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EIPJUREITAL STUD Y 07 TB ! RA GNUS EPPICT OR I PHIED BODY OP
• 

REIOL~?I0R OP GREAT ELORGIT IOR 1? 1 RACE RUB B ER OP B Se

L a. Byck ko,, B. L. Dubro~skiy, V . N . !oval.nkc

During the flight of a rotating aisnila or rocket at an angle of

attack aerodynanic forces aEise which aie directed along the norsal

to the pla ne of the angle of attack, L.a. , th. so-called Bagnus

ef f ect is nanifested. Tbe presence of a lataral forc. lead s to a

deflection of the missile from the awsigned direction. Por

calculating the flight tr a jactorj  it is necessary to know the value

of the Bagnus force and the point Cf its application.

• Ezp.ri.esta [1—s ) have shown that the ialve arid direction of the

.flsot of the Ragnus forca dep .~d cu ba th tk. çaoi.try of the .iasil.

(shape of the body and it. elongation , the pre. ..c. of a fin and the

:~
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asthod of its attachment) ard on the sod. of flow (angle of attack,

rate of rotation, M. and I. numbers). limited erperimeata l data

obtaine d mainl y for short tcdi.s dc not persit reliable de tev•ination

of the value of An gina torcas and ac..;t. •hick act on a body with a

certain de sign. Analytically this problem, •‘.i at small angle s of

attack (non—breakaway flow), has been atudiad in a very ap proximate

Lox.. In experiment becc.es quite i.~ cr ta at  un dar  t hese cond itions.

- 
• PoE •xp rimental study of the Bagnus lte.ct on bodies of

revoletion of grea t elcngat icr i  a special set—cf was developed which

was fastened on to an acinecitor . auspen sicr of a wind tunnel. Tb.

set—up provided the necessary positics Cf tke  model in th. working

part ef  the tunnel, created rotaticu of the model with the necessary

s~gula z velocit y and wi th  fixat io n of the ;um~iec of revolu tions an d

also sad. it possible tc measure the lateral force Z and the yawing

~~.em* M~ . The lateral force and its nomea t were measured using

t•maometdc scales designad for a Icad up tc 0.’ kg with respect to

• fa rce and up to 0.35 kg with respect to moment. Pot preventing the

effect of a shock wave during starting and stopping of th. wind

tupn.& the tensonetric scales were ma cb as icall y disconnected. i.e..
tbsp wet. stopped. The kasic assemblies f or  studying th. Rags..

effect: model 1 wh ich is tast.~~d cm bclder 2~ supported on bearings

3 and *, reverse d irect current elactric ictor ! with a phot oelectric

tacho.et.r for measuring th. number Cf z.vcluticns of the model (1 ,~
(

- .
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8400 z~min), two—component t.nsoaetric scalas 6, a locking dev ice

with el.ctro eagnet ic d r ive 7 and a .scba , ical dxiv. 8. Tb. entire

copstr.cticm was covete d .ith a cowl 9 (Pig. 1).

3

( 2
16’,7

I

~1 . _!:~~~
_$ 

• 

-

FIg.  1. St ructura l  diagram of a se t—up for s tudying  the Magn w~
e f f e c t .

• -
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A hollow cylinder wi th  an og lia l ~cso part and spire serves as

the mpdel. Two cross-shaped fins ar e located on th. body . The overall

.lcng.tios of the model X a t/d ~ ~0 (1 sad d axe the length and

diaseter of th. model). Rotation of the medal bj the electric motor

is ccomplished using a central rod 10 which freely passes through

the inside of the hclder.

Zn the course of pr el iminary exp er iments  without flow a check

was made of the stabili ty of revoluticas of the model wi th a fixed

power of the electric .otcr , of the sta t i l i ty  ct the posit ion of the r
ax is •f the model with vazicus numbers cf re volutions and the degr.e

of its def ormation under the effect  of a ccrcemtcated load , of the

efficiency of the locking device and also ci the calibra tion of the

t.;som.tric scales.

Experiments were ccnducted in a superscnic wind tun nel ITPB

1—313 with a a 
~~, Re 2 a 37.10’ aad angle s ct attack a from 0 to 15°.

The nød.limg paraneter .— wd/2L1. change d in the ran ge of

(1.4—R.*).10 ’, which corr.apo~m4ed to a sumter cf revolutions of the

model of s ~ 1000 7000 r/mi. or an angular velocit y of ~ a 105—735

1,f..

Tb. m.asurisg process was r.duced to the fcllowing. The signa l

- - S • - • ~.- - 4 -

• • - -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —4
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txc. the tensometric scales which characterizes the total lateral

force or the r.sulting iciest enters the electrcni c device DACQ—2 13,

which i. a multiple—point syste. of automatic ccllection and

- • 
accumelation of inforsatioji (manufacturer — Tak eda—Bik.n , Japan) .

