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SUMMARY

This experimentation was carried out to investigate the forces on a spinning
sphere. The tests were carried out in the Reynolds num 1ge from

e = oRe = . The
direction was varied from 00 to 900. To validate the sting balance a set of tests

was carried out on a stationary sphere, giving drag values compar

quoted by Schlichting (1979), Mc Cormick (1967) and Massey (1979). A very
conservative estimate of the turbulence level was 0.65%.

When the axis of spin was perpendicular to the wind axis, the variation of lift

and drag were measured with relation to the velocity ratio. The results showed
range was for Re < 70 000, during which

g~ Alsi ANS Y

positive lift was generated with spin. The lift tended to increase with spintoa
maximum value and then level off. The second range was for

<Re< , during which negativ -
ation set in. The oscillation occasionally damped out and resulted in a steady
positive lift. The third range was 188 000 <Re <250 000, during which a steady
trend could be found. The sphere would develop a negative lift increasing in
magnitude to its maximum at a velocity ratio of 0.2, then decreasing and cross-
ing the zero lift point at a velocity ratio of approximately 0.6 and then develop-
ing positive lift. It appears that the maximum magnitude of negative lift

increases with an increased Reynolds number. For a Reynolds number of

240 000 the maximum negative lift was Cy, = -0.6

or the tests where the angle between the axis of spin

and wind direction were changed did not vali i i

be broken down into components and predict the Lift and Drag based on the
component spin vectors.

It was found that spin could induce transition when testing in the critical
Reynolds number range, independent of whether the spin axis was perpendicu-
lar or parallel to the wind axis.

The current results agree with both Davies (1949) and Maccoll (1928) for com-
parative Reynolds numbers. Davies tested at a Reynolds number ot 90 U0U and

Maccoll tested up to a maximum Reynolds Number of 110 000. The present

work extends this maximum limit to a Reynolds number of 250 000




Davies considered average loading conditions over the complete test period
which would not have picked up unsteady phenomena. Maccoll used a lever
system to measure his forces and visually noted the loads measured which
inherently could only give long duration average values and accuracy limited by

human observation, this too would have eliminated the possibility of document-
ing unsteady phenomena. The present work averaged the loads over a test

TR .
1 llhceecand ['H = cdin-the record

phenomena.
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1 INTRODUCTION

Aerodynamics is the study of fluid mechanics as it relates to air flow over solid
bodies, usually aircraft. A fluid by its very nature is a collection of loosely

ity of the solid body is anything more than trivial. For this reason most aerody-
namics is based on average flow phenomena. If one were to analyse the flow
over a spinning sphere mathematically one would have to consider the following
four flow domains, the boundary layer, the attached vortex, the trailing vortex
system and the mean flow. For a stationary sphere many researchers have spent
years trying to understand and be able to predict the flow in any one of these
domains. The effects of turbulence and Reynolds number have to be con-
_ sidered in each case. To predict the forces on the sphere one would haveto
integrate the pressure on the surface over the entire surface. This would
require a knowledge of the characteristics and inter-relations of all four

1 HISTORICAL

The aerodynamic effects of rotating spheres was probably the first study of

P = |
ice found on the

aerodynamics carried out (cf. Barkla 1971). The first re
subject dates back to 1671/2, when Newton noted that the flight path of a
tennis ball was affected by spin. He explained that "the motions conspiring
to excite a greater reluctance and reaction implied a greater pressure on the

side of the ball moving forward faster.”

ognized the disproportionate rise in drag at sonic velocities. He used a

spinning pendulum to measure the transverse irmni :

measuring the change in period, he determined the increase in lift due to

spin.
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dagnus in 1853 earrizd out experimants on rotating cylinders and spheres
{ef., Barkla 1971, The work he carcied vt on gylinders led te the transverse
foree being culled the Magnus effect by Ravleigh in TRY7.

Euler tn 1777 rejected the cxistence of u lransverse boree and claimed that

1 A HE " ] cric

rowndness' {cf, Burkla 1971).

Mo direct experimental data is known te exist oo the 10 of rotiling spheres
at velocitics of 1the urder of thase charateristic of a musket bull {cf. Barkla
1471,

Moweoll in 1928 {(Maccoll 19283 tonk measuremients on spheres up to a free-
steeam velncite of 34 (/s (10,36 my/fs) with a peripheral to frec stream veloe.

ity ratin of up w7, Davies in T3 Davies 19397 venified these results with
his tests al a velocity of 105 ft/s (32 m/s). Ile vnly achieved a maximum

velociey ratio of approximarely ik

The mure medern rescarch iole spinmog spheres has been mainky munerical
madeling of the Navier-Stokes equations, There has also been o fulr amoeunt
if work intee the vortex shedding anel flow visealization oo spheres, generally

non rotating,

The research ihat is heing done is either for chemical plant oplunisalion,

lubrication, sport or fundamental undersianding af fluad o

1.2 PRESENT WORK

‘This work bas been carried st to obduin 2 basic understanding of the forces

gApericonoed by a
threa dimensinnal hody but has the added complexity of spin.

