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-4N INVESTIGATION OF THE DMG CHARACTERISTICS 
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By Allen R. Vick 

Drag characterist ics of a ser ies  of aerodpamic speed  brekes have 
been investigated over  a  rznge of s t r e a  Yich numbers from 0.20 t o  1.30. 
The effects of brake del"1ectior- angle md aspect  ratio, of brake  chord 
r e h t i v e  t o  boundary-layer  thicluress, end of Mach  nrzmber are shown i n  
the  forn of desi-  charts. It is  shown that for  a l l  aspect  ratFos  the 
rag coefficient i s  strozgly depeadert on the  ra t ips  of brake chord u d  
brake  projectgd  heigtt to tQe boundary-lay  ess . The brake dzag 
coefficient w e s n e p e n d e n t  011 boundary%$$%ickness a t  small 
deflection  angles thm at  large  deflection  angles. The drag  coefficiexxt 
obteined  in  the  2reseEce of a sml l  amount of bomdary  layer wes gener- 
ally  greater  than  that obtailzeci with e, comparable f lat  g le te   in  a miform 
stre.m. PKnimuT drag  coeff ic ient   ahost  alvays occurs lor  brakes with 
aspect  ratios of  approximately 2. AddFtional t e s t s  w i t h  s ide  plates 
added t o  the  brakes show that fo r  most conditions  Mgher  drag  coefficients 
may be obtzined by the  use of side  plates. 

_L 

Aerodp-dc  braking OF a i r c ra f t   fo r  many years vas wed only  as a 
xeans of l i l r i t i rg   ve loc i ty   in  a dive  or t o  reduce  the lmdirrg approach 
speed. A s  a i r c ra f t  speeds have increased,  c'hnging  fighter  tactrcs heve 
increased  the demand fo r  rapid  deceleration,  md new applications  in  the 
Tom of control  devices for rrrisslles and a i r c ra f t  have  sppeared. Although 
Yne problem ol" aerodynamic braking at high  speeds i s  not  entirely new, 
only  a limited m o k t  of data i s  aveilable and no systematic study has 
appeared. Ir- reference 1, a summary of available low-speed data is  gre- 
sented f o r  a wide variety of brakes,  but  only e small percentage of these 
data i s  suiteble f o r  fusehge  applications because  the  brakes  used were 
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gellerally 0-7 higi  aspect  ratio  (equal to or greater than 2). A study 
of high-drag  devices  apFlicable to   missi le  recovery i s  presented i n  
reference 2 fo r  Mach nuabers cp t o  5.0; however, very l i t t l e  t e s t  data 
=e  ?resented. Most  of the dsta available from t es t s  of fuselage-type 
brakes  are  restricted  to  specific deVelOFinenta1 program. Attempts t o  
correlate  existing data hcve  been unsuccessful due t o  iaadequate infor- 
.%tion about  individuel tes'ts. 

The present  investigation was in i t i a t ed   t o  provide  a  systematic 
s t z d y  of tke  effects of certain  geoxetric  psr&Teters on the  transonic 
drag  cheracteristics of deflected  brakes.  Test data are ?resented  over 
a Mach nlaker  range from 0.20 t o  1.30 w i t h  the  corresponding Reynolds 
number per inch  verying f ro=  0.1 X 10 6 t o  0.6 X 10 6 . Braes of aspect 
r a t i o  0.25, 9.3, 1.00, 2.00, an6 L.00 were tested a t  several  deflection 
angles  varying  frox 13' t o  goo. Other veriables  investigated  included 
the  ra t ios  of brEke height and brake  chord t o  wall bomdarry-layer 
thic'mess. These data have 3eeE cross-glotted end ere  presented  in g. 
ser ies  of desiw- charts. 

A aspect  ratio, FJ/B 

CD brake  drag  coefficient, D/qS 

D t o t a l  drag, 3.b 

H prcjected  height of brake, in.  

" H free-s%re&T Mach nuvber 

a free-s%rem dynamic presswe, pUo2/!2, lb/sg f t  

2 redius (chord) of brake,  in. 

