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EXPERINENTAL STUDY OF THE MAGNUS EFFECT OR A FIFSMNED BODY OF

REVOLUTION OF GREAT ELONGATION AT 2 HACE NURBER OF M = §

Ne B. Bychkov, B. L. Dubrovskiy, V. M. Kovalenkc

During the flight of a rotating sissile or rocket at an angle of
attack aerodynamic forces arise which are directed along the normal
to the plane of the angle of attack, i.€., the so-called Nagnus

effect is manifested. The presence of a lateral force leads to a

deflection of the missile from the assigned direction. Por
calculating the flight trajectory it is necessary to knov the value {

of the Magnus force and the point cf its agplication.

Bxperiments [ -4 ) bave shown that the value and direction of the
effeot of the Magnus force deperd cn becth tie geometry of the sissile

(shape of the body and its elongaticn, the presemce of a fin and the
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sethod of its attachseat) aerd on thke acde cf flcv (angle of attack,

rate of rotation, M., and Be nuabers). lisited experimentsal data

obtained mainly for short tcdies dc not persit reliable determination
of the value of Magnus forces and scsests shich act on a body with a '
certain design. Analytically this fprctlem, ¢vey at ssall angles of

attack (non—-breakawvay flcw), has been studie¢d in a very approximate

fors. An experiment beccmes guite imgcrtant under these conditions.

a0 bt A B N A s s

Por experimental study of the Nagnus effect ocn bodies of
revolution of great elcngaticn a sgecial set-uf vas developed which

vas fastened on to an acinaciforas susgensicr of a wind tunnel. The

R R NP e

set-up provided the necessary positicn cf tie model in the working

patrt of the tunnel, created rotaticn of the model with the necessary
angular velocity and wvith fixation of the guskber of revolutions and
also nade it possible tc measure the lateral force Z and the yawving |
sosent M, . The lateral force and its some¢nt vere measured using
tensoaetric scales designed for a 1lcad up tc 0.% kg with respect to
fezce and up to 0.35 kg with respect to momsent. Por preventing the
effect of a shock wvave duricg stacrting amd stojgimg of the wind
tupnel the tensometric scales were mechanically disconnected, i.e.,
they were stopped. The lasic asseablies for stedying the Hagnus

effect: sodel 1 which is fasteped c¢n bhclder 2, supported om beariangs

3 and 8§, reverse direct current electric sctor € with a photoelectric [ 4

tachoscter for seasuring the nusber cf revcluticas of the model (n K
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8000 z/min), two-component tensometric scale¢s 6, a locking device
vith electromagnetic drive 7 and a mechanicel drive 8. The entire

cogstructicn vas covered sith a cowl 9 (rig. 1).

= )
S L SRARRSRRRRRIARIRRIRR A Y

276

16,7

Fig. 1. Structural diagram of a set-up for studying the Magnus
effect.
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A hollow cylinder with an ogival pcse jart and spire serves as
the mpdel. Two cross-shaped fins are lccated on the body. The overall
elcngation of the model )\ = 1/4 = 40 (4 and d sre the length and
diaseter of the model). Rcotation of the mcdel by the electric motor
is accoaplished using a central rod 10 whick freely passes through

the iaside of the hclder.

Ia the course of preliminary exgeriments without flow a check
was nade of the stability of revoluticas of the model with a fixed
pover of the electric mctcr, of the statility cf the position cf the
axis of the sodel with varicus nusbexrs cf revolutions and the degree
of its deformation under the effect of a ccrcestrated load, of the
efficjency of the lockimg device and also cf the calibration of the

tepsceetric scales.

Bxperiments vere ccnducted in a superscnic vind tunnel ITPHN
7-313 with 8 = §, Re, = 37¢10¢ aad angles cf attack a from 0 to 159,
The modeling parameter e=wd/2U. changed in the range of
(1:84~9.8)210-3, vhich correspoaded tc a nusler cf revolutions of the
sodel of n = 1000-7000 r/min or an angular velecity of o = 105-735

/8.

The measuring process was reduced to tke fcllowing. The signal

n—

et s s i
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frxca the tensometric scales vhich characterizes the total lateral

force or the resulting scsent enters the @lectrcnic device DACQ-2BB,

which is a sultiple-point systes of autcmatic ccllection and
£ accusulation of inforsation (manufacturer - Yakeda-Riken, Japan).

