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ON A HCBIZONTAL TAIL OF A MODES, CAUSED 

By Harold B. Pierce and Raymond J. Spahl 

A n  experimental investigation has been undertaken t o  examine the 
type of loading imgosed on the  horizontal t a i l  of an airplane model  due 
t o  an intense blast.-induced gust w h k h  s t r ikes  from a  direction normal 
t o  the flight path. A compasison of the time histor ies  of the  incre- 
mental I d  coeffic5ent for  the wing and tail  surfaces  indicated that, 
for  an angle of attack  well above the stall  condition, a traveling load. 
peak was present on both the wing and t a i l  surfaces and that the load 
peaks were equal i n  magnitude. These l o a d  peaks are  attr ibuted t o  a 
vortex  formation produced by the  diffraction of the shock wave around 
the leading edge of the  a i r foi l .  The similari ty of the loading on the 
wing and tail continued until the t a i l  was affected by the downwash from 
the wing. When t h i s  condition  occurred the loading on t h e   t a i l  aecreased 
abruptly. 

A blast-induced gust from a  direction normal t o  the  airplane wing 
will s t r ike  both the wing and the tail simultaneously and will produce 
e q u  angle-of-attack changes on each surface. When the angle of attack 
due t o  the gust is  ini t ia l ly   wel l  beyond the  stall ,   the flow and l L f t  
relationships on the wing are very complex and appear t o  include  sepa- 
ration phenomena as well  as  vortices producd by the  diffraction of the 
shock wave around the wing. (See ref. 1.) It might be expected that 
the horizontal tai l  would experience the same cmglex loading and also 
unusual downwash effects from the Mng. In order t o  obtain some insight 
in to  the  type of loaang imposed on a  horizontal tail under the very 
high angle-of-attack  condition, t e s t s  were conducted with a law-speed 
model subjected t o  blast-induced  gusts  caused by actual  explosions. 
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This paper  presents  the  results  of  three  flights in which  resultant 
pressures  were  measured  at  five  points  along one chord  of  the  horizontal 
tail  and,  for  comparative  pulposes,  at  five  points  along  one wing chord. 
The results  are  given in the form of  time  histories  of load coefficient 
at  each  station  rather  than  as  load  distributions  since  five  points along 
a chord  were not considered to be  sufficient  to  define  the  distribution 
under  complex-flaw  conditions. 

A line drawing  of  the  model  used in the  tests  is  shown as figure 1. 
The  position  of  the  tau-chord line along which  the  differential.  pres- 
sures  were masured is Indicated ;n figure 1. Also shown  is  the  position 
of  the  chord  line  on  the wing where  differential  pressure  measurements 
were made lor  comparison  with  the  data  obtained  along  the  tail chord. 
The  pressure  measurements  were  made with NACA  miniature  electrical pres- 
sure  gages  of  the  type  described in reference 2. Five  of  these  cells 
were  imbedded  in  the  flat  portion  of  the  horizontal  tail  at  the IO-, 
20-, 30-, 40-, and  60-percent-chord  station. A section  drawing  showing 
the  cells  and  the  profile of the  airfoil  shape  is shown in figure 2(a). 
It may be  noted that the  tail  airfoil  section was shply a flat  plate 
1/4 inch  thick  with  rounded  leading  edge and tapered  trailing  edge. 
The  five  pressure  cells along the wing chord  were  hibedded in a split 
aluminum  rib  in the manner  shown  in  figure 2(b). The  orifice  locations 
on the wing were  at  the ?-, 19-, 37-, 68-, and  &-percent-chord  stations. 
Other  characteriatics  of  the  model  are RS follows: 

Weight, W, lb . . . . . . . . . . . . . . . . . . . . . . .  
W i n g  ares, S, sq ft . . . . . . . . . . . . . . . . . . .  
W i n g  loading, W/S, lb/sq ft . . . . . . . . . . . . . . .  
Span, b, ft . . . . . . . . . . . . . . . . . . . . . . .  
Mean  geometric chord, f% . . . . . . . . . . . . . . . .  
Aspect  ratio, +/s . . . . . . . . . . . . . . . . . . .  
Wing  airfoil  section . . . . . . . . . . . . . . . . . .  
Center-of-gravity position,  percpnt mean chord . . . . .  
.Pitching moment of inertia, ~1ug-f-L~ . . . . . . . . . .  

