2 

57.2 

64.3 

68.0 

73.3 

75.2 

76.4 
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than those obtained using the pitot-static pressure tube. 

These differences approach 20 ft sec'l at wind speeds in 

excess of 70 ft sec"l. The digital anemometer's high 

readings can be attributed to the fact that the small fin 

and fin angle used here both tend to increase the anemome

ter's frequency of oscillation, which in turn is propor

tional to the reading. 

The next set of results is for a 3 in^ fin at 50° fin 

angle. Here the digital anemometer's oscillation frequency 

was slightly less than the previous case. However, the 

readings were still too high, due to the small fin size. 

Table 2 and Figure 2 3 show the results obtainec" for this 

case. 

The results shown in Table 3 and Figure 24 are for a 

3 in2 fin at a fin angle of 80°. Because of the large fin 

angle, the digital anemometer's oscillation frequency was 

very low, so low that adjustment of circuit elements could 

not bring the readings up to those obtained using the 

pitot-static pressure tube. Another thing noticed while 

these results were being taken was that the anemometer's 

excursion angle was very large, between 100° and 110°. As 

would be recalled, the excursion angle is the maximum angle 

between the wind direction and the anemometer's main mem

ber. 
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Test Results for a 3 in^ Fin 
at 50° Fin Angle 

. . Digital 
Anemometer 

16.0 

20.0 

23.5 

29.3 

39.6 

44.0 

53.0 

61.6 

70.4 

76.3 

82.0 

86.5 

91.0 

Rotating-Cup 
Anemometer 

13.8 

18.2 

22.8 

27.3 

34.6 

45.6 

56.6 

65.6 

73.0 

77.5 

81.2 

85.0 

86.0 

Pitot-Static 
Pressure Tube 

15.2 

20.4 

24.0 

28.8 

32.9 

42.0 

50.3 

57.3 

64.3 

68.1 

73.4 

75.2 

76.2 
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Test Results for a 3 in2 Fin 
at 80° Fin Angle 

Digital 
Anemometer 

14.7 

20.5 

20.5 

27.9 

29.3 

38.1 

45.0 

53.0 

61.6 

63.1 

74.8 

74.8 

79.2 

Rotating-Cup 
Anemometer 

13.7 

18.2 

22.8 

27.4 

34.6 

45.6 

56.6 

65.6 

73.0 

77.5 

81.1 

84.8 

86.1 

Pitot-Static 
Pressure Tube 

15.2 

20.2 

23.7 

28.8 

32.9 

42.0 

50.2 

57.2 

64.3 

68.0 

73.2 

75.0 

76.2 
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As might have been noticed by now, the rotating-cup 

anemometer records less than the pitot-static pressure tube 

does at low wind speeds, up to about 30 ft sec"l. At high 

wind speeds, however, the rotating-cup anemometer indicates 

higher readings than the pitot-static pressure tube does. 

This is an inherent rotating-cup anemometer behavior. 

Once the fin angle was increased to 90° and beyond, 

the digital anemometer stopped oscillating. Consequently, 

no results were obtained for angles between 90° and 180° 

for the 3 in^ fin. The fact that the digital anemometer 

stalled at these angles could be attributed to the fact 

that the fin's angle of attack got too large. 

The next set of results are for a 5 in^ fin at 30° fin 

angle. As can be noticed from Table 4 and Figure 25, the 

digital anemometer's readings are higher than those ob

tained using the pitot-static pressure tube. This means 

the effect of the small angle is greater than that of the 

new fin size. 

The set of results shown in Table 5 and Figure 26 is 

for a 5 in2 fin at 50° fin angle. With little calibration, 

it was possible to get the digital anemometer to record 

similar results to those obtained using the pitot-static 

pressure tube. As can be noticed, the results are almost 

consistently similar throughout the entire range of the 
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Test Results for a 5 in2 Fin 
at 30° Fin Angle 

Digital 
Anemometer 

16.0 

22.0 

24.5 

29.3 

34.0 

45.0 

53.2 

60.1 

70.4 

78.0 

82.0 

86.5 

89.5 

Rotating-Cup 
Anemometer 

13.7 

18.2 

22.8 

27.3 

34.6 

45.7 

56.5 

65.6 

72.9 

77.5 

81.1 

84.8 

85.7 

Pitot-Static 
Pressure Tube 

15.2 

20.2 

23.7 

28.6 

32.8 

42.0 

50.0 

57.1 

64.3 

67.9 

73.2 

74.8 

76.1 
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Figure 25. Test results for a 5 in2 fin at 
30° fin angle. 



