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NOMENCLATURE 

The results In this report are presented about the stability axes 

with the origin at 25 percent of the root chord. This point lies on the 

plane created by the intersection of the wing model with the splitter 

base plate and is also the moment reference point. 

GROLLS 

CSIDES 

CYAWS 

Wing span, 3.6 ft 

Wing chord, 6.0 ft 

Side force coefficient, 
side force 

qs 

rolling moment 
Rolling moment coefficient, 

Yawing moment coefficient, 
yawing moment 

qsE 
2 

Dynamic pressure, lbs/ft 

Wing area, 21.6 ft^ 

Cylinder peripheral velocity, ft/sec 

Free stream velocity, ft/sec 

Angle of sideslip, degrees 

Flap angle, degrees 

Velocity parameter 

Computer plot notation for Cj, 

Computer plot notation for Cy 

Computer plot notation for Cn 
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SUMMARY 

The effect of a spinning cylinder on the subsonic force character¬ 

istics of a low aspect ratio wing was examined In an experimental wind 

tunnel program. The results show little or no effect from the cylinder 

when mounted in the leading edge of the wing for a velccity parameter of 

nearly 5 and for flow angles relative to the wing up to 16 degrees. How¬ 

ever, for similar flow conditions, with the spinning cylinder relocated to 

the wing trailing edge position, a doubling of the force coefficient results. 

The addition of an undeflscted flap to the wing trailing edge cylinder 

configuration largely nullifies the effect of the spinning cylinder. 

With the flap deflected 30 degrees, significant increases can be 

produced in the force coefficient at moderate sideslip angles. 

INTRODUCTION 

A rotating cylinder moving through a fluid such that its body axis 

of rotation is at an angle to the direction of motion will experience a 

force perpendicular to the plane created by the flight path and axis of 

rotation. This effect is the Magnus phenomenon discovered over a hundred 

years ago. A discussion of the phenomenon and some of the available 

literature is summarized in Refeience 1. The more recent interest in the 

Magnus effect has been concerned with force argumentation using rotating 

cylinders in conjunction with lifting surfaces. The resulting high lift 

device has been proposed as an attractive means of increasing the manuver- 

ability of certain ships and aircraft (see References 2, 3, and 4). At 

the Naval Ship Research and Development Center (NSRDC) interest in the 

potential Increase in control power for both surface and submerged ships 

with a rotating cylinder - lifting surface device resulted in the establish¬ 

ment of an exploratory wind tunnel program to gather basic design data on 

the force characteristics of lifting surfaces with a rotating cylinder. A 

lifting surface, in this case a control surface represented by a low 

aspect ratio wing, was examined in conjunction with a rotating cylinder 

mounted at several different locations. This report presents the results of 

that program. 
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APPARATUS 

The exploratory wind tunnel program was conducted in the North Wind 

Tunnel of the 8- by 10-foot Subsonic Facilities at NSRDC. This wind tunnel 

Is of the single return, closed circuit type capable of continuous operation 

at atmospheric pressure. The test section is rectam. «lar in shape and Is 

capable of achieving dynamic pressures up to 80 Ibs/ft^. For this series of 

Investigations, the wind tunnel model was mounted in the test section using 

strut system #8. This strut system is located beneath the tunnel floor and 

supports the model using a vertical strut which in turn transfers the air 

loads to an external Toledo mechanical balance system. The Toledo balance 

system recorded six component force and moment data for various tunnel 

conditions and model configurations. The majority of these data were 

recorded at dynamic pressures of 10 and 20 lbs/ft^ with some limited data 

points at 40 and 60 lbs/ft2. Buoyancy, wall and blockage corrections were 

applied to the reduced data according to the methods outlined in Reference 

5 and presented in the stability axis. During the investigation, the a^ole 

of sideslip of the model was varied over the range from -4 to +16 degrees in 

2 degree increments. Regardless of configuration, all data reduced to co¬ 

efficient form used the same reference chord, area and moment point as defined 

in the Nomenclature. 

