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SYNOPSIS 

Part I of this report presents details of an investigation into the 

mean loading of smooth, cantilevered circular cylinders immersed in a 

low-turbulence uniform flow. Experiments were performed in a wind 
4 

tunnel at a Reynolds number of 4.4 x 10 for aspect ratios in the range 

4 to 30. Mean surface pressures and vortex shedding frequencies were 

measured, from which the local mean pressure drag and Stroulial number 

were calculated at various spanwise locations. The results reveal the 

extent of the disturbance induced by the flow around the free-end of a 

cantilever and the existence of a significant aspect ratio of 13. 
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1. INTRODUCTION 

An understanding of the flow around a bluff body is often central to 

the solution of a wide range of engineering problems. This is 

particularly true of the circular cylinder, which is the bluff body 

shape most commonly encountered in industrial applications. Indeed, 

the fluid motion caused by the presence of a circular cylinder within a 

fluid stream induces both mean and fluctuating loads and, if the body 

is free to vibrate, oscillations which are of practical significance in 

areas as diverse as building aerodynamics and heat exchanger design. 

The fundamental case of the flow around the centre section of an 

infinitely long circular cylinder immersed in a uniform stream has 

received the attention of numerous research workers in the past. 

Several recent reviews of published work in this area have been 

provided by Basu (1985), Basu (1986), Niemann and Holscher (1990) and 

Zdravkovich (1990). However the flow around a cantilevered circular 

cylinder of finite-length immersed in a uniform stream, which is 

dominated by the presence of a free end and is therefore somewhat more 

complex, has received relatively little attention despite its 

considerable practical importance. 

The free-end of a cantilevered circular cylinder induces strong 

three-dimensionality to the flow around the body and results in the 

formation of two intense longitudinal trailing vortices in the tip 

region, Gould et al. (1968), Okamoto and Yagita (1973) and Tyack 

(1989). These develop near the point of separation, a short distance 

from the free-end, and cause a considerable disturbance to the free 

shear layers in that region. At Reynolds numbers (based on cylinder 

diameter and freestream velocity) in the upjjer subcritical range. 



Okamoto and Yagita (1973) and Farivar (1981) have found that the 

periodic vortex shedding process associated with the infinitely long 

circular cylinder is completely suppressed at the tip itself. If the 

cantilever is short, that is with an aspect ratio (length to diameter 

ratio) less than seven, A < 7, suppression extends to the root. 

Okamoto and Yagita (1973) have examined in detail the effect of this 

disturbance upon the distribution of induced mean pressure drag on 

smooth, cantilevered circular cylinders immersed in a low-turbulence 

uniform flow. They found that over the range of aspect ratios 

considered: 1 < A < 12.5, the additional vorticity introduced into the 

near wake at the free-end causes a large reduction in the wake 

pressures, resulting in high local mean pressure drag coefficients at 

positions near the tip. Indeed, the peak value of Cj-. was recorded at 

about half a diameter from the free-end in all cases. Further along 

the cylinder, they found that the effects of the longitudinal trailing 

vortex structure are much reduced and that the entrainment of fluid 

from the free-end relieves some of the negative pressure in the wake. 

Consequently the local peak in the tip region is followed by a steep 

reduction in C^, to values well below the infinite cylinder case on the 

major part of the cantilever (a similar result was recorded by Gould et 

al. (1968) at a transcritical Reynolds number). 

In addition to mean parameters, some measurements of fluctuating 

surface pressures have been published by Farivar (1981) for cantilevers 

with aspect ratios less than 13. The results of this study, which was 

carried out at an upper subcritical Reynolds number, show that the 

maximum fluctuating pressure coefficients are less than those 

associated with the infinite cylinder at all locations on the 

cantilever. However, the spanwise distribution is non-uniform. 



particularly when A > 7 , and the variation is similar to that of mean 

pressures. In this respect the intense vorticity introduced by flow 

over the free-end produces peak fluctuating pressures at about half a 

diameter from the tip, followed by a reduction towards the root of the 

model. 