S brake  projected  area, WR s i n  a, sq in.  

c velocity  within boundary layer,  ft/sec 

iT, free-streat  velocity,  ft/sec 

u width of brake (SF=), in.  

" 

a brake  deflectioc  angle, deg 
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6 boundwy-layer  thickness et = 0.95, in. 
UO 

P density , s lugs /cu ft 

The trznsonic  twmel used i n  this investigation was a continuous 
operation,  norreturn system with a s lo t ted   t es t   sec t ion  by & inches 
i n  cross section &nd 17 iaches  in  length.  (See  fig. 1.) The test  sec- 
t ion w e s  s l o t t e d   i n  one wall only. A chamber beneath  the  slotted bottom 
floor k-es connected t o  a meum pums, end P&ch numbers above 0.95 were 
obtained by regulating  the chamber pressure w i t h  the  tunnel  total   pres- 
sure  remining  constant. The top w a l l  of the tunnel was sol id  with a 
c i rmlar   cutout  h t o  which a force  dynawEter WES mounted. All models 
therefore  projected downwmd from the top of the tunnel. Surveys of the 
tume l  ?low along  the  solid wall (reflection  plane) heve shown negligible 
pressure  grsdients  In Yne region i n  which the models were mormted. 

2 4 

Models were of' iden-lical  basic  conskruction;  they  consisted of 
l/l6-inch-thick flet plates  at tached  to a 1/8-inch-dian;eter  rod which 
was inserted io the z"orce-dymmometer support  sleeve. The models tested 
veried  in  aspect ratios from 0.25 t o  4.00 w i t h  deflection  angles verying 
from 15' t o  goo. The brake  deflection  eagles,  the  radii,  the hei@"Ls, 
and the  corresponding  aspect  ratios of the models tes ted ia this inves- 
tigation  are  given  in  table I. Also shwm i n  ta'ole I is a generalized 
sketch  definiog  the  various symbols used to  identify  the models. A fev 
models of solid  construction  (closed  sides) were tes ted to determine  the 
effects of side  piates. A clearance gsy of 0.004 inch was maintained 
between the models end tunnel  wall. A U  nodels were d i n e d  per-pendicubr 
to   the flaw. 

'I!he force  dynanoneter was of the  floating-body type and is  shown ir? 
the  photograph in   f igure 2. &sically,  it consists of 6. f loat ing body 
supported by two f la t   can t i lever  springs. A 1 1  streamise  loads  apglied 
-Lo the rcodels w e  transmitted  directly t o  an unbonded straill-gage  element 
whose output was fed  into a colstinuously  recordicg  potentiometer. The 
bese of the  force dynamoneter w a s  inser ted  in  a circulm cutout fn the 
top  wall oI' tkr-e tunnel. sa as t o  be f lush with the  surface. The f loat ing 
part  of the balazlce was insulated  electricelly from the  tunnel, and a 
light was in s t a l l ed   t o   wan  of my contect betweea the  balan-e and sur- 
roun6ing structure. Eclexlmmur rnovenect of the f loat ing body for f u l l  s t re in-  
gage deflection was 0.0015 inch. The mbonded s t ra in  gage was no-mted 
on e water-cooled pad i n  order t o  maintaill  the  gage a t  a constmt tempera- 
ture. Continuoilsly recording  potentioxeters were also used t o  record 
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stream  pressures  required t o  compute Mach number. Base pressure measure- 
ments xere  obtained by placing a single  total-pressure probe  apgroxi- 
m t e l y  L/32 inc:? downstream of, and in   the epproximate  geometric center 
of,  the  sgeed  brake.  Iressure  trensducers were located  close  to  the 
meas-zing 0oin-l t o  elirdna-ie  gossible  pressure lags. The speea, s ta r t ing  
a t  a Mach nux%er of 0, was increased  slowly  md  data -were recorded COE- 
t i rr~ously.  A time interval  of  &?proximately 3 rr-inutes was required  to 
obtain da%a over a lkch nun?ber range f roz  3.20 to  2.30. Check runs made 
w i t h  decreasing  speed showed only mfnar differences i n  the results.  
Sounbzy-layer measurexer?ts vere  obtained f ronr  a vertical  survey of t l e  
tctal  pressze   d i s t r ibu t ion  as obtained from a series of total-pressure 
trrbes located  in  tke  region where the models were momted. 

