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SUMMARY 

An investigation was conducted in the Langley 19-foot pressure 
tunnel on a 0.3-scale model of the Republic RF-84~ airplane to determine 
modifications which would eliminate the pitch-up that occurred near 
maxFmum lift during flight tests of the airplane. The effects of high- 
lift and stall-control devices, horizontal tail locations, external 
stores, and various inlets on the longitudinal characteristics of the 
model were investigated. For the most part, these tests were conducted 

6 at a Reynolds number of 9-0 x 10 and a Mach number of 0.19. 

The results indicated that from the standpoint of stability the 
inlets should possess blunted side bodies. The horizontal tail located 
at either the highest or lowest position investigated improved the sta- 
bility of the model, Three configurations were found for the model 
equipped with the production tail which eliminated the pitch-up through 
the lift range up to maximum lift and provided a stable static margin 
which did not vary more than 15 percent of the mean aerodynamic chord 
through the lift range up to 85 percent of maximum lift. The three 
configurations are as follows: The production wing-fuselage-tail com- 
bination with an inlet similar to the production inlet but smaller in 
plan form in conjunction with either (1) a wing fence located at 65 per- 
cent of the wing semispan or (2) an 11.7-percent chord leading-edge 
extension extending from 65.8 to 95.8 percent of the wing semispan and 
(3) the production wing-fuselage-tail combination with the production 
inlet and an 11.7-percent chord leading-edge extension extending from 
70.8 to 95.8 percent of the wing semispan, 
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INTRODUCTION 

The initial flight tests of the prototype Republic RF-84F airplane 
revealed that the airplane possessed undesirable pitch-up characteris- 
tics near maximum lift (at low as well as high speeds). From evaluation 
of the airplane design characteristics it was believed that the undesir- 
able longitudinal stability characteristics were associated with the 
location of the horizontal tail on the airplane and the large shoulder- 
type wing-root inlets. 

By using the downwash data presented in references 1 and 2, it was 
shown previous to the investigation that negative dihedral in the hori- 
zontal tail should materially reduce if not eliminate the high lift 
pitch-up; therefore, it was recommended that a drooped tail having -22O 
dihedral and utilizing the same point of attachment as the production 
tail be investigated. In addition it appeared desirable to investigate 
the effect of inlet size (plan form) on the stability characteristics 
of the airplane. 

At the request of the U. S. Air Force, a 0.3-scale model of the 
Republic RF'-84F airplane was constructed for testing in the Langley 
19-foot pressure tunnel. The model, as provided by the.contractor, was 
so designed to allow tests to be made of the model with and without 
various inlets, high-lift and stall-control devices, horizontal tail 
arrangements, as well as external stores. 

During the course of model construction, tests were conducted on 
the prototype airplane in the Ames 40- by 80-foot tunnel. As a result 
of the Ames investigation (ref. 3 ) ,  a wing configuration consisting of 
a modified leading edge which increased the leading-edge radius and 
camber of the outer 30 percent of the wing semispan in conjunction with 
two wing fences was found to improve, to some extent, the static longi- 
tudinal stability of the airplane. However, a considerable improvement 
in the stability of the airplane was still left to be desired. A limi- 
ted low-speed stability investigation of a model equipped with a large 
shoulder-type inlet similar to that used on the prototype airplane has 
also been conducted in the Langley 300 MPH 7- by 10-foot tunnel (ref. 4). 

The first phase of the investigation in the Langley 19-f,oot pres- 
sure tunnel was concerned with the determination of the effects of each 
of four pairs Of inlets in combination with various horizontal tail 
arrangements on the stability characteristics of the wing-fuselage com- 
bination. As a result of these tests, but primarily from production 
considerations, an inlet which was similar to the production inlet but 
smaller in plan form was selected to be tested with the production tail 
to be incorporated on the wing-fuselage combination to form the basic 
airplane configuration. A systematic study was then carried out to 
determine an appropriate wing modification which would provide more 
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satisfactory stability characteristics for the basic configuration. In 
addition, the lateral-control characteristics of the basic configuration 
were also investigated. 

Because of a change in Air Force requirements for machine-gun stor- 
age space, it became necessary for the contractor to retain the produc- 
tion inlet. Consequently, the effects of various wing devices on the 
longitudinal characteristics of the model equipped with the production 
tail and inlet were also investigated in an attempt to determine an opti- 
mum wing configuration for the revised basic airplane configuration from 
the standpoint of static longitudinal stability. The lateral-control 
portion of the investigation on the revised basic airplane configuration 
is not as camplete as may be desired inasmuch as the investigation was 
abruptly terminated because of fatigue failure of the model support 
mount which resulted in the total destruction of the model. 

The investigation reported herein was carried out for the most part . 
at a Reynolds number of 9 -0 x lob and a Mach number of 0 .l9 through an 
angle-of-attack range from -4O to 30°. In an effort to determine the 
effect of variation in Reynolds number, exploratory tests were made 

through a Reynolds number range from 2.2 X 106 to 11 -0 x lo6. In order 
to expedite the issuance of the data for this airplane, only a brief 
analysis has been made. 