Accompanying the variation of surface pressure coefficients, both 

Okamoto and Yagita (1973) and Farivar (1981) have reported a reduction 

in the value of the vortex shedding frequency towards the free-end of 

the cantilevers examined in their studies. The spanwise variation of 

Strouhal number based on velocity fluctuations in the wake measured by 

Okamoto and Yagita shows a gradual decrease with distance from the 

root, the reduction being most severe near the tip, whereas the 

Strouhal number based on surface pressure fluctuations recorded by 

Farivar reveals this reduction to be in the form of discrete steps. 

The latter result suggests a cellular structure to the vortex shedding 

in the near wake, similar to that found behind the infinitely long 

circular cylinder immersed in a shear flow. Griffin (1985) ( in the 

infinite cylinder case the spanwise cells, each of a constant shedding 

frequency, form as a result of the interaction of the shear flow 

vorticity with the wake of the body). However, further detailed 

investigation is required to determine the nature of the cells that 

form at the rear of a cantilevered circular cylinder in uniform flow. 

It is clear that despite the experimental effort invested by the 

authors cited above, published work on cantilevered circular cylinders 

is limited in scope and, in particular, concentrates on cases where the 

aspect ratio is less than 13. No attempt has been made to determine 

the full extent of the free-end disturbance in terms of cylinder 

length. The experimental work described in this report was therefore 



carried out to investigate the loading pattern on cantilevers with 

aspect ratios greater than 13 and to determine the characteristics of 

the disturbance induced by the free-end. To achieve this, measurements 

were made of mean surface pressure, mean pressure drag and vortex 

shedding frequency using smooth, cantilevered circular cylinders with 

aspect ratios in the range 4 to 30, as described here in Part 1, and of 

fluctuating pressure, rms lift and rms drag on a cantilever with an 

aspect ratio of 30, to be found in Part 2, Fox and West (1991), 

together with the results of a surface flow visualization study. Each 

cantilever was immersed in a low-turbulence uniform flow at a Reynolds 

number of Re = 4.4 x 10'* which, in the case of an infinitely long 

circular cylinder, is in the upper subcritical regime and therefore 

compatible with previous work in this field. 

2. EXPERIMENTAL DETAILS 

The experiments were carried out in the Department of Civil 

Engineering's low-speed closed circuit (No.3) wind tunnel facility 

which is illustrated schematically in Figure 1. This has an 

aerodynamic working section with nominal dimensions of 1.22m width x 

0.8m height x 3.5m length and produces a steady uniform airflow with a 

freestream turbulence intensity of approximately 0.2% at the model 

testing position. 

The cantilevered model used in the Part 1 experiments consisted of a 

long, smooth, polished, circular brass cylinder of 31.7mm diameter with 

a closed free-end. The cylinder entered the tunnel horizontally at 

mid-height, through a sealed hole in one of the side walls, and was 

fitted at the root with an aluminium end plate of the dimensions 

recommended by Stansby (1974). Figure 2 is a photograph of the 
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Figure 2: The nlodel cantilever assembled in the working section prior

to testing at an aspect ratio of 19.

complete assembly in the working section, prior to testing, at an

aspect. ratio of 19. Variations in the aspect ratio of the cantilever

were ••• achieved by sliding .•• the model through • the vertical wall. This

arrangement permitted experiments on cantilevers···· with aspect ratios up

to a m.aximum of 30, which was the largest possible without interference

effects resulting from confinement of the flow between the free-end and

the wind tunnel wall. The area blockage varied with the aspect ratio

up to a maximum of 3.4% and it was therefore considered unnecessary to

apply a correction to the data.