Table 5 65 

Test Results for a 5 in2 Fin 
at 50° Fin Angle 

Digital 
Anemometer 

14.7 

21.9 

23.5 

29.3 

32.3 

41.2 

49.9 

57.2 

63.7 

67.5 

73.3 

74.8 

76.3 

•Rotating-Cup 
Anemometer 

13.7 

18.2 

22.8 

27.3 

34.6 

45.6 

56.5 

65.6 

72.9 

77.5 

81.1 

84.8 

85.7 

Pitot-Static 
Pressure Tube 

15.2 

20.2 

23.7 

28.6 

32.8 

42.0 

50.2 

57.1 

64.3 

67.9 

73.2 

74.8 

76.1 
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Figure 26. Test results for a 5 in2 fin at 
50° fin angle. 
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wind speeds measured. The excursion angle was estimated to 

be about 60°. 

Because the digital anemometer operated smoothly and 

consistently using this fin angle and fin size, coupled 

with the fact that it gave similar readings to those ob

tained using a standard device, it is believed that the 

optimal fin size and fin angle for the digital anemometer 

tested are 5 in2 and 50°, respectively. It is also be

lieved that the digital anemometer designed is capable of 

measuring wind speeds of as low as 10 ft sec~^ using these 

optimal parts. 

The next set of results is for a 5 in2 fin at 80° fin 

angle. As can be noticed by reference to Table 6 and 

Figure 27, the digital anemometer's readings were less than 

those obtained using the standard device. This is attrib

uted to the fact that the fin's angle of attack was getting 

too large, consequently slowing down the oscillation fre

quency. Another factor was that the excursion angle got 

too large, approaching 12 0°. 

Test results for a 5 in2 fin at 120° fin angle are 

presented in Table 7 and Figure 28. These results were 

rather unexpected, in the sense that the digital anemometer 

was not expected to function at such a large fin angle. 

It was noticed during the tests that the digital 

anemometer's excursion was between 150° and 170°. This 



Table 6 68 

Test Results for a 5 in2 Fin 
at 80° Fin Angle 

Digital 
Anemometer 

13.5 

17.5 

20.0 

25.0 

29.5 

39.6 

47.5 

53.0 

60.0 

64.0 

68.5 

70.1 

73.3 

Rotating-Cup 
Anemometer 

13.7 

18.2 

22.8 

27.4 

34.6 

45.6 

56.5 

65.6 

73.0 

77.5 

81.1 

85.0 

86.0 

Pitot-Static 
Pressure Tube 

15.2 

20.2 

23.7 

28.6 

32.8 

42.0 

50.2 

57.1 

64.3 

68.0 

73.5 

75.0 

76.3 
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Figure 27. Test results for a 5 in2 fin at 
80° fin angle. 



Table 7 70 

Test Results for a 5 in2 Fin 
at 120° Fin Angle 

Digital 
Anemometer 

10.3 

14.7 

14.7 

19.1 

23.5 

35.2 

40.0 

46.7 

54.3 

60.1 

61.6 

65.3 

67.5 

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

45.7 

56.5 

65.6 

73.0 

77.5 

81.1 

85.0 

86.0 

Pitot-static 
Pressure Tube 

15.5 

20.3 

24.0 

29.0 

33.0 

42.0 

50.4 

57.4 

64.4 

68.0 

74.0 

75.5 

76.6 
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120° fin angle. 

5 in2 fin at 



72 

slowed down the anemometer in addition to the large fin 

angle effect. The natural tendency is toward the low 

results depicted. It was also experienced that once the 

digital anemometer's main member was pushed beyond its 

chosen excursion angle, the main member/fin assembly would 

spin indefinitely. At fin angles beyond 12 0°, the digital 

anemometer stalled, hence no results were obtained. 

For the remaining tests, the larger detent bracket 

(shown earlier in Figure 21(b)) was used. The results 

shown in Table 8 and Figure 29 are for an 8 in2 fin at 

40° fin angle. With the increased fin size, the digital 

anemometer started to show signs of rough operation. The 

fin was starting to bang too hard on the detents. Conse

quently, this fin size is not recommended to be used for an 

extended period of time. In any case, the results obtained 

were inconsistent, and hence unreliable. 

Test results for an 8 in2 fin at 52° are shown in 

Table 9 and Figure 30. The larger fin angle made the 

digital anemometer record less than the last case when the 

fin angle was 40°. As was mentioned earlier, this fin size 

is not suitable for the anemometer tested. The results 

obtained for this fin size at 52° are comparable to those 

obtained when the same fin operated at 4 0°; the 52° results 

being slightly worse. 