SYMBOLS 

Lift lift coefficient, - 
so% 

Drag drag coefficient, - 
so% 

pitching-moment coefficient based on a center of gravity - 
located at 21 percent E and 1.03 percent c 

below fuselage center line, Pitching moment 

qSw" 

rate of change of pitching moment with lift coefficient 
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ra te  of change of pitching moment with angle of attack 

rate of change of pitching moment with t a i l  incidence 

rolling-moment coefficient, corrected for  model 

asymmetry, Rolling moment 

qOSwb 

yawing-moment coefficient, corrected for  model 
Yawing moment a.symmetry, 

q0Swb 

a angle of attack of wing chord plane, deg 

it t a i l  incidence angle i n  respect t o  the wing chord 
plane, deg 

R Reynolds number based on the mean aerodynamic chord 

qo 
free -stream dynamic pressure, lb/sq f t  

sw projected wing area (excluding in le t s ) ,  sq f t  

mean aerodynamic chord, J ~ / ~  c2dy7 f t  

b wing span, f t  

Y spanwise distance measured from plane of symmetry, f t  

vert ical  distance above chord plane extended along mean 
aerodynamic chord, f t  

( e  '.) exit  total-pressure recovery 

A i n l e t  entrance area of both inlets ,  sq f t  

H t o t a l  pressure 
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P s t a t i c  pressure 

Q volume rate of flow measured a t  fuselage exit,  cu ft/sec 

C V velocity, ft/sec 

Subscripts: 

i in l e t  

e exi t  

o free stream 

max maximum 

2 local  

MODEL 
k, 

The 0.3-scale model of the Republic RF-84F airplane instal led i n  
6r the Langley 19-foot pressure tunnel i s  shown i n  figure 1. The model 

was of steel-reinforced wood construction and i t s  principal dimensions 
and design features are presented i n  figure 2 and table I. A rigging 
diagram of the model wing i s  presented i n  figure 3. The model was 
designed t o  allow t e s t s  of high-lift  and stall-control devices, hori- 
zontal t a i l  arrangements, external stores, and various in le t s  which 
varied i n  plan form; 

The pertinent geometric characteristics of the inlets ,  devices, 
horizontal t a i l  arrangements, and external stores are presented i n  f ig-  
ures 4 t o  11 and tables I1 t o  V I ,  

The high-lift  and stall-control devices consisted of plain t r a i l i n g  
edge flaps, leading-edge extensions, wing fences, and a leading-edge 
modification which increased the leading-edge radius and camber of the 
wing sections thus modified. 

The trailing-edge flaps extended t o  51 percent of the semispan and 
had a chord of 22 percent of the wing chord measured paral lel  t o  the 
a i r  stream. The flaps could be deflected 200 and 40° perpendicular t o  
the hinge l ine  ( f ig  . 7). 

The leading-edge extensions were designed so that  any desired span, 
chord, or spaitwise location could be investigated along with deflections 
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of 0' and -lo0 measured i n  a plane perpendicular t o  the wing leading 
edge (f ig.  6 and tables 11, V, and V I )  . 

Details of the leading-edge modification which increased the cam- 
ber and leading-edge radius of the wing sections are  shown i n  figure 7. 
The various wing fences are shown i n  figure 6 and tables  11, V, and V I .  

The various horizontal t a i l  arrangements were comprised of e i ther  
an undrooped or drooped t a i l  (-22O dihedral) attached t o  the ver t ica l  
t a i l  a t  28 percent of the wing semispan above the chord plane extended, 
and an undrooped or Y-tail, (22O dihedral) attached t o  the ve r t i ca l  
t a i l  a t  65 percent of the wing semispan above the chord plane extended. 
The drooped and Y-tails had approximately 7 percent l e s s  projected area 
than the tails without any dihedral ( f ig .  5). 

The model w a s  equipped with p a r t i a l  and full-span ailerons which 
extended from 51 t o  95.8 percent of the wing semispan and from 13.4 
t o  95.8 percent of the wing semispan, respectively. The model was also 
equipped f o r  a few t e s t s  with so l id  and perforated flap-type spoilers 
which extended from 13.4 t o  TO percent of the wing semispan and had an 
average projection of 7.8 percent of the streamwise chord when deflected 
90' ( f i g  . 8). The area of the perforated spoi ler  was approximately 
80 percent of the area of the so l id  spbiler.  Unless otherwise indicated 
a l l  l a t e r a l  control t e s t s  were made with the ailerons or spoi lers  
deflected on the l e f t  wing. 

The model was provided with exhaust cones so tha t  the inlet-exhaust 
area r a t i o  could be varied, thus providing a means by which the mass 
flow r a t i o  a t  the i n l e t s  could be varied ( f ig .  9) .  The s t a b i l i t y  data 
presented herein were obtained with the i n l e t  e x i t  f u l l  open. Flow 
survey rakes were ins ta l led  a t  the approximate engine compressor face 
location and i n  the j e t  ex i t  f o r  the purpose of measuring flow ra tes  
a t  the above-mentioned locations ( f i g  . 11) . 

Various boundary-layer diverter  plates  were provided on the model 
t o  study the ef fec t  of fuselage boundary layer  on the internal-flow 
losses i n  the i n l e t .  The boundary-layer diverter plates  are  shown i n  
figure 10. 