Mean pressures were measured on the· surface of the model through a

series of 1.0mm tappings arranged at intervals of one cylinder diameter

along a single generator (the symmetry of the flow field was used for

6.



initial alignment of each tapping). These were connected, in turn, to 

a Betz-type micromanometer, which could be read to within 0.1mm of 

water. A similar manometer was used across calibrated contraction 

tappings for the evaluation of the freestream reference pressure, from 

which the coefficient of mean pressure, Cp, was calculated using the 

relationship: 

P-Po 
Cp = 

'^u5 

where P is mean local surface pressure, Po is the freestream static 

pressure and -pVl is the dynamic pressure of the freestream. 

Circumferential pressure distributions were obtained by rotation of the 

cylinder. 

The local mean pressure drag coefficient, Cr-., was evaluated at various 

spanwise locations by numerical integration of the circumferential 

distribution of Cp in accordance with the expression: 

C p = 1̂  Cp COS0 d9 

where 6 is the azimuth angle from the front stagnation point. 

The frequency of vortex shedding from the cylinder was determined by 

analysis of the output signal from a constant temperature hot-wire 

anemometer mounted on a three-dimensional traversing system. The probe 

was of the DISA P l l type and was used unlinearized with a DISA 55M10 

bridge unit. Signal analysis was performed on a B & K 2034 Signal 



Analyzer, the frequency of shedding being determined from spectra, and 

the result is expressed as a Strouhal number: *̂  

S ^ = ^ 

where n is the shedding frequency, d the cylinder diameter and Uo the 

freestream velocity. 

3. RESULTS AND DISCUSSION 

3.1 Mean Surface Pressure Distributions 

The circumferential pressure distributions recorded at one diameter 

intervals along the length of cantilevers with aspect ratios in the 

range 4 to 30 are presented in Appendix III as Figures Al to AlO. From 

these Figures 3-12 have been constructed to show typical distributions 

at several spanwise locations (y/d as indicated on each plot), together 

with the corresponding curve for the infinitely long circular cylinder 

under the same test conditions. The latter was determined by extending 

the model across the full width of the tunnel and fitting a second end 

plate in accordance with the recommendations of Fox and West (1990). 

In each case the curves show that the entrainment of fluid into the 

wake by the downwash mechanism associated with flow over the free-end 

results in wake pressures that are generally higher than those 

associated with the infinite cylinder. 

At the tip itself, the longitudinal trailing vortices generated in the 

wake of the cylinder cause a considerable distortion to the rear 

surface pressures. This disturbance is most clearly evident as a local 

minimum of pressure at around ^=150" in the distributions recorded at 
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y/d=l on all the cantilevers considered, except that with an aspect 

ratio of 4, Figure 3. In the latter case the post-separation pressures 

are constant at each spanwise location, which suggests that the 

longitudinal trailing vortices do not form in the wake of short 

cantilevers. Indeed, there is no evidence for the presence of such 

vortices in the results obtained by Uematsu et al. (1990) and Baban and 

So (1991) from experiments on cantilevers with aspect ratios in the 

range 1 to 4. 

The longitudinal trailing vortices are evident as a weak feature in the 

y/d=l profile recorded on the cantilever of aspect ratio A=7, Figure 4. 

In this case the distributions at locations away from the tip form a 

family of curves similar to that found in Figure 3, but with a minor 

disturbance evident near the separation point (6 = 80°). This is 

consistent with the results of Okamoto and Yagita (1973), who found 

that at an aspect ratio of 7 vortex shedding recommences at spanwise 

locations away from the tip, albeit somewhat disturbed shedding. 

Figures 5-12 reveal that the wake pressures recorded at locations away 

from the tip on cantilevers with aspect ratios greater than seven can 

be divided into two distinct groups. In the first of these, that is 

when 7 < A < 13, Figures 5-8, the downwash associated with flow over 

the free-end results in a significant distortion to the pressures 

around the separation point. This distortion is characterized by a 

distinct local maximum in the value of Cp at 0 = 80°. In the second 

group, when A > 13, Figures 9-12, the distortion is also present, but 

is only significant at spanwise locations less than 11, 14, 16, and 12 

diameters from the free-end of cantilevers with aspect ratios of 16, 

19, 25, and 30 respectively. Beyond this the profiles return to the 

shape associated with the infinite cylinder. 

