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ABSTRACT 

The objective of this study was to determine how th e presenc e of 

a typical meteorological tower disturbs the local wind pattern . This 

study provides data which c an be us ed to correct wind s peeds measured 

by anemometers in the field. Experimental results in this paper ar e 

bas ed on dat a t aken upstream of , around, and downstream fr om a 1 :4 

scale mode l of a 2 0 ft s egment of the prototype tower. 
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METEOROLOGICAL -TOWER INDUCED 
WIND-FIELD PERTURBATIONS 

1. INTRODUCTION 

The purpose of this study was to determine how the presence of a typical 

meteorological tower disturbs the local wind pattern. Modifications found 

in the local winds, especially in t he downstream wake {tower shadow), are 

studied but the significance of these perturbations to meteorological measure­

ments is not elaborated upon. However, results obtained from this study 

yield correlation factors which will permit corrections to be made for actual 

anemometer sensings. Phenomena isolated by this study are receiving fur­

ther study in the Fluid Dynamics and Diffusion Laboratory at Colorado State 

University. 

Investigations r e ported in thi s pape r are not the first to probe wind-

field disturbances produced by a t ower wake . Moses and Daubek ( 3), stated 

that "the air flow on the lee side of the tower may be reduced to nearly one ­

half its true value for light winds and nearly 25% for speeds of 10 to 14 mph. " 

The conclusions reached by Mose s and Daubek are valid, but insufficient 

data were obtained to allow practical use of their findings . 

Experimental results r eporte d in this paper are based on data taken 

upstream of, around, and downstream from a 1 :4 scale model of a 20 ft seg-­

ment of the prototype tower - the White Sands Missile Range 500 ft meteoro­

logical tower. Throughout this s t udy the tower model is referred to as a 

"clean tower" or a "modified tow e r" . These two tower structures are the 

same , the only difference being t hat the "cle an tower" shown in Fig. 1 is 

the basic structure w ithout the m echanism box, boom, ducts , and ladder . 

This model was used to find the effect of the tower structure on the wind 

velocity without the influence of a ccessories . T he "modified t ower" shown 

:n Fig. 2 is the same basic structure with the aforementioned ac cessories 

mounted in their proper locationE . 



2 

Using a 1 :4 scale model , air for the modeling fluid , and a wind speed 

approximately the same as prototype wind speeds ( 30 fps) , the model's 

Reynolds number was approximately one quarter that for the prototype. To 

determine if the difference in Re ynolds number might influence the wind dis­

tribution, velocity measure ments were made over a selected profile for 

three wind speeds (10, 30 and 60 fps) . The distributions of wind speed 

appeared to be similar in all cases ; therefore , it is concluded that the 

model w ind data are not influenced by Reynolds cumber variation and are 

similar to the prototype wind field . 

The following wind-field characteristics were found for both the clean 

and modified models : 

1. The mean velocity profiles appearing around both of the models developed 

a downstream velocity defect angle which can be predicted . 

2. Transverse velocity profiles taken at one height will differ from the same 

profile taken at another height at the same distance downstream from the 

tower . 

The following major differences in wind disturbance around t he clean 

and modified towers were found : 

1. The maximum wind defect is 24% of the free-stream speed for the clean 

tower while it is about 40% for the modified t ower . 

2. The maximum w ind augmentation is 5% of the free-stream speed for the 

clean tower while it is about 9% for the modified t ower . 
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2. EXPERIMENTAL APPROACH 

In order to a chieve an accurate model of the disturbed wind pattern, 

several types of similarity must be satisfied . For this study, the following 

types of similitude were considered to be necessary and sufficient : 

a . Geometric Similarity 

b. Kinematic Similarity 

c . Dynamic Similarity 

These similarities were approximately a ch ieve d by the proper selection 

of scales and operating conditions . 

a . Geometric similarity was assured by use of a reduced scale 

model on a ratio of 1 :4 w ith the prototype . A 20 ft length of tower 

was considered to be adequate since air flow is ordinarily normal to 

the tower a xis and not parallel to it . 

b . Kinemat ic and £Ynamic similarity were assured by maintaining wind 

tunnel conditions that are approximately similar to those found in 

the atmosphere . This similarity was assured by: 

i . Maintaining a zero pressure grad ient a long the longitudinal 

axis of t he wind tunnel. 

ii. Operating at a Re ynolds number nearly e qual to that for the 

prototype . 

iii. Taking all data measurements outside the boundary layers 

that a re prese nt at the floor, ceiling and walls of the wind 

tunnel because these boundary layers a re very thin compared 

to the atmospheric boundary layer . 