Designation of Test Configurations 

Listed below are the designations of the basic component par t s  of 
the model: 

A wing-fuselage-vertical-tail combination 

B external s tores  ( f ig .  9)  
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Various i n l e t s  : ( f ig .  4) 

Do production i n l e t  

b. D l  i n l e t  having a smaller plan form than Do with 
leading edge swept back 15' 

D2 D l  with sidebody removed (simulated nacelle type) 

D3 semiflush i n l e t  

D O ~  Do with spoi ler  on side body 

D O 1  Do with increased radius on side body 

Do with approximate square side body 

Horizontal tails: ( f ig .  5) 

* .z production t a i l  - zero dihedral t a i l  located a t  28 percen-k 
of the wing semispan above the chord plane extended 

~ ~ c 8  drooped t a i l  - similar t o  the production t a i l  but having 
-22O dihedral located a t  28 percent of the wing semispan 
above chord plane extended 

T - T - t a i l  - same as  production t a i l  but located a t  65 percent 
0 65 of the wing semispan above chord plane extended y - t a i l  

T V  Y - t a i l  - similar t o  the production t a i l  but having 22' 
0 65 dihedral located a t  65 percent of the wing semispan 

above the chord plane extended 

High-lift and s tal l -control  devices: ( f igs .  6 and 7) 

E leading-edge extensions ( f ig .  6)  

leading-edge modification ( f i g  . 7) 

F wing fences ( f ig .  6) 

6f trailing-edge f laps deflected ( f ig .  7)  

Detail  designations of the component par t s  are given i n  figures 4 
t o  9. The model configurations described herein are formed by combining 
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the appropriate model components with the wing--fuselage-vertical-tail 
combination designated by the l e t t e r  "A". For example, A + T . z  + B 

represents a wing-fuselage-vertical-tail combination plus zero dihe- 
dra l  horizontal t a i l  located a t  28 percent of the wing semispan above 
the chord plane extended plus external stores. 

TESTS AND CORRECTIONS 

Tests 

The tes t s  were conducted i n  the Langley l9-fo0t pressure tunnel 
with the a i r  compressed i n  the tunnel t o  a pressure of approximately 
33 pounds per square inch, absolute. With the exception of the wing- 
fuselage-vertical-tail combination, the investigation was carried out a t  

6 a Reynolds number of 9.0 x 10 and a Mach number of 0.19. In the case 
of the wing-fuselage-vertical-tail combination, force measurements were 

6 6 obtained through a Reynolds number range from 2.2 x 10 t o  11.0 x 10 . 
A l l  t e s t s  were conducted over an angle-of-attack range from -4' t o  31'. 

Longitudinal characteristics of the model were determined for  the 
model equipped with and without various inlets ,  high-lift  and s t a l l -  
control devices, horizontal t a i l  arrangements, and with and without 
external stores. For the most part, the longitudinal s tab i l i ty  t es t s  
were conducted with a horizontal t a i l  incidence of -5O.. 

The lateral-control characteristics were determined through an 
aileron deflection range of 218' by 3O increments for  the outboard 
ailerons and ?12O by 3O increments for  the inboard ailerons. In the 
case of the flap-type solid and perforated spoilers, deflections of 
4.7', 9 .kO, 19O, 45O, 5509 and 90° were investigated, The aileron and 
spoiler deflections were measured i n  a plane perpendicular t o  thei r  
respective hinge l ines.  

Corrections 

Corrections for  wind-tunnel jet-boundary effects have been made t o  
the pitching, rolling, and yawing moments. Corrections for  support 
tare  and interference have not been applied t o  the data. However, these 
corrections would not affect  the comparisons of the data made herein. 
Jet-boundary corrections determined from reference 5 and air-flow- 
misalinement correction of O . l O ,  estimated on the basis of air-flow 
surveys and t e s t s  of previous models, have been applied t o  the angle 
of attack and drag coefficient. The drag coefficients presented herein 
include the internal drag of the in le ts .  
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PRESENTATION OF DATA 
r 

Tables I1 t o  VI summarize the  r e su l t s  obtained from the  low-speed 
b longitudinal s t a b i l i t y  t e s t s ,  Figures 12 t o  34 present d e t a i l  force 

and moment data of some of the more pertinent r e su l t s  obtained during 
the investigation of the longitudinal s t a b i l i t y  and la teral-control  
character is t ics  of the model. A l l  of the s t a b i l i t y  data presented i n  
f igures  12 t o  34 are  f o r  a t a i l  incidence of approximately -50 unless 
otherwise noted. Tables V I I  and VIII present the individual ram- 
recovery pressures t h a t  were determined at  the engine compressor face 
locat ion f o r  i n l e t s  Dl and D2 at  several angles of a t tack  and, i n  

the case of i n l e t  Dl, f o r  several boundary-layer diverter  configura- 
t ions.  The variat ion of the mass-flow r a t i o s  and ram-recovery charac- 
t e r i s t i c s  with angles of a t tack f o r  the various i n l e t s  are  presented 
i n  f igures  35 and 36. 

