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Air-stream surveys have been made in the v e r t i c a l  plane of' the elevator 
hinge line of &.powered model of a hi&", s3.x-engine, heavy, pueher- 
propelled bomber. The valuee of downwash and dynamic-pressure r a t i o  
obtatned from the air-atream surveys a r e  presented in the form of contour 
charts. 

Average values of downwash and dynamic-pressure r a t i o  obtained f!rom 
air-stream-survey data are conpaxed with effective values obtained from 
force and moment data. The compaxLeon x&8 made t o  invest imte meam of 
employing air-stream srrrveys to estilnate t h e  contribution of the t a i l  to 
t h e  stability of the a-lane. 

The results of t he  tests indicated that t h e  average v-aluee of dawn- 
wash obtained fram air-etream surveys were approxlte3.y 10 t o  2' greater 
than the effective  values obtained from force and moment data. A concept 
that the part  of the tail intercepted by the fuselage contributed l i t t l e ,  
if any, to the evalwtion of the effective values of downwash angle from 
force and mament data wa8 wed to .  obtain an empirical formula by which 
average values of doxnwaah angle obtahed from air-stream surveys could 
be made t o  a p e e  sat isfactor i ly  with effective values. The average values 
of dynamic-preesure ratio obtained by ths use of the empirical method did 
not agree sat isfactor i ly  with the effective  values of dynamic-pressure 
r a t i o  obtalned from force and  moment data. The disagreement w a s  attrib- 
uted t o  the accuracy with which effective values of agnamic-pressure ratio 
could. be obtained from force and moment data. 

For a l l  flap  conditions  (retracted and heflected) the tail passed 
into the center of the wake a t  moderate to high angles of attack. The 
nacelle-wing  Juncture,  the fueelage-wing juncture, and the nacelle had a 
pronounced effect  on the f low at the tail. There wa.8 no severe distor - 
tion of t h e  slipetream. When t h e  f laps  were deflected, the effects of 
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Air-stream surveys made in the region of a horizontal tall are me- 
? 

ful, at present,  to study the  effects of slipertream anb fueelage inter- 
ference. In order to  complete the wefulnese of air-stream surveys, ft 4 
should be possible to obtain average d u e 6  of bowmash anb dynamic pree- 
sure f o r  use in the ee tba t ion  of t h e  contribution of the tail to the 
longitudinal stability of 8n. air3plane. The average values obtained ircan 
air-stream surveys for most normal tail  locations,  however, do not agree 
w i t h  effective values determined from force and moment data. These die- 
crepancies probably arise from t he  inexactness of  t he  method used t o  
compute t h e  l i f t  of a tail that is operating in the f ie ld  of fuselage 
interference’ aad varying dpamic pressure. 

Some Insight Fnto the illscrepanciea between average and. effective 
values and the  general  interference  problem was obtained during t h e  wind- 
tunnel  Inveeti@tion in the Langley l9-foot pressure tunnel of a 

“ s c a l e  pawered m o d e l  of a highring, six-engine, heavy, pusher-propelled 1 
14 
bamber. Air-stream surveys, obtained to  study the air flow behind a pusher- 
propelled airpl&.ne, were made in the vertical plane of the elevator hinge 
line; and these data in conjunction with force and mament dsta of t h e  
complete model provide a compEtrison of average values of daKlrvash and 
Qmamlc-pressure  ratio  obtained frm air-stream surveys with effective 
values obtained from tail-on and -1-off force and moment data. 

The present  paper  containa t he  air-stream s u r ~ e y e  presented Lta 
contour charts of dynaslic-pressure ratio and downwash obtained in the 
vertical plane of t h e  elevator hinge l ine  of the pueher-propelled air- 
plane. Average and effective values of dowmsash anti dynsraic-preseure 
ratio are compared. An empirical  equation is presented whioh br- 
average  values of dcrwnwash  into agreement with effective values. 