The following simplifications pertaining to practical aspects of this . study 

were made : 

a . Both the clean tower and the modified tower were subjected to a 

constant free - stream velocity of 30 fps . This velocity gave a 

suffic iently high Reynolds number to minimize viscous effects . 

However, the uniform velocity over t he tower section made deter ­

mination of effects due to ac tual wind shear, if t here are any, 

impossible . 
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b . The natural ambient turbulence intensity of 0. 1 % was not altered 

for this study; therefore, the effects of higher turbulence inten­

sities , up t o 10% encountered in the prototype, on the wind dis­

tortion has been neglected . 

c . It is assumed tha t the protot ype segment, duplicated by the model, 

is located far enough above the ground to moderate influences 

exerted by the earth's terrain . 
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3. EXPERIMENTAL EQUIPMENT 

3. 1 Low-Speed Wind Tunnel (See Fig. 5) 

The low-speed wind tunnel is of the recirculating type with a 6 x 6 ft 

test section. It is 32 ft in length and is powered by a constant-speed, 

variable-pitch fan rated at 75 hp. The mean-velocity range is from 3 to 

90 fps and the ambient turbulence intensity is about 0. 1%. 

3. 2 The Model Meteorological Tower 

The model, constructed on a 1 :4 ratio, duplicates that portion of the 

prorotype which begins at a level of 80 ft and ends at the 100 ft level. A 

detailed structural drawing of the prototype is shown in Fig. 3. 

The model was constructed from three sizes of brass tubing which were 

in proportion to the three sizes of tubing used in the construction of the pro­

totype. Testing accurac y required that the model be kept outside of the 

boundary layer created at the cei ing and floor of the wind tunnel. This re­

quirement was fulfilled by attaching 6 in. supports to the top and bottom of 

the model. 

3. 3 Model-Positioning Mechanism 

Winds striking the prototype from various directions created different 

wakes. This required installation of a positioning mechanism capable of 

rotating the model about its vertical axis. Once the model was mounted on 

this mechanism it could be rotated in the fixed direction free-stream of 

the tunnel thus simulating the flow produced by different wind directions. 

The posit ioning mechanism and the model were installed in the tunnel 

in the following manner: 

a. The circular base was placed on the tunnel floor. Its center was 

a ttached on the tunnel centerline 69 in . from the test-section 

entrance. 

b. The ball bearing was inserted into the base-plate bearing seat. 

c. The bottom 6 in. extension was attached to the bottom support . 
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d. The top 6 in. extension was attached to the top support. 

e. The extension on t he bottom support was fitted to the bearing, and 

the s tabilizing pin was r·.m through a hole in the tunnel ceiling and 

inserted into the tubing of the top support. 

It should be noted that hole s drilled in the b ottom support facilitated 

the pinning of the model in its desired position. 

3. 4 Instrumentation 

The instrumentation necessary for determining the model wind field 

consisted of the following: 

a. Mean velocity instrumentation. 

b. Turbulence instrumentation. 

3. 41 Mean Velocity Measure ments 

The following equipment was used to take mean-velocity measurements: 

a. Prandtl tube . This tube, 1 / 4 inch in diameter, was mounted on a 

positioner which could be attached t o an instrument carriage which 

runs on tracks attached t o the tunnel walls. The positioner was 

moved either vertically or horizontally by an electric motor mounted 

on the instrument carriage. Motor ope r ation is controlled by a 

switch located outside tr.e wind tunnel. 

b. Trans-sonic Pressure Meter - - second instrument from left in 

Fig. 4. This meter was connected to the Prandtl tube by flexible 

plastic tubing 1 / 4 in . in diameter. 

All velocity measurements were read from t he pressure meter and c on­

verted to the standard condition by a standardization chart. The data were 

then substituted in the following e quation t o find t he true stream velocity: 

= ✓ fps. 

pa = density of air; pH = density of mercury 

.6h = mm of mercury ; and g = gravitational acceleration, ft/sec 2. 
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3. 42 Turbulence Measurements 

The following equipment was used to measure turbulence: 

a. Hot-Wire Probe . The hot-wire probe was a single platinum wire 

which was 0. 0001 in. in diameter, 0. 1 in. long, and had a re­

sistance of 5 ohms. 

b. Constant Temperature Servo Amplifier (Hubbard 3A) -- first 

instrument on left in Fig. 4. 

c. RMS-Meter (Bruel and Kjaer 240 9) -- third instrument from left 

in Fig. 4. This meter was modified to give an output voltage which 

is proportional to the rms-meter. 