RESULTS AND DISCUSSION 

Longitudinal S tab i l i t y  Characteristics 

Effect of Reynolds number.- A few exploratory t e s t s  were conducted 
on the wing-fuselage-vertical-tail combination t o  determine the e f f ec t s  
of ~eyno lds  number. As indicated i n  f igure 12, the e f f ec t  of var iat ion 
i n  Reynolds number on the pitching-moment character is t ics  of the wing- 

fuselage-vertical-tail  combination from a Reynolds number of 5.0 x 10 6 
6 t o  11.0 x 10 can, f o r  all prac t ica l  purposes, be considered negligible,  

Although the e f fec t  of var iat ion i n  Reynolds number on the pitching- 
moment character is t ics  of the wing-fuselage-vertical-tail combination 
was found t o  be small above a Reynolds number of 5.0 x 106, it did not 
appear conclusive t h a t  the same would be t rue  f o r  all t e s t  configura- 
t ions.  Therefore, it w a s  decided t o  conduct the investigation a t  the 
highest t e s t  Reynolds number possible with due consideration given t o  
economy of operation and sustained operation of t e s t  equipment. Hence, 

6 the investigation w a s  conducted a t  a Reynolds number of 9.0 x 10 rather  
6 than a t  the highest Reynolds number at ta inable  of 11.0 x 10 

Effect of in l e t s . -  With the exception of varying the length of the 
in te rna l  duct l i n e s  between the leading edge of the i n l e t  and the leading 
edge of the wing, the in te rna l  ducting-for-the various i n l e t s  was designed 
t o  allow a l l  of the various i n l e t s  t o  be ins t a l l ed  on the model without 
a l te r ing  the in te rna l  duct l i nes .  It i s  assumed i n  the  following dis- 
cussion, therefore, t h a t  any variations which occur i n  the longitudinal 
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character is t ics  of the model equipped with the different  i n l e t s  a re  due 
en t i r e ly  t o  the external e f fec ts  of the i n l e t s .  

In order t o  show more c lear ly  the ef fec ts  of i n l e t s  on the  pitching- 
moment character is t ics  of the model, f igure 15 has been prepared, using 
the data of figure 13, and presents the departure of the pitching-moment 
curve from the i n i t i a l  l i n e a r i t y  at low l i f t  t ha t  was obtained f o r  the 
model with and without the in le t s .  It was discovered during the i n i t i a l  
phases of the  investigation t h a t  the pitching-moment character is t ics  
obtained on the 0.3-scale model equipped with the production i n l e t  Do 
were not i n  agreement with those obtained during the investigation of 
the  ful l -scale  airplane i n  the Ames 40- by 80-foot tunnel ( re f .  3). It 
w a s  recognized tha t  the prototype i n l e t  incorporated on the full-scale 
airplane differed from the production i n l e t  on the 0.3-scale model i n  
t h a t  the prototype i n l e t  possessed a sharper side body than the well- 
rounded side body of the production i n l e t .  Therefore, i n  an e f fo r t  t o  
f ind  an explanation fo r  the discrepancy i n  the two se t s  of data, a 
spoi ler  w a s  attached t o  the side body of i n l e t  Dg i n  an attempt t o  
simulate, t o  a reasonable extent, the aerodynamic ef fec t  of an i n l e t  
possessing a sharp side body. The resul t s  obtained with the simulated 
sharp s ide body i n l e t  D ( f ig .  13) were found t o  be i n  suf f ic ient  

0s  
agreement with the data of reference 3 t o  conclude tha t  the  differences 
t h z t  existed between the two s e t s  of data obtained on the model and the 
ful l -scale  airplane were at t r ibutable t o  the difference i n  the side body 
shapes ~f the prototype and the production in le t s .  It can be seen from 
the data presented i n  figure 15 tha t  the addition of the simulated sharp 
s ide body i n l e t  DOS resulted i n  a maximum destabilizing pitching moment 

of 0.155 which w a s  considerably greater than tha t  obtained f o r  the model 
without i n l e t s .  In  addition the  angle-of-attack range over which these 
increments of destabilizing pitching moment existed for  i n l e t  DOS was  

considerably greater than f o r  the model with i n l e t s  off .  It i s  evident 
from the foregoing discussion t h a t  an i n l e t  having a sharp side body 
would be detrimental t o  the longitudinal s t a b i l i t y  character is t ics  of 
the RF-84~ airplane. 

Examination of figure 15 reveals that ,  with the exception of 
i n l e t  D3, the addition of the i n l e t s  reduced t o  some extent the maxi- 
mum increment of destabilizing pitching moment of approximately 0.111 
t h a t  was obtained f o r  the model without i n l e t s  a t  an angle of attack 
of approximately 21°. The greatest  reduction, approximately 0.030, i n  
the increment of destabilizing pitching moment was obtained with 
i n l e t  D2. In  the case of i n l e t  D3 (semiflush i n l e t )  a s l i g h t  increase 

i n  the maximum increment of destabilizing pitching moment was obtained. 
I n  addition, it can be seen that the increment of unstable pitching 
moment obtained f o r  the model equipped with the  various i n l e t s  and one 
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fence progressively increased i n  magnitude and extended over a progres- 
sively larger angle-of-attack range as the i n l e t  size increased. 

Presented i n  figure 16 are the increments of destabilizing pitching 
L- moment obtained for  the model equipped with various in le ts  and wing 

fences. Comparison of the data presented i n  figure 15 and figure 16 
indicates that a properly located fence generally reduced the magnitude 
of the increments of destabilizing pitching moment by 75 percent for  
angles of attack below approximately 240. It w i l l  also be noted frm 
the data of figure 16 that  the addition of one wing fence t o  the model 
equipped with i n l e t  D2, which has been previously shown t o  provide sig- 

nificant improvements i n  the pitching-moment characteristics, produced 
stable pitching-moment increments throughout the angle-of-attack range 
above 19'. Attempts t o  reduce further the magnitude and t h e p t e n t  of-_*,, ....---* C - 
the increments of unstable pitching moment that  occurred fo$m5del- ""* 

equipped with the larger in le ts  Do and D by using two wing fences 
02 

proved t o  be somewhat successful as can be seen from the data of f ig -  
ure 16. However, even with two fences the pitching-moment characteris- 
t i c s  of the model equipped with the larger in le ts  were s t i l l  not as fav- 
orable as those obtained for  the model equipped with i n l e t  D2 and only 

one fence. 

