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A

*ye initially, after vowels, and after v, b; €

When written as & in

Russian

Skl
cos
tg
etg
sec
cosec

RUSSIAN AND

English

sin
cos
tan
cot
sec
esc

Russian, transliterate as yé& or €.

o“NGLISH TRIGONOMETRIC FUNCTIONS

Russian

sh
ch
th
cth
sch
csch

Russian

rot
lg

English

sinh
cosh
tanh
coth
sech
csch

English

eurl
log

Russian

arc sh
arc ch
arc th
arc cth
arc sch
arc c¢sch

U. 5. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Italic Transliteration

P p R,

C ¢ 5, B

T m T, &

Yy y s u

® ¢ B, £

X x Kh, kh

u y Ts, ts

Y v ¢h, ¢h

U w Sh, sh

u Shch, shch

D S

a u Y, ¥y

b » '

9 B, e

0 » Yu, yu

A a Ya, ya
elsewhere.

English

sinh:i
cosh_
tan‘n_1
coth_l
sech

esch™1




DeC = 0944 EACGE 1

0S44

EXFERFMENTAL INVESIIGATICN CF AEROLYMARIC CEAEMBCTERISTICS CF ELASTIC

BCLCELS IN SUFERSONIC WINLC TUNNEL

V. Yas Belyayev, L. G. Totieshvili, §. N& Tjunic, M. V. Ushakov

With the advent of superscnic airplanes with thin wings of small
asgect ratio and relatively high flexibilit) there has been growing
interest in the effect of elastic defcrsaticns c¢f the structure on

tte characteristics of statility agd centrcllatility.

Along with develcfpsent cf thecretical sethcds of calculating and
ccpduating flight tests, there is alsc a great ceal of interest in

methods of determining the aercdynamic charecteristics of an aircraft

by ccnducting experimental studies cn an eléstic model of it in a

wind tunnel.

1. Modeling conditions. The greatest difficelty in conducting
sisilarity experiments is ercountered in setisfying the conditicns of

similarity, since, in additicn tc aercdynamic similarity, there must

h IEN‘ E ,‘.! l . __ s o . «..%....»
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alsc be similarity witb resgect toc the mass and elastic

characteristics. Sipilarity with resgect tc the elastic

characteristics presumes equality letween tie rcrmalized functicns cf
the effect fcr nature and tte mcdel and the satisfaction of certain

conditicns for chacacteristic values of the furctions cf the effect. {

§Jf we assume that the functiops cf the slart effect, which
descrike the change in tke local argle cf attack, have decisive
influence, then the last ccndition is reduced tc satisfactiocn cf the

equality [ 1]:
o _ oo ?L_L
CM —Cuy = /’7 (‘)

khere C°7/ is the characteristic value cf tle function of the effect,

g - the dypasic head, y - gecmetric scale ¢f the model, subscripts

"M apd "H" refer to the model and tc .reality, respectively.

further simplificatic<n in the fprcktlem ct smcdeling for a wing of

small aspect ratio is achieved ty replacin¢ it with a beam of

Pa—

variakle rigidity gver tlte chord, shile rigidity over the span is

assumed to be infinitely great [Z].

In this case the ccnéitions of sisilarity ere reduced tc an

identjcal distributicn cf gcrsalized rigidity cver the chord and
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satisfacticn of the last equality fcr characteristic rigidity values

for the model and reality
(EJ}A( =(E~7)~ 5% ./V" (2)

where £ is the flexural rigidity of the leam<s Since the main
purpose of the study was tc master an experimertal technigue fcr
superscnic wind tupnels ard a techrclogy fcr1 fpregaring elastic
scdels, the conditions cf similarity were setisfied cnly
approyimately. However, fcr further refinement cf the elastic
characteristics of the models and tc use tte calculaticn method, such

eftect functiomns as (¢ s@ele measvIred.

2. Structure of studied scdels and sethcd ci determining function of

effect.

Bigure 1 depicts a mcdel consisting of fuselage 1 with fairing 3
and wing 2. To prefpare pcrrigid fuselage (1) a thin-walled tube 26 mm
in diameter with a wall ttickness cf 0.5 m§ sag used. The front
portign of the tube has intericr ccmical openirc 4 for attachment tc
internal balances. Threaded cpenings 8 serve as a point cf attachment
fcr wing 2 and fuselage 1. Vertical grccves divide the tube intc
ringsy whose lower porticr is scldered to plate 7, which functions as

the main elastic element cf the fuselace. Struts 6 are attached to
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the rings of fuselage 1 by clue BF-2 amd fill tlte lateral gaps.