“The existing resilts for the ferces on a spioning sphere witli the axes of spin
perpendicular to the wind axis, are limited e Be = QLG carried out by
Inyvies (Davies |949) and a range of Re = 32 000w Be = 1Y 008 carried
out by Maccoll {(baccoll 1928). The present tests have covered o range frum

e = FOOU mn Be = 2300000

In realily most rotating spheres moving Lhrongh the airare neithee spanning
purely aheut the direction of flight, nurare they retsling vxuctly perpendicy-

lur ta the direction of mation, They are generadly rotafing abeut an axis that

is ouither purallel nor parpendiculur Lo the direction of motion. Flowever, all



the expoerimental data that the autbor abtained from a comprehansive litera-
tire seureh has the axis of spin either parallel or perpendicular o the direc-

tion of moiun, From ihis point on, the 'ﬁre*tmn of motion will he called the
wind wxis, This 1:111Jt|e=. thal there is an inherent assumption made by thase
—s e 1B T I+ .--I. ey lenen w11 mdarae] murTeve s T hod nren Aee11Tm - ilint ¢h..

Ik RiodLl LR bl LIkl Lprosea- LJkeY G & AL |E| LINSRE LJILL.

culin
vebacity and ﬁp'm cun he froken duwn inie components. By taking cnmpao-
nents of 1he spin vecuor, a spin parameter can be determined using the com-
ponent perpendiculir to the wind axis, The bMagnus foree such a spin
parameter would gencrate is then used as an approximatian for the sphers
spanning ul an angle to the flow. Incthe numerical wark of Rubinow (1961),
this assumption s crade withoud even statiop that it hus not vet heen exper-

imentally validated,

limits within whict it is vadid, The method used for this validation was to

firstly determine experimentally whan the forces cxperienced by a sphere are

when the ungle between the spin axis and wind axis are changed, The second
step was L take three particular cases und predict the lift for al) angles
hetween the spin wod wind axes from 02 to 900, The three cuses chasen were
lhose where datu was available for boch the spim axds perpenclicular 1o the
wind axis, aod for varying angles hervcen spin aod wind axes al comparable
Reynolds numbers. A& pair af tesis was taken al low, medium and high

Revnolds pumbers,

The present work hus also uttempted (o determioe the effect of spin on the
drag experienced by a sphece, for the case of wind axis parallel w the auis of

SPILIL.




2. ﬂ]i ]]I" I'!rl'!i: rl':'!
1) The first requirement in this sel of tests was to validate the ew sting hal-

ance, paratlelogram support and data acuisition systeol on the UTniversity
Of The Witwatersrand's L.5m wind tuongl,

2y To measure the variavan in lifton 4 redating sphere when the axis of spin
is perpendicular to the wind,

3] Tu measure the variativo in drag on  rotating sphere when the ais of sprin
is perpendicular to the wind.

4} To determine the effect of chunging the angle betwsaen the Spin axis and
the wind axis on boch Tift and deag,

5} To validate the assumption that spin ¢an he regarded as a veclar and there-

fore he broken into comPoncots,




a
those by Robbins and Magnus. Both these works were experimental studies of

nnnnnnnn ratad hu o

the lift force generated by a spinning sphere. The main objective of these

experimenters was to convince the scientific community that a spinming sphere
did generate a force, if the axis of spin was perpendicular to the direction of
motion. The force is perpendicular to both these axes. This meant th:
results were not documented rigorously, preventing the data from being re-pro-
cessed. Comparisons can therefore not be made with more recent work. The
experimentation was continued by Maccoll and Davies, while other researchers
concentrated on the vortices being shed behind cylinders and spheres. When
computer power reached a stage where numerical modelling became possible,

attempts were made to model the flow over spheres and cylinders as well.

ML - 124 femnemr grivTvzan
The literary survey ha

wn

1) Text books
2) Experimental work on spinning spheres
3) Theoretical and experimental work on cylinders

4) Theoretical and Numerical studies of spheres

5)  Experimental work on stationary spheres
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11 TEXT BOOKS
Schlichuing (1979, Massey { 1979} andt Me C armick ( 1967) show graphically

the effect ul increasing the Reynolds oumber an the drag of a sphere.

neses oM A SFHERE
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Massey shows that if the sphere is oul round but ellipsoid then the critical
Reynolds number changes. [f the diumetcr parallel w the flow is smaller
than the diameter perpendicular to the flow, the drag coefficient increases as
does the critical Reynnlda nurnbu If the diameter paralle] to the [Tow is

ilical Reyoolds

number decteuses, while the curve of coelficiznt of r;lmg with rcspucn 10
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Schlichting has graphical data of the relationship between drag and Reynolds
pumber for a sphere spinping with the wind parallel to the axis of spin.
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Both Bag and Pope { [4) and Schlichting {1479} quoty the method devel-
uped hy Dryden [0 N AC A Techinicat Report 381 and 3423 of seuling the
LEeovoulds number und measuring the twrbulence by means of ihe

experimentully obained critical Reynolds number,

r

Based oo the sphere diamecer 1o pse the melbod quuied in Rae and Pope
(1a4) as stated. Fowever if the relatinnships stared sire uscd withnut follow-

ing their methoet axactly, g indication of the jurnlenee level can still be
ubitained,