Consequently, i f  changing in le ts  was the only modification tha t  
could be made t o  improve the longitudinal s tab i l i ty  characteristics of 
the RF-84~ airplane, it appears from the foregoing discussion that  a 
simulated nacelle-type i n l e t  such as i n l e t  D2 should be incorporated on 

the airplane. Even though a s l ight  unstasle jog occurred i n  the pitching 
moment a t  a = 15O (CL = 0.82) , figure 13, for  the model equipped with 

i n l e t  D2, the longitudinal s tab i l i ty  characteristics appear t o  be 

acceptable. 

Effect of horizontal t a i l  location.- Presented i n  figure l7 .a re  the 
longitudinal characteristics of the model equipped with various in le t s  
and horizontal t a i l  arrangements. The variations of dcm\ dcL with l i f t  
coefficient obtained for the various i n l e t  and hor izonta l - ta i l  arrange- 
ments are presented i n  figure 18. Inspection of figure 18 indicates 
that  of the various horizontal t a i l  arrangements investigated the 
Y-tail (T , regardless of the i n l e t  configuration, was the only t a i l  

arrangeLent khich provided negative values of dCm/dCL through the l i f t  
range up t o  C40ax or within 2 percent of ck i n  the case of 

i n l e t  DO. However a t  or beyond Cb the pitching-moment character- 
i s t i c s  become unstable. In all cases, thevar ia t ion of dCm/dCL with 

l i f t  coefficient obtained with the Y-tail did not exceed 15 percent of 
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the mean aerodynamic chord up t o  maximum l i f t .  The smallest variation 
of dC,/dCL was obtained with i n l e t  D2 and was equal t o  0.08S. 

It can be seen from the data of figure 18 that  decreasing the t a i l  
height by ut i l iz ing the drooped t a i l  A did not eliminate the posi- 

T.28 
t ive  values of d%/dcL that  occurred near C h  with the production 

t a i l .  However, the drooped t a i l  sufficiently reduced the l i f t -coefficient  
range over which positive values of dc,/dcL occurred fo r  the model 
equipped with the production t a i l  so that  i n  the case of in le t s  D2 
and it is  probable that  no pitch-up would be experienced i n  f l ight .  

Examination of the relat ive merits of the various horizontal t a i l  
arrangements through a l i f t -coefficient  range up t o  0.85 C 

linax 
indi - 

cates that  ei ther  the T A or the T t a i l  would provide negative 
.28 a 65 

values of dcm/dCL for  all in l e t  configurations except for  i n l e t  Do 
i n  conjunction with the drooped t a i l  where positive values of dcm/dcL 
were obtained between a lift coefficient of 0.8 and 0.86. The varia- 
t ion of dCm/dCL that  was obtained with the T A and T V t a i l s  

.28 65 
through the usable l i f t  range varied from 5 t o  20 percent of the mean 
aerodynamic chord depending on the i n l e t  configuration. The smallest 
variation of dCm/dCL through the usable l i f t  range with the drooped 

t a i l  was obtained with in le t  Dl and was equal t o  O.OfJE. I n  the case 

of the Y-tail the smallest variation of d&ldcL was obtained with 

i n l e t  Dj and was equal t o  0.066. 

The values of dC dit obtained a t  zero angles of attack for  the 
m l  

various horizontal t a i l  locations are l i s t ed  i n  the table on the fol-  
lowing page: 
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?Determined from data of figure 17(a). 

Inasmuch as several possible i l l le t - ta i l  configurations exis t  which 
would provide satisfactory s tab i l i ty  characteristics, the selection of 
an i n l e t - t a i l  configuration would have t o  be made on the basis of other - 
design c r i t e r ia .  

Effect of various wing devices on the model equipped with the pro- 
duction t a i l  and in le t s  Do or Dl.- The effects of various arrange- 

ments or combinations of leading-edge extensions, wing fences and 
leading-edge modification on the s tab i l i ty  characteristics of the model 
equipped with the production t a i l  and in le ts  Do and Dl were studied 

i n  an attempt t o  find a wing configuration which would provide stable 
pitching-moment characteristics through the l i f t -coefficient  range. 

A s  an aid i n  the selection of the most promising wing device arrange- 
ment f r m  the standpoint of s tabi l i ty ,  a cri terion has been adopted that  
the model must not exhibit an adverse pitch-up tendency through the l i f t  
range up t o  C Lmax and must have a stable s t a t i c  margin which does not 

vary more than 15 percent of the mean aerodynamic chord through the l i f t -  
coefficient range up t o  0.85 C Lmax* It should be pointed out that  th i s  

cri terion was selected purely as a matter of convenience and should not 
be construed t o  mean that  this cri terion is a standard s tab i l i ty  require- 
ment. Also that  the conclusions reached on the basis of t h i s  cri terion 
may be somewhat d t e r e d  i f  other c r i t e r ia  are used. 

Of the many configurations investigated, several configurations 
were found which fu l f i l l ed  the preceding requirements. These configura- 
tions are: (1) A + Dl + T e z  + 60 - Fos658, (2) A + Dl + T a g  + 
E 0.30 (0.658-0.958), m d ( j )  A + D ~ + T * ~ + E  (0 .708-0~958) .  