Table 8 73 

Test Results for a 8 in2 Fin 
at 40° Fin Angle 

Digital 
Anemometer 

13.0 

16.0 

22.0 

25.0 

27.9 

38.1 

44.0 

51.3 

58.7 

61.6 

61.6 

69.0 

70.4 

Rotating-Cup 
Anemometer 

13.8 

18.3 

22.9 

27.3 

34.6 

45.7 

56.6 

65.6 

73.0 

77.5 

81.3 

85.0 

86.0 

PItot-Static 
Pressure Tube 

15.2 

20.4 

24.0 

28.8 

33.0 

42.0 

50.3 

57.3 

64.3 

68.1 ! 

73.4 

75.1 

76.3 
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Figure 29. Test results for a 8 in2 fin at 
40° fin angle. 



Table 9 75 

Test Results for a 8 in2 Fin 
at 52° Fin Angle 

Digital 
Anemometer 

13.0 

14.0 

20.5 

23.5 

27.9 

36.7 

41.2 

48.4 

57.2 

60.0 

61.6 

67.5 

69.0 

Rotating-Cup 
Anemometer 

13.8 

18.3 

22.9 

27.3 

34.6 

45.6 

56.6 

65.6 

73.0 

77.5 

81.1 

85.0 

86.0 

Pitot-Static 
Pressure Tube 

15.2 

20.4 

24.0 

28.8 

33.0 

42.0 

50.3 

57.3 

64.3 

68.2 

73.4 

75.1 

76.2 
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52° fin angle. 
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The results shown in Table 10 and Figure 31 are for 

tests conducted using an 8 in2 fin at 70° fin angle. The 

readings obtained using the digital anemometer got even 

lower than in the previous case because of the larger fin 

angle and because the main member was noticed to have 

assumed a high excursion angle (almost 12 0°). Data for fin 

angles in excess of 70° was not obtainable for the 8 in2 

fin because the mechanical parts of the digital anemometer 

stalled. 

The next set of results is for a 12 in2 fin at 4 0° fin 

angle. With this size fin, readings using the digital 

anemometer had to be terminated at about 30 ft sec"l. The 

fin was banging violently on the detents. The detents 

might have given way at higher wind speeds. As can be seen 

from Table 11 and Figure 32, the digital anemometer's 

readings were low, compared to those obtained using the 

pitot-static pressure tube or the rotating-cup anemometer, 

obviously, this fin size is not suitable for the digital 

anemometer that was built. 

When the 12 in2 fin was tested at 52°, the results 

shown in Table 12 and Figure 3 3 were obtained. The results 

obtained using the digital anemometer were low and unreli

able. 

Tests using the 12 in2 fin at a fin angle of 70° 

yielded even worse results. The results are shown in 



Table 10 78 

Test Results for a 8 in2 Fin 
at 70° Fin Angle 

Digital 
Anemometer 

13.0 

14.7 

19.0 

22.0 

27.9 

36.7 

38.1 

47.0 

57.2 

58.7 

58.7 

63.1 

66.0 

Rotating-Cup 
Anemometer 

13.7 

18.2 

22.8 

27.4 

34.6 

45.6 

56.6 

65.6 

73.0 

77.5 

81.1 

84.7 

85.8 

Pitot-Static 
Pressure Tube 

15.2 

20.8 

23.8 

28.7 

32.8 

42.0 

50.3 

57.1 

64.3 

67.9 
1 

73.2 

75.0 

76.0 
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Figure 31. Test results for a 8 in2 fin at 
70° fin angle. 



Table 11 80 

Test Results for a 12 in2 Fin 
at 40° Fin Angle 

Digital 
Anemometer 

10.3 

14.7 

17.5 

19.1 

22.0 

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

45.7 

56.5 

65.6 

73.0 

77.5 

81.2 

85.0 

86.0 

Pitot-Static 
Pressure Tube 

15.5 

20.3 

24.0 

29.0 

33.2 

42.0 

50.5 

57.5 

64.5 

68.0 

74.0 

75.5 

76.5 



81 

100 

CI 
ii 

Q 
U3 
U 
Cm 
C/3 

Q 

Q 
U 

Vi 
< 

8 0 -

60 -

A Pitot-Static Pressure Tube 

D Digital Anemometer 

+ Rotating-Cup Anemometer 

4 0 -

20 -

0-f 
20 

—7— 
40 

I 

60 80 

WCs'D SPEED IN ft/sec. 

Figure 32. Test results for a 12 in2 fin at 
40° fin angle. 