Voltage fluctuations from the bridge containing the hot-wire probe 

formed the input to the servo amplifier. The amplified AC output was 

fed to the rms-meter from which the rms-voltage was determined. The out­

put voltage of the Hubbard amplifier is a linear function of the velocity. This 

function is determined by calibrating the amplifier output as measured by a 

DC meter against the Prandtl-tube-determined velocity when the hot-wire 

and Prandtl t ube are placed together in the wind-tunnel air stream. 



4. CALIBRATION PROCEDURES 

4. 1 Wind Tunnel Calibration 

Calibration of the wind tunnel requires verific at ion of two factors: 

8 

a. Pressure Gradient. Measuring the pressure along the center line 

of the wind tunnel must yield a zero pressure gradient. 

b . Wind-Tunnel Velocity Distr ibution . To obtain results easily 

interpretable, the air st ream approaching the model should 

be uniform. 

Measurements of the velocity distribution across the tunnel indicated 

a spat ial variation of less than 1 % excepting in the boundary-layer regions 

which were approximately 8 in . thick. 

4. 2 Instrument Calibration 

All instruments with the exception of the hot-wire probe were cali­

brated by the manufacturer. Instruments were checked for proper null each 

time they were used. 

4, 21 Hot-Wire Probe Calibration 

The probe was calibrated in conjunction with the Prandtl tube in the 

following manner: 

a. The probe and tube were mounted in close proximity to each other 

at the center of the tunnel cross-section, and subjected to the same 

free-stream velocity. 

b. The Prandtl-tube sensings, when taken from the transonics trans­

ducer, were converted to the corrected free-stream velocity by 

the following formula: 

Ur=:: 54 ~ 

where U = the local velocity, fps 

and .6h= reading from transonic pressure meter. 

c. Hot-wire probe measurements were made simultaneously with the 

Prandtl-tube measurements so that the hot-wire voltage readings 

could be directly related to the free -stream vel ocity. 
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d. Voltages obtained from steps b and c were plotted on a graph to 

form a calibration curve. 
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5 . TESTING PROCEDURES 

Velocity measurements were made at all or some portion of the eight 

test stations listed in the following table: 

Test­
Station 
Number Location 

-1 15 in. upstream from center of model 

0 69 in. from the tunnel entrance 

1 15 in. downstream from center of model 

2 30 in. downstream from center of model 

A 35 in. dow nstream from center of model 

3 60 in. downstream from center of model 

4 120 in. downstream from center of model 

5 300 in. downstream from center of model 

Remarks 

This s tation is a t 
center of model. 

This is the locat ion of 
boom tip in the m odi­
fied model for a n orien ­
t ation of o0 pos ition. 

This point is equivalent 
t o a point 3 3 m from 
t he prototype where field 
measurements of wind 
velocity were made atop 
poles 20 m high. 

nless otherwise noted the free-stream velocity was 30 fps and the tower was 

oriented in the position shown in Fig . 1 . 

5. 1 Procedure for Obt aining Velocity Contours ( Isotachs) 

Isotachs were obtained at test stations A and 2 only. A 11 measurements 

were taken with the Prandtl tube attached to the positioner whic h was mounted 

on the instrument carriage. 



5. 11 Clean Tower 

a. The Prandtl tube was s e t at the tower center- ine, 25 . 5 in: . 

above the tunnel floor, and the first reading of the transve rse 

profile taken. 

b . Maintaining the 25. 5 in . height , the Prandtl tube was moved 

1 /2 in . in a westward direction and a second reading taken. 

c. Step b was repeated u til the Prandtl tube had covered a dis­

tance of 14 in. in the we stward direction. 

d. The Prandtl tube was returned to the tower center line and the 

initial measurement was verified. 

e . Maintaining the 25. 5 in . height, the Prandtl tube was moved 

1 / 2 in. in an eastward dir ection and a transverse profile read­

ing taken. 

f. Step e was repeate d until the Prandtl tube had covered a dis­

tance of 14 in. in the e astward direction . 

g . Repeat steps a through f for each 1 /2 in. interval of height 

from 25. 5 in. to 35. 5 in. 