14. 



Since Okamoto and Yagita (1973) have shown that for cantilevers with 

aspect ratios of seven or above vortex shedding is present at spanwise 

locations beyond the highly disturbed tip, the distortion described 

above is possibly related to an interference to the structure of the 

vortex formation region near the point of separation. This is 

considered further in Part 2, which presents the results of surface 

flow visualization experiments performed on a cantilever with an aspect 

ratio of 30. 

The circumferential distributions presented in Figures 3-12 also show 

that the pressures recorded on the front face of each cantilever, 0° < 6 

< 30°, are generally invariant with spanwise location (y/d) and 

essentially the same as for the infinite cylinder. This is 

particularly evident in Figures 13-18, which have been constructed from 

Figures Al-AlO to illustrate the spanwise variation of surface 

pressure. These show the front face pressures to be constant along the 

major part of the cantilever, there being a slight decrease in the 

value of Cp in proximity to the tip when y/d < 3. 

At azimuth angles greater than 30" the spanwise pressure distributions 

presented in Figures 13-18 exhibit characteristics which are dependent 

upon the length of the cantilever and thus the results can be divided 

into aspect ratio related groups. When A < 13, Figures 13 and 14, the 

distributions are similar to those found in the experiments performed 

by Okamoto and Yagita (1973). In this respect the shorter cantilevers, 

for which A < 7, Figure 13 (a) and (b), present distributions which are 

unique to a given aspect ratio and are a result of the strong 

interference effects occurring along the full length of the model. In 

15. 
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the case of the longer cantilevers, those in Figures 13 (c) and 14 (a) 

and (b), which are essentially the same as each other, the 

three-dimensional disturbance caused by the longitudinal trailing 

vortices results in a minimum pressure at the tip followed by a rise to 

a local peak in the region y/d = 3 to 4. This peak is particularly 

strong in the pre-separation distribution recorded at ^ = 70°, but is 

much reduced both in the wake, as evident on the base-line (^=180°), 

and towards the front face. The associated pressure gradient is 

indicative of a movement of fluid towards the trailing vortices at the 

tip, whereas on the root side of the peak, y/d > 3, the gradient is 

initially favourable towards the root, followed by a region of 

approximately constant pressure. 

When the aspect ratio of the cantilever is 13, Figure 15 (a), the 

spanwise pressure distribution changes significantly. Although Cp 

still rises from a minimum at the tip to a peak at y/d = 3, the pressures 

no longer fall to a constant value in the region y/d > 3. Instead, the 

distributions exhibit a continuous reduction of pressure towards the 

root and are indicative of the presence of a considerable downwash 

region in the wake. This spanwise reduction is particularly evident in 

the case of cantilevers with aspect ratios of 16 and 19, Figure 15 (b) 

and Figure 16, for which it dominates the major part of the cylinder, 

and continues as far as y/d=20 on models which are sufficiently long, 

as shown for example when A = 25 and A = 30, Figures 17 and 18. In the 

last case the full extent of the spanwise pressure distribution found 

on a cantilevered circular cylinder is evident with a region of 

infinite cylinder conditions, characterized by a constant value of Cp 

at each azimuth angle, following the end of the disturbed region at 

y/d = 20. This return to the flow conditions associated with an 

infinitely long circular cylinder is also evident in the undisturbed 

22. 



circumferential pressure distributions recorded at y/d > 20, Figure 12 

and Appendix II. Finally, Figure 18 shows that the surface pressures 

are disturbed within 3.5 diameters of the root of the cantilever 

because of interference effects associated with the end plate (as 

described previously by Fox and West (1990)). 