Table 12 

Test Results for a 12 in2 Fin 
at 52° Fin Angle 

82 

Digital 
Anemometer 

10.3 

13.0 

16.0 

17.5 

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

45.7 

56.5 

65.6 

73.0 

77.5 

81.2 

85.0 

86.0 

Pitot-static 
Pressure Tube 

15.7 

20.5 

24.2 

29.5 

33.4 

42.1 

50.5 

57.6 

64.6 

68.2 

74.1 

75.5 

76.6 
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Figure 33. Test results for a 12 in2 fin at 
52° fin angle. 
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Table 13 and Figure 34. The problem was that the main 

member/fin assembly of the digital anemometer would, at 

random, overshoot the excursion angle and spin indefinite

ly. When it was possible to take any readings, the read

ings were much lower than those recorded by the other 

anemometers. In any case, data acquisition was terminated 

at wind speeds in excess of about 3 0 ft sec~l because the 

mechanical part of the digital anemometer was operating too 

violently. For fin angles greater than 70°, the main 

member/fin assembly of the digital anemometer overshoots 

and spins indefinitely. Consequently, no results were 

obtainable for such angles using the 12 in2 fin. 

The results obtained when a 16 in2 fin was tested at 

40° are shown in Table 14 and Figure 35. For the first 

time, the problem of "secondary oscillation" came up. 

Secondary oscillation (in this context) is the name given 

to the situation that occurs when the fin jibes twice on 

one detent before going over to the second detent to repeat 

the same process. The concept involved in this occurrence 

is not completely understood. 

Table 15 and Figure 3 6 show the results obtained when 

the fin angle for the 16 in2 fin was increased to 52°. Not 

only did the problem of secondary oscillation persist, but 

the problem of the fin banging too hard against the detents 



Table 13 

Test Results for a 12 in2 Fin 
at 70° Fin Angle 

85 

Digital 
Anemometer 

10.3 

11.7 

14.7 

15.5 

-

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

45.7 

56.6 

65.6 

73.0 

77.5 

81.2 

85.0 

86.0 

Pitot-static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.5 

76.5 
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Figure 34. Test results for a 12 in2 fin at 
70° fin angle. 



Table 14 87 

Test Results for a 16 in2 Fin 
at 40° Fin Angle 

Digital 
Anemometer 

10.3 

13.0 

14.7 

14.7 

17.5 

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.2 

23.6 

27.5 

35.7 

45.7 

56.6 

65.7 

73.0 

77.5 

81.2 

85.1 

86.2 

Pitot-static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.5 

76.4 
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Figure 35. Test results for a 16 in2 fin at 
40° fin angle. 



Table 15 89 

Test Results for a 16 in2 Fin 
at 52° Fin Angle 

Digital 
Anemometer 

8.8 

11.7 

14.7 

16.0 

-

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.2 

23.6 

27.5 

35.7 

45.7 

56.6 

65.7 

73.1 

77.5 

81.2 

85.1 

86.2 

Pitot-static 
Pressure Tube 

15.5 

20.3 

24.0 

29.0 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.5 
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Figure 36. Test results for a 16 in2 fin at 
52° fin angle. 
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got even worse, especially for the first jibe at each 

detent. 

When the fin angle for the 16 in2 fin was increased to 

70°, the results shown in Table 16 and Figure 37 were 

obtained. The results from the digital anemometer appear 

to get worse with an increase in fin size and/or fin angle. 

Once again, the digital anemometer was turned off at about 

30 ft sec~^ (which it recorded as 13 ft sec~l) because of 

fear the mechanical parts would give up. 

For a fin angle of 100°, the mechanical parts of the 

digital anemometer behaved in an unpredictable manner. The 

main member/fin assembly would, at random, flutter and then 

get stuck at an excursion angle of about 40°. V̂ hen the fin 

angle was increased to 14 0°, the anemometer got stuck at an 

excursion angle of about 130°. Increasing the fin angle to 

the maximum of 180° made the anemometer stall at an excur

sion angle of about 160°. 

Presented in Table 17 and Figure 38 are the results 

obtained when a 20 in2 fin was tested at 40° fin angle. 