In  order t o  ob5ain  a  reference from which t o  evalrza-ke boundary-layer 
e f fec ts ,   t es t s  of a ser ies  of sting-mounted flat  plates were conducted 
i n  a larger transonic t m e l  (10- by lO-ir_ch tes t   sect ion) .  Two walls of 
this t w e l  were s lot ted end the  ncdels were sting supported on the  tunnel 
a i s .  Operation of th i s   l a rger   tunnelxas   ident ica l   to   tha t  of the 
s r a l l e r   f ac i l i t y .  

RESLLTS AND DISCUSSION 

Since most of the fxselage-type  speed bre.Xes i n  use on existrng 
planes are located  well back on the  fuselage,  these  brakes  generally 
oFerate i n  a boundary layer of considerable  thickness. The variatior- 
of w a l l  bomdary-layer  thickness vi53 filach nmber  for <?As investigation 
i s  sho-m i n   f L W e  3. This 'bamdary-lsyer  thickness i s  defined as the 
3eight a t  tke goint where the   ra t io  of We velocity  within  the boundary 
layer  to the free-strean  velocity is  0.95. A s  sham  in  the figure, there 
is a  continuous  decrease i n  bom6ary-layer  thicwess  wlth  increasing M&ch 
nnber .  The boundery-layer KnAclness i s  relatively  constant up t o  
3: = 0.40; as -;%e Ekch nLiITiber increases from 0.10 t o  1.30, the boundary- 
layer Kiic'kaess decreases bu+, appears t o  be leveling 0;zt at tbe high 
!&ck nuTbers. The bozndary-layer profiles  il=dicated  turbdent flow at 
a l l  sseeds. 

Date, Prescn-tEtion 

The t e s t  date. are  presented as drag coeffFcient  plotted  sgaisst 
streax Nach amber  for  constant  brake  engles of l?O, 30°, 45", 600, 
aEc 90' and asqect  ratios of 0.25, 0.50, 1.00, 2.00, and 4.00. (See 
f igs .  4 t c  8.) >ag ccefflcient i s  defined i n  terms of the  brake  pro- 
jected  area. T e s t  2oints iz  the individ-la1  f ignee ir-Oicaxe different 
r&ii of the xodels tested. The individusl &ta points  aFpearing i n  



the figures were computed a t  specif ic   ic tervals  as obtained from a con- 

points,  par-liculzrly at the lower Mach numbers, i s  .within the accuracy 
of reading from the  continuous data plots. 

" tinuous s l o t  of drag  egsinst Mach  n-umber. Sl ight  s c a t t e r   i n  the da ts  

The v a i s t i o n  of &rag coefficient w i t h  %ch  number (figs. 4 t o  8) 
shows tha t  bel&? the  dreg  r ise the velue of CD increases slowly far  
the lower deflection  mgles and aspect ra-llos and a t  a greater rate as 
these parmeters  increase. W i t h  increasing  aspect  ratio and/or brske 
deflectim-, the magnitude of the drag rise also  tends t o  increase, and 
the 3kck cumber at vhich it OCCUI'S shi2ts d a w n w a d  and becones l e s s  
clearly  defined. A t  stream !f;ech numbers s l igh t ly  less than mity, Local 
sonic  velocities  are  obtaiaed on the edges of the various  brakes and the 
result ing  expasion that is reflected fron the opposite w a l l  decreases 
the base pressure m-d thus  gives  values of CD that are too high. Over 
the  general Mach nu!ber  range fron 1.00 t o  1.20, the bow shock that i s  
reELected fron the tunnel vall  increases the bsse pressure and resu l t s  
i n  values ol' CD which are  too low. Both the  expinsion- and shock- 
reflection  interference  effects hsve  bee2 faired  out as sham by the 
dashed sections of the  curves. These  dashed l ines  are considered t o  be 
more representative of f ree-eir  perTormance than 2. l i ne  ti.lrough the data 
poFn-Ls. A s  Mach number increases, t'ne reslected sktock  moves farther 