. . .  31.75 . . .  3.72 . . .  8.53 - ' 5-93 . . .  0.625 

. . .  9.51 
NACA 0009-64 . . .  24.3 
. . .  0.624 

With  the  exception of the  horizontal tail k d  minor  changes  in  weight 
and  weight  distribution,  the  present  model  is  the same as that  used  in 
the  investigation of reference 1. 

The  tests  were perfomd at Wallops Island,  Va., in the  blast  area 
north of the  Langley  Pilotless  Aircraft  Research  Station.  The  test 
technique  used is illustrated  schematically  in  figure 3.  The  model, 
powered by a self-contained  rocket, was trimmed for zero  lift and 

r 

L 



NACA RM L57A28a 3 

launched a t  a high angle  fromthe  horizontal. The timing was s e t  so 
tha t ,   a t  rocket burnout, t he  model was  moving tangent t o  the shock f'ront 
fromthe  explosion. By this techniqie, the blast-induced  gust struck 
from a direction normal to the  f l ight  path a t  a time when the  forward 
speed of the d e l  could  be considered t o  be constant. The d i f fe ren t ia l  
pressures measured by the gages i n  the tail and w i n g  were transmitted t o  
a ground recei- station by a wire telemeter. The forward speed, posi- 
tion, and at t i tude of the model were determined from pictures  taken by 
two 7O-millLmeter motion-picture cameras,  one located in the  y,z plane 
of the model and the  other  in the x,z  plane of the model. All records 
used common timing and synchronization  sources. The operations, such 
as turning on cameras, recorders, and f i r ing  of the model, were con- 
trolled by a programer having steps of 1 second. A delay timer capable 
of b e h g  set t o  0.02 second, started by the  i n i t i a l  movement of the 
model, was used t o  explode the cfiarge a t  the proper time. 

In order t o  examine the type of loading imposed on the horizontal 
tail by a blast-induced gust causing a very lasge angle-of-attack change, 
the test conditions.were  the same as those used i n  reference 1. These 
conditions  specified that the  blast-induced gust initially increase the 
angle-of-attack about four times above the steady-flow stall  angle of 
the model. An angle-of-attack change of this magnitude w a s  chosen t o  
insure that not only would the maximum angle of attack  in the gust be 
in the steady-flow stall region fo r  the model but also that it would be 
nearly  twice the stall angle for  the full-scale a i r f o i l  section. In  
order t o  fulfill these conditions, the forward velocity of the m o d e l  a t  
blast  encounter w a s  approximately lr4 feet per second and the initial 
gust velocity was about 75 feet  per second. 

t 

The blast-induced  gusts were produced by the explosion of lw-pound 
hemispherical chasges of the  plast ic  explosive, Composition C-3. The 
charges w e r e  mounted 5.3 feet above the ground and about 200 feet from 
the point of tangency of the flight path with the  resultant shock front.  
Preliminary tests showed that, with the charge located  in this manner, 
the model would be in the Mach stem region, that is, the region where 
the shock wave reflected from the ground has overtaken and  combined with 
the initial airborne shock wave (ref., 3 ) .  The strength of this combined 
shock front  closely approximated that of a 300-pound charge exploded i n  
free a i r .  