Rex. th. signal is amplif ie d and averaged in t iuc  due to which it is

possib le to exclude its pulsation co .pcmeUt.  Pulsations ar ise mainly

from the sobble of the- -s o ta ting  model and t ics fluctuation s of the

flow. the averaged signal in digita l fcrm is output Onto the tape of

a printer for subsequent ptccessimg.

During measurements of Bagnus forces aid scients an inportant

role is played by the correct selectioi of the reading point (zero or

ini tial reading Is). Pot I~ 
a value N should be chosen (reading of

tk. DICQ) not with a zero number of revolut icris (na0) but as a

limiting value with n 40. The tests showed a vary good

reproducibility of values N~...o (dynamic zerc) and a noticeable spread

• N) ... (stat ic zero). The latter is connecte d with the fac t t hat the

model rota ting on a relatively thin hclder is acre inert to the

effect of fluctuations of flow and therefore its position is more

• stable in co.parisoa with a non—rotati;g .cdel. particularly with

large .lo~gations.

thus for the initial reading R~ tk. dynamic zero NI...., was

• chosem . It was determined from the rela tionship

• - •~- - - - ~~~~~~~~~~ , s- ,
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(1) N. =N ~~~~~~~~~~~’ .

Ealuss ~+ “— $~ .I wer e selecte d equal to 1000 i/win.  The va lue of the

Ragnus totce or mo ment was determi ned from the difference

(2) £N ,~’N R—N.,

v~.re N~ is the reading of the instrument with a gives number of

revo~~ tioqs of the model.

Duri;g the ex periment various types of errors are added to the

measured value. They may t. divide d intc tbiee types: 1) •rrors which

are constant with a given angle of attack (mask of the flow in the

tumnel , inaccuracy in placement of the tsnscmetric scales, etc.); 2)

errors which change their value in time (thu effect of tem peratur. on

the tensometric scales) ; 3) err ors, the value a~d sign of whic h

depsad on the direction and velocity Cf r-otatic~ of the model.

Errors of the first type are mutually exclusive during

sabtractio. of th. results cf measurements •cccrding to (2). Errors

of the seccod type are taken into account using control measurements

of Nagmus forces with one and the same number -of revolutions n ~ 1000

- 

•

~~~~~ ~~~~

- 

~~~~~~
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i/mis. Such measurements tc. k place at apprcxi.ately equal interva ls

of tise Lv and were alternated with measurements of other (assigned

according to a program ) muab ers of re vo luticns Cf the model. The

obtaisad d ependenc e 11(v) sakes it possible to find the necessar y

correctio; for any reading.

Ike third type of error is ccnnected mith the fact that under

the effect of the Nagnus fonce Z a certain angle of slip L~ appears.

I~ this case a supplementary force ~2 arises which acts parallel to

force 2. In the presence of lift fcrce ! = i (s) the axis of the model

also deviates from the assigned directica gty angle A(s). The

iadicated deviations a
~~~ 

and as take place mainly due to deformation

of the bolder in the section immediately behind the base section of

the model. The axis of the rotating model in this case remains almost

rectilinear. Pot calculating values £2 aqd £s it is necessary to have

the dependence of the lift coefficient on the angle of attack and the

dependence of the degree of deforiatic~ of the axis of the model on

the value of the moment of the applied force. Estimates show that

force U comprises not more than 5 0/0 of the measured val ue Z. In

the test results cited below this correction was not takes into

account.

the accuracy of measureme nts depeids ;ct c;ly on the factors

noted above but on the sensitivity Cf the teneometric scal es and on

• 
-—

~~~~~~~ -~~~~ - —-— --
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the resolution of the instrument DACQ and t ie stability of its

readings with a constant value at the seasuied vai.ue. The error

arising iq this case (track of spread) is 4 (1—2) units with a

measured value from zeic tc *0 units.

the method of making and processing measurements which was used

in the tests made it possible to separate Iron the total of forces

acting on the mode l only the dynamic (connected with rotation)

ccapo.ent. In the absence of rotation this ccmpcuent t.3 equal to

zero.

With respect to the measured value of the Nagnus fo rce Z and the

moment of this force relative to the bottcm section of the model ,

-

. 

the coefficients of forces and •oments were determined

(3) c~ ancL

Here q is the dynamic pressure ; S is t ie  area Cf the middle.

Depesdemces of the ccefficients of lagnus forces and moments on

the angle of attack with various velocities of rotation of the •ode~,,

i.~e., with various values of the paramete r £, are shown in Pig. 2.