cm pitahing-moment  coefflcient (#/@) 

slope of tail lift 

Q 

cml, pltcbing-moment  coefficient  contributed by tail 

= 1, 

c 

1 

1 

T 
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effectiveness of stabilizer 

aspect  ratio (b2/5) 
two-dimensional  lift-curve slope dc bo 

ratio of dynamic pressure at tail t o  free-stream dynamic pressure 
( 2 1  ) 

lift, powlds 

pitching moment, pound-f eet 

dynamic prpssurq pounds per square foot 

swface area, square feet 
mean aeroaynamic  chord (M.A.C . I ,  feet 

local  chord, feet 
surface span, feet 
spamdse station, feet 
tail length, dietance from 0.25 M.A.C. of wfng to 0.25 M.A.C. 

angle of attack,  degrees 
of tail 

stabilizer  incidence  with'respect to wFng root  chord, degrees 

flap  deflection, depees 

section angle of attack in two-dimensional 

section  lift  coefficient 

Reynolds nlnnber (pTE/p) 

mass density of air, slugs per cubic  foot 

coefficient of viscosity  of dr, slugs per 

velocity of air, feet per second 

thrust disk-loading coefficient 

torque disk-loading  coefficient 

flow, degrees 

foot-second 

change in airplane drag due t o  alipetraam and inflow effects af 
propeller, pounds 



4 NACA RM No. L81r21 

D diameter of propeller,  feet 

T propeller  thrust, pounds 

Q propeller  torque,  pound-feet 

B propeller  blade  angle measured at 0 -75 mdiw , degrees 

2y/b sparrwise  stance 

Subscripts : 

0 free-stream 

t tail 

is0 isolated tail 

aV average welefited vslues  obtained from air-stream surveys 

eff effective valuee obtained from force and. moment dsta 

Primes indicate average valuee obtained from air-atream eurveya usips un 
effective epes . 

The design oharacterlstics,  pertinent to the present  teeta, of t h e  

3 7 3 c a l e  powered m o d e l  of a hia-wing, aiz-englng heavy,  pusher-propelled 1 

bomber a r e  given in table  I. A three-view &awing of t he  model is pre- 
sented as figure 1. The model set  up  for t h e  air-etream surveys In the 
Langley 19-foot pressure tunnel is shown &a figure 2. 

The circular fuselage was equipped with protuberances  such &a 
navigator's  dome, mast antennas, eighting-station  '%listers," and radar 
fairinge. The tail radar fairing was constructed as an integral part of the 
tall assembly. A drawing of the horizontal tall is presented 88 figure 3. 

The wing contained midchord elots in t h e  w i n g  outer panels ahead of 
t h e  ailerons. Sir partly  subnerged  nacellee  extended from the trail- 
edge. The single slotted  flaps.extended  from the fwelage to t h e  out- f 
board nacelles and were interrupted by both inboard and, both center  nacelles. 

f 
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The model vas equipped with s l x ,  three-blade, left-hand,  pusher 
propellers that were geometrically eimilar t o  the C u r t i s 8  No. 1129-1~6-24 
propeller. Each propeller wa8 driven by a water-cooled, alternating- 
current induction motor housed in the  wing. The power delfvered t o  .the 
motors waa determined from a calibration imo lv ing  motor torque, current, 
and rotational speed. 

The air-stream survey rake for the -ey 19-foot preesure tunnel 
( f ig .  4) was used to obtaln dynamic pressures and downwash. The rake 
consists of six pitot-static  tubes w i t h  pitch anb yaw orif  iaes (two each) 
drilled in the henriepherical t i p s  at 450 to the  lmgitudbal tube axes 
and at goo to each other. The tubes are alined fn a ver t ica l  plane anb 
a r e  spaced 3 inchea. The pitch (dmmrash), yaw (sidewaeh), and dynamic- 
pressure  orifices laad been previously o a l f b r a t e d  through a known pitch 
and yaw range. 

' A l l  pressure leads were conducted from t h e  air-stream survey rake 
(f ig . 4) through  the survey strut and from there to a multiple - t d e  
manometer. The nmmueter readinge were photographically  recorded  during 
the tests. 

The meohanlam of t h e  survey-strut m i a g e  allowed the  rake t o  
traverse a plane  perpendicular t o  t h e  longitudinal tunnel axis. 