Here the signal is amplified and averaged ip tise due to which it is

possible to exclude its pulsaticn compcnent. Pulsations arise mainly

fros the wobble of the zctating model and fics fluctuations of the
flow. The averaged sigpal in digital fcim is owtput onto the tape of

a priater for subsequent prccessiag. i

During measurements of Magnus forces ard :acsents an isportant j
role is played by the correct selectiop of the reading point (zero or |
initial reading Ng). For By a value N shoulé be chosen (reading of
the DACQ) not with a zeroc nuaber of revcluticns (n=0) but as a
lisiting value with n - 0. The tests showed a very good
reproducibility of values N|..o (dynamic zerc) ard a noticeable spread
N)aeo (static sero) . The latter is ccnnected wvith the fact that the
sodel rotating on a relatively thin hclder is scre inert to the .
effect of fluctuations of flow and therefore its position is more
stable in comparison with a non-rotatipg mcdel, particularly with

large elongations.

Thus for the initial reading By tite dytamic zero N|... vas

chosen. It vas determined from the relaticonship

—_— RN A s AR A [ A B
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(1) N.=u|,,.=”l‘:-_;'_”."_-:,

Values n,=|n_.| were selected egual to 1000 x/mipn. The value of the

Nagnus force or mosent was deteramined from the difference

‘2) AN.-N.—N..

where N, is the reading of the instrumenst with a given number of

revclaticns of the smodel.

During the experisent various tyges of errcrs are added to the
seasuced value. They may te divided intc thiee types: 1) errors which
are constant with a given angle of attack (uash of the flow in the
tunnel, inaccuracy in placesent cf the tenscmetric scales, etc.); 2)
errors which change their value in time (the effect of temperature on
the tensometric scales); 3) errors, the value asd sign of which

depend on the direction and velocity cf rotaticpy of the model.

Brrors of the first type are mutually exclusive during
subtraction of the results cf seasurements ascccrding to (2). Errors
of the seccnd type are taker into account using control measurements

of Bagnus forces with cne and the sase numker ¢f revolutions n = 1000
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r/ein. Such measurements tc:k place at apprcxisately egual intervals
cf time Av and wvere alterrated with measuresents of other (assigned
according to a program) nuaskers of revoluticns cf the model. The
cbtaimed dependence AN(v) sakes it fossible to find the necessary

correction for any readinge.

fhe third type of error is ccnneécted with the fact that under
the effect of the Magnus force Z a certain &ngle of slip AP appears.
In this case a supplementary force 22 arises ubich acts parallel to
force %. In the presence cf 1lift fcrce Y = I(a) the axis of the model
also deviates from the assigned directicm (Lky ‘angle A(a). The
indicated deviations Af and Aa take place meinly due to deformation
of the holder in the sectior ismediately bebkind the base section of
the model. The axis of the rotating mcdel in this case remains almost
rectil inear. For calculating values 42 and ¢2a it is necessary to have
the dependence of the lift coefficient on tke argle of attack and the
degendence of the degree cf deformaticy of the axis of the model on
the value of the moment of the applied force. Estimates show that
force 4Z coaprises not more than S5 9/, of the measured value Z. In
the test results cited below this correcticn was not takenm into

account.

%he accuracy cf measuresents defends gct cgly on the factors

noted above Lbut om the sensitivity cf the tensometric scales and on

d
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the resolution of the instrument DACC and tle stability of its
readings vith a constant value of the seasured vaiue. The error
arising in this case (track of srread) is ¢ (1-2) units with a

5 measured value from zerc tc 40 units.

The method of making and processing measuresents which was used
in the tests made it possible to separate fiocam the total of forces
acting on the model only the dynamic (ccnmected with rotation)
ccagoaent. In the absence of rotationm this ccmjcnent is equal to

2@IC.

#ith respect to the measured value of the Magnus force Z and the
sosent of this force relative to the bottca section of the model,

the coefficients of fouces 2nd moments were determined
Z M,
'3’ Cz:ﬁ anCL m,m;ﬁf'.
Here g is the dynasmic fpressure; S is tke area cf the middle.