Several problems came up. First, the problem of secondary 

oscillation continued. Secondly, the main member of the 

oscillatory anemometer had to be pushed for oscillation to 

commence. Obviously, this need for an induced oscillation 

is a setback. However, since the anemometer should not be 



Table 16 

Test Results for a 16 in2 Fin 
at 70° Fin Angle 

92 

Digital 
Anemometer 

8.8 

10.3 

10.3 

13.0 

-

-

«• 

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.6 

27.5 

35.7 

45.7 

56.6 

65.7 

73.1 

77.5 

81.2 

85.2 

86.3 

Pitot-Static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.5 
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Figure 37. Test results for a 16 i 
70° fin angle. 
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Table 17 

Test Results for a 20 in2 Fin 
at 40° Fin Angle 

94 

Digital 
Anemometer 

10.3 

11.7 

13.0 

14.7 

Rotating-Cup 
Anemometer" 

Pitot-Static 
Pressure Tube 

13.8 

18.3 

23.0 

27.5 

35.6 

46.0 

56.5 

65.7 

73.1 

77.5 

81.2 

85.2 

86.3 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.5 
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Figure 38. Test results for a 20 in2 fin at 
40° fin angle. 
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operated using this large a fin, this need for oscillation 

inducement does not pose a problem. 

Results obtained using the 20 in2 fin at 52° are shown 

in Table 18 and Figure 39. These results are similar to 

those obtained when this fin was tested at a fin angle of 

40°. 

As expected, when the fin angle was increased to 70°, 

the results obtained using the 20 in2 fin got worse. The 

results are depicted in Table 19 and Figure 40. 

Further, changing the fin angle to 100° made the 

anemometer stall at an excursion angle of about 60°, while 

increasing the fin angle to 140° made it stall at an excur

sion angle of about 120°. Increasing the fin angle all the 

way to the maximum of 180° made the anemometer stall at an 

estimated excursion angle of about 160°. 

The results presented in Table 20 and Figure 41 are 

for a 25 in2 fin at 4 0°. As can be noticed, the readings 

taken using the digital anemometer are much lower than 

those taken using the other anemometers. The problem of 

secondary oscillation got even worse. Once more, the 

digital anemometer was turned off for fear the mechanical 

parts would break down. 

Changing the fin angle for the 25 in2 fin to 52° was 

not expected to make things better—and it did not. As 

shown in Table 21 and Figure 42, the readings obtained 



Table 18 97 

Test Results for a 20 in2 Fin 
at 52° Fin Angle 

Digital 
Anemometer 

10.3 

11.7 

11.7 

14.7 

-

-

-

-

-

^ 

-

-

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

45.0 

56.5 

65.7 

73.1 

77.5 

81.2 

85.2 

86.3 

Pitot-Static 
Pressure Tube 

1 15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.5 
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Figure 39. Test results for a 20 in2 fin at 
52° fin angle. 



Table 19 

Test Results for a 20 in2 Fin 
at 70° Fin Angle 

99 

Digital 
Anemometer 

8.8 

10.3 

10.3 

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

46.0 

56.5 

65.7 

73.1 

77.5 

81.2 

85.2 

86.3 

Pitot-Static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.3 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.5 
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Figure 40. Test results for a 20 in 
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Table 20 
101 

Test Results for a 25 in2 Fin 
at 40° Fin Angle 

Digital 
Anemometer 

7.3 

8,8 

13.0 

14.7 

-

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.7 

18.2 

22.8 

27.5 

35.6 

45.6 

56.5 

65.7 

73.1 

77.5 

81.2 

85.2 

86.3 

Pitot-Static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.5 

76.6 
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100 
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CC 
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A Pitot-Static Pressure Tube 

n Digital Anemometer 

+ Rotating-Cup Anemometer 

20 40 60 80 

WIND SPEED L\ ft/sec. 

Figure 41. Test results for a 25 in2 fin at 
74° fin angle. 
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Test Results for a 25 in2 Fin 
at 52° Fin Angle 

Digital 
Anemometer 

7.3 

7.3 

11.7 

14.7 

-

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13.8 

18.3 

23.0 

27.5 

35.6 

45.0 

56.5 

65.7 

73.1 

77.5 

81.2 

85.6 

86.3 

Pitot-Static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.6 
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Figure 42. Test results for a 25 in2 fin at 
52° fin angle. 
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using the digital anemometer are extremely low, compared to 

those recorded by the other anemometers. 

There were several problems experienced when attempts 

were made to test the 25 in2 fin at a fin angle of 70°. 

Most of them were old problems that had gotten worse. The 

two new problems were that the readout on the digital 

anemometer was unstable, and the mechanical parts of the 

digital anemometer became insensitive to winds whose speeds 

were less than about 20 ft sec"!. The results are as shown 

in Table 22 and Figure 43. 

Changing the anemometer's fin angle to 100° made it 

stall at an excursion angle of about 30°. A further in

crease in fin angle to 140° only made the main member/fin 

assembly stall at an excursion angle of about 150°. Final

ly, the anemometer stalled at an estimated excursion angle 

of 170 when its fin angle was increased to the maximum of 

180°. 