The air-stream-survey tests and the force and mclment t e s t s  were made 
Xith t he  denaiw of the atamsphere in t he  turmel maintained at approxi- 
mately 0.00545 slug per  cubic f o o t  and the dynamic pressure maintained st 
25 pounds per  aquare foot. These canditiona  correspond t o  a Reynolds 
number of approximately 2,400,000 based on the M.A.C. of the w i n g .  !The 
model was t e s t e d  with the flags retracted,  the flaps deflected 200 (take- 
off  condition), and ttLe flaps  deflected 400 (- condition) . 

The power condition6 f o r  the model tes te  simulated. the full-scale 
power conditions given in  table II. The model propellers were operated, 
t o  obtain exac t ly  t h e  calculated values of thrust coefficient  for e v e n  

r 
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valuee o p l i f t   c o e f f i c i e n t   ( f i g .  5 )  and t o  amproxlmate the  torque  coef- 
f i c i en t s  a t  corresponding t h m t  coeff ic ients   ( f ig .  6) for   the  ful l -scale  
airplane.  A blade angle of 210 was found to approximate sa t i s fac tor i ly  
the desired  torque. 

The air-stream survey rake waa set at  12 sparrwise locations  for each 
ang le  of attack (as shown in f ig .  7) along a l i n e  correspondlng t o  the 
approximate location of the elevator  hinge line. Two ver t ica l  set-tlsgs 
of the  rake were made at each apanwise location so that measuremgntEI were 
spaced 1.5 inches.  Becawe i - k w a B  not pract ical  to change the  longi- 
tudinal  location of the survey apparatus  during  the testa, a location was 
selected so that the forward and rearward movement of the. elevator h h g s  
line varied no more than 0.5 inch from the langitudinal  plane  for  the 
angles of attack  tested.  

RESULTS AND DISCUSSION 

Reduction of Data 

The original  air-stream-aurvey data have been cross-plotted  to 
obtain  contour  charts of dynamicpressure  ratio and downwash in  the 
vertical  plane o f t h e  elevator hinge line. The ta i l -of f  lift curve6 
together  with the contour  chaxts are preeented i n  figurea 8 t o  15. 
Table 111 sllmmRrizea the contour  chart-  presented. The jet-boundary 
corrections  applied to.the data consiet of an angle cwnge t o  the down- 
wash and a downward displacement to t h e  f i e l d  of flow. Ths wing angles 
of attack have been comacttrd. f o r  jet-bounda,ry effect6 and 8.tream-angle 
miealinement. 

Table IV contains  average weighted values of d -mic-pressure   ra t io  
and downwash f o r  all conditions t ea t&.  They were obtained by weighting 
the  local  values meaeured along the hinge l ine  according t o  the following 
equations : 

and 

5 -  

-* 

. 
? 
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Faired values of qt/q and B were used over the part of t h e  span 
covered by the fuselage. 

The effective value8 of dowmaah en& dyPamic-pressure ratio have 
been conrputed for the same model and parer conditiana as were t h e  air- 
stream surveys. Them valuee are included in table IV. The computations 
are  based on tail-on ssd ta i i -off  force and moment data. Represmtative 
force e ~ d  mmnt data a m  presented in ftgure 16 for sf = OO and rated 
power. The data presented. have been oorrectd f o r  jet-boundeq effects 
anb mdel-aupport tares .  Because irsolateb-tull tests showed a constant 
lift-curve slope through the  angle-of-attack range of t h e  tail on the 
model, the canputstions were simplified to 

which makes 

Air-Stream S u r r e y s  

pawnwash. - The data presented in figure 9 ( Bf =I 0'; propellers 
removed) show +&at the combined effecte of the nacelle-wlng juncture, t h e  
wing-fuelage juncture, and t h e  nacelle have a pronounced influence on 
t h e  downwaah that extende over the apan of t h e  horizonW tail. The ilown- 
wash is greatea t  i n  the vfcini-ty of the fueelage anb smallest over the 
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area influenced by t h e  nacelle  -wing  junceUreer . The flaps-deflected 
conditions, T, = 0 ,  al80 ahow the same general tendenoles (figs. 12 
and 14). 