11 

h. To complete the isotach, all readings were plotted on a graph and 

all points of equal velocity were connected. 

5. 12 Modified Tower 

The procedure for obtaining isotachs for the modified tower is 

identical to procedure 5 . 11 excepting that the isotachs ran from a height 

of 9, 5 in to 26. 5 in . Measurements were taken at 1 in. intervals. 

5. 2 Procedure for Taking Transverse Velocity Profiles 

Transverse velocity profiles were taken at test stations -1, 0, 1, 2, 3, 

4, and 5. All measurements were taken with the Prandtl tube attached to the 

positioner which was mounted on the instrument c arriage. 

5. 21 Clean Tower 

This procedure is identical to steps a through f of procedure 5. 11, 

except the initial height was 2 0. 5 in. The procedure was repeated at all 
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test stations and all readings were plotted on a velocity-distance graph in 

the dimensionless form . The characteristic velocity for this case is the 

ambient velocit y of 30 fps, and the c haracterist ic length is the width of one 

side of the tower; i.e., one foot . 

5. 22 Modified Tower 

This procedure is ident ical to 5 . 21 . It should be oted tha t the boom 

and mechanism box were not included in this procedure. 

5. 3 Procedure for Taking Circular Velocity Profile s 

5 . 3 1 Clean Tower 

Circular profiles ge nera ted by the clean tower were measured at the 

outside perimeter of two circles , one having a 15 in. radius and the othe r 

a 30 in. radius. 

a . The two circles were drawn on the tunnel floor using the model 

center as the center of each circle. 

b . The Prandtl tube, attached to its positioner, was placed on the 

tunnel floor 20. 5 in . above the outside perimeter of the circle 

and parallel to the free-stream velocity . 

c. Data were taken at each 30° position around the upstream portion 

of the circle (240~ . 

d . Data we re take n at e ach 15° position around the downstream por­

tion of the circle (60~ not inc luding the wake sector . 

e . In the wake sector data were taken at 7 . 5@ segments on the 

circle. 

5 . 32 Modified Tower 

Circular profiles generated by the modified tower were measured 

on the outside perimeter of a figure constructed in the following manner. 

A circle with a 35 in . radius, corresponding to the boom-tip distance, was 

drawn on the tunne l floor . To avoid the boundary layers that exist along the 

walls of the wind tunnel, a line parallel to each wall 24 . 8 in from the center 

of the circle was drawn. Each line was long e nough to bisect the circle in 
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two places. The final figure is an area whose upstream and downstream 

boundaries are circular curves . The following procedure was followed 

when collecting data along a contour having the shape of this figure : 

a , The Prandtl tube, attached to its positioner, was placed on the 

tunnel floor 20 . 5 in. above t he floor, over a point on the peri­

meter of the area define d in the previous paragraph, and parallel 

to the tunnel free -stream velocity. 

b. Data were taken on the tw o parallel lines at the following points : 

i. Where the lines intersect the circle. 

ii. At the center point of each straight line . This point is found 

b y drawing a line from the center of the circle perpendicular 

to the pa r allel line. The point where these two lines inter­

sect is the center point of the parallel line. 

iii. Two points , one on either side of the center point, 28 in. from 

the center of the circle . 

c. Data were take n a t e a ch 15 ° position along the upstream curve. 

d . Data were taken a t each 15 ° position along the downstream curve 

exc-ylding the wake sector . 

e. Within the wake s ector data were taken at 7. 5° ·ntervals. 

5. 4 Procedure for Taki ng Vertical Velocity Profile s (clean tower only) 

Vertical velocit y profiles were take n a t test stations 2, 3 and 5 . 

5. 41 The Prandtl tube , a ttached : o its positioner, was placed at a height of 

16 . 5 in. at the center line of the tower . 

5 . 42 Data were ta ke n at 1 /2 in . intervals up t o a height of 55 . 5 in. 

5. 5 Procedure for Taking Transverse Ve locity Profiles at Different Ambient 
Velocities (clean tower only) 

Transverse velocity profiles were take n at test station 1 only. The pro­

cedure at this s t ation is identica l to p r ocedure 5 . 21 , except ing that the t ower 

was subjected to wind velocities of 1 0, 30 and 60 fps . 
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5. 6 Procedure for Taking Transverse Velocity P rofiles While Rotating the 
Tower (clean tower only) 

These transverse profiles were taken a t test stations 1, 2 and 3. At 

stations 1 and 2 the tower was rotated in increments of 15° in a counter­

clockwise direction, while a t station 3 the tower was rotated at 30° incre­

ments in the same direction . All measurements were taken with the 

Prandtl tube a ttached to the posit ioner which wa.s mounted on the instrument 

carriage. 