3.3. Summary of Wind Speed Measurement 
Results and Recommendations for Further 

Research and Development 

As noted in the last section, the digital anemometer 

displayed certain modes of behavior for each fin size and 

fin angle. 

It was verified that small fin angles caused the main 

member of the digital anemometer to oscillate so fast that 
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Test Results for a 25 in2 Fin 
at 70° Fin Angle 

Digital 
Anemometer 

0,0 

7.3 

10.3 

-

-

-

-

-

-

-

-

-

-

Rotating-Cup 
Anemometer 

13,8 

18.3 

23.0 

27,5 

35,6 

46.0 

56.5 

65.7 

73.1 

77,5 

81.2 

85.2 

86,3 

Pitot-Static 
Pressure Tube 

15.5 

20.3 

24.0 

29.3 

33.2 

42.5 

50.5 

57.5 

64.5 

68.1 

74.2 

75.6 

76.6 



107 

100 

U 
U 
Cu 
(/3 

Q 

< 

80 
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D Digital Anemometer 

+ Rotating-Cup Anemometer 

1 
40 

WIND SPEED IN ft/sec. 

60 80 

Figure 43. Test results for a 25 in2 fin at 
70° fin angle. 
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the recorded wind speeds were exaggerated versions of the 

actual wind speeds. Conversely, large fin angles caused 

the digital anemometer to record wind speeds less than what 

they actually were. This is because the fin takes a longer 

time to shuttle between the two detents when the detents 

are spaced further apart. An additional reason for the 

digital anemometer's low readings at large fin angles is 

the fact that large fin angles tend to increase the excur

sion angle. In general, the mechanical parts of the digi

tal anemometer would not function at all when the fin angle 

exceeded about 90°. 

If low wind speed readings were the only problems 

encountered using the larger fins, it would have been 

possible to adjust some circuit elements in order to bring 

up the readings to levels comparable to those obtained 

using the pitot-static pressure tube. But, as stated 

earlier, such large fins banged so hard on the detents that 

the digital anemometer was not operated at wind speeds in 

excess of about 30 ft sec"!, for fear the mechanical parts 

would break down. 

AS already verified by Jonsson and Vonnegut, the 

frequency of the anemometer's oscillation appeared to be 

independent of the fin's aspect ratio; fin area is the 

important factor. Based on geometric considerations, it is 
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believed that a rectangular shaped fin is the optimal one 

to use on the oscillatory anemometer. 

The fact that the main member/fin assembly would go 

into a continuous spinning mode is not fully understood. 

The probable cause for this (since it occurred only in 

cases when large fins were used) is that the angular momen

tum gained by the main member/fin assembly in transiting 

through the excursion angle could be large enough to make 

these parts significantly overshoot the excursion angle. 

In this situation, the gain in momentum must be large 

enough to overcome the force due to the wind acting on the 

fin. 

The concept of secondary oscillation is not fully 

understood either. It occurred only when the larger size 

fins were used. However, as already stated, these fins are 

not suitable to use on an oscillatory anemometer of the 

size that was used for these tests. They may be suitable 

if all the other mechanical parts of the anemometer were 

scaled up in size. Perhaps the inherent problems of the 

large fins would then disappear. It is also possible to 

design a circuit that would stop the main member/fin assem

bly from spinning, should this undesirable occurrence come 

about. such a braking circuit could also come in handy if, 

for some reason, it is desired to stop the anemometer from 
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operation. It is also feasible to have an alarm system 

that would go off if the digital anemometer should record 

unusually high wind speeds. 

The mechanical parts would generally be placed on top 

of a roof, while the digital instrument/readout could be 

located at any convenient place in the building. Time 

delay between the oscillatory anemometer and the digital 

circuitry should not affect the anemometer's performance if 

the interconnecting cable between the two is kept to within 

about 50 feet. 

As has already been established, the digital anemome

ter's operation is very accurate if the optimal fin size 

and angle are used. In fact, the digital anemometer has 

proved to be better than the rotating-cup anemometer. In 

high winds, for example, the digital anemometer maintains 

its accuracy, while the rotating-cup anemometer tends to 

exaggerate the wind speeds. 

Though it was not possible to test the digital anemom

eter's performance in rain, snow or dust, it is believed 

that the anemometer would tend to oscillate at a lower 

frequency under these conditions. This means the readings 

would be lower than they should be. 
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3.4. Wind Direction Measurements and 

Calibration 

Getting the digital anemometer to indicate the correct 

wind directions was not as tedious a task as was calibrat

ing it to measure wind speeds correctly. 