With  power on there is an increase of dowrrwash on the  side of t he  
& w i n g  propeller  blade snd a decrease on the side of the upgoing blade. 
The increase and decrease of damwash f o r  t h e  paaher-propelled airplane, 
cta for a tractor-propelled airplane, appear to average  out  over the tail 
e m .  The values of bav presented in table IV indicate  that power haa 
little  effect on the variation of doxnwash with w i n g  angle of attack. 

Reference 1 shows that f o r  a *in-engine, tractor-propelled airplane 
the effect of flap  deflection was to reverse the  effects of the upgoing 
and downgoing blades;  that is, f o r  flap&  retracted the downgoing blades 
gave the greater downwEts4 whereas f o r  flaps  deflected the upgoing blades 
e v e  the greater d o m h .  Figures U(d)  and 15(c) indicate  that thie 
reversal did not  occur for the  pusher-propelled  airplane. 

Dsnamic ~ressure.- The spaarise variation  of  qt/q f o r  t he  flaps- 
retracted  propellers-removed  condition is greatly influenced - t h e  inter- 
ference  effects of t he  nacelle-wing juncture, t h e  wing-fuelage junoture, 
end t h e  nacelle  (fig. 9). As the ang le  of attack is Increased, t h e  tail 
travels frm the  upper  to the lower edge of the wake. 

The values  of  qt/q in t h e  field influenced the nacelle-wing 
futbture and the nacelle ere greatly lncreaeed with power on, as shown 
by a canparison  of figures 9 to ll. The Innream of qt/q  becomes 
progreeeively greater with an increase of angle of attack  because of a 
corresponding  increase of Tc (fig. 11) . The effect of the slipstream 
on t h e  wake . o f  t he  w i n g - f u s e l a g e  Junatvre appeare to  be  negligible. For 
all power  conditions, there is a marked  variation of qt/q  along  the 
span of the horizontal  tail. The data do not, however, indicate 8 severe 
distortion of t he  slipstream usually associated with a tractorpropelled 
airplane (reference 1) . 

The usual doKmrard ahift  of t h e  wake center line occurs  with the 
flape  deflected, and, consequently, t h e  tail enters the center  of the 
Wake at a higher angle of attack than it does with the f laps  retracted. 
(Ccxqare figs. 10 and 12.) Flap deflection  causes a decided  reduction 
in dynamic  pressure and a widening of the wake. * 

Since t he  tail acta In a field of flow ao predominantly  influenced 
by t he  combined  interference  effects of the nacelle-wing  juncture,  the 
fueelsge-wing juncture, and the nacelle, a condition of tail  buffeting 
at moderate angles of attack m q  occur f o r  any configuration. The low 
values of qt/q  assocfated with the interference effects  indicate a 
separation  of flow over the wing. These values agree w t t h  t h e  results 
presentea in figure 8. The lift  curve preeented fn figure 8 for the 
flap-retracted propellers-removed  condition  exhibits a break  which c m  ? 
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be  attributed to an interference  burble  either at the nacelle-wing or t he  
fueelage-wing  junctures or at both.  Parer t e a  to reduce  the  break. 

Average and Effective Values of Downwash and 

Dynamic Pressure 

Downwash. - The results  esented. in t a b l e  IV show that t he  valuee 
of EaV are appro-teu lrto 20 greater than t h e  value6 of eeff. a 
order to determine the rasons f o r  the differences between effective and 
average  values of E, a study of t h e  assumptions made in both msthods of 
calculations  must  be made. 

When computations of aeff are made From force and moment data, the 

basic  assumption  is  that t he  difference  between tail-on and tail-off 
pitching  moments is a masure of t h e  tail lift attributable to t he  
com-plete tail area (fig. l7(a)). Theoretically, however, t h e  loa- ie 
more  closely  represented by figure l7(b) . 