5. 61 The Prandtl tube was s et a t the center line of the tower, 20. 5 in. 

above the tunnel floor , and the first reading taken . 

5. 62 Maintaining the 20. 5 in. height, the Prandtl tube was mov€d 1 /2 in. 

in a westward direction and a s econd reading taken. 

5. 63 Step 5. 62 was repeated until the Prandtl tube had covered a distance 

of 14 in. in the westward direction. 

5. 64 The Prandtl tube was returned to the center line of the tower and the 

initial measurement was verified . 

5. 65 Maintaining the 20. 5 in. height, the Prandtl tube was moved 1 /2 in. 

in an eastward direct ion and a reading taken . 

5. 66 Step 5. 65 was repeated until the Prandtl tube had covered a distance of 

14 in. in the eastward direction . 

5. 67 Upon completion of step 5 . 66 the tower was rotated the desired number 

of degrees (depending on the test station) and steps 5. 61 through 5. 66 were 

repeated . . 

5. 7 Procedure for Making Turbulence - Intensity Measurements . 

Turbulence intensity was measured at test .stations - 1, 0, 1, 2, 3 and 

5. The procedure at these s tations was identical to 5. 6 excepting that the 

Prandtl tube and the hot-wire probe were both us e d. 



6. DATA ANALYSIS 

Foregoing procedures revealed many significant phenomena for both 

the clean and modified towers. The purpos e pf t his section is to present 

the phenomena found by each testing proc edure . For the sake of con­

venience, phenomena are presented under basically the same title and 

in the same sequence as the for egoing proc edures. 

6. 1 Velocity Contours (Isotachs) 

6. 11 Clean Tower (s ee Fig . 6) 

Procedur e 5 . 11 revealed the following phenomena : 

a. The lowest dimensionless velocity , 0. 825, appeared at test 

station 2. 

15 

b. There are various paths through the tower where the free ­

stream velocity is changed only slightly. Fig. 6 shows 

several wind peaks which ar e the result of these paths, the 

highest being the s ame as the ambient velocity. This parti­

cular path was observed a t test station 2 when the Prandtl tub e 

was at the center line of the tower, 2 7 to 2 7. 5 in. above the 

tunnel floor. 

6. 12 Modifie d Tower (see F ig. 7) 

Procedure 5. 12 revealed the following phenomena : . 

a. The lowest dimensionless velocity, 0. 600 , appeared at tes t 

station A. 

b. The ac cessories of the modified tower changed the circular peaks 

generated by the clean tower to zig-za g contour lines. 

c. At test station "A" the ambient velocity near the vertical tower 

center line was reduced a maximum of 40% , while a t station 2 

the maximum reduction was 37. 5%. 

d. For practical purpos es one may say that the fie ld wind velocity 

is r educ ed by 25 to 40% if the wind passes through the tower 

befor e it r eaches the anemometer. 
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e. The front view of the t ower seen in Fig. 7 does not indicate any 

restricted flow paths through the tower wake , but this does not 

mean that these paths do not exist . This figure only indicates 

that accessories on th e t ower dominate the wind distribution. 

6. 1 3 General Phenomena 

Figs. 6 and 7 represent two differen t segments of the tower model. 
( 

Fig. 7 depicts the lower half of the model while Fig. 6 i llustrates the 

upper portion. To perform a comparis on of data the two figures may b e 

placed with Fig. 6 on top of Fig . 7 . This comparison reveals the following 

phenomena : 

a . For the clean tower, the minimum velocity r eduction occurs 

downstream from the tower axis . Whereas for the modified 

t ower th e maximu m red·..ic tion occurs at this location. This 

maximum reduction gradually decreases with increased lateral 

distance from the center . 

b . The diagonal members of the c l ean tower divide its overall 

ar e a into several small open s paces. Thes e spaces are obvious 

when viewing the model from the fr ontal position. The smallest 

amount of velocity reduction occurs at the geometric center of 

these spaces, a nd increases as it moves towards the members 

outlining these spaces . These spaces are r espons ibl e for the 

circular contours seen in Fig. 6 . 