The frame of the fuselage thus fpxepared is covered inside and
cut with a layer of compoun¢ SKM 5 fcrsing & sscoth elastic skin
which saintains is froperties virtually unckanged within a
tesjerature range of frcm -3(° to +1C09C, sltile supporting the locad
cf the inside-outside pressure difference ir a supersonic flcw. The
ccsbination of fuselage 1 and wing 2, sade cf textolite with E = 1(CS
kgscm®, shcewn in Fig. 1, will bencefcrth ke celled "Model 2". "Mcdel

1* differs structurally frcs "Model i", sigce it has a rigid fuselage

ard wing of polystyrol with E = 0.5¢10% kg /cz2. The rigid rodel is

used as the tase and comnsists of a rigid fuselsce and rigid wirg.

Bodels 1 and 2 vwere used to detersine tke functions of the

effect. These were detervined cn tte sgecial stand shown in Fig. 2,
?' shich ccnsists of base 1 with studied mcdel 3 attached to the
pedestal. A grid of mutually perpendicular lines with a pitch of 20

sm, whcse intersection determines the gumkeéz ¢f points (34-35) has

been apglied to the wings. Their nustering system is given in Fig. 3.

Mirror 4 in Fig. 2 is attached tc a selected point cn the
studied model. The Leam ¢t light frca light scwrce S5 is directed at
the mirrcr, reflected fros it, and falls cr screen 6 with the scale

grid.
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Rcad-bearing brackets z are placed at ¢l11 fcints in successicn,
including the studied pcint. The lccal angle cf turn in the wing at
the given point is determired ty the magnitude cf reference
difference in the Lkeam cn tle screen, citaigred with and without the
load. In the measurements tke mean square errcr was t69/, . The
peasuEing results fcr mcdels 1 and 2 are shcwr in Tables 1 and 21,

resgectively.

[FCCINCIEB 2. See appendix. INDECCTMICTE].

To obtain angular shifts it is sufficient tc¢ multiply the reduced

values by coefficient K-000609 deg/[crigimal illegible ).

3. Results of experimental studies. In a sujerscnic stream the scdels
were tested at angle of attack cf C-3°9 and rumkers M = 1.75-2.5 with
a special catch mechanism, whose functicn wés tc restrain the model
wirg as it passed througt tte tunrel shcck save. Without the catch
sechanism the studied models would nct have witbkstood the starting
loads and would have been destroyed. OGbtaiged as a result of static
tunnel tests were the values .C’(v‘) and X, ()., stcun in Fig. 4 for N =
2. Analysis of the obtained results shcus tlat agreement between Gy

and the value for the 1igqid model is characteristic for model 1.

g o,
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There is a tendency towerd a backward :shift of 4-50,, for the fccus.
this type of change in G and Zr is expléineé ky the two-pcint
attachsent of the wing to tke fuselage, which causes a S-shaped

defcrsation cf the wing, affecting tke somert clkaracteristics.

Bcr model 2 there is a significant drcp ie ¢ (to 259/4 as
ccampazxed to the rigid mcdel), and the fccus acves fcrward Lty 490/,.
This fact is explained Ly tle different type cf model deformaticn,
shich is sirilar tc the defcrmaticr cf a cartilever beam of variable
rigidity. This causes a chapge in lccal ancgles ct attack in the more
loaded tail section of the ncdel. 2ralcgous data were obtained at the

reeaining M numbers and for cther scdels.

Calculated from the kncwn values of tke functions of the effect
cf the model were its aerodynasic characteristics. It vas assursed
that tle distributicn of aexcdynasic weight cver the deformed wing is

descrikted by the "pistcp" tleory.

In this case the protlem was recduced tc sclving the integral

equatice

Hrzy/-!cw,f, 2)P@, 2)-dS (3)

lU]\e Fe

P(§2)- 74 qlot-(E )]
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? The soluticn %o (3) was determined Lty the metkcd of successive

aprroximations. The results of calculations fcr models 1 and 2 are
represented ty a dgt-dash line in Fig. 4. Tle eaperiment and

calculation show that:

a) For the studied range cf prctless mcdelipg ty such effect

i-

E _ furcticns as C°? is sufficient;

:

[ k) elastic deformations may lead t¢ substantial changes in the

aercdynamic characteristics cf an eircreft;

c). fuether development of methods fer studying elastic models in wind

tunnels is recommended.

Bikliggraphy

I. P.A.Bucaauarxod m Ap. Aspoympyrocrs. HHA, 1958.
2. dmcnpeccanjopwanmns "Asmacrpoexse” £ 6, I968.
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