ence is  determined largely by the brake projeckion normal t o  the strean; 
thus,  imreesing  the  br&e  mgle  extends  the  interference  eTfect  over a 

ference speed range. As the brake radius  increases, the drag  coefficient 
generally  increases. n i s  increase i s  t o  be expected  since a greater 
portion of t'le brake  extending  through  the boundmy h y e r  i s  subJected 
t o  the higher streem velocity;  the fact thet this does not always o c c : ~  
(figs.  5(b), ?(e), and 6(b) ) will be  discussed lzter i n  connection w % t h  
the  desi@  chsrts. U1 the &rag cuzves (figs. 4 t o  8)  are  sFnFlar i n  
shape with the  exception of the clirves f o r  a radius of 0.32 inch and 
aspect  ratio of 0.9 i n  figures 6(b) and 8(a) where the i r regular i t ies  
are ettr ibuted  to  balance  difficult ies.  - These curve6 were Taired  out 
i n  preparing the design charts. 

e doms5ream end i ts  influence  disagpeers. The magnitude of the  interfer-  

- wider YEch nmiber renge.  Increasing the radius also  %=creases the inter-  

The drag coefficients of the s ting-mounted mcde1.s (a = 900) are 
s h m -  i n   f i g m e  9 as a flsn-ctim of sLaea!n Mach number. Aspect r a t i o  
vithin -&e zmge of these t e s t s  (0.50 t o  2.00) bas no effect  on the 
drag  coefficieot; the rn&ximrn- variation, +-5 sercent a t  low rich  IluTnbers, 
i s  obtained i n  reFea-r; t e s t e   v i th  a sirigle model rotatea 90'. Agreenent 
of the  stlng-nounted I'lat-plate data  for  similar rndels ol" difl'erent 
sFze  suggests that the s t ing  effect  wzs  small; hawever, no ef for t  has 
been ? A e  t o  evahate  i ts  mgnitade. The n r i e t i o n  of Ca v i t h  hbch 
amiber for a . ~  inclized 85O brake mounted approximtely 1 brake radius 
away from the  fuselage  (ref. 1) i s  plot ted  in   f igure 9 and shows very 

.L 
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good agreeloent w i t h  the h t a  from the current  tests with the goo brake. 
These coefficients  are  sl ightly lower then would have been  expected 
from coxpazisms with other  published  reports; however, aveilable data 
ere generally  limited t o  that obtained a t  very low Y ~ c h  nunbers ( M  < 0.1) 
mcl correspondingly low Reynolds nunbers. 

I n  order to   faci l i ta te   evaluat ion of bounda-ry-layer effects,  the 
drag  characteristics of  two identical  90' brakes, one sting-mounted and 
the other  wall-xounted, are axperinposed in   f i gu re  10. These curves 
sho-w that 8 wall-mounted model i n  the  Fresence of a boundary layer has 
a higher  total.  drag  coefficient  than a sting-mounted model a t  M > 0.3, 
and tk&t  the  ircrexent  in CD increases  throughout  the Mach nwAber 
rmge . 

The higher  drag  coefficient  for the well-mounted model a t  Mach 
numbers less  than 1.0 is  a result of  %he higher  base  drag as shown Fn 
the lower p6;rt of figure 10. Through the subsonic  speed  range,  the 
base  dreg  coefficien+, i s  on the  order of 40 percent  greater  than f o r  
the sting-xounted  plate.  Since %his difference is substantially  greater 
than that observed  between the  total-drag  curves, it is evident that 
the forebody drag of the wall-xounted  nodel must be reduced somewhat 
because 04 the  presence of the boundary layer. A t  Mach numbers greater 
than 1.0, the presence of the boundary layer has l i t t l e  influence on 
the  base  drag  coefficient &s shown by the  close  proximity of' the  curves 
for the two models. The fact   that   the  total-drag  coefficient of the 
well-mounted xodel s t i l l  remains  higher  than tha t  of the sting-mounted 
nodel, even thocglh both  have  approximtely  the same base  drag,  indicates 
an &krcp% decrease i n   t h e  forsbody  drag of the  sting-nounted model t o  a 
vdue  Less  than that fo r  the wall-mo-mted model. This is a complete 
reversal of the subsonic  characteristics. Curves of both  forebody and 
base  pressure  drag f a i r   i n  favorably w i t h  the  kigher black  number data 
of refereme 2. 