6. 2 Transverse Velocity Profiles at D ifferent Test Stations 

6 . 21 Clean Tower (s ee Fig. 8) 

Procedure 5 . 21 revealed the following phenomena: 

a. At station -1 t h e tower reduced the free-stream velocity O. 5%. 

b. Mean velocities with the tower at station O could not b e 

accurately determined because of larg e disturbances . 

c. Three wakes, formed by the t ow er l egs, were obvious at 

stations 1 and 2 . At station 3 the wake s had diffused to two 

and at station 5 had coalesced into a single wake . 
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d. Eddy shedding was obs erved around the tower legs during this 

testing procedure, but the Karman vortex trail was not distinct 

because of the intense mixing produced by flow through the tower. 

e. The maximum wind defect, 24%, was recorded at station 1, while 

a 4% reduction was still present at station 5 (see Fig . 8) . 

f. To maintain conservation of mass, the wind velocity increased 

above the ambient around the sides of the tower . 

g. The point of minimum reduction at stations 1 and 2 is the point 

of maximum reduction at station 3 and the point of minimum 

reduction at station 5. These paths of reducti on more or less 

follow the center line of wind -tunnel flow. 

6. 22 Modified Tower (see Fig. 9) 

Procedure 5. 22 revealed the following phenomena: 

a. The accessories mounted on the modi::ied tower changed the 

characteristics of the model to the point that it behaved almost 

as a solid prism . 

b. As can be seen in Fig . 9, there was a 37. 5% wind defect at 

station 2. At station 5 this defect had been reduced to 10%. 

c. At station -1 the tower reduced the free-stream velocity O. 5%. 

d. The accessories attached to the tower increased the flow speed 

around the tower sides to about double that for the clean tower. 

e. The wake consisted of a large central wake with a small wake 

on each side which disappeared at station 3. 

6. 23 General Phenomena 

The difference in maximum reduction for .he clean and modified 

tower is 13. 5%. This difference is 6% at station 5. 

6. 3 Circular Velocity Profiles 

6. 31 Clean Tower (see Figs. 1 O and 11) 

Procedure 5. 31 revealed the following phenomena : 



The wake sector varied from 60° to 40° at the two different radii. 

The wake sector is defined as that region where the wind defect 

can be observed. The nature of this angle can be seen in Figs. 10 

and 11. 

6. 32 Modified Tower (see Fig. 12) 

Procedure 5 .. 32 revealed th e following phenomena: 

a. For the horizontal circle 1 ft. above the boom position a 

maximum velocity defect of 0. 4 U is formed. 
a 

b. At station 11A 11 the wake sector is 30 degrees. 

6 .4 Vertical Velocity Profiles (clean tower only) 

Procedure 5. 4 revealed the following phenomena (Figs. 13, 14 and 

15 refer to test stations 2, 3 and 5 respectively, and all figures refer to 

the illustration seen in Fig. 13): 

a. It was found at station 2 that there was a spot in every tower 

section where the local velocity was equal to the free-stream 

velocity. 

b. A uniform velocity profile with a wind defect of 4% was found 

at station 5. 

6. 5 Comparison of Transverse Velocity ProfLes at Different Ambient 

Velocities (clean tower only) 

Procedur e 5.5 revealed that {see Figs . 16, 17 and 18) changing 

the free-stream velocity did not have a qualitative effect on wind­

profile shape, but it did have a 5% increase on wind defect at the low 

speed of 10 fps. However, an insignificant difference was found at 

30 and 60 fps. 
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6. 6 Transverse Velocity Profiles Taken While Rotating the Model (clean 

tower only) 

The phenomena revealed by procedure 5. 6 will be discussed in 

relation to the following four tower orientations- -the vertex referred to 



::. n these positions is that tower corner which is opposite the side con­

taining the two mounting racks (see Fig . 1) : 

a. o0 position - t ower vertex facing upst:-eam. 

b. 180° position - tower vertex facing downstr eam. 

c. 90° position - side containing the racks parallel to the west 

wall of tunnel. 

d . 270° position - tower is rotated 180° from the 90° position. 