The wind vane was connected to the appropriate port on 

the digital circuitry using the wind vane/direction display 

interconnecting cable. The wind vane was then rotated 

through the eight possible wind directions. At first there 

were some directions that were indicated erroneously. The 

problem was that some of the lines going from the diodes to 

the buffers (Figure 18) were not run properly. Once the 

proper connections were made, the digital anemometer con

sistently indicated correct wind directions. 

As stated earlier, the wind speed and wind direction 

measurement schemes were kept separate. The wind vane 

might be eliminated on future digital anemometers, and an 

averaging circuit added. This is feasible, particularly 

since the main member/fin assembly of the digital anemome

ter oscillates about the wind direction. 

A further modification that one might expect on future 

digital anemometers is the storage and display of the peak 

wind speed that occurred within a predetermined period of 

time. 
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CHAPTER IV 

CONCLUSIONS 

The evolution of the oscillatory anemometer into 

digital equipment is the main theme of this work. It was 

possible to get the wind speed measurements completed, and 

the equipment calibrated. The availability of the wind 

tunnel in the College'of Engineering at Texas Tech Univer

sity helped immensely in the tests and calibration phases 

of the project. 

The tests confirmed that the optimal fin size for the 

anemometer that was built was 5 in2, with the detents 

spaced 50° apart. Comparisons with a pitot-static pres

sure tube have also proved that the digital anemometer can 

be very accurate if the optimal fin size and angle are used 

(see Figure 26). 

Although a few (not yet fully understood) new concepts 

and problems came up while tests on the digital anemometer 

were being taken, no serious threats by those occurrences 

are envisioned. Further research and development of this 

new wind measuring instrument is expected to continue in 

earnest. 

It was conceded earlier that the pitot-static tube is 

a very accurate device. However, this is true only v.hcn it 

is being used to measure the speeds of winds from a steady, 

112 
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controlled source, like a wind tunnel. Further, the read

ings from a pitot-static tube are in units of pressure. 

Thus the operator would have to use the formula given in 

Chapter 1 to convert the pressure unit into a corresponding 

measure of speed. Then there is the problem that the 

pitot-static pressure tube has to be lined up with the wind 

direction if it is to give the correct readings. No wonder 

why use of the pitot-static pressure tube is limited to 

research and calibration of other wind measuring instru

ments. 

The fact that the digital anemometer is capable of 

indicating both wind speeds and directions will continue 

to make it very attractive. Neither the pitot-static 

pressure tube nor the rotating-cup anemometer can do both. 

Furthermore, the rotating-cup anemometer used in this 

project has the inherent characteristic of over-indicating 

wind speed in excess of about 30 ft sec"l. Predictably, 

with the implementation of modifications to the digital 

anemometer proposed in this text, one should expect its 

proliferation for use in homes, schools, and industries. 
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APPENDIX A 

PIN ASSIGNMENT DIAGRAMS OF THE INTEGRATED 

CIRCUIT CHIPS USED IN THE DIGITAL 

INSTRUMENTATION PROJECT 
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FEATURES 117 

• Uniform red segments (14) 
• GaAsP nn::?rinl LR3784R and LR3705n 
• 000 /I lyp^uJ bnyhtness 
• GaAsP/GaP matenal LR3784E and LR378E 
• 1600 /icd typical brightness 
• Common cathode, right hand D.P.s 
• Double—DIP pin row spacing 
• Leads on .100" (2.54mm) centers 
• End-stackaWe 2-chafacter package 
• Multiplexed configuration (or maximum pinout economy 
• Gray lace, white translucent segments 
• Bezels and mounting hardware available 

(See lEE ATLAS' catalog) 

X X ^ i > 
K ^ 

P 
\ \ 

v^^ 

^ ^ ^ ^ ^ 0 ^ ^ M J 

^^^S 

1 

hx^^3 

IT ^^ 

:5^*S^ 

(a) 

PIN ASSIGNMENTS 

PIN 
NO. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

A 

LR3784R/E 

Anod« E 
Anoda M 

No Connection 
Anoda L 
Anoda K 
Anoda J 
Anodo 0 

Anoda DP 
Anoda C 

B 

LR378SRyE 

Anoda 0 
No Connection 

Anoda G 
Anoda C 

Cathode 2. DP-A 
Anodo DP. Dispby A 

No Connection 
Cathode 3 

Anode OP-Oisotav B 

PIN 
NO. 