Schlieren p5otographs of two  of the sting-mounted f l&t  plates   are  
?resented in   f igure 11. At low s-oeeds, "fie wake boundary has a slightly 
curved  sh&pe and exteI2Ls a considerable  distame on either  side of the 
center  line. A s  Mmh nuxber increases, no appreciable change i n   t h e  
wake profile i s  apparent. A t  M = 1.01 and 1.09 (fig. l l ( a > ) ,   t h e   f a c t  
t h a t  the bow shock xeves  apsear Tuzzy suggests th&t the flow was unsteady 
and the  sccorqanying wake profiles & r e  therefore  not  representative oI" 
steady-state flow conditions. A t  speeds jus t  above H = 1.00 (f ig .  l l ( b ) ) ,  
steady flow i s  irdicated by the  cleerness of the bow  wave; the w a k e  
bcundary becomes a h o s t  pma l l e l  w i t h  the stre&x direction end agpears 
t o  converge at ths  higher  speeds. As a resu l t  of these changes, an 
abrxpt  increase  occurs i n  the bese pressure as Mach rmber  increases 
from 0.33 t o  1.05. (See f ig .  10.) The increase  in  base drag result ing 
from these ?low changes i s  nearly twLce the increment  obtained for   the 
t o t a l  Crag &t the sane Mach n-xiber range. 
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Design Charts 
4 

Frolo the  data of figures 4 t o  8, a ser ies  of‘ d e s i =   c h a t s  have been 
&eT= fo r  Yzch nuzbers of 0.20, 0.50, 0 . 9 ,  and 1.30, and for  constant 
values of espect  ratio v.=rylng  from 0.50 t o  4.00. These desi-  cherts 
were obteinea by cross-plottir?g the resu l t s  from the dtzta l igures t o  
estabush  trends and define  families of curves. Although individual 
poirrts may show sone scat ter  ebout these  curves,  the  deviations  are 
minor Fn nos t  cases. These cherts,  gresented in f igure 12, show the 
brake  drag  coefficient es a function of the  projected  height of the 
brake  relative t o  the  boundary-layer  thickness. The projected  height 
i s  dependent up02 both the  breke  chord md deflection  angle,  the  effects 
of which have  been separated i n  the  design  charts by presenting two se t s  
of curves i n  each  figure - one set sharing CD plo t ted   agdns t  H/6 
for  fixed  values of R/6 end a second s e t  &long w h i c h  a w e s  constant. 
The bou-n-dary-lwer thickness 6 used t o  nondirnensioralize  the  data 
varied with Vach  number as  previously shorn-. TEXIS, 6 i s  a constant 
fo r  each  given Mach  nizmber i n  the desip-  charts of f igure I2 with the 
v d u e  of 6 being  obtained a t  the  corresponding lhch number in   f igure 3. 

A l i ne  of constant R/6 correspoEds t o  a brake of given  dimensions 
being  deflected a t  different  angles t o  *he direction of’ flow with cor- 

or s m 1 1  values of R/6, the  value of CD increases  rapidly as H/S i s  
increased by increasing  the  deflection  angle. The r a t e  of change of CD 
with H/6 i s  substantially reduced by increasing  the  brake chord. No 
evidence of any i r regulmi ty   in   the  dreg agpeess;  thus, no abrugt  changes 
ir- decelerstian would be e-ected as the brakes were ei ther  opened or 
closed. 