0.25 
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The d e t a i l  force data obtained with these configurations with and 
without f laps  deflected are presented i n  figure 19. The variations 
of dcm/dcL with l i f t  coefficient fo r  these configurations are  pre- 
sented i n  figure 20. 

Thus, as i n  the case of variations i n  ta i l  height, several wing 
configurations were found which would provide sat isfactory s t a b i l i t y  
character is t ics  fo r  the model equipped with the production t a i l .  How- 
ever, it i s  d i f f i c u l t  t o  se lec t  the best configuration purely on the 
basis of this investigation. Consequently, the f i n a l  select ion must 
again be made from the standpoint of over-all design considerations. 

It i s  understood tha t  the production version of the RF-84F air- 
plane i s  t o  be equipped with i n l e t  Do, a leading-edge modification, 

and f l i g h t  fences i n  conjunction with the s t ra ight  t a i l  located at  
28 percent of the wing semispan above the chord plane extended, whereas 
the parasi te  version of the RF-84F airplane w i l l  incorporate the droop 
t a i l .  In  l i g h t  of t h i s  understanding, it i s  of in t e res t  t o  examine the 
d e t a i l  force data obtained fo r  the production and parasi te  versions of 
the RF-84F airplane with f laps  neutral and deflected ( f igs .  21 and 22), 
The variation of d ~ , / d c ~  with l i f t  coefficient obtained fo r  these 

configurations i s  presented i n  figure 23. Figure 23 indicates tha t  a 
pitch-up tendency would ex i s t  near 

C'max 
with f laps neutral  as  well 

as f laps  deflected fo r  the production version, Drooping the horizontal 
t a i l  22' reduced the positive values of dcm/dcL near C b a  but the 

reduction was not suff icient  t o  eliminate the pitch-up tendency. More 
s ignif icant  than the reduction i n  the positive values of d&IdCL tha t  
w a s  obtained with the drooped t a i l  i s  the loss  i n  s t a t i c  margin tha t  
occurred. It w i l l  be noted from the data tha t  drooping the horizontal 
t a i l  decreased the s t a t i c  margin from approximately 10 t o  6.5 percent E 
with f laps neutral and from approximately 10 t o  7 percent c' with f laps  
deflected. 

Effect of external s tores  and i n l e t  mass-flow rat ios .-  The ef fec t  
of external s tores  and i n l e t  mass-flow r a t i o  on the s t a b i l i t y  of the 
model f o r  various model configurations is  shown i n  figures 24 and 25. 
It can be seen tha t  the addition of external stores had l i t t l e  e f fec t  
an the l i n e a r i t y  of the pitching-moment curves regardless of horizontal 
t a i l  location or i n l e t  configuration. However, it w i l l  be noted tha t  a 
s l i g h t  decrease i n  s t a t i c  margin was obtained i n  every case t h a t  the 
external s tores  were added. 

Variations i n  the i n l e t  mass-flow r a t i o  appeared t o  have no ef fec t  
on the s t a b i l i t y  of the model. The only significant e f fec t  of decreasing 
the i n l e t  mass-flow r a t i o  was a positive t r im s h i f t .  

CONFIDENTIAL 
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Lateral-Control Characteristics 

Ailerons.- The data presented i n  figures 26 and 27 indicate tha t  
the maximum values of ro l l ing  moment obtained with outboard ailerons was 

w approximately 0.04 f o r  a t o t a l  a i leron deflection of 36O fo r  the model 
equipped with i n l e t  Dl and fo r  the model equipped with i n l e t  Do i n  

conjunction with the leading-edge modification and f l i g h t  fences. In 
both cases, a 25-percent decrease i n  ro l l ing  moment was obtained beyond 
an angle of attack of 1 6 O .  Furthermore, i n  the  case of the model equipped 
with i n l e t  Do i n  conjunction with the leading-edge modification and 
f l i g h t  fences, the rolling-moment data became very e r r a t i c  i n  nature, 
and i n  some instances, a i leron reversal occurred. 

Comparison of the r e su l t s  of figure 27 with those of figure 30 
indicates t h a t  no s ignif icant  change i n  the ro l l ing  moment w a s  obtained 
by replacing the leading-edge modification and f l i g h t  fences with an 
11.7-percent chord leading-edge extension which extended from 70.8 t o  
95.8 percent of the wing semispan, (with f laps  deflected i n  the  l a t t e r  
case). However, when the outboard end of the extension was moved 
inboard t o  0.858b/2 (fig.  31) a s l i g h t  decrease i n  C w a s  obtained - 2max 
and the  variation of ro l l ing  moment with a above an angle of attack 
of 16' became l e s s  e r r a t i c  with l i t t l e  or  no ai leron reversal.  Although 
no data were obtained, it is  reasonable t o  expect that an improvement 
i n  the variation of ro l l ing  moment with a would also be obtained with 
f laps neutral i f  the shortened span of leading-edge extension w a s  
employed. 

