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SUP E R CEITI CAL PR OP I L - E

V . ~iolozh~ -vts~v, Cand i date of Technical Sciences

On modern subsonic aircraft a Wing is used , t h e p r o f i l e of whic h

ha s a significant relative thickness and a positive curv ature.

Beginnin g with a :ertaia Nach number of flight wh ich is :alled the

critical Mach number (M’,b, zon•v of local su personic velocit ies are

formed on such a win g. This leads to the appearance of l~ :al shock

waves an d as a resul t, to the occurrence of irreversible l osses of

mechanical energy, whic h is conv erted int o therma l. energy. W ave drag

arises an d leads to an increase of the total drag.

With an incrmase in the flight speed the zone of tha shoc k stall

on the upper surface is displaced to the tail portion of the wing and

the shock wave become s stronger. In addit ion a shock wave appears on

the lover surface of the wing. W ith a strongly develope d shock stall

• — __--- •-  . - - ~~~~~~~~~~~~~~ • - - 
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b.hind the shock wave it is possible that the boundary layer will

br eak away from under the shock Wave. An unfavorable pictta re of

pressure ~istribut ion is obtained under conditions of shoo k stall

w ith an increase of the Nach numbers (Fig. 1). The peak at

carefaction on the uppe r surface decreases and ii the tail portion

significan t negative lift force arises. As a result there is a sharp a

decrease in the permissible lift coefficients C1 • tk. head

resistance increases and the center of pressure is displa:ed forward

leading to large changes of the longitudinal moment. In t~~is case the

-~ . 
position of the upper and lower shock waves is not consti~~t, which

along with the breakaway of flow from unler the shock wave is

accompanied by shaking in flight.

With positive values of the lift force of the wing, w i t h an

in crease in  the an gle of at tack , value M~ d•ct ues, i.e., all

phenomena a c c o m p a n y i n g  shock s ta l l  dev elo p even at lesser f l i g ht

speeds.

In the  f i na l  ana lys i s, w i t h  an increase of Mach n u m b e r s  of

f l ig ht th. permissible  l i f t  coeff icients  4N d crease w i t h  respect

to conditions of stability and control lab i l i ty .  as do th e  values of

maximum ae rodynamic quality K~~. . .giaaing wit h a certain Mach

number th. latter begin to decrease very sharply (Fig. 3i. Suc h an

unfavorable course of the charactoristi~~ C, sad with large

d _ _ _ _ _ _ _ _ _ _  _ _ _
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Mach number s  of subsonic  f l i g h t  loads to a deter iotat i~ u of

t maneuverability and to a reduct ion of the range of the aircraft.

Therefore the problem of raising the critical Mach numbars of wing

prof i les is quite urgent. At one time at tempt s were made t o  f i n d

so—called “Mach—stabl e” shapes of profiles whi ch in c lu t a s y m m etr ica l

profiles with distribution of the maximum t~iickness more to the rear.

They did not produce the desired effect..

On supersonic a i r c r a f t  they  used a v i n y  With a very  t h i n  and

almost symmet r ica l  prof i le .  It contribute d to a delay of the shock

stall and to an incr ease  of M1~ . Whil, for subsonic air:raft the

greatest range of flight corresponded to N o.i-o.is, 1 c  supersonic

a i r c ra f t  it was M 0. u35— 0.9. But the  car r y i n g  propert ies  of a w i n g

with constant sweep  t u r n e d  out to be low. In addi t ion in :onnection

with the s.a].l length of the wing the max imum aerodyna.i~ qual it y

became 23—35 °/~ less th an for subsonic a i rcraf t an d reser ves of l if t

force dur i n g .m a n e u v e r i n g  remained insufficient. Even in supisonic

aircraft in the subsonic area of large Mach numbers  the  sam e

un favorable phenomena are observed which are brought about by shock

stall although it takes place less intensively.

flow can such phenomena be reduced in the near—sonic range of

Mach numbe rs? In searchin g for a solution to this proble. the concept

of supercr itical profile arose. In contrast to a conventi na l profile

~1
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it has an almost plane (flattened) upper surface and a considerably

b •nt— in lower  su r f ace  in the t a i l  por t ion.

On a wing of such profile (Fig. le) pressure on the love r surface

is d istri b uted non u n i f o r a ly  an d on the upper surface, pca : t icall y

uniformly. In connection with this the appearance of shack waves on

the uppe r surface  is l imi t ed  aid C,1~~ &opa less in t ens ive ly  wi th  an

increas, in the Mach number.