Althorn pressuF0-di8iY?ibUtion  test6 were- not  obtained for t he  pres- 
ent model, the data of reference 2 for a canard-type  airplane  (negligible 
effects of qt/q) have indicated t h e  loading of t h e  fueekge induced by 
the tail  to  be considerab~y less than t h e  theoretical loading  (fig. 17(b)). 
In the  present  case It  is therefore  not  unlikely  to  suppose that, because 

lage, t h e  loading s h m  in figure lT(c) would. be a closer  approximatian 
to t h e  actual loading than that ahown in figure l7(b). The effect of a 
change in stabilizer  setting would be f e l t  outbod of t h e  fuaelage 

the  effective aownWash angles computed f r o m  force and moment data would 
consequently  be  approxim%tely the effective  downwash angle Eeff acting 
over t h e  epan of the tail  outboard of the fuselage. 

.* of the extremely thick fueelage boundary lqer over the r e m  of the f u e -  

.c 

(fig- 17(d)) the -818 Of the a88umed lmdiw (figs- 17(~) and 17(d)),  

There are two  basic ass~lptians made when air-stream-survey values 
of qav are  obtained by equation (1). ~ i r s t ,  t he  downwash msaeured on 
each side of the fuselage is assumed to extend  across the fuselage; and, 
second, t he  distribution of lift on t h e  tail is aesumed to be proportional 
to the local chords of the tail. When weighted  according to the tail 
chord over the ere8 intercepted by the fueelage,  the rather large values 
of E in t he  vicinity of t h e  fuselage therefore  have a predomimmt 
influenoe on t h e  value of caV. A comparison bstween values of 
obtained when weighted according to the chord  distribution and when 
weighted  according  to ea isolated-tail  carry-over lift distribution 
showed  negligible differences. The assumed lading for t h e  lift of t h e  
tail  outboard of the fuselage plue the lift of t h e  fuselage induced  by 

satisfactorily  represents t h e  lift  distribution  outboazd. of the fuse- 
lage, it does not  represent  the lift distribution over the fuselage. As 

- * the tail  (fig. l'j'(c)) indicates  that, a l though the chord  distribution 

1 a result, the air-stream-survey data were  integrated only over the tail 
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span outbomd of the fuselage ( f ig .  17(b)) .  Approximately one-half of 
the  origtnal  discrepancy (table IV) between cay and teff rmained 
and indicate& that the lmdfng over the center part of the tail was even 
less than that  shown in figure l 7 ( c ) .  

An empirlcal formula is introduced by which an effective span fir 
integrating  air-stream-survey data can be obtained. This formula has 
been bmed on the asamption that a change in  between ieolated- 

tail tests and complete-model tests may be assumed to be an effective 
change in aspect  ratio. Thus 

% 

The air-stream-survey data. of the present paper were integrated  over each 

' semispan f rom bt - (bt)eff t o  - b t  and the r e a u l t h g  values of cay' 

are presented. in table IV. Very close agreement was obtained between 
eav ' and Eeff* 

2 2 

The reliability of using  equation (2) has not been eetabliahed by- 

is required, the method f u r  detsm-ng 
Of p+)eff - e+)iEl0 sufficient  test   application. Tnaamuch as a knowledge of the values 

values of 6 a v t  from air-stzeam-survey data I s  limited t o  t e s t s  f o r  
which complete modeland  isolated tail data a r e  also available. Use 
of equation (2) has indicated, however, that force and moment data 
neglect the rather large effects   a t t r ibuted tcr the fuselage when 
values of are camputed. The effect of the fuaelagb should 
therefore be accounted f o r  when air-SkeaIn eurveys are  wed t o  
obtain E av. 

Air-stream-survey data and force and moment data were obtained in 
the Langley 19-foot  pressure  tunnel f o r  a four-engine,  ph~~torecomaia- 
sance, t ractorpropel led air@ane which had the horizontal tail located 
above the fuselage on t h e  vert ical  ta i l .  The values of were within 
experimental accuracy of values of teff. The -computed value of' (bt),ff 

was approxbmtely  equal to bt and, hence,  ehared that equation (2) wae 
satiafactory  for an extreme condition. 
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Dynamic pressure.- A diecussion similar t o  that presented herein OR 
downwash can be wed t o  show that force and mment data d a o  determFne an 
gffective dynamic-pressure r a t i o  (qt/q)df  over the tail span effec- 
t ively outboard of the fuselage. 