The wind tunnel model was an existing low aspect ratio wing modified 

;o accept a rotating cylinder in the leading or trailing edge position. The 

basic wooden model was modified in a manner which allowed for either leading 

or trailing edge lines and dimensions to be retained when the cylinder was 

installed in the other of the two positions. This was accomplished by 

retaining the original portions of the model leading and trailing edge which 

are removed for installation of the rotating cylinder. Without installation 

of the cylinder, the model is an untapered, low aspect ratio wing with a 

symmetrical airfoil section. The airfoil section is modified such that 

forward of the the maximum thickness it is a standard NACA four digit 

section while being an elliptical - parabolic - hyperbola section aft of 

the maximum thickness point. Major dimensions‘Of the airfoil without the 

cylinder instc1led shown in Figure 1. The model has a maximum thickness 

to chord ratio of 18.34 percent and is located at 34.72 percent of the chord. 



Additional details and dimensions of the leading and trailing edge cylinder 

models are shown in Figure 2. 
The cylinder used In the leading and trailing edge position was con¬ 

structed of solid aluminum with a diameter of 6.38 Inches and a length of 

42.57 Inches. The cylinder Is driven by a 13.5 horsepower, variable 
frequency electric motor. The flap used In conjunction with the trailing 

edge cylinder has a triangular cross-section. The flap has a sharp trail¬ 

ing edge with a total angle of 18 degrees. Details of the cylinder in the 

leading and trailing edge positions with the trailing edge flap installed 

are shown In Figure 3. In the leading edge position, the gap between the 

cylinder surface and the wing had an a/erage value of 0.02 inches. With 
the cylinder in the trailing edge position, the average gap was 0.05 Inches. 

When the flap is installed behind the trailing edge cylinder, the gap 
between the cylinder and the flap had an average value of 0.10 inches. 
Within the constraints of the program and model, these gap dimensions are 
considered the most realistic values which can be obtained for this investlg 

ation. 

DISCUSSION 

As the low aspect ratio wing model was mounted in 3 vertical position 

in the wind tunnel test section, the effects of the spinning cylinder on the 

wing were evaluated by examining the lateral force characteristics. Con¬ 

sequently only the side force, rolling moment and yawiig moment data are 

presented in this report. 
Figures 4, 5 and 6 present the lateral force coefficients for the model 

with the cylinder in the leading edge position. The data is presented as a 
function of sideslip angle for various values of the velocity parameter, U/V 

(cylinder peripheral to free stream velocity ratio). The rotating cylinder 
has little or no effect on the moment and force coefficients of the wing. At 

the higher values of sideslip angles and velocity ratios, there is about a 
10 percent Increase in the side force due to cylinder rotation. The side 
force coefficient is presented again in Figure 7; th s time as a function of 

the velocity parameter for various values of dynami: pressure. After initial 
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cylinder start up, a velocity ratio greater than 4 was required before 

any effect was seen on the side force. Reversing the cylinder's direction 

of rotation so that the surface of the cylinder advancing into the wind Is 

on the leeward side of the wing with Increasing sideslip angle produced the 

results shown In Figure 8. At the maximum angle of sideslip Investigated, 

16 degrees, a velocity parameter of 3 or more was needed to Initiate stall 

characteristics on the wing's force coefficient. It Is apparent from Figures 

6, 7 and 8 that the rotating cylinder in the leading edge position has little 

influence on the flow over the low aspect ratio wing used In this investigation. 

Figures 9, 10 and 11 show the results when the spinning cylinder is 

located In the trailing edge position of the wing. A definite effect Is 

produced by the cylinder on the lateral characteristics of the wing. An 

Immediate Increase results in the side force coefficient which 1s a direct 

function of the velocity parameter. Figure 11 shows that with a velocity 

ratio of 5, the rotating cylinder Is capable of doubling the side force of 

the wing at 16 degrees of sideslip. 