- responding  increases i n  brake  height and B/6. For brakes of short  chord, 

b 

Along l ines  of e comtant  brake  deflection  angle,  increases  in  brake 
height  result  from’increases i n  the radius of the  breke. Along these 
curves m d  at  the  highest  deflection  engles,  the  drag  coefficient  increased 
with increasing  br&e  height  to e rr&xim, which a t   s spec t   r a t io s  of 0 . 9  
and 1.00 occurred at values of R/6 on the  order of 5 or 6 f o r  subsonic 
Mach nu.?bers.  (See f ig .  12.) For lower deflection  angles,  higher  values 
of R/S are   reqdred  to   reach a mBximm drag  coefficient  because of the 
increased  brake  area  imersed  in  the boundary h y e r .  There thus  exists 
an optilzum r a t i o  of brake  chord t o  boundary-layer  thickness (R/6) which 
dl1 yielri the highest drag  coefficient.  Further  extersim-s of the  brake 
chord led to l o s ses   i n  CD es previously  observed  in data figares 5(b), 
5(c), an-d 6(b).  It has been shown tn figure 10 tha t  the m a x i n u n  value 
of CD f o r  a 90’ brake  extending tl.;rough the bo-andary layer was higher 
the= t‘ne v d u e  fo r  a simFlaz sting-sQpgorted flst pla te   se t  a t  90’ to the 
free streat. It i s  evidect that the  drag  for  the  wall-munted  breke nust 
reacl?, tha t  f o r  the  sting-supported flat pla te   a t  en infi-n-ite velue of R/S. 

- 
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A t  the higher  aspect  ratios (2.00 and h.OO), the  Foint of nzaximum CD 
is shifted  to  greater  brake  heights,  in many cases beyond the scope of 
these tests. It is  thus shown that the location of the x a x i m u m  drag 
coefficient i s  a f-mc-lion of both the brake deflection  angle and the 
r a t i o  of brake  height t o  boundary-layer  thickress - the  greater  the 
derlection  angle  the higher the  ra t io  01" H/6 required. 

The effects of aspect  ratio  are  best sham by comparisons of curves 
for  constant  deflection angle. As aspect  ratio  increases  froa 0 . 3  t o  
2.00, the level  of CD decreases fo r  a given  valxe of H/6 and con- 
stant  deflection  angle,  followed by & short rar-ge of l i t t l e  change i n  CD. 
With further  increases  in  aspect  ratio beyond 2, the  drag  coefficient 
begins to  increase  egain. This resu l t  is similar to   tha t   repor ted   in  
reference 3 for  sting-murrted f la t  glates of varying  aspect  ratio. It 
i s  of i n t e re s t   t o  note that this trend  holds  true  regardless of boundary- 
layer  thickness  or Yach number. A t  low valires of H/S the  range i n  
which aspect  ratio has no effect  on CD i s  considerable,  but this range 
becomes much smaller as H/6 increases. A t  subsonic  speeds,  doEbling  the 
aspect  ratio at H/6  = Constant, ar-d thiis the  breke  projected  area, does 
nat  in  general  double the drag z s  can be note6 by the  decrease i n  CD 
as aspect  ratio is  increased from 0.50 t o  1.00; some exceptions a r e  noted 
ak the lower deflectior,  engles. On the other hand, increasing  asgect 
ra t io   f ron  2.00 t o  4.00 reverses  the  %rend, wit'n the A = 4.00 brake - 
producing more than  doable the drag of the A = 2.00 breke. 

Comparisons of the data obtained i n  this investigation with data b 

Tram corrrplete m d e l  t e s h  of fuselage-tl.pe  dive  brakes  (refs. 1 and 4 
t o  6) show no areas of m j o r  disagreezent. Values or" CD obtained  fron 
these  references  are  tabule-led on the  appropriate  design  charts  to  facil- 
i tate comparison. It should  be  pointed  out thet i n  a l l  corpzisons of 
date  fro= o"ther reports it was necesszry t o  assume a boundary-lcyer 
thic-mess. Thus, althoug! this did not Ferrtlit sFecif ic   cmprisons,  
resul ts  were -in general of the same order of mgnitude. 