Since it was not  possible t o  measure the gust velocit ies  directly 
a t  the model, the gust Yelocities w e r e  calculated from pressure measure- 
ments made with t w o  pole-mounted blast gages i n  the test area. The 
blast gages consisted of an NACA miniature  electrical  pressure gage a t  
the  center of a 1/8-inch-thick dmninum disk 18 inches i n  diameter. m e  
blast gage w a s  mounted 10 f ee t  above the ground on a pole xx> feet from 
the explosive chasge and 20 f ee t  from tbe launching position of the 
model. The second gage w a s  mounted 50 f ee t  above the ground, 226.5 fee t  
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from  the chmge, and l7O  feet  from the launching  site. They were  oriented 
so that  the  faces of the  gages  were  rotated  to &n angle  of 5' frm the 
side-on position  toward the blast. Time histories of the  blast-wave 
overpressure (increase of pressure  above  atmospheric  pressure)  were meas- 
ured by the  gages and the results  are  presented  in  figures 4 ( a )  and 4(b). 
It may be noted  that only one  gage w a s  operative f o r  fli&t 1, whereas 
both gage0  produced  records in flights 2 and 3 .  The  records shown were 
faired for the  first 4 mil l iseconds shce the  instantaneous  pressure jump 
at  the shock front caused  high-frequency  oscillation of the gage dia- 
phragm or  gage  ringing  during  this period. 

In order  to  determine  the  true  peak  pressure  produced by the blast 
at  the  gages, an empirical  curve often used in blast  work for such  cases 
was fitted  to  the  overpressure  time  histories of ffgure 4. The  equation 
of the  empirical  curve  used  is  presented fn appendlx 11 of  reference 4 
as : 

where 

P excess  pressure  (overpressure) 

PS peak excess  pressure 

T time (T = 0 at the time of a3-rimiL of the shock wave) 

T positive  duration  (that is, time  that  pressure i n  blast wave 
is in excess of atmospheric  pressure) 

C constant for a paxticular  wave 

A value of 1/2 for  the  constant c was  suggested by the  Ballistic 
Research  Laboratories'at  Aberdeen Proving Ground, Maryland, to  provide 
the  degree of curvature  that would best  fit  the  pressure-time  history 
of the  shock  waves obtained In this  test. An example of the  fit  obtained 
is shown in  figure 5. 

Ln order  to  determine  the  gust  velocities  at  the  model,  it was nec- 
essary  to  transfer the pressure  histories for the  gage  locations  to  the 
position  of  the  model.  For  this  purpose, data on the  variation of peak 
overpressure with CHstance from a blast,  such as given in reference 5, 
were utilized.  The gust histories  at  the  model  were  then  calculated  by 
the  Rankine-Hugoniot  shock-wave  equations  (ref. 6) and are  shown in 
figme 6. Figure 7 presents  the  angle-of-attack  variation  for each 
flight  as  determined from the  change  in  the  relative wind vector  pro- 
duced  by  the  gust  striking  the  model. 
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A summary of  the  conditions for each  flight  is  presented in table I. 
The  table  shows th.at there  was some variation  between  the  flights- in &i- 
mum gust  velocity,  forward  velocity of the  model,  and  the  angle  between 
the  flight  path  and  the  gust.  These  variations,  however, are not  con- 
sidered  to  affect  the  results  significantly. 

PRECISION 

The measured  quantities  are  estimated to be  accurate withh the 
follawlng  limits  for any test  or run: 

Forwaxd  velocity,  ft/sec . . . . . . . . . . . . . . . . . . . . .  +-3 
Overpressure,  percent . . . . . . . . . . . . . . . . . . . . . .  +5 
Differential  pressure on model, percent . . . . . . . . . . . . .  +2 
Angle of attack,  deg . . . . . . . . . . . . . . . . . . . . . . .  +,2 

The  pressure  recorda fromthe mdel for  the  first 2 milliseconds 
after  blast a.rrival are  not  considered  reliable. Although the  measuring 
system is usable  to  frequencies  of 1,oOO cycles per second,  the  instan- 
taneous  pressure  rfse in the  shock  wave  produced  frequencies  beyond  the 
range of the system. 