The discrepancies between  (qt/q)av and (qt/q)eif were o n l y  
slightly reduced, hawever, when values of (qt/q),,' were obtained 
(table rV) . It is quite possible that the remaining  disagreement is due, 
i n  a large p a r t ,  t o  t h e  accuracy with which  (qt /q)eff can be obtain& 
from force and moment data. Since rather sm," values of hft are  used 
t o  obtain , the balanoe  system muElt provide  very  accurate measure- 

ments of h. For the preeent tests, the l o w  dQn&zdc pressure a;nd the 
sensi t ivi ty  of the balance  system combine to give an estimated  accuracy 
of (qt/q)eff of approximatelg 6 percent. The main resat  indicated by 
these data is  that force and moment data do q t  provide a nr(9898 far 
accurately determining (q-t;/q)eff if the- forces  a ~ d  maments are 
obtained a t  low speeds and are measured by a t n i c a l  t m e l  balance 
system. 

c"rt 

The resul ts  of air-stream surveys and comparison of average and 
effective values  of downwash and QnamIc pressure at  the tail of a high- a, six-engine,  powered, pusher-propelled model Indicated: 

1. The average  values of  downwash obtained from air-stream surveys 
were approximately lo t o  2O seater  than the  effective vaLuas obtained 
from force and moment data. A concept that the pext of the tail intar-  
cepted by ths fueelage conbibuted l i t t l e ,  If my, to the evaluation of 
the effective  values of downwash angle f rom force and mment data was used 
to obtain an empirical formula by which average  values of dararash a n g l e  
obtained from air-atream surveys could be made t o  agree sat isfactor i ly  
w i t h  effective values.  

2 .  The average values of dynamfc-pressure r a t i o  obtained by the use 
of the  empirical method did not agree sat isfactor i ly  w i t h  the effective 
values of dynamic-pressure r a t i o  obtained from force and moment data. This 
disagreement was attributed to  the accuracy with which effective  values 
of dynamic-pressure r a t i o  could be obtained from force and moment data. 

3 .  For all flap conditions  (retracted and deflected)  the tail 
passed into t h e  center of the wake a t  moderate to high angles of attack. 

4. 'The nacelle-wing  juncture (no f i l l e t ) ,  ma fuselage-wing  juncture 
(no f i l l e t ) ,  and ths nacelle had a pronounced effect  on the flow at  t h e  
tail. "" 

m 
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5 .  The severe  distortion of' the  slipstream usually aeeociated w i t h  
a tractor-propelled  airplane did not  occur. 

6. When t h e  flaps were deflected,  the  effects of the upwing and. 
dawngoing blades were not reversed as previously  reported far a tractor 
airplane'. 
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wing 
Root chord 

Section . . . . . . . . . . . . . . . . . . . . .  NACA 63(420)-422 
Chord. in . . . . . . . . . . . . . . . . . . . . . . . . . .  28.52 
Angle of incidence. deg . . . . . . . . . . . . . . . . . . . .  3 

Section . . . . . . . . . . . . . . . . . . . . .  WCA 63(420)-517 
Chord. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.14 
Angle of incidence. beg . . . . . . . . . . . . . . . . . . . .  1 

Area. sq ft . . . . . . . . . . . . .  . . . . . . . . . . . . .  24.35 
Span. in . . . . . . . . . . . . . . . . . . . . . . . . . . . .  197.14 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  11.09 
Mean aer0dymunl.c chord @.A . C .). in . . . . . . . . . . . . . . .  20.05 
Spanwise location of M.A.C., in . . . . . . . . . . . . . . . .  39.07 
Sweepback 

Leading edge. deg . . . . . . . . . . . . . . . . . . . .  .1 5.101 
Trailing edge. deg . . . . . . . . . . . . . . . . . . . . . .  3 

Taper  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Dihedral (from wing root-chord plane). deg . . . . . . . . . . . .  2 
Washout (aerodynamic). Beg . . . . . . . . . . . . . . . . . . . .  2 

Tip chord  (theoretical) 

Flaps 
Chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Deflectiam. deg . . . . . . . . . . . . . . . . . . .  0. 20. 
Area. sq in . 

