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WIND- FIELD PER TUR BA TIO NS 

(Supplement) 

1 . HJTRODUCTION 

This r e port is a supplement to the Meteorological-Tower 

Induced Wind- F ie ld P erturbations Studies under U.S. Army Research 

Grant DA-AMC-28-043-64-G-9 ':' . 

The specific ocj e ctives of this suppleme ntary investiga tion are: 

1. To s tudy the m e an wind pattern i n th e n e ighborhood of 

a meteorological tower subjected to th e same mean 

ambient wind velocity but at different turbulence 

levels to det ermine the effect of turbulence on this 

mean wind velocity pattern . 

2. To acquire measurements of wind speed at the ane­

mometer position (boom mounted) for all possible 

wind directions. 

In the original study an air stream having a low-level of turbu­

lence was used to study the tower induced wind-field perturbations. 

The normal wind-tunnel turbulence of about 0. 1% is considerably 

1 wer than the level of turbulence encoutered in the atmospheric sur-

face layer most of th e time . Therefore, the first phas e of this 

,:, Hsi, G . and J. E. C e rmak, Me teorological- t ow e r induced wind-field 
perturbations. Fluid Mechanics Program, College of Engineering, 
Colorado S t ate University, October 1965, CER65GH-JEC49. 
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supplementary work i s an effort to determin e if higher levels of tur­

bulence intensity will have sensible effect on the wind-field perturba­

tions. If the turbulence intensity in the oncoming air stream has 

negligible effect upon the t owe r produced perturbations, the wind­

tunnel dat a obtained in the original study can be used to make correc­

tions on actual field dat a . 

By inserting gr i. d s a t the test - secti on entrance, two di fferent 

turbulence levels were obta ined at the same free-stream wind velocity. 

T:ie wind-speed data obtai n ed using t he original 1: 4 scale model of t he 

m eteorological tower revealed that a n inc r ease of turbulence level 

i nduc e d only a slight increase in the wind de fect. As far as the 

meteorological t ow er model was concerned, the wind defect wa s 

changed about 2% in this experim ent. 

The second phase of the supplementary work, suggested by Mr . 

Harry Maynard, was devoted to a determination of wind-field pertur­

bations at a typical anemom ete r location relative t o the t ower. In this 

study, t he mete orological tower was rot a ted through 360° with a wind­

speed sensor mounted a t the anemometer locat ion at t he end of a 10 ft. 

boom . The meteorological tower model was rotated 15 degrees be­

tween s ucc e ssive dat a points and made a comple e revolution. The 

Prandtl t ube which was fix e d on the por table positioner was moved t o 

the new position . In this procedure, the Prandtl tube was placed 3 in. 

( 1 ft in prototype) dir ectly above t he boom tip and parallel to t he 
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free-stream wind direction. The most influenced wind defect sector 

was found t o be the area behind the t ower shadow, called the wake 

region. Little wind defect occurred in ot her sectors. Hence, when the 

boom t ip was within the wake area, t he field anemometer reading had 

to be adjus t ed. The procedure is described in the original report 

(Part I) . 

Both of the original study and this supplementary work were 

performed in the Fluid Dynamics and Dlffusion Laboratory at Colorado 

S .at e University . 
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2. EXPERIMENTAL PROGRAM AND DATA ANALYSIS 

2. 1 . Turbulence Level and Wind-Defect Study 

For higher and different turbulence levels, a turbulence grid 

was construct ed from t en lengths of 2 x 4 in. wo od boards. The 

w ooden grid was placed 7 ft upstream from the modified meteorological 

t ower model. The turbulence l e v el at the model location was 1 % in the 

original study. With the wooden grid at the s am e free-stream wind 

velocity of 30 ft/ sec, the turbulence level was 6%. Table 1 gives 

some typical values of turbulence intens ities and mean velocities 

with and without grids. 