Wheo using the method described in Rue and Pope, onc firs findy a uebu-
lenge factor und then ustog the fojlowiof graph (Fig. 3.4} aoe ca elra the

turhulence level.
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Rouse (1946 and Triven (1979} consider the acrodynamic effcet of spinning
1lar to the flow. Rouse shows the
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relationship of both [ift and drag to spil parameter at a Reynolds momberof

100 00, but duts not yuote a SOuTEe. Trtton shirws the vanation of Lift with
spin purameter and guntes Thvies and Maceoll. The two hooks differ o the

ranme from A = 08w A = 3.
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Fig. 3.7. Lift on a spinning sphere with the axis of spin perpendicular to the wind axis from Tritton

(1979).

3.2 EXPERIMENTAL RESEARCH ON SPINNING SPHERES

Barkla and Auchterlonie (1971) gives a historical background to the research

on spinning spheres in a flow. The first experiments mentioned were those

making use of a musket, where the last few inches of barrel were bent

through 30 to 40. The trajectories were note by means of paper walls
through which the projectiles passed. The data was not noted sufficiently rig-

orously to allow it to be re-analysed. The second set of tests were carried out

using a spinning sphere on the end of a pendulum. When these tests were

processed, the effect of density was ignored and a least squares approxima-

tion was applied to all the points.



Davies (1949) and Maccoll (1928) are the only two experimenters known to
the author to have published results of their tests on the forces experienced
by a sphere that has its axis of spin perpendicular to the wind axis. The other
sources presenting results of this effect are quoting these two papers if a

source is quoted.

Maccoll placed a 6 inch sphere in a wind tunnel. The sphere was sting
mounted and powered throughout the test. He carried out tests at 10.0 ft/s,
14.6 ft/s, 19.6 ft/s, 24.6 ft/s and 34.0 ft/s which correspond to Re = 32 000,
Re = 47 000, Re = 63 000, Re = 79 000, and Re = 109 000 respectlvely,

assuming International Standard At
since the work was carried out in Glasgow. Maccoll only detected negative

lift at the two highest Reynolds numbers.

m re (ISA) conditions for s

mosphere (1SA) con 1S level

Maccoll did not use the standard form of nondimensionalization for forces

DRAG
ned new coefficients K == i and
NETE

LIFT

i These are a factor of smaller than the accepted standard coeffi-
P

K,=

cients Cp and Cy . This can lead to misinterpretation when comparing data.
The results quoted in this work have been converted to standard format.
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Fig. 3.8. Lift vs Velocity Ratio for Re = 32 000 according to Maccoll.
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Drag vs Velocity Ratio for Re = 63 000 according to Maccoll.
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N

Davies used o different Lechuique tor conduct his testing. He spun the ball by
placing it between twn cups an i
wind velocily was reported to he constant, ‘The displaceinent in the wind
158

JdFr to the time of the {irst

L L, v the time nf Telea
WIITELCLILAL Wil LIl gLETCAN LELARTL LLNw LLELI

bounge, The procodute was re peatcd for the talt bang span ot clockwse
and nnti-clackwise. From these two values the average lift and drag could be
determined for the complete test,

He quotes his results in pounds and RIPM, but reduces his values for the drayg

fLF S FOATI o
L e

i a nem-Todating sphere wa O value, Working hackwarils from this value
it was possible to Find values for density, and thereby reduce all his test

resadts Lo nondimensional torees.
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seam an a cricket hall's performance, He also did tests on cylinders using

irip wires.

Bearman and Llarvey { 1976} worked on the aerodynamics of golf balls. They
used madel balls with bath conventional dimples and hexagon al dimples.
They compare their results to Davies and Maccoll. Bearman and Harvey
quastion the aceuracy of Maceoll's results hecuuse the size of his sting sup-

%MWEM%

curves and do not state thay they have neglected the athers.

Mehta ( 1945) gives a summary uf the cxperimental work carried out oa

sports hulls, The types of sporis covered are cricket, poif and baseball. The
report gives resilis of static as well as spion ing balls where results werc
ohtainukle.
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Gerrard {196 1) meusured the oseillating 136t and drag on o evlineer shedding

DR e

Sarpkaya and Schoaff (1979) develnped a disereis vortex model based an the
interaction of poundary layer and potential flow thewey. The primary ohjee-
tive was tn model impulsively slarted flow over a circular eylinder, Kimura

(1986) used the same method 1o model the flow over 2 cotating cylinder,
This method could cven madel the negative Tift at low spin rites,

Alcless and Mansour { 1988) used superpusition and then Thwaites' methnd

to caleutale the stagnation position und both separalion points ona Fotaiing

wlinder. A linear pressare distribution in (e wake regloi was assined

-
LLr

caleulare the 1ifL aod drag cocflivients.

Swpnson { 1961) published a paper summarising the work carned oul on the

Magnous Lfigct up to that time, concentrating on spinning cylinders, The hg-
wre below shows the comparative results published in the paper, Tt is clear

TC
gylinder, particulurly in the Jow velogily ratio Tange,