3.2 Mean Pressure Drag 

Integration of the numerous circumferential pressure distributions 

presented in Figures Al-AlO yields Figure 19 and 20 which show the 

spanwise variation of the local mean pressure drag coefficient, Cp. for 

0.6 
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Figure 19: Spanwise distributions of the mean pressure drag coefficient 

on cantilevered circular cylinders with aspect ratios in the range A=4 

to 13; -f 4, X 7, V 10, A 11, O 12, T 13, D E.S.D.U. 81017 (1981). 
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cantilevered cylinders with aspect ratios in the range 4 to 30, 

together with values calculated for selected cases using the design 

procedure given in E.S.D.U. 81017 (1981). The experimental results can 

be divided into two distinct groups depending on whether the aspect 

ratio is greater or less than 13, this being the significant aspect 

ratio identified in the surface pressure data. If A < 13, Figure 19, 

the distribution of drag along the cantilever is unique to a given 

aspect ratio, whereas for cases where A > 13, Figure 20, the values of 

Cj., lie, with minor variations, on a single curve. 

In the first of these two groups, when A < 13, Figure 19, the 

distribution of Cj-. is characterized by a rapid decrease in drag towards 

the root of the cantilever from a maximum near the free-end. If the 

cantilever is sufficiently long, as for example when the aspect ratio 

is 10, 11, and 12, the drag is approximately constant in the region y/d 

> 4, which is consistent with the findings of Okamoto and Yagita 

(1973). However, when A=13, C,-, is no longer constant in this region, 

but instead shows a distinct rise towards the infinite cylinder value. 

Figure 20 shows that the rise in Cj-, beyond y/d = 4 occurs on all 

cantilevers with aspect ratios greater than 13 and that the infinite 

cylinder value is, in fact, attained at y/d=20 on models of sufficient 

length. Indeed, the distribution of Cp. presented in Figure 20 for A=30 

shows the full extent of the drag variation found on a cantilevered 

cylinder, as further increases in the aspect ratio simply result in an 

extension of the region characterized by the infinite cylinder value. 

This ultimate distribution divides into four distinct regions. In the 

tip region adjacent to the free-end, y/d < 4 , the increased suction in 

the wake which results from the presence of the longitudinal trailing 

vortices induces a relatively high value of Cp.. In this respect Figure 
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Figure 20: Spanwise distributions of the mean pressure drag coefficient 

on cantilevered circular cylinders with aspect ratios in the range A = 13 

to 30; • 13, A 16, • 19, • 25, • 30, n E.S.D.U. 81017 (1981). 

20 shows that at y/d=I the local mean drag is of the order of that 

associated with the infinite cylinder. However, as y/d increases 

beyond 1, an increase in the wake pressures due to the entrainment of 

fluid over the free-end leads to a rapid decrease in Cp^ to a minimum 

value of 0.9 at y/d = 4. The second region, 4 < y/d < 20, is then 

characterized by a steady increase in Cp. as the downwash in the wake is 

reduced with increased distance from the free-end. Eventually, by 

y/d = 20, this interference effect no longer persists and the value of Cp. 

reaches that associated with the undisturbed conditions of an 

infinitely long circular cylinder. Within this third region, the 

length of which is dependent upon the aspect ratio of the cantilever, 

Cp. remains constant with spanwise position. The fourth region occurs 
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within 3.5 diameters of the root, where the interference effects of the 

end plate become significant, and is characterized by an increase in Cp. 

as previously described by Fox and West (1990). 

The experimental results presented in Figure 19 show good agreement 

with the drag coefficients calculated by the method of E.S.D.U. 81017 

(1981) when A = 4 and for y/d < 4 when A=7. There are, however, 

considerable differences at greater aspect ratios, as is particularly 

evident in Figure 20 for the A = 19 case. It is suggested that this 

apparent discrepancy is due to the fact that E.S.D.U. 81017 (1981) is 

largely based on the results of Okamoto and Yagita (1973) and therefore 

assumes C ^ to be constant for y/d > 4. Our results clearly show that 

this is not the case. However, it should be noted that the values of 

Cp close to the free-end are given correctly by E.S.D.U. 81017 (1981) 

for all aspect ratios considered. 