TABLE 1. A comparison of Results Under Two Wind­
Tunnel Turbulence Levels 

Station No. Without Wood Grids With Wood Grids 

,j-;;z u a u - -u u u u 
a a a a 

- 1 . 01 . 995 . 06 . 97 

5 . 03 . 90 . 04 . 90 

In Figs. 1 and 2, detailed data for turbulence int ensities and mean 

velocities with the grids are given. These data reveal that the higher 

turbulence level does not have a significant effect on the wind velocity 

defect in the wind tunnel. This result means that the wind-field data 

btained in the original study with low levels of turbulence intensity 
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can be used with confidence to make corrections to anemometer sens-

ings taken in the field. 

2. 2 . Study of Velocity Perturbations at Typical Anemometer Locations 

The maximum wind defect positions were located by a ver tical 

mean velocity profile (see Fig . 3) which was made at s t ation 2A along 

t he cente r axis of the modified t ower model. One set of wind-speed 

measurements was made a t each of the tw o levels of 21 in. and 35 . 5 in. 

as shown in Figs . 4 and 5 respectively . The model was set at the zero 

degre e position and rotat ed 15 degr e es for each successive reading . 

The Prandtl tub e was mounted 3 in. above the boom t ip and parallel to 

the ambient-wind dir ection. 

At 35 1 / 2 in . above the fl oor, the maximum dimens ionless 

wind defect was found t o be 0 . 57. T he maximum dimensionless wind 

defect at 21 in. above the floor was 0. 73. These large values of 

wind defect were noted only when the t ower was set a t the z ero degree 

positi on in the wake region. 

During the s tu dy, the wake sector r e mained a t 30°,_.. 35° . 

Addit ional measurem ents we r e taken wi thin the wake region for the 

purpose of clarification . 

The main portion of th e mean veloc ity profile in this study 

compared t o that in the original study (Fig . 12) had the same pattern 

excepting within t h e wake region . This d ifference is primarily due to 
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holding t h e tower in the zero-degree position during t he original study 

whereas the t ow e r was rotated so that the entire tower moved relative 

to the a mbi e nt-wind dir ection in the supplementary study . Figs . 4 and 

5 provide r ealistic reference for t he correlation of the wind defect with 

the field anemometer location relative t o the wind dir ection . 

2 . 3. T h e T ransvers e Velocity Profile of t h e Wind Tunnel with Wood 
Grids 

Figure 6 s hows a reference trans verse velocity profile with 

the wood gr i ds a t t he e ntrance of the wind tunnel without t he tower 

model in the wind tunnel taken at mid-height in the t es t section. This 

profile reveals a transverse velocity dis t r ibution for the study of the 

turbulenc e level and the wind defect, which ~s sufficiently uniform t o 

not produce any seconda r y effects upon th e quantiti es being s t udied . 

3. CONCLUSION 

This study of the turbul ence effect on the wind veloci ty profile 

showe d that wind-tunnel and field data should be closely correlated 

without cons idering the various characteristics of turbulenc e e ncoun-

tered in the field . The main concern then, in considering anemometer 

corre ction du e t o perturbati ons of t h e wind-field by a tower, is the 

g eo metric configuration of t h e tower-anem om eter s yste m . 
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Fig. 1 Turbulence intensity profile, modified 
tower, with wood grids 
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Fig . 2 Transverse velocity profile, modified 
tower, with wood grids 

1.0 I.I 
u 

Ua 



/l 
MINIMUM WIND DEFECT AT 21

11 

~ -

ti 
MAXIMUM WIND DEFECT AT 35.5

11 

;~ 
I .,• , 

' 

,I 

_u_ 
Ua 

36 j 
;;;f · -- FIG. 5 Doto at 

z '\"' this elevation 

(in) '\ 

30i---+ __ ( ____ _ 

'l 
t 

24 

( 
'\ 

t 

21 " - --·-- .... ._ 
FIG . 4 Doto at 

~ this elevation 

I 18 

12 

• 
I 

\ 
~ 

6 
) 

.5 .6 .7 .8 .9 

Fig . 3 Vertical velocity profile, modified tower 
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Fig. 4 Me an velocity profile around 
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circle, data taken 21 inches above the 
floor of test section 
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Fig . 5 Me an vel ocity profile around 
modified tower, 35 inch radius circle , 
dat a taken 35 . 5 inche s above the floor 
of t est section 
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Fig. 6 Transverse velocity profile with wood 
grids , without tower, at station ( -1) 
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