
RESEARCH MEMORANDUM 

INVESTIGATION OF A SIMPLE DEVICE FOR PREVENTING 

SEPARATION DUE TO SHOCK AND BOUNDARY-LAYER 

INTERACTION 

By Coleman duP. Donaldson . 

Langley Aeronautical Laboratory -' 
Langley Air Force Base, Va. 



UNCLASSIFIED 

Results are presented of a prelbninary investigation of vortex 
generators  introduced into  the  region of boundary layer to increase the 
turbulent mixing, in an attempt -t6 prevent separation due t o  boundary- 
layer and shock interaction. Prevention of such separatfon and same of 
i ts  adverse effects up t o  Mach nmibers  ahead of the shock of the order 
of 1.4 appears possible by means of this simple device. Preliminary 
f l ight  tests show that this method is effectfve in controlling shock- 
induced separation on the wing of an a m l a n e   a t  high speed. 

One of the most hgortant  aerdpmmic problems is the e-tion . 
' of the adverse effects of @e separation  resulting from boundag-layer 

and shock interaction. In partfcular, if' pOESible, tihe shock-induged 
separation at occurs on w i n g s  at* transonic ape- should be el". 

One m e a s u r e  proposed as a remedy f o r  thi~ separation - that is, 
removal of the b0uudm-y layer by iuctfon through porom ~ a U . 8 ,  though 
it should be effective - poses certain very considerable difficult ies 
in practical  application. Another method of preventing separation, 
the use of vortex  generators, has been employed to control  eeparation 
in subsonic flm. (See reference 1. ) 

The present work is a pre-ry investigation of the effective- 
nest; of vortex generators as a m e a n e  of preventing shock-induced 
separation in  a charmel. Iche resulta of an adaitional teat  - fn flight 
are cited in reference 2. 
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SEPARATION 

a 

Separation of . the bomdazy layer upon a surface  occurs whenever 
t h e  r a t e  a t  which the pressure gradient removes mDmentum from the 
bottom of the boundary layer exceeds f o r  a long anrrugh time the rate 
at whfch the boundmy hyer can tramtuit mamenturn f r o m  the free stream 
toward the  surface. 

A t u r b d e n t - b w y  layer ~ i ~ ' n e g o t ~ t e  a larger peasu re  rise 
than a lamina;r boundary layer  became the mechanism of turbulent 
exchange.permits a mcamentum transfer t o  the layers near the surface 
far larger  than that posaible  through the act ion of laminar shear alone. 
However, the   ra te  a t  which the preasure gradient due t o  a shock wave 
upon an a i r f o i l  at  transonic speede seek8 to  remove momentum from the 
boundary layer  is so large that I~L) ordinary boundary layer  can 
negotiate the shock wave without  eeparation. It might be posaible, 
however, t o  put enough mixing into the boundary layer by same external 
means to make the rate of momentum tranafer Fn the boundary layer 
euff ic ient  t o  enable it to negotiate moderate ahock waves wfthout 
sepmatirlg. 

Increased mixing can be accomplished ff lifting elaments are a 
introduced in to  the .boundary Layer, as shown fa figure 1, and the t i p  
vortices  generated by these elements allowed t o  t ra i l  downatream i n  
the boundary layer. Such devices t o  Fncreaee the turbulent mix- have - 
bean used a t  low speeds by both the British and the Americane f o r  8crme 
time t o  improve boundarg-layer flow in the premnce of adverse preesure 
-gradients both an airfoil s e c t i m  and i n  t he  diffuser8 of w i n d  tunnels. 
In  these tests t h i s  method has been applied t o  the  control of shock- 
hduced  separation. 

Tests of t hFs  system were made with an apparatus similar to that 
ahown echemtical ly  Fn ffgure 1. A block ( the tap view of which i s  ahown 
in fig. 2)  was constructed t o  skulate haJf an a i r f o i l  of 8-Fnoh chord 
asd a thiclmess  ratio of 15 percent. This.-bJ.oc.k y a g  pmced In t b  . .:. - 
floor of a amaY wrzlzl tunnal of 3- by 3-Fnch croee section. The vortex 
generabrs  used in these t e s t s  were crude wings- af e q w e  plan f o m  
3/32 by 3/32 of  an Fach spaced every 1/4 inch alang the span of the 
prof i le  at the  19-percent  chardvise  statfon. All the generators were set 
a t  the same angle of a t tack of 170 so t ha t  all the vortices produced were I 

of the same sign. The boundary layer i n  the tunnel ahead of the model 

_" . 
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. When the Mmh nmber ahead of the ehock ie increased, to 1.3, the 
schlieren photogtqh of tihe flow over the clean profile (fig. 9) e h m  
that the boundmy layer be= the shock diverges  frm tlre eurfsce 
indicating sepa t fon ,  uhfle there is no Mica t ion  that the b o w  
layer diverges from the surface of the profile Kith vortex generatars 
(fig. la}. Figure 1l compares the wakes in thee6 two caaes. The wake - 



behind the  clean profile show8 the bad separation, while the wake behind 
the profile with vortex  generators is a t i l l  relatively unaffected by the 
shock wave. " 

