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f o r  the 

By Robert E. Pendley 

An investigation of the ai-treem fluo-hations at the tail of 
the D-558-1. airplane has been nade at high epeed f o r  the purpose of 
determinkg the vertical region in  which the horizontal t a i l  may be 
placed without becaning subject to tail buffeting. The investigation 
was made f o r  a raage of Mach -era 'from 0.775 to O,gO'j', aild a 
mnge of vertical positions a t  the tall to include two pmpused 

S t t e . C k ,  0,2' and 4.23, representative, respm tively, of the angle8 of 
atteck f o r  high-epeed level flight d a pull+uk condition. 

horlzoEtal-tail pOeitiOI38. The teat6 w e r e  h d 8  8t iW0 angle8 Of 
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the Wge turbulent wake of the wing arising fram $he presence of 
capres s ion  flhocka &mi a t t e n b n t  separ&tion. Thie turbulent wake 
occurs in the n o m 1  h i g b s p a d  openttlng Iff% renge 8s woll a8 In 
the pull-up candition for modern afrclaft designed t o  f 4  at s u p e ~ c  
c r i t i c a l  speeds. As discussed in reference 1, tail buffeting c a n  
occur at t b e e  epeeda vfth a tail located outside 88 well aa within 
the boundariee of the wake as defined by total-pressure measurementsr. 

Ae part of t he  research program of the Nlatlonal Advisory Collrmittee 
f o r  Aeronautics f o r  the D-558 airplane, the  present teets  have been 
conducted t o  investigate the flow fluctuation6 .at high speeb In 
t h e  region of goasible horizontal-tail positiOn8, since krm-~SSdge of 
the amplitude and frequency of the flow fluctuatione i n  thie region 
is neceeeary in order to avoid placing the horizontal  t a l l  where It 
will be subject to buffet ing.  

The investigation wae conducted in the Tangley &foot high-peed I 

tunnel with the & -scale model of the Douglaa D-558-1 airplane 
deacribed in reference 2, in which the tunnel c o n f i m t i o a  of the 
Langley &foot high-speed tunnel used for the D-558 research pmgrarpi 
is also desoribed. The preaent tests were made without the horizontal 
tail and with same modifications to the support ayetem. A schematia 
diagram of the model support eystem f o r  the air-stream fluctuation 
tests is given as figure 1. - 

The air-etream fluctuation inatrwnent used was t h e  came 80 that 
used i n  the inveatigation of reference 3, which rWpOrt8 t h e  detalla cf 
the construction, f'umtion,.and operation of the fnstnrment. The 
reoordFng s y s t m  wed,  hoW8ver, vas not ae seneitive BB that emplwsd 
in the t e s t s  of reference 3. 

Since the fluctuation8 of the air atream were nonperiodic and 
irregular, a s t a t i s t i c a l  method of a n a l p i e  wae adopted f o r  the 
purpose of predicting tail buffeting by which the average of the 
meA.m.m mplltude of angular fluctuation is deteronined for semploe 
of f r e g u e r q  rkwes that predonfrmte. The analysia of t h e  recorda 
thus depende to some degree upon indlvldual. judgement. 

Ai-trem fluctuaiAons were recorded at five vertical  p o e i t i w  
at t h e  bail  to provi2.e a vertical rargs including the tu0 proposed 
horizontal-"12 positiona. The lon?Jtudlml and lateral poeitions 
of the imtmurent were suah & ~ l  to meaaure the fluctuations at the 
qusrtewhord line of t h e  horizontal tal1 and approxfinately on the 
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midsection of the horizontal-tail semispan. The tests were made at 
Mach xu12p33em of Oc775t 0.8, 0'6, 0.8'75, 0.9 and 0.907 at anglee of 
at tack meaaurad wlth reepect t o  the airplane thruet Uae of 0,2' and 
4.2'. These m@les of attack correspond respectively t o  those for 
high-spsed Level-flight and a pull-ug cori&ition. 

aa&e of a t w k  of airplane thrust line, degree8 
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wlng Wage, where the vertical dls.t;anoe is @yen as percent of wing- 
root ahord above ths wing o h o r d  line extended. The two proposed 
horizontal-W1 position9 of the IF-558-l a l r p l m e  are indicated. The 
three freqtremg r a q e s  for vhich i3 is presented &re thoee in which 
flwtuatiom predmlnated; the flow fluctuations that occurred at 
frequencies outside of these ranges were neg l ig ib le  in amplitude and 
nm38r. The scatter of the t o s t  point6 I s  due i n  part to inetrument+ 
t ion diffioulties  which resulted In law eemitivity,  and In part to 
the irregular and nonperiodic nature of the flov. The a c c u r m y  of 
the data for the 1cw"quency range ie best,  with the pOsf3ibl0 error 
of the order of .lfio The f luctuatlons of the higher frequency 
ranges were the m e t  d i f f i o u l t  to read with possfble errors mn@ng 
from appraximately +0.15O to &. 3'. No attempt fias been made to fair 
the ourve8 in some parts of the flgures because of the ~catter. 

Thrcmghcut t h e  Maoh number ren&e the fluctuation6 w3th the model 
at the angle of attalrk of 0.2' (fig. 2 )  were  found t o  be ems11 vith 
no significant changes in B. A trend toward U n u t l o n  of the angle 
of fluotuation with increase in ver t ica l  Mete-me f r a n  the wing wake 
ie indlcated. A t  m mgle of a t tmk  of 4.2* (fig. 3), t h e  air-stream 
fluctuations were &2pmxizmtely t k e  B E ~ L ~  f o r  K w h  nrmbers of 0.8 and 
O.&, but as the Nach number wae increased above 0.85 and -the nomal- 
ehook lo88 fmm the upper surface of the wing epead upward into the 
z o m  fnveetiga+;ed, t e  angle of fluctuation increased rapidly at 
pointe neareat the wake. lor both anglee of attack and throughout 
the Mach m 3 e r  range, however, the maximum f luctuatione of the air 
etream over the q e  of vertical poeition investigated are not COI+ 
aldered serious and, therefore, the two propwed horizontal-tall 
poeitions should be sratiafaotory frcan the standpoint of tail buffet ing.  



high speed BB represented by t h e  data for the hlgh angle of attack 
(fig. 31, becauee of an e q a c t e d  abrupt Increase fn the angle of 
fluctuation aa the  wake irj approached a ami l l  distance beyond the 
lower all position. 

The law of eimilitude by which the resulte mag be corrected. e0 
the  f u l l 4 c a l e  corSitions ie not lnmwn, 88 there ie 110 theory def ln iag 
the frequency of wake distu~bbances f o r  €my type of wake Other than 8 
double KIV of vortices. An approximstian to full-scale conditions 
may be made by assuming the Strouhal nun5er Fd,& to be 8 constant, 
as euggested from the tee ts  of reference 4. Eseentialu, this waa 
the aseu?rrption of the analgeie of 2eferemce 3. The velocities of the 
present tests comespond t o  full-ecale velocities; thus, the flrequenciea 
at the t a i l  of the full-scale afzplane w i l l  vary inversely as the 
eize or wiU. be one-elxteenth of the test frequencies. The physical 
meaning of the aesmption of constant Stmulaal amber is that 
the gemetrg of the wake disturbances increases in scale directly 
88 the airfoil. The amplitude of the angular air-8trean fluctuations 
in the wake would on the baais of comtan t  Stmuha1 number exIJerienae 
no effect  of ecale. 

From the t e e t s  and. analyeils of thle report, the fallo-idng 
conclusions are made: 
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