Between outboard and center  nacelles . . . . . . . . . . .  
Between center anb inboa,rd nacelles . . . . . . . . . . . .  
Between inboerrd nacelle and fuselage . . . . . . . . . . .  
Between outboard eand center  nacelles . . . . . . . . . . .  
Between center anb inboard nacelles . . . . . . . . . . . .  
Between inboard nacelle snd fuselage . . . . . . . . . . .  

Span. in . 

. 5.36 
ana40 

10. 97 
10.76 
13 *% 

Fuselage 
Length. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  u . 6 4  
MesIimum diameter. in . . . . . . . . . . . . . . . . . . . . . .  10.71 
Maximum front& area. BQ in . . . . . . . . . . . . . . . . . . .  9.14 
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TABLE I - Concluded 

DESIGTJ CHARACTZRISTICS OF A S I X - D G J E ,  

R J S B X R - ~ O l Z E X U Z D ,  POWERED MODEL - Concluded 

Horfz ontal tail 
Root chord . . .  

Section . . . . . . . . . . . . . . . . . . . . . . . . .  WlCA 0015 
Chord, in. . . . .  , . . . . . . . . . . . . . . . . . . .  17.31  

Tip  chord (theoretical)  
Section . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Chord, in. . . . . . . . . . . . . . . . . . . . . . . . . .  5.79 

T o t a l  area (projected), sq ft . . . . . . . . . . . . . . . . .  4.99 
span, in.  . . . . . . . . . . . . . . . . .  , . . . . . . . .  62.91 
Aspect r a t i o  . . . . . .  *. . . . . . . . . . . . . . . . . . . .  5.5 
Mean aerodynamic chord, in. . . . . . . . . . . . . . . . . .  12.58 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

tail M.A.C .), in. . . . . . . . . . . . . .  , . . . . . . .  62 .oo 
Dihedral,  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Tail length chord of wing M .A .C . t o  4 chord of 

Sweepback (elevator h i n g e  line), deg . . . . . . . . . . . . . . . .  0 
Elevator area (total),  IFF . . . . . . . . . . . . . . . . .  2.32 
Vertical  distance of elevator hinge Une b e l o w  wing-mot-chord 

plane, in. . . . . . . . . . . . . . . . . . . . . . . . .  0.033 

Vertical tail 
Root chord 

Section . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Chord, in. . . . . . . . . . . . . . . . . . . . . . . . .  23.21 

Chord, in. . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 4 3  

spm, in. . . . . . . . . . . . . . . . . . . . . . . . . . .  22.g 

T i p  chord 
Section . . . . . . . . . . . . . . . . . . . . . . . .  NACa 0012 

Total m e a  (including dorsal), eq ft . . . . . . . . . . . . . .  2.77 

Aspect-ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  1.475 

T a i l  length (i chord, of wing M .A .C . to rudder hinge line), in. 68 .ll 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.75 

Rudder ( a r e a ) ,  sq ft . . . . . . . . . . . . . . . . . . . . . .  1.13 

Number.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Diameter, ft . . . . . . . . . . . . . . . . . . . . . . . . . .  1.36 
mpe . . . . . . . . . . . . . . . . . . . . . .  C W ~ I S ~  ~ 9 - 1 ~ 6 - 2 4  

. "  - - . . . .  
Pxopellers 

" 

- .  " 

Number of blados per  propeller . . . . . . . . . . . . . . . . . .  3 

(left h a d )  

. " 
" - 

5 

T" 
." 

" 



Power 

50-percent 
rated power 

Zero thFU13t, 
T, = 0 

0 

265, OOO 

Sea level 

10,m 

Sea level 

rn 

21.00 

2100 

Low 

Gear 
ratio 
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To = 0 
n . 9  

T, - 0 

0.75 mted per 
6.2 *93 
7.8 1.03 
8.5 1.20 
9-6 1.37 

I I I 

4.h 
7 -0 
8.6 
10.1 

5.9 
7.3 
8.7 
10 -3 

1 so1 
1.04 
1.08 
1.08 

4 .I) 
7 -1 
6.8 
10.1 

3 -7 
7.3 
0.6 
10 -3 
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(a) Front view. 