When  the  time  history  of  angle of attack  caused by the  gust was 
determined, no corrections  were  Made for wing flexibility  and  model 
motion. As shown in reference 1, these  effects  were small, particularly 
in the  early  portions  of  the the history  where  the  gust  angle is large. 

RESULTS 

Time histories of the  incremental  load  coefficient  were  deter- 
Q 

mined for  each  active  station  on the tail and wlng for  each  flight.  The 
evaluation of the dyndc pressure q w a s  based on the  variation  of  the 
resultant  velocity  caused by the  blast-induced  gust  and  the Etccoming 
change  in air density.  The  incremental  resultant  pressure Ap, for  each 
active  station on the  tail and wing was obtained  from  the  telemetered 
pressure  records  for each flight . mgure 8(a) to 8(e) present  the  time 
histories of the  incremental load coefficient  for  each  station on the 
tail.  Figures g(a) to g(e) present  the  time Mstories of  the  incremental 
load coefficient  for  each  station on the wing. The  first 2 milliseconds 
of the  histories  were  deleted  because of the erratic  behavior of the 
measuring  system  during  this  period.  Because of an instrument  malfunction, 
the  time  Plistory of the load coefficient at the ?-percent  station on the 
wing for  the  third  flight was not  presented in figure g(a). 
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It may be noted from figures 8 and 9 tha t  the  results of flights 1 
and 2 appear t o  be consistent; the resul ts  of flights 5 ,  i n  general, show 
a lower peak pressure and a less  rapid ra te  of attenuation as compared . 
with flights 1 and 2. The time histories of load  coefficient  for  the 
rearmost measuring stations on the tail and  wing (figs.  8(e) and 9( e)  ) 
are  erratic.  Th i s  condition i s  considered t o  be a resul t  of separation 
of flow over the rear portion of the  a i r foi l ,  the separation  effects 
being more pronounced on the  flat-plate t a i l  than on the airfoil-shaped 
wing. 

DISCUSSION 

The time histories of the load coefficient given i n  figures 8 and 9 
show a load peak on both the t a i l  and  wing. This load peak i s  similar 
t o  that found i n  the pressure dfstributions  given  in  reference 1 and is  
again  attributed t o  a traveling  vortex formed in i t i a l ly  by the  diffrac- 
t ion  of the b l a s t  wave around the  leading edge of the surface. It may 
a l s o  be observed that, in the later portion of the time histories,  the 
direction of the  loading on the t a i l  is opposite t o  that on the  w i n g .  

In  order t o  obtain a better understanding of the loading on the t a i l ,  
average time histories of the  three flights were determined fo r  two of 
the chord stations on the t a i l  and were compared with the average his- 
tor ies  f o r  two equivalent  stations on the wing. Figure  lO(a)  presents 
the comparison of the  average histories  for the 20-percent-chord station 
on the t a i l  with the 19-percent station on the wing, and figure 10(b) 
compares the  histories of the 40-percent station on t h e   t a i l  and the 
37-percent station on the wing. It may be observed in   f igure 10 that 
the magnitude of the  load peaks on the  t a i l  i s  very  nearly  equal t o  the 
magnitude of the peaks on the wing and that  a similarity  exists between 
the time histories  for  the wing and tail un t i l  approximately 13 milli- 
seconds had elapsed. The loading on the t a i l  then  drops  abruptly w h i l e  
the loading on the wing appears t o  experience a more gradual  decrease. 
The abrupt  decrease i n  loading on the tail is apparently caused by the 
downwash from the w i n g  since the time of 13 milliseconds corresponds 
closely  to  the lag in   the  time required  for the wing  downwash to reach 
the ta i l .  Although no attempt was made t o  evaluate the overall  effect 
of the downwash for the tail, it may be.noted from figure 10 that the 
extent of the abrupt drop i n  loading on the t a i l  appeared t o  be of the 
order of 70 t o  80 percent of the f i rs t  maximum load at each station. 
Thus, it w o u l d  appear that the  effect of downwash considerably compli- 
cates  the t a i l  loading. 