The lateral-control data obtained on the model equipped with 
i n l e t  Do, leading-edge modification and f l i g h t  fences ( f i g .  28) indi- 
cate that the same degree of ro l l ing  effectiveness w a s  obtained with 
24' t o t a l  deflection of the full-span ailerons as was obtained with 36O 
t o t a l  deflection of the outboard ailerons, As i n  the case of outboard 
ailerons, the variation of ro l l ing  moment with a f o r  the full-span 
ailerons above a = 16' was e r r a t i c  and i n  some instances ai leron rever- 
s a l  w a s  obtained. Therefore, as might be expected from the data obtained 
with full-span ailerons, it w i l l  be noted from a comparison of the data 
presented i n  figures 27 and 29 that the use of d i f ferent ia l ly  operated 
f laps i n  conjunction with outboard ailerons as  a lateral-control  device 
appears t o  of fer  some advantage over outboard ailerons alone from the 
standpoint of ro l l ing  effectiveness, 

Spoilers. - The lateral-control character is t ics  of 0.5b/2 span so l id  
and perforated flap-type spoilers are  presented i n  figures 32 and 33 fo r  
the model equipped with i n l e t  Do, leading-edge modification, and f l i g h t  

fences. Comparison of the data presented i n  figures 32 and 33 reveals 
tha t  a t  low angles of attack the ro l l ing  moment produced by e i ther  so l id  



o r  perforated spoi lers  deflected 55O was nearly equal t o  50 percent of 
the ro l l ing  moment produced by an outboard flap-type a i le ron  f o r  a t o t a l  
a i leron deflection of 1 8 O .  A t  high angles of attack both spoi lers  became 
ineffect ive.  The variations of C2 with spoi ler  deflection a t  various 
angles of attack are  presented i n  figure 34. 

Thus it can be seen tha t  spoi lers  were infer ior  t o  flap-type ai lerons 
from the  standpoint of ro l l ing  moment produced. It i s  probable t h a t  sme-  
what be t t e r  spoi ler  effectiveness would be obtained with a more optimum 
spoi ler  arrangement. 

The yawing-moment data obtained with flap-type ailerons and spoi lers  
a re  i n  accordance with common experience i n  tha t  the yawing moment pro- 
duced by ailerons is  generally unfavorable while tha t  obtained with 
spoi lers  i s  favorable over most of the.angle-of-attack range. 

Internal  Flow Measurements 

Effect of boundary-layer divertem.- Figures 35 and 36 and tables  VII 
and V I I I  present the in te rna l  flow measurements obtained on the model 
equipped with i n l e t s  Dl and D2 f o r  several boundary-layer diverter  

configurations. The measurements were obtained f o r  i n l e t  velocity r a t i o s  
which span the usual high-speed design inlet-velocity-ratio range from 
0.6 t o  0.8. 

Examination of the data presented i n  f igure 36 and tab les  V I I  
and VIII indicates tha t  replacing the or iginal  boundary-layer diverter  
block with s p l i t t e r  p la tes  s l igh t ly  improved the i n l e t  air-flow char- 
ac t e r i s t i c s .  The greatest  improvement was realized with the smaller of 
the  two s p l i t t e r  p la tes  investigated. The improvement t h a t  was obtained 
resul ted from a decrease i n  the localized losses  which occurred at  the 
inner corners of the i n l e t s ,  

CONCLUSIONS 

An investigation has been.conducted i n  the Langley 19-foot pressure 
tunnel a t  a Reynolds number of 9.0 x 106 on a 0.3-scale model of the 
Republic RF-84F airplane t o  determine modifications tha t  would improve 
the  low-speed longitudinal s t a b i l i t y  character is t ics  of the RF-84 air- 
plane. The la teral-control  character is t ics  of the model were a l so  
determined. 

From the r e su l t s  of the investigation, the following conclusions 
a re  made : 

CONFIDENTIAL 
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1. The addition of an i n l e t  with a sharp side body increased the 
n destabilizing pitching moment that  occurred near C h  fo r  the model 

without in le ts ,  whereas a reduction i n  the destabilizing pitching moment 
was obtained with in le t s  having blunted side bodies. In addition the 
angle-of-attack range over which the increments of destabilizing pitching 
moment existed for  the model equipped with a sharp side body in l e t  was 
considerably greater than for  the model without in le ts .  

2, The horizontal t a i l  located at either the highest or lowest 
position investigated during the present t es t s  improved the s t ab i l i t y  
of the model, The greatest improvement i n  s tab i l i ty  associated with 
horizontal t a i l  modification was obtained with a "Y" t a i l  (22O dihedral) 
located a t  65 percent of the wing semispan above the chord plane extended. 
This t a i l  arrangement provided a stable s t a t i c  masgin which did not vary 
more than 15 percent of the mean aerodynamic chord up t o  maximum l i f t  or 
within 2 percent of maximum l i f t  regardless of the in le t  configuration. 
The drooped t a i l  decreased the range of l i f t  coefficient over which the 
pitch-up occurred t o  such an extent that it i s  probable that  no pitch-up 
tendency would be experienced i n  f l igh t .  , 

3. Of a l l  the arrangements of wing devices investigated on the 
model equipped with the production t a i l  i n  conjunction with the produc- 
t ion i n l e t  or an i n l e t  similar t o  the production i n l e t  but smaller i n  
plan form, three were found which eliminated the pitch-up and provided 
a stable s t a t i c  margin which did not vary more than I5  percent of the 
mean aerodynamic chord up t o  85 percent of maximum l i f t .  The three con- 
figurations are as follows: The production wing-fuselage-tail combi- 
nation with an i n l e t  similar t o  the production i n l e t  but smaller i n  plan 
form, D l ,  i n  conjunction with ei ther ,  (1) one wing fence located a t  
65 percent of the wing semispan or, (2) an 11.7-percent chord leading- 
e&ge extension extending from 65.8 t o  95.8 percent of the wing semispan, 
and (3)  the production wing-fuselage-tail combination with the produc- 
t ion i n l e t  and an 11.7-percent chord leading-edge extension extending 
from 70-8 t o  95 -8 percent of the wing semispan. 