The Installation of a flap behind the trailing edge cylinder configura¬ 

tion produced the results shown In Figures 12, 13, and 14. The cylinder 

essentially becomes located In a mid-chord position. With a flap deflection 

of zero degrees, little or no effect is produced by the rotating cylinder on 

the force characteristics of the wing - cylinder - flap combination. In¬ 

creasing the flap deflection to 30 degrees however produced the results 

shown In Figures 15, 16 and 17. The cylinder's effect on the flow is 

greatest at the lower angles of sideslip, with a decrease in the cylinder's 

effectiveness resulting from an Increase In the sideslip angle, as can be 

seen from the side force coefficient shown In Figure 17. For a given 

sideslip angle, increasing the velocity parameter produced an increase in 

side force; however, with an Increasing velocity parameter the rate of 

increase In side force decreases noticeably. 

The rotating cylinder appears much more effective in keeping the flow 

attached over the trailing edge of the airfoil and moving the rear stag¬ 

nation point forward on the bottom of the airfoil (cylinder trailing edge 

position) as opposed to moving the forward stagnation point rearward on the 

bottom of the airfoil and energizing the boundary layer over the surface of 

the airfoil (cylinder leading edge position). 

4 



CONCLUSIONS 

The location of a spinning cylinder In conjunction with a low aspect 

ratio wing In subsonic flow produced the following results: 

1. There Is little or no effect on the force and moment 

characteristics with a leading edge location. 

2. With a trailing edge location and a velocity parameter of 

5, the rotating cylinder is capable of doubling the side 

force normally expected at 16 degrees of sideslip. 

3. The installation of a flap behind the cylinder in the trail¬ 

ing edge position (mid-chord cylinder location) results in 

a configuration which gains little or no benefits from the 

rotating cylinder. However, with a 30 degree angle flap 

deflection, significant increases in side force can be 

obtained at the lower ranges of sideslip angles. 
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Note: All dimensions in inches 

Figure 1 - General Dimensions of the Basic Wind Tunnel Model 
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Figure 2 - General Dimensiona of Rotating Cylinder Models 
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Figure 3 - Cylinder Installation Details 

9



G
R

O
L
L
S

 

s 

o 
in 

o 
rs 

o 
on 

o 
rsi 

o 
CD . 

CD 
CU - 

-4.ÜO 

© 
o 
A 

X 

u/v 

0 
1.06 

2.11 

2.98 

4.04 

4.70 

Ê 

i 

9 

I 

q - 20 Ibs/ft' 

0.00 4-00 8.00 
BETA IN DECREES 

12.00 1B.UQ 

Figure 4 - Rolling Moment for Leading Edge Cylinder Model 

10 



C
Yf

lW
S 

11 



CS
ID

ES
 

3 

BETR IN DECREES 

Figure 6 - Side Force for Leading Edge Cylinder Model 

12 



..ui ipwpii iipjjliipimiillRipnii ... HiilUII IW I PP. Plipfl II, J ' 

O 

> 

3 

CM 

u 
I 

13 

_ ■ - —■—■ — - 

F
i
g
u
r
e
 
7 
-
 
V
a
r
i
a
t
i
o
n
 
o
f
 
S
i
d
e
 
F
o
r
c
e
 
w
i
t
h
 
V
e
l
o
c
i
t
y
 
R
a
t
i
o
 
f
o
r
 
L
e
a
d
i
n
g
 

E
d
g
e
 
C
y
l
i
n
d
e
r
 
M
o
d
e
l
 



CS
ID

ES
 

S 
i 

g 

9 
i 

€0 

I 

u/v 

□ 0 

0-1.06 

O 

*-2.98 

+ -4.69 D 

: 
♦ 

-¾- 

A 

+ 

O 

« 

•-- 

1 

f 

« 

1 

1 

* 
1 I 

I 

Í 

q = 20 lbs/ft2 

CM 

I 

8. 

-4.00 0.00 4.00 6.00 12.00 
BETR IN DECREES 

16.00 20 «00 

Figure 8 - Spoiling Effect of Leading Edge Cylinder on Side Force 

With Reversed Cylinder Rotation 

14 



• -. 

-4-ÜÜ 0.00 4-00 8.00 12.00 
BETA IN DEEREES 

IB-00 20-00 
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Figure 13 - Yawing Moment for Cylinder Flap Model with 

Zero Flap Angle 
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Figure 16 - Yawing Moment for Cylinder Flap Model with 

30 Degrees Flap Angle 
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