Figurea 12 and 13 show the flow over the two profilea w i t h  t h e  
shock Lhzoved almoat t o  t h e  trailing e@e of the 'profile,  80 that the 
Mach number ahead of the shock is 1.4. A t  thfe condition there could 
be l i t t l e   s t a t i c  pressure r e c o ~ e r y  between the ahock and wake-measuring 
rake under any circumrrtancee. As a result, the difference between a 
separated and a nomeprated flow w i l l  be lesa pronounced. However, 
there is a t i l l  less lose In t h e  case of the pro f i l e  equipped w i t h  vortex 
generators (fig. 14) . 

ln order t o  show the beneficial   effect-upon boundary-layer losses 
(as d i s t inc t  from d o c k  losses) of the vortex  generators,  the area8 
under the wake lose curves t o  the right of a 1-e drawn fram the post 
of m i n i m u m  loss per-perdi.cular to the abscisaa are wnrp8xed in   f igure  15. 

A n  examination of the or ig ina l  photograph  reproduced in figure 13 
r e v e a l 8  that the  turbulence  introduced  into the boundary layer by. the 
vortex  generatore  diaslptes bythe long run of fall--pressure between 
the vortex generatom ELnd the d o c k  wave.  This, &EI w e l l  aa  the increased 
shock strength, may contr ibute   to  the f a c t  that t h e  loeaee become larger  
as t he   hock  wave moves toward t h e  rear of the profile. For this reason 
it i s  thought that the vortex generatom might have been more effect ive 
If the angle of a t tack of every other  vortex generator had been reversed 
BO that the vortices produced would have been of opposite sign and, thue 
would have decayed less rapidly. 

P r e l j r y  test6 in f l i g h t  on a 72-inch-chord wing section 
(contour B, reference 3) ,  w i t h  I- .by &-inch alternate . l 5 O  vortex 
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generators  placed a t  30 percent of the  chord.h&ve  indicated that no 
separation  occurred up t o  airplane Mach numbers of. 0.745 at a lift' coef- 
f i c i en t  of 0.50 (reference 2) .  The maximum local  Mach nuuiber6 on the 
wFng section  encountered in   t hese  tests exceeded 1.4, and t h i s  section, 
when clean, had suffered from .severe separatioi at this f l i g h k  cond2tIon. 
Thus, it appears  possible t o  develop for .ex is t ing  high-speed a i rc raf t ,  
vortex  generators which w i l l  reduce separation due t o  boundary-layer and 
shock interact ion and the unfavorable  effects which r e e u l t  f r o m  such 
separation. However,. the range of flight conditions for  which the use 
of  vortex  generators i s  advantageous has not been determined. 

. 
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Results of tests at e m l l  scale of  elements tntzoduced into the 
reqion of the boundary l q e r  t o  increase the turbulent mixing, in &z1 
attempt to prevent  separation due to boundary-layer and shack inter- 
action, are presented. Prevention of separation due to bomdmy-layer 
and hock interactfan up to Mach numbers ahead of the  shock wave of 
t he  order of 1 . 3  was possible by m e a a ~  of this efmple device. 

P r e U m i m  teefa fn flight have  indicated that by the addition 
of vortex generatore in the boundary-lager region, separation m y  
be prevented  up to maximum local Mach r ~ ~ b e r s  (311 the airfoil  section 
of. the order of 1.4. 

Laagley Aeronautical Laboratory 
National Advieory C a m i t t e e  for Aerautics 

Langley A i r  Force Base, Va. 
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1.- Bketch  of lif’tlng elements ueed ta increase turbulent mixing. 
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Figure 2,- Top view of model. 
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Figure 4. - Schlieren photograph of proflle having vortex genemhrs with shock at first position. 
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P m  5.- Comparison o f  pmfiJ.e wake aurveys with and without vortex generators with shock a t  flrst 
position. 
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Figure 6 .  - Schlieren photograph of clean profi le  Mth shock at second position. 
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Plgure 7.- ScUieren photograph of profile havTng vortex generators dth shock a t  second position. 
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Figure 9.- Schlieren photograph of clean profile with shock at third  position. 
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Total pressure loss factor, .__ H - H' H 
Figure 11.- C q a r i s o n  of profi le  wake W ~ E  with and without vortex generators with shock at third 

position. 
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Pigun? 12.- Sdilieren photograph o f  clean profile wlth shock at fourth posit ion.  
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F&uTe 13.- Schlieren photograph of pmflle having wrtex generators with shock at fourth position. 
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Total pressure loss factor, - H - R '  

Figure 14.- Ccqazleon of profile wake survey8 rl.th and wtth0u-k vartex generatore with ahock at fourth 
position. 
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