10 
n 
12 
13 
14 
15 
16 
17 
18 

A 

LR3784R/E 

Anodo B 
CalhodeOispiay 2 

Anode A 
Anodo N 
Anodo H 
Anodo G 

Calhode-Oispiay 1 
Anode P 
Anode F 

B 

LR3785R/E 

Cjihode 4 Indudo OP-B 
No Connection 

Anodo A 
No Connection 

Anode 8 
Catnodo 1 

No ConnecLKXi 
Anode E 
Anode F 

(b ) 

lEE P/N 

LR3784R 
LR3785R 
LR3784E 
LR3785E 

SELECTION GUIDE 

Common Cathode. RL Hand Dec.ma^ 
Common Cath<xie. Rt. Hand Dec.ma^ 
Common Cathode. Rt. Hand Dec.ma 
Ci i inmn-£i : :2:^" Rt. Hand Dec.mal 

(C) 

PINOUT 

A 
B 
A 
B 

F 

E 

K 
/ 

^ J 

\ 

B f 

C E 

O 
0 O P - l 

DISPLAY 1 

\ 
N ^ 

/ 
1 

DISPI 

7 
J 

^ 
9 
.AY 2 

LE3784R/E 

c 
O 

OP -3 

(d) 

F i g u r e A . 1 • 
Basic inforTnation on the IEE3784R dx -P-a' 
(a) features; (b) pin ar.sigr.̂ ents, (O s. 
ection guiUe; (d) lettering oi di.pl.As. 
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pe — - ^ 5.08 (.200I 

6.3S (.250) — 

(a) 

PIN 

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

1} 

12 

13 

H 

FUNCTION 

E 

C A T H O D E - a 

C A T H O D E - f 
ANODE 02J 

NO PIN 

NO PIN 

CATHODE-dp 

C A T H O D E - e 
C A T H O D E - d 

NO CONN.P*J 

C A T H O D E - c 

CATHODE-g 

NO PIN 

CATHODE - b 

ANODE (12) 

(b) 

(c) 

Figure A.2. Basic information on the F5082-
(a) package dimensions; (b) pin 
(c) internal circuit diagram. 

•̂5 0 i 1 s p I a y : 
?ss ianments; 



'CC 

iHtxm 

DATA Cl IAJ 
OVTFVTI .Am 

rJJLUiS 
5c ^ 'LOAD DATA DATA' 
*»0«WOwrCAaRY^ C 0 

H U 12 

I 
11 S 

A CLCAR ftOAAOWCAARY LOAD C 

COiJHT COUNT 

% 

»NryTS 

logic: Low input to load sets Q^ = A, 

Qg = B, Q^ = C, and Q Q = D 
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Figure A.3. Pin assignments for 
SN74LS192-counter. 
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Control 
Threshold Voltage 

Trigger Output Reset 

Figure A . 4 . Pin assignments for a 
555-timer. 
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Vcc 

« M 
' . ' 

TA 

1 

J 

JH 
f I • b c d • 

INPUTS 

LAMP RB 
TEST OUT-

fUT 

GNO 

Figure A.5. Pin assignments for 
SN7447-decoder. 
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Vcc »Q 

20 19 

to 

18 

70 70 eo eo 

17 18 15 14 

I 

OUTPUT 1Q 
COfTTROL 

Figure A.6. Pin assignments for SN74LS373-D latch. 
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Figure A.7. Pin assignments for SN74LS244-
buffer/driver. 



APPENDIX B 

CONVERSION FACTORS FOR VARIOUS UNITS 

OF SPEED MEASUREMENTS 
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Table B.l 

Conversion Factors for Various 
Units of Speed 
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Given Speed In Multiply By To Get Speed In 

miles hr-1 

miles hr"^ 

miles hr~^ 

miles hr~l 

ft sec~^ 

ft sec~^ 

ft sec~^ 

ft sec~^ 

km hr~l 

km hr"^ 

km hr"^ 

km hr"^ 

meters sec 

meters sec 

meters sec 

meters sec 

knots 

knots 

knots 

knots 

-1 

-1 

-1 

-1 

1. 

1. 

0. 

0. 

0. 

1. 

0. 

0. 

0, 

0, 

0. 

0. 

3 

2 

3 

1 

1 

0 

1 

1 

609 

467 

447 

867 

682 

097 

,305 

,403 

,621 

.911 

.278 

.539 

.600 

.237 

.279 

.940 

.856 

.516 

.153 

.691 

km hr~^ 

ft sec~l 

meters sec~^ 

knots 

miles hr~l 

km hr"^ 

meters sec~^ 

knots 

miles hr~l 

ft sec~^ 

meters sec"^ 

knots 

km hr~^ 

miles hr~^ 

ft sec 

knots 

-1 

km hr~^ 

meters sec~^ 

miles hr"^ 

ft sec -1 
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