Side-Plate  Er'ects 

A series of sol id   =odds were tes ted  in  &II e f fo r t   t o  determine what 
effect  the  addrtion of side  plates would produce on the  drag  coefficient 
of speed  brskes. Side closure wes simulated by using  solid  tr iangdar- 
shaped  zodels. The resul ts  of these  tests  for  deflection  angles of 15O, 
30°, md k5O are sham In f i g u e  13 f o r  am aspect   ra t io  of 2.00 and f o r  
Mach n-aibsrs 05 0'. 50, 0.90, and 1.30. Since corrrplete drag  curves for 
the  solid  nodels  (side-plete  sixulation tests) &re  not  presented,  the 
data points a r e  indicated  in this fig-ne.  Also glot ted  for  conparisor- 
p-irposes w e   t n e  reszLts  obtained  for  the  open-sided madels previously 
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discussed.  Closed-sided  brakes &:pear to  offer  considerable  increase in 
drag  urder  certain  conditioas.  At M = 0.50 and H/6 = Constant,  the 4 
chm-ge  in dreg  due  to  the  side  closure  increases  as  the  brake  deflection t 
mgle is  increased  from 1Zo to 45O; however,  there  must  be a decrease 
in ACD at  some  higher  brake  angle  since  the  configurations  are  identical -, 
at a = 90’. At M = 0.9, improvement  is  very smll at  the  lower  angles I 

and a loss in drag  is  incurred  at  certain  values  of R/6; however,  at 
E4 = 1.30, an increase in CD  exists for each  deflection  angle  tested. 
m e  weatest increese in drag coefficient was obteined  at low values 

... 
- 

- 

OI” E/6. 

The  effects  of  aspect  ratio on the  variatioa  of  CD  with H/6 for 
open- an-d closed-sided  speed  brakes  at a constant  Yich nmber of 0.50 
are shown in figure 14. No data  points  are  presented  for  aspect  ratios 
of 0.25, 0.50, and 1.00 because  these  curves  were  obtained from cross 
plots of unpublished  data.  The  decrease in CD with  increasing  aspect 
retio  greviously  noted  for  the  ope=-sided  brakes  is  still  evident f o r  
the  brakes  with  side-plate  attachments.  Brakes  with low deflection 
angles  have a drag  coefficient  strongly  desendent on both  aspect  rat50 
and t’ne ratio of brake  height  to  boundary-layer  thickness (E/6) . Brakes 
with closed  sides end at  deflection agles of 45’ yield  much  higher  drag 
coefficients f o r  all  test  aspect  ratios. 

CONCIUDING REMARKS . 
From  the  results  of  this  investigation  of  the drag che-recteristics 

of a series of speed  brakes  for  Mach  numbers  from 0.20 to 1.30, desigs 
charts heve been  Frepzred  from  which it is  possible  to  determine  the 
perfom-mce characteristics  of a wide rmge of configurations  suitable 
fo r  aeroiynanic  braking  of  sircraft.  The  follari-ng  results  &re  nofued: 

1. The  drag  coefficient of a given  configuration  is  strong* 
dependent  upon  brake  height  relative to the  boundary-layer  thiclmess, 
and for  every  breke  angle  there  exists &n_ optimum  ratio of brake  height 
to  boun&a;ry-layer  thickness  which will yield  the  highest  value of drag 
coefficient. 

2. The dreg coefficient  is  more  dependent on  the  boundary-layer 
thiclmess  et snellbrake deflection  m-gles  then  at lmge deflection 
angles. 

3. UEder  some  conditions  bran-le  operating ir- the  presence of a 
boundary  layer  has a higher  drag  coefficient  than a similar brake in a 
-mtf orm strea. - 
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4. Brakes a i t h  as.gect re t ios  of  approximately 2 generally have l e s s  
drag  then  those w i t h  higher or lower aspect  ratios. 

5. In general,  closing  the sides of speed  brekes  produces  higher 
drag  coefficients. 

Langley Aeroneutical  Laboratory, 
Nations1 Advisory C o d t t e e  for Aeronautics, 

Langley Field, Va., October 3, 1957. 
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Figure 1.- General arrangement of tunnel with force dynamometer and speed  brake installed.  All 
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Figure 3. - Variation of boundary-layer thickness (at U/Uo = 0.95) with Mach nurtiber. 
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Figure 4.- Variztion of brake &ag coefficient wikh Mach rider for a 
deflection angle of 15O. 
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closed-sided  speed  brakes a t  a c o n s t a t  aspect r a t i o  of 2.00 for  
various Mach numbers. 
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