Dependences of the ccefficients of Nagous forces and moments on
the amgle of attack with various velccities of rotation of the model,

i.e., with various values of the parameter €, are shown in Pig. 2.
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Fig. 2. Coefficients of Magnus forces and acmeats vwith 8 = & and Re,
= 370708, € = 00,0014 ¢1); 0.0027 (2); 0.0CS4 (3); 0.0087 (&)
040098 (5). () - values (with inverse sigp) oktained during rctatiom

of the model in the oppcsite directicn: KEY: 1) degree.
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It is evident that coefficients C; andm, are in a complex dependence
ca the angle of attack changimg both in valuse and in sign. These
changes are caused by the different rature cf BMagnus forces. In the
first place the classic Bagnus force Z, aats cn the studied body. It
arises dring rotation of an unfinned cylindrical body in a flow at anm
angle of attack. Second thete is the force 2, caused by the fact that
the plates of the fin which are located om the lee and vindward sides
cf the model are submerged into a locundary layer of varying
thickaess. As a result an urbalanced lateral fcrce appears which is
CEposite to the classical Magnus force vith resgect to the direction
of its effect and the pcint of its agplicaticn is located on the fin
(3]. third, on the plates of the tail fin a lateral force Z, arises
vhich is caused by the effect of vcrtices ccming off of the front fin
and from the surface of the body. The directicrn of the effect of this
foxce is is also opposite tc the direotion cf the classic Macgnus

force.*

[FCOTNCTE: *Although lateral forces 2, and 2; are differeat (in
cosparison with the Magnus force 2,), by acalogy they are sometimes

also called Magnus forces. IND FOOTROTE)
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dt ssall angles of attack (a & 59 the sodel is acted on chiefly
by the force 2, and the effect of the fin is ssall. In this range of
change « force Z increases which gualitativliely agrees with the data

cf work [5].

At angles of attack e > S° the Magnus force and moment decrease

to zero and then reach large negative values.*

(POOTNOTE: *The Airecticr cf the Magnus force ccinciding with the
direction of the effect cf the classic Magnus fcrce is coansidered to

te pogitive. END PCOTNO1E)

This js apparently explained by the fact that im a certain range of
angles of attack the forces Z, and 2Z; are dcsigant. With a > 10° the
absclute values of Magnus forces deécrease scmevhat since part of the
vortices coming off of the fromt fin is carried away by the flow and

does nct interact with the tail fin.

Goncerning the effect of the rotatioa cf the model (i.e.,
Farameter t) on the value ¢f the Magnus force and noment, for the

studied model in the range of angles of attack 0 < a & 15° these

dependences are close tc linear.

D it ity




DOC = 0936 BIGE 12

rig. 3 shows coordinates X,=M,/Z ¢t pcintg of the applicatioa of

the resultant Hagnus force depending op the argle of attack a with

different values of paraaeter €.

o & 10 o, ovd
- Fig. 3. Coordinates of polnts of application of the resultant Magnus

force with M = U, Designations are the same as in e, - 2.
Kegf l)deqreéz.

it el il
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the djisensionless coordinate X:=X/l is resé off fros the base
section of the model. The relatively large spread of the obtained
foiants ia the range a = 6-9° is explaiped Ly the fact that the valves

S aad M, in the indicated range of apgles of attack are close to zero.

relaticaship of forces 2,, 1, 833, ard the corresponding moments for

i

|
The character of the bebavior of X:(a) is detersined by the 4
each angle of attack. With ¢ -9 0 one nctes a terndency twoard j
displaceaeat of the point of applicatieas of the resultant force Z to ’
value X;=03. The positicn cf ccordinate X; fcx a shell without a fin 1
with ¢ - 0 corresponds tc this value shich is ip agreemsent with the i 3

data ef wvork [S). ‘. 3
CONCLUSIONS

The suggested coastructica of the set-ufp ard the developed
sethod of measuresment msake it possible with satisfactory accuracy to
seasure the resultant Bagnes force and soment cn a rotating finned
body of revolutioa with an elongaticn uf tc A = 80. The results of
experisental research showed that with small argles of attack the
Sagnus force is positive. Hcwever, vith a ssbsequeat increase of ¢ it
sharply changes the directica of effeot tc the cpposite direction and
iscreses significaantly in size. In this cas¢ th¢ point of its

application is displaced in the directicy ¢f the nose part of the
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scdel. Por the examined sake-up the change in the direction of the
effect of the lateral force takes flace at asngles of attack of a =
6~7°,
The absolute values of the Bagnus forces and moments increase
with an increase in parameter €; these deperdences are close to
lipear.

Beceived 19 may 1972

Igstitute of Theoretical and Applied Mechanics Siberian Department AS
USSR, Novosilkirsk
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