Figure 2. - The --scale 1 powered model mounted in Langley 19-foot pressure tunnel, 
14 v 

L-40575 
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(b) Rear view. 

Figure 2.- Concluded. 
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(a) Close up of rake head. 

Pitch or i f i ce  S t a t  io o r i f  i ce  

Yaw o r i f i o  

Impact o r i f  i ce  

(b) Sketch of tube head. 
. - 

Figure 4.- Air-stream survey rake for Langley 19-foot pressure tunnel. 
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Figure 5. - Variation of thrust disk-loading coefficient with wing lift 
coefficient  for  several  power conditions. Single-propeller operation. 
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operation. 
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.- 

1 
14 Figure 7. - Air-stream -survey plane for tests of the --scale model. 

. (All dimensions are in inches.) 
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Figure 8.- Tail-off l i f t  curves for various flap deflections and 
power conditions. 



(a) aw = 0.2'. 

Figure 9.- Downwash angles and dynamic-pressure ratios in the vertical plane of the elevator 
binge h e .  View looking upstream. Sf - Oo; propellers removed; R Z 2,440,000. 
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(b) % - 3.4’. 

Figure 9.- Continued. 
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(c) &r = 7.7O. 

Figure Q.- Continued. 
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(d) aw = 11.8’. 

Figure 9.- Continued. 
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(e) aw = 16.0'. 

Figure 9. - Concluded. 
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(a) aw = 0.2'. 

Figure 10.- Downwash angles and dynamic-pressure ratios in the vertical plane of the  elevator 
hinge Line. View looking upstream. 8f = Oo; T, I= 0; R 2 2,440,000. 
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(d) aw 11,9°, 

Figure 10.- Continued. 
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D/dunce fm-center h e ,  in 
&numic-pssun? &io 

(e) QW = 16.1 . 
Figure 10. - Concluded. 
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(a) aw = 0.2'. 

Figure 11.- Downwash angles and dynamic-pressure rakos in the vertical plane of the elevator 
hinge line. View looking upstream. 6f =I Oo; 100-percent rated  power; R Z 2,440,000. 
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(b) ap = 3.4'. 

Figure 11.- Continued. 
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Figure 11.- Continued, 
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(a) uW = 0.5'. 

Figure 12.- Dowmash angles and dynamic-pressure ratios in the vertical plane of the elevator 
hinge line. View looking upstream. Bf = 20'; Tc = 0; R 2 2,440,000. 
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(b) aw = 4.7'. 

Figure 12.- Continued. 
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Didunce f m  cenfer h e ,  In. 
&namic-pssm mtio % -@7 

(c) aw = 9.0'. 

Figure 12.- Continued. 
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(b) aw = 4.8'. 

Figure 13.- Continued. 
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( c )  uw = 9.1 . 

Figure 13.- Continued. 
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(d) aw = 19.4'. 

Figure 13.- Concluded. 
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(a) aw = 0.7O. 

Figure 14.- Downwash angles and dynamic-pressure ratios in the vertical plane of the  elevator 
hinge line. View looking upstream. bf = 40'; T, = 0; R Z 2,440,000. 
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(b) ' ow = 5.0°. 

Figure 14.- Continued. 
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Figure 14. - Continued. k N 
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(d) aw = 13.5'. 

Figure 14. - Coicluded. 
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(a) aw = 0.7'. 

Figure 15.- Dowmash angles and dynamic-pressure ratios in the vertical plane of the elevator 
hinge line. View looking upstream. 6f  = 4Oo; %-percent  rated power; R z 2,440,000. 
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(b) aw = 5.0'. 

Figure 15.- Continued. 



(c) aw = 9.3O. 

Figure 15.- Continued. 
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(d) aW = 19.6'. 

Figure 15.- Concluded, 
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(a) Carry-over load. (b) Theoretical load. 

-I 0 I 1 

(c) Large fuselage boundary-layer 
and separation  effects. 

(d) Load of (c) for two values 
of it. 

Figure 17.- Schematic loading Over a tail-fuselage combination. 
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