6.61 Tes t Station 1 (see Figs. 18-41) 

a. o0 position - Thr ee superimposed wakes were found at this 

position. 

b. 180° position - Three wakes with similar shapes w e r e found 

at this position. The difference in maximum reduction when 

compared with the o0 position is 1. 5% . 

c. 90° position - At this position th e tow e r l egs are in line with 

the free -stream velocity, thus increasing the amount of 

maximum reduction to 38% . 

cl . 270° position - P henomena found at this position is id entical to 

that. of the 90° position except the maximum reduction is 45% . 

The maximum reduction at the 90° and 270° position s hould be 

identical , but in this case they are not. b ecause of the overall 

error i n measur e ment . 

e. Gener al Phe nomena -
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i. For the 24 investigated positions the number of wakes varied 

from two to five. These wakes at test station 1 could b e ascribed 

to particular m e mbers of the structure . 

ii . The maximum velocity reduc ti on d id not exceed 45% of the 

free-stream velocity at any orientation of the tow er . 

6 . 62 Test Station 2 (see Figs . 42-65) 

a. o0 position - Three wakes were found at this point with a maximum 

reduction of 19% . 



b. 180° position - Phenomena found at this point is identical but 

reversed with respect to wake c onfiguration in the o0 position. 

c. go 0 position - Maximum reduction at this position was 26%. 

d. 270° position - P henom ena found a t this point is identical but 

reversed wit h respect to the goo position. 

e. General phenomena - At this test station the three wakes were 

beginning to appear more as two wakes. In general, turbulent 

diffusion has reduc e d the spatial non-uniformities and the 

velocity deficiencies in the wakes. 

6.63 Test Station 3 (see Figs . 66-77 ) 

a. o0 position - T wo wakes, one strong and one weak, were found 

at this position with a r:iaximum reduction of 12. 7%. 
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b. 180° position - Two wakes one strong and one weak, were found 

at this point with a maximum reduction of 11. 5%. 

c. goo position - Reduc tion at this position is 15. 6%. 

d. 270° position - Reducti on at this position is 1 7. 5%. 

e. General phenomena - One strong wake appeared at all positions 

and was always accompanied by a weak wake appearing on either 

side of it . 

6. 7 Turbulence Int ensity Measurements (see Fig . 78) 

Procedure 5 . 7 revealed the following phenomena while probing five 

turbulence intensity ~ 2 profiles: 
u 

a 

a. Three wakes were found at stations 1, 2 and 3, but at station 5 

these wakes had smoothed and combined so as to appear as a 

curved line . 

b. An intensity of 3% was found at station 5. 

c. An intensity of 1 % was found at station -1 . 
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7 . CONCLUSIONS 

Flow around a 1: 4 scale model of a section of the White Sands Missile 

Range 500 ft meteorological tower using a wind speed of 30 fps was at a suf­

ficiently large Reynolds number to b e representative of atmospheric flow 

around the prototype . An attempt was not made to determine the effects 

(estimated to be small) of vertical wind shear, intensity of turbulence and 

the scale of turbulence relative to t he tower width on the deficiency of 

velocity in the wake ( shadow) and the decay of these deficiencies with dis­

tance downstream from the tower . Further refinements of the present find­

ings , however, should include a determinati n of such effects. 

Referring to points on an arc having a radius of 2 . 5 tower widths (approxi­

mately where meteorological instruments are usually mounted) with center 

at the axis of the clean tower, the velocity in a sector 90° either way from 

mean wind direction produces a maximum pertur bation of only a few percent. 

The major effect is a velocity de f iciency up to about 30% in a 40° sector 

directly downwind of t he tower or in the tower wake. Sectors of 70° each on 

either side of the wake have pe rturbations up to about 10% above the ambient 

v;ind speed . Considering the structural arrangement of this typical tower, the 

foregoing results can be used as a reference to compare with wind perturba­

tions produced around towe rs with various hardware appended. 

Appending hardware such as vertical rails, ducts and wires and booms 

t e nd to increase the percentage of velocity increase found around the sides 

of the tower. However, this appe ars to be compensated by the wake occupy­

ing a smaller sector. Adding appendages such as those found on the meteoro­

logical tower being studied, yielded increases of velocity up to 18% of the 

ambient and the wake sector de c reased to about 30° with a velocity decre­

ment of 38%. 

The dimensionless velocity ratios at different wind orientat ions can be 

used to correct anemometer read ings made from a meteorological tower . 
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Such corrections would be especially useful for readings when the fixed ane­

mometers fall within the tower wake. However , such corrections should be 

made with caution because of the rapid change in velocity defect with angle 

within and adjacent to the wake sector. 
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