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U. ~3. ~OAhD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM
Block Italic Transliteration Block Italic Transliteration
A a  A a A , a P p p p R , r

5 5  B, b C c  C c  S, s
B ~ B • V , V I T T ,,, T, t
r r  r a G ,g Y y  y y U , u

f l ö  D , d F, f
E e E a Yt~, ye; E, e* X x x Kh , kh

1W ~c Zh , ~h Li, q U ~ Ts, ts
3~~ 3 ,  Z ,~~ Ch , ch

~1I i  1, 1 W w  LU ~~ Sh, sh
A a Y , y [4 w, Shch , shch

R N  X x  K , k

fl L , 1 bI bi Y , y
M~~~ M , m b b  b o

H H  IJ , n 
~~~~~~, E, e

a o O , o hJ io Yu , y u
11 n /7 n P, p • H H Ya , ya

*~~~ i n i ti a l l y , after vowels , and after b,  b , e elsewhere .
When written as ~ in Russ ian , transliterate as ye or ë.

RUS~3IA1’J AND L1I GLISH TRIGONOMETRIC FUNCTIONS

Russ ian English Russian English Russian English

sin sin sh sinh arc sh sinh~~cos cos ch cosh arc ch cosh 1tg tan th tanh arc th tanh_1
ctg cot cth coth arc eth - coth 1sec sec sch sech arc sch sech

1cosec csc csch csch arc csch csch

Russian English

rot curl
ig log
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~FRjLE NTAL INVESI1GA IICN CF AE 8OE~~ AIIIC C LAB C~IE8ISTICS, CF ELAST IC

£!C1~ELS IN SU~~~RSON IC ~1U TUNU L

V. Yas ~elyayev , L. G. totiashvili , N.. N. u n i z ~, fl. V. tishakov

lith the a~lvent of sup€rscnic aiLElane~ wi tb thin wings of s~tai1

asjEc* ratio and relatively hi gh flezibil,i t ) there has bee n growing

interes t in the effect of elastic dqtctsat i ns cf the sttucture on

tke char acteristics of ~ta~~1li ty a;d ccxi trc ]1a~ .ili ty.

Along with develo~ uen t cf thectetica l ietbcds of calculating and

cc~ d ud ting flight tests , thete is also a gEca t ceal of interest in

m€ thod.s of determin ing the aeLcdy na .ic chatactezistics of an aircraft

by con d ucting experimental studies on an elastic model of it in a

wA~nd tunnel.

1. t~odeling condit,iqns. ThE grea test dlft ~ic~ 1ty in conducting

siiila iity ezperilents is er count€z ed In sa ti sfyin g the co nditic ns of

similarity, since, in addit i cn tc aerodynam i c similari ty, there must

- 
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also he similarity with tes~ec t to the mass arc elastic

charac teristics. Si~ ilari ty wi th tEE ~ €ct tc the elastic

cha rac te ristics presumes equality ketwie n tie rcraalized f unctic ns cf

the effec t icr nature and t~e mo de] and the satisfaction of certain

coi!d itions for characteristic values of the furctions of the effect ..

If we assume that the functio~ s cf the slan t effect , whic h

descr;te the change in th e local aigle of attack , have decisive

influence, then the last ccnditio n is rsduced to satis fact ion of the

egualjty [ 1) :

~~
TM$ ~~~~ I (1)

~hete C~~ is the characteristic value cf tie function of the effect ,

g — the dy~ amic hea d, ~ — gecac tric scale ci t~ e model, suI~scripts

~f iU  an d “Re refer .to the a~~del and tc xeality, respec tively .

~uz ther simplificati on in the j.rctlea Ct modeling f o r  a wing of

small aspect ra tio is achie ved ty r€~ lacinç it with a beam of

varia ble rigidi ty cver tL e chord , bbi le rig A dit’~ over the span is

assume d to be infinitely great [ 2 ) .

~n this case the ccndi tio tz of simil ari ty ate reduced tc an

id~ n t4cal disttibu-ticn of ;crmalimed zicidi t~ cier the chord and

~
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satistacticn of the las t equali t y fc r character is t ic rigidity values

fpr the model and reality

~~ J”~
. (2)

where E7 is the fiexural rigidity of the Raid Since the main

çii r~ os€ of the  stud y wa s  to las ter  an c~ p e r i m e rt a l  techn ique icr

su~er~ cnic win d tu~ nels ar d a techrclogy icr ~&e~ aring elastic

mo dels, the conditions Cf similarity were satisfied cnly

aj~ ro ;imatel y . Howçver , fcr fur ther zefiqe men t of the elastic

charac teristics of the models and tc USE tic calcu latic n me thod , such

ef fect  fuqct ioas as C~ä w~ ie m ea sLE e d.

2’.. St ructure of studie d .cdels and iethcd ci d e t e r m i n i ng f u n c ti o n  of

effect.

Figur e 1 depicts a mcd€ l consistin g of fuselage 1 wit h fa m ing 3

amd w n g 2. 10 ~ce~ are E ct ri gid fuselage (1) a thin—wall ed tube 26 mm

in diamete r with a wall tI~ickness Cf C.5 am wa * used. The front

For ticn of the tube has interi ct ccc ica ] o~ cnir ç 4 for attach m en t tc

internal balazices. Thread ed cpenin gs 8 serve as a poin t of attachment

icr vjng 2 and fuselage 1. V e r t i c a l  grccves d i v i d e  the tub e in to

r ings, whose lower çortic r is zc ldc red  to Ela te  7, which fu n c t i o n s  as

th. main elastic element Cf t h e  fu s e l aç e .  S tt u t s  6 are a t tache d to
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the qugs of fuselage 1 by glue BF—2 anc f i l l  t i€  lateral gags.