3.3 Strouhal Number 

The variation of the Strouhal number with spanwise location in the wake 

of each cantilever is presented in Figure 21 for models with aspect 

ratios in the range 10 to 30 (it was not possible to determine the 

vortex shedding frequency with confidence in the spectra recorded for 

aspect ratios less than 10). The results can be divided into the two 

distinct aspect ratio related groups previously defined by the mean 

pressure data. If A < 13, the Strouhal number variation is unique to 

the given aspect ratio, whereas for cases where A > 13 the value of St 

at any given spanwise location is independent of aspect ratio. 

When the aspect ratio is less than 13, the Strouhal number rises from a 

minimum near the free-end to a constant value in the region y/d > 6 and 
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Figure 21: Strouhal number variation in the wake of cantilevered 

circular cylinders with aspect ratios in the range A = 10 to 30; 

V 10 A 11, O 12, T 13, A 16, • 19, • 25, • 30. 

is, in this respect, similar to that previously found by Okamoto and 

Yagita (1973) in the wake of cantilevers of A = 9 and A = 12. However in 

Okamoto and Yagita's case the constant value was found to be 

considerably below that recorded in the wake of the infinite cylinder, 

whereas in our study it is equivalent to, or greater than, that value. 

At the tip itself it was not possible to detect a shedding frequency in 

the spectra. Indeed, Tyack (1989) has shown that in this region the 

free shear layer is prevented from rolling-up by the three-dimensional 

disturbance in the wake. 

Figure 22 presents the spectrum recorded in the wake of the cantilever 

of aspect ratio A=12 at spanwise location y/d = 4. The result is typical 

of spectra found in the region y/d < 6 on all of the cantilevers 
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Figure 22: Spectrum of the velocity fluctuations at y/d=4 in the wake 

of a cantilevered circular cylinder with an aspect ratio of 12. Wire 

position: x = z=2d. 
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Figure 23: Spectrum of the velocity fluctuations at y/d=8 in the wake 

of a cantilevered circular cylinder with an aspect ratio of 12. Wire 

position: x=z=2d. 
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examined. These exhibit a wide spread of energy with an ill-defined 

dominant frequency and reflect the highly disturbed nature of vortex 

shedding in proximity to the tip. In contrast, the spectra recorded in 

the region y/d > 6 display a single well defined peak at a Strouhal 

frequency greater than that associated with the infinite cylinder, as 

evident in Figure 23 which shows the result in the wake of the same 

model at y/d = 8. The value of this Strouhal frequency increases with 

aspect ratio until reaching a maximum at A = 13 and is indicative of 

the dominance of vortex shedding upon the fluid motion in this second 

region. 

In the case of cantilevers with aspect ratios of 13 and above. Figure 

21 shows that the variation of Strouhal number with spanwise location 

is fixed regardless of aspect ratio. Further, if the cantilever is 

sufficiently long, for example when A=19, 25 or 30, the high value of 

St is recorded in the wake up to y/d = 15, where a discontinuity occurs 

with a return of the Strouhal number to the infinite cylinder value. 

The nature of this discontinuity is evident in Figure 24 which presents 

the spectra recorded at y/d = 14.5, 15, 15.5, and 18 in the wake of the 

A = 30 model. At y/d=14.5 a second, smaller, peak appears in the 

spectrum in addition to that associated with the dominant frequency. 