-
S 

- 
- - -- 
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~ Pig. 2. Coeffic ients of Nagnus forces and •cmenta with ~ 
a ~ and Re1

— 37.10~. € a 0.OO1Q (1); 0.0027 (~) ; 0.0C~
lS (3) ; 0.0081 (*) ;

- 0~ 009*  (5) . ( ) — values (with inverse sig;) oktained during rotation

of the model in the opposite directicu. 121: 1) degree.

H

— — —— —
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It is evident that coeff icie nts C1 and my are in a compl ex dependence

h ca the angle of attack changing both i~ valee and in sign. These

changes are caused by the different nature cf legnus forces. In the

first place the classic Nagnus force Z~ aots cu the studied body. It

- 
~- arises dring rotation of an unfinsed cylindrical body in a flow at an

angle of attack. Second there is the force 2~ caused by t~e fact that

the plates of the fin v)iich are located on the lee and windward sides

of the model are submerged into a koundary layer of vary ing

thick-sess.. As a result an unbalanced lateral force appears which is

Cpposi te to the classical Nagnus force with respect to the direction

of its effect and the pcint of its applicatica is located on the fin

(3~. Thi rd , on the plates of the tail ti~ . lateral force L~ arises

which is caused by the effect of vcrtices ccming off of the front fin
- 

- 
and fro. the surface of the body. the direction of the eff ect of this

force is is also opposite tc the direction cf the classic Nagn us

force. C

(POOTICTE: *Althougb lateral forces 2, and Z~ are different (in

c.mpariso~ with the Nagnus force 2,), by analogy they are sometimes

also calle d Ragnus forces. E N D FOOtNOTE ]

LA _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~ -—~~~~ - —~~ ---~~ - -  -~~~---—----
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~t small angles of attack (a 4 !°) t~ e model is acted on chi.fly

by th. force 2, and th, ef fec t  of the tin is small. In thi s range of

c~amgs a force z increases which qualitati wlely agrees wit h the data

of work (5].

At angles of attack a ) 5~ the Ragnus force and moment decrease

to zer o and then r each large negative values.*

(10011012: ‘The iirecticn Cf the Ragnus force ccinciding with the

direction of the effect Cf the classic Hagnu s tcrce is co;sidered to

be positive. lED POOTEOTE)

This js ap paren tly explaine d by the fact that i; a certain range of

angles of attack the forces Z~ and Z~ are dcmi;ant. With a ) 100 the

absolute values of Nagnus forces decrease scsewkat since part of the

vortises coming off of the front fin is carrie d away by the flow and

does act interact with the tail fin.

loncerming the effect of the rotation Cf tb. model (i.e.,

parane ter t) on the value cf the Nagnus force ani~ moment, for the

studied model in the range of an gles of attack 0 < a ~ 150 these

de pendences are close tc linear.
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Pig. 3 shows coordinates X,—NdZ ~ S pcin t~ of the applicatio* of
the resultant Nagnus force depending o~ the angle of attack a with

different values of parame ter C.

- Fig. 3. Coordinates of points of application of the resultant Mapf lus

force with M = 1!. Designations are the same as in Fig. 2.
ke~j :  ~~~~~~~~~~ r&(~~.
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Ih~ d~ aensionlesa coordinate X1 — X,ii is read oil fro. the base

section of the model. Th . relatively large spread of th. obtained

poia~~ La the rang e a ~ 6—1. is eiplai~ed by the fact that the values

I aad M,i~ the indicated range of aigl~s of attack are close to zero.

Tb. character of the behavior of Xz(n) ii determined by the

rilationship of forces I~, 1~. I,. and the correspondi ng momen ts for

each angle of attack. 11th • 90 one nctes a tendency twoa rd

displav..*at qf the point of applicat ion of the resultant force I to

va lue Xz~~O,3. The positicn of coordinat e ~~ fox a shell without a fin

with a 40 corresponds to this value uk ich is ip agreement wit h the

r data of wotk (5).

CO ECLISIOUS

the sugg.st.d construction of the set—up and the developed

method of measurem.nt make it possible with satisfactory accuracy to

measure th. resultant Nagnus force and mom ent an a rotatin g tinned

bod y .1 revolution with an elomgatica up tc ) — *0. The result s of

.zp.rim.atal research showe d that with small arg les of attack the

Eaqnss force is positive. Howe ver, with  a aabs.gu.at increase of a it

sharply changes the direction of effect to the opposite dir.ctioa and

increses significantly in size. In this case thq point of its

applicatio n is displace d Ii the dixectic~ qi the nose part of the

____ 
_ _

___ J- - 
- 

- 
— — 

- 
~ ~~~~~~ - -
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I model. Pox the examin e d •ake-up the change in the direct ion of the

effect of the lateral force takes place at angles of attac k of a —

- 6 7 e .

Tb. absolute values of the lagnus forces and moment s increase

-

I 
with an increas, in parameter e; these depecd*n ces are close to

- 

linear.

-
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