~ he f r am e  of the fuselage thus ~re~a t c  is covered inside and

out wi th  a layer of comEounc SK~ 5 fcrm iqg a sicoth elastic skin

which maintains is EroEEctiEs v i r t u a l ly  unchanged within a

tea~erature range of irca —3C° to 4ICC°C, wkile supporting the load

cf th. inside—outside pressure difference it a supersonic flcw. The

ccmbinatio n of fuselage I en d wing ., made cf textolite with E = 1C~

~g,cm1, shown in Pig. 1, will hencetcr th be ce]led “Nodel 2”. “?~cdel

1” differs structurally from “Node] 2”, si;ce it  has a rig id fuselage

and wjng of Eol ystyrol w i t h  i = 0.3.10’ k9,csa. the rigid yode l is

used as the base and consists of a rigid tus~ lage and rigid wing.

Nodels 1 and 2 were used to d et e r u i i ~e tie func tions of the

effect. These were deteimined on the sEecial stand shown in Fig. 2,

wh ich ccnsists of base 1 with studied acdel 3 attached to the

pedestal. A grid of mutuall y perEendic liar iii~es with a pitch of 2 0

ia , wbcse intersec tion cetermines the ;uatea ci Eoints (34—35) has

hem a~~ lied to th,e wings. Their nuakezin g system is given in Fig. 3.

lirror 4 in Fig. 2 is a t tached  to a s~~l~ cted point  cn the

studied model. The beam Cf light fzca l i g h t  sc~vzce 5 is directed at

tb. ajrror, reflected ftoa it, and falls or screen 6 with the scale

gr id .
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Icad— bearing brackets 2 are p l a c e d  at ~ll ~cints in successicn ,

inc lud ing  the studied po in t .  The iccal aqg lc  Cf t u r n  in  the  wing  at

the gj v en Fa in t  is d e t e l m iL e d  b y  t h e  i z a gn i t id e  cf refere nc e

difference in the beam cu t i e  screeq, ct t a i~ ed w i t h  and w i t h o u t  the

load. In t h e  measurem ent s  th e  mean squa re er r o r  was t6o/~ . The

m e a s u r i n g  results  icr m c d e l s  1 and 2 a re  s b c w t  in Tables 1 and 2 1 ,

zesFec t ively .

(FCC T ~ C1B 1~ See appendix .  1NDF CCT ~ C T E J .

To obtain angular  sh ift s  it is s u f f i c i e n t  tc m~u lt i ply  the reduced

values by coefficient ~ç.ooo ’~
Q deg/ (c r . igina l  il l eg ib le ).

3. Resul ts  of experimental  studies. In a su ~ erscn ic  stream the mcdels

w e r e  tested at ang le  of a t t a c k  cf C— 3° and r u a b e r s  N 1.15—2. 5 w i th

a special catch mechanism , w hose f u z c ticn  W c E  tc restrain the  model

w i n g  as it passed t h r o u g h  t i e  t u n n e l  shcc k b a v e .  Witho ut the  catch

mechan i sm the stud ied models would nct have wi,thstood the starting

loads and would have been destroyed. Gbtai ;ed as a result of static

tunnel tests were the values and 1,(oiC),, st.cwn in Fig. 1$ for N =

2. Analysis of the obtained results sbcvs that agreement between

an d the value for the rigid model is ohacacteristic for model 1.
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There is a te4deucy t o w a r d  a backward  ~sb i tt  of 11~~5O /~ for  the fccus .

This type of change in and ~tF is E x p l m i n e c  by the t w o — p o i n t

attachme nt of the wing to the fuselage, which causes a S—shaped

defcrmatio jt cL the wing , a f f e c t i n g  the  ~oaert  ch arac te r ist ics.

Ecr model 2 there is a significant drcj, in C~ (to 25°,~ as

CoaEa~ Ed to the rigid model), an d the focus icies fcrward Ly 4 0/ a.

This tact is explained by th€ different ty [c of model defo rwaticv ,

whic h is similar to the deicriatict cf a caztil ever beam of variable

rigidity. This causes a cha ige in lccal angles ci attack in the more

loaded tai l section of the model. Aralogous data were obtained at the

remaining N numbers and for c ther  icd€ls.

Calculated from the kncwn values of the functions of the effect

ci th. mod el were its aerodynamic characteristics. It was assumed

that tie distributicn of aerodynamic weight over the deformed wing is

described by the “pistc;” theory.

In this case the problem was cecuced to sc lv in g  t he  i n t eg ra l

equa t lcr

do((Zj).fc(’x,y,~~ ).p (~
. 2j .o’s (3)

ruhe ~e
P(~~2) =

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- . - - — - -- -- --

~~~~~~~~
- --- 

— — ~,L ~~~.- ‘ L  -~~~~~~ J ,~~~~~ ~~~~~ ~~~~_ ~~L 
— 

— — 
__ & 

—



ri - - *

DCC = C944 PA GE 7

The sçluticn to (3) was determined by the me th cd of successive

approximations. The results of calculations tcz models 1 and 2 are

represented by a dçt—dasb line in P i g .  4. Tie  E.~periw ent and

calcula tion show that:

a~ for the studied range cf pr cileas mcdelApg ky such effect

fu~ctjcns as C~ is sufficient;

b~ elastic deformations may lead to subst&n tial changes in the

aerc d ynawic charac teristics of an airc raf t;

c) further development of methods icr ~ tudying elastic models in win d

tuinels is recommended.
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