This second peak is at the infinite cylinder frequency, which is below 

the dominant frequency in the fluid motion. By y/d =15 the two peaks in 

the Sf)ectrum are of approximately the same magnitude. At y/d=15.5 the 

infinite cylinder peak clearly dominates and, therefore, the frequency 

change is complete. Indeed, the spectra recorded at all spanwise 

locations with increased distance from the discontinuity, at y/d = 18 for 

example, display a single, well defined peak at the infinite cylinder 

frequency. 
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Figure 24: Spectra of the velocity fluctuations at y/d = 14.5, IS, 15.5, 

and 18 in the wake of a cantilevered circular cylinder with an aspect 

ratio of 30. Wire position: x=z=2d. 

To satisfy the boundary conditions of these two distinct vortex 

shedding regions it is postulated that some form of longitudinal vortex 

mechanism exists at the frequency discontinuity. This postulation is 

based upon the work of Maull and Young (1973), who found that a similar 

discontinuity with two frequency peaks could be obtained in the wake of 

a D-section body in uniform flow when a longitudinal trailing vortex 

was generated on its surface. 

Apart from the discontinuity at y/d = 15, in all of the cases considered 

in the current study there is no evidence for the existence of a 

cellular structure to the vortex shedding from the cantilever in the 

Strouhal number variation recorded with a hot-wire anemometer. This 

result is consistent with previous work, as reported by Basu (1986), 
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which has shown that Strouhal measurements based on velocity 

fluctuations in the wake tend to mask the discrete steps associated 

with the presence of such a structure. This phenomenon will therefore 

be considered in detail in Part 2, which presents Strouhal numbers 

based on pressure fluctuations at the surface of the model. 

4. CONCLUSIONS 

The experiments described in Part 1 of this report have provided 

details of the mean loading on smooth, cantilevered circular cylinders 

with aspect ratios of 4 to 30 immersed in a low-turbulence, uniform 

flow at a Reynolds number of 4.4 x 10 It was found that: 

(i) there exists a significant aspect ratio of 13 with regard to 

the mean pressure distributions, the mean pressure drag and the 

spanwise variation of Strouhal number. If A < 13, the results are 

unique to a given aspect ratio, whereas if A > 13 the values at a given 

location are independent of aspect ratio. 

(ii) in general, the effect of the flow over the free-end is to 

increase the wake pressures, relative to that associated with the 

infinitely long circular cylinder, and therefore reduce the pressure 

drag on the major part of the cantilever. 

(iii) if the cantilever is sufficiently long, the interference to 

mean loading persists to a distance of 20 cylinder diameters from the 

free-end, beyond which conditions associated with the infinitely long 

circular cylinder are established. 
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(iv) the Strouhal number of vortex shedding from the cantilever is 

affected to a distance of 15 diameters from the tip, where a distinct 

discontinuity occurs dividing a region of relatively high Strouhal 

number from one of infinite cylinder value. 

(v) the procedures recommended in E.S.D.U. 81017 (1981) are not 

appropriate for the design of cantilevers with asf)ect ratios greater 

than 13 as they do not account for the return to infinite cylinder 

conditions. 
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APPENDIX II : NOTATION 

L 
A aspect ratio = -r 

n 
Cp. coefficient of mean pressure drag = J Cp cos^ iO 

Cp coefficient of mean pressure = 

d cylinder diameter 

L cantilever length 

n shedding frequency 

P mean local surface pressure 

Po static pressure 

Re Reynolds number = - ~ 

St Strouhal number = TT-
Uo 

Uo freestream velocity 

y distance from free-end 

6 azimuth angle from stagnation point 

u kinematic viscosity of air 

p density of air 

P-Po 

-'pUo^ 
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APPENDIX III : FIGURES Al-AlO 
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Figure Al: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 4. 2&. 
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Figure A2: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 7. SI. 
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Figure A3: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 10. 41, 
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Figure A4: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 11. 
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Figure AS: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 12. 47. 
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Figure A6: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 13. 50. 
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Figure A7; Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 16. 
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Figure A8: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 19. 
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Figure A9: Circumferential distributions of the mean pressure 

coefficient measured on the cantilevered circular cylinder with an 

aspect ratio of 25. 62. 
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