A supercr i t ica] .  shape of the  prof i le  does not eliminate shock

wa ves but shifts t h e m  to the  rear edge , t h e r e b y  decreasing wave drag

and the phenomenon of breakawa y at nea r—sonic Mach nuubec~~-. Shoc k

stall de ve lops intensively at N 2 0.95—0.98 and not at N ~ 0.8—0.85

as in the best mod ern profiles.

As a resul t, the value which determin es the range of

flight increases up to Mach numbers of fl 0.95. Consequen tly the

economy of near—sonic f l i g h t  must increas e (Fig.  5).

No less important is the effect of ra ising the permissibl e l i f t

coefficiest Cpa. ~pj g. 
~
) which is quite favorably manifested in

fl ight safet y of heavy aircraft in turbulent air and also in the

ma neuverability of fighter aircr aft.
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Thus the idea of a sup .rcritictl profile is quit. promisi ng. At

least this  is borne out by reports on research conducted in  wind

tmnnela .  However , the wind—tunnel characteristi~~ of a p r o f i l e  chang e

significantly in the total aerodynamic ma ke—up of a tu ll-s ii e

airp lane. The opera t ion of a wing  of sup ercii t i cal prof i l,  is

af fec ted  by  its v a r i a b le  sweep, the  arrangement of the ea~~ines and

h 
suspe n sions. mechan iza tio n, and shape in a plan.. Th er e fo r .  dur ing

th. development of each specific a ir c r a f t , in connection w i t h the

de velopmen t of the w i n g ,  comsiderable research on complete  models in

wind t u n n e l s  is unavoidable .

i i
Tb, in t rod uct ion of a w i n y  w i t h  a supercrit ical  pr o fl ., ~ud g in q

fro m reports in t h e  press, is preceded by thoroug h research on

exper imenta l  a i r c r a f t .  This research , in the  firs t place, lust

provid, in f o r m a t i o n  on the applicability of the new d.sip not only

for relatively thick , but also for thin profi les;  secon d, it must

prepare r ecommendat ions  for  th .  ae rodynamic  m a k e -u p  of w ings  w i t h  a

auperc ritica l prof i le  fo r  a i r c ra f t  of var ious designations ; and

third , it must e v a l u a t e  the effect  of production dev ia t ions  and

i a—f l igh t  defor mat ions  on th. characteristics of the  p r o fi l e .

As is knova, in the  U SA , NAS A began to s tudy t h .  s up e rc r i t i c a l

profil. around 1961f— 1967. It was ann ou n c d tha t  research in  wind

tunnels coat irme l the possibil i ty of incr easiag th.  c r i t i c a l  Mach

_ _ _ _  
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number b y 18 0/s. According to the prel iminary evaluation the use of

a supercritica l p r o f i l e  should  inc rease t h e  range of a pa ssenger

a i r c r a f t  of the t y p e  Bo einy—70 7 by 15 O,I~ when cruis ing w i t h  a Mach

number  of N = 0.9 ins tead  o f  0.8 , wi thou t  an increase in t h e  th rus t

of the eng ines.

Then m o d i f i c a t i o n s  were m a e  in t h e  t r a ine r  T— 2C and in t he

f igh te r—bo mber  F-8 “Crusader”  w i th  a wing  wit h a supe rcr i tica l

prof i le .  The v i ni s  of these a i rp lanes hav e a considerable r e l a t i ve

thickness. It is reported that tests of the T—2C and the P—8

conf i rmed the  resu l t s  of research in  wind  tunnels .

In 1971 a con trac t was let for  mo di f icat ion of the su personic

fight er—bomber F - l i  IA wit h a wing with a supercritical pr ofile. By

placing the wing i n  a posit ion wit h m i n i mu e  sweep it is proposed to

im prove the  econom y of f l i g h t  and m a n e u v e r a b i l i t y  w i th o u t  de t rac t ing

f rom controll a b i l i t y .

The enumerate d exper iment al works are united by a single intent :

to reveal the possibilities of a supercri tical profile. Especially

great hopes are pl aced on the experiment wit h the F — l i l A .  Resul ts  of

the experiment will be used in the construction of new , maneuverable,

tactical aircraft and possibly in the construction of the strategic

bomb er B — I .  
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Prom reports in the press it follows tha t  if the full-scale
experiment s in flight are cOmplete d with positive results then

aerodynamics will acquire another technical possibility for
increasing the efficiency of aircraft in the near—sonic range of
f l i g ht  which up  u n t i l  nov has been the most unfav orable.
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Figures 1—6. KEY: 1) Negative lift force; 2) Zone of separated vortex

f l ow ; 3) Con ven tion al f l ow; 4) Shock wave ; 5) Conventional; 6)

sup.rcritical; 7) Swpercritical profile.
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