a 
The load peak caused by the  traveling  vortex, which was found on 

both the  wing and the tail ,  obviously  has a significant  effect on the 
loads and also produces drastic  variations i n  the  pitching moments  on 
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these  surfaces.  It may be  observed in figures  lO(a)  and l O ( b )  that  the 
load peak  reaches  given-percent chord stations  on  the  tail  sooner  than 
it  reaches  the  equivalent  stations on the  wing.  Inasmuch  as many unsteady 
flow phenomena  are  functions of aeroaynarmLc  time  (that  is,  chord-length 
travel of the  surface),  the data of  figure 10 were  replotted  as a function 
of aerodynamic  time and are  presented in figares  ll(a) and U(b). In 
figure U, it is seen  that  the load peaks nearly coincide  for  the  two 
stations along the chords of the wing and tail. As a result,  it appews 
that the  movement of the load peak on the wing and tail of an airplane 
is primarily a function of the chord-length  travel of the  surfaces 
although  other  factors,  such as shock  strength  or  Leading-edge radius, 
also  probably  influence the travel  of  the  vortex.  For the condition of 
this  test and that of reference I, the load peaks appear  to  move f r o m  the 
leading  edge to the  trailing  edge In approximately  three  chord-lengths 
travel of the individusl surfaces. 

SUMMARY OF RESULTS 

The  results of an investigation of the  type of loading oil the  hori- 
zontal  tail due to the  effects of 871 intense  blast-induced gust which 
increased the angles of attack  above  the stall conditLon  showed that: 

1. Traveling load peaks  attributed  to  vortex  forrmtiou  initiated 
by  the  diffraction of the  blast  wave around the  leading  edge of the  air- 
foils  were  present 011 both  the tail and the wing. 

2. The  traveling load peaks on the tail and wing  were of equal 
intensity. 

3 .  The  loadlng  histories on the tail and wing  were simtlar until 
the downwash from the wing reached  the  tail and caused a reversal  of the 
tail  loading. 

4. The mvement of the load peaks on the tail and wing appeared  to 
be a function  of  the  chord-1-h  travel of the  respective  surfaces. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee for Aeronautics, 

Langley  Field,  Va ., January U, 1957. 
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TABLE I.- CONDITIONS AT ELAST-WAVE ARRNAL 

Flight 1 Flight 2 Flight 3 

Maximum overpressure, lb/sq in. . . . . .. 1.45 1.50 1.40 
Maximum gust  velocity, ftlsec . . . . . . 76.5 79.2 n-5 
Angle  between  flight  path  and gust, deg . . 88.0 82.3 80.6 
Forward  velocity of mdel, ft/sec . . . . . 124 119 101 
Maxirmun angle-of+&tack  change,  de@; . . . . 32 31 32 
Duration of gust, milliseconds . . . . . . 21 21 24 
Distance of model from blast, 'f t . . . . . 1% 192 189 
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Figure 1.- Wee-view drawing of t e s t  mdel. . 
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Figure 2.- Pressure-gage installation in wing and tail. 
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Figure 4.- "me histories of overpressure (at gage s t a t ions ) .  
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Figure 9.- Tire  histories of load coefffcients on wing. 
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(a) W i n g  station, 0.19 chord; tail station, 0.20 chord. 
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(b) Wing station, 0.37 chord; tail station, 0.40 chord. 

Flgure 10.- Comparison of average histories of load coefficients on 
wing and tail, absolute time. 
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(a) Wing stat ion,  0.19 chord; tail stat ion,  0.20 chord. 
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(b) Wing s ta t ion,  0.37 chord; tail station, 0.40 chord. 

Figure 11.- Co~psrison of average his tor ies  of load  coefficients on 
wing and tai l ,  aerodynamic time. 
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