4, The s tab i l i ty  of the model was not affected appreciably by the 
addition of ei ther  external stores or a change i n  i n l e t  velocity ra t io .  

5, Beyond an angle of attack of 160 which corresponds t o  approxi- 
mately 80 percent of maximum l i f t ,  a 25-percent decrease i n  rol l ing 
moment was obtained for  a l l  flap-type ailerons investigated and i n  the 
case of the model equipped with the production i n l e t  the rol l ing moment 
became very e r ra t i c  i n  nature and i n  some instances aileron reversal was 
obtained. The addition of an 11.7-percent -chord leading-edge extension 
extending from 70.8 t o  85.8 percent of the wing semispan resulted i n  
rolling moments whieh were less  e r ra t i c  with angle of attack with l i t t l e  
or no aileron reversal, 
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6. The rol3ing mment produced by a 50-percent-semispan so l id  or 
perforated flap-type spoi ler  deflected 5 5 O  w a s  nearly equal t o  50 per- 
cent of the  ro l l ing  moment produced at  low l i f t  by an outboard f lap-  
type a i le ron  f o r  a t o t a l  a i leron deflection of 180. Beyond an angle of 
at tack of 1 7 O ,  however, both types of spoilers were ineffective.  

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field Va., February 1, 1954. 

Aeronautical Engineer 

H. Neale Kelly 
Aeronautical Research Scient i s t  

Approved : 
D r a l  

Chief of F d l  Scale Research Division 
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A, Wing Assembly 

TABLE I 

DESIGN CHARACTERISTICS OF THE REPUBLIC RF-84F AIRPLANE AND 

THE 0.3-SCALE MODEL OF TKE R F - 8 4 ~  AIRPLANE 

1. Basic data: 
Root a i r f o i l  ( theoret ical) ,  measured normal t o  . . . . . . . . . . . . . . . . . . . . . . .  0.25-chord l ine  
Tip a i r f o i l  ( theoret ical) ,  measured normal t o  

0.25-chordline . . . . . . . . . . . . . . . . . . . . . . .  
Angle of incidence, deg . . . . . . . . . . . . . . . . . . . .  
Geometr ic twis t .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  Sweep of quarter-chord l ine  ( t rue) ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  . . . . . . . . . . . . . .  Aspect r a t i o  (excluding i n l e t  area) 
Ai r fo i l  thickness (para l le l  t o  airplane center l ine ,  

percent c )  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  Sweep of leading edge ( t rue) ,  deg . . . . . . . . . . . .  Sweep of leading edge (projected), deg . . . . . . . . . . . . . . . . . . . . . . . .  Cathedral, deg 
2. Dimens ions : 

Root chord ( theoret ical) ,  pa ra l l e l  t o  a i r  stream . . . . . . .  
Tip chord ( theoret ical) ,  pa ra l l e l  t o  a i r  stream . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  Mean aerodynamic chord . . .  Location of mean aerodynamic chord, spanwise ( ~ r o j e c t e d )  . . . . . . . . . . . . . . . . . . . . . . .  Span (projected) . . . . . . . . . . . . . . . . . . . . . . . . . .  Span ( t rue)  

3. Areas: 
Wing area (excluding i n l e t  area), sq f t  . . . . . . . . . . . .  
Area of wing blanketed by fuselage, sq f t  . . . . . . . . . . .  

Full-scale 

NACA 64~010 

NACA 64~010 
1.50 

0 
40.00 
0 0 578 

3.45 

NACA 64~010 , 

NACA 64~010 
1.50 

0 
40~00 
0 578 

3.45 

44.577 i n .  
25.800 i n ,  
36.135 in.  9 

c-2 27.126in. + 

120.674 in.  
120.900 i n .  i2 

U1 
t' 

29.250 
4.554 p 

-4 
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TABLE I. - Continued 

DESIGN CHARACTERISTICS OF THE REPUBLIC RF-84~ AIRPLANE AND 

THE 0.3-SCALE MODEL OF THE RF-84~ AIRPWNE 

Full-scale 
C .  Vertical T a i l  Assembly 

1. Basic data: . . . . . . . . . .  Airfoil ,  measured normal t o  0.25-chord l i n e  NACA 64~011  
Sweepback of c/4 l ine ,  deg . . . . . . . . . . . . . . . . . .  41.27 

C2 Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  1.68 . . . . . . . . . . . . . . . . . . . . . . . . . .  3 Taper r a t i o  0.402 
H 2. Dimensions : 

Root chord ( theoret ical)  . . . . . . . . . . . . . . . . . . .  7.250 f t  
Tip chord ( theoret ical)  . . . . . . . . . . . . . . . . . . . .  2.92 f t  

3. h e a s :  
Vertical t a i l  area, sq f t  . . . . . . . . . . . . . . . . . . .  42.90 

D. Fuselage 

Location of s ta t ion  0 (measured fram nose of airplane), in .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Lsngth . . . . . . . . . . . . . . . . . . . . . . . . . .  MaxFmum width . . . . . . . . . . . . . . . . . . . . . . . . .  Maximum height 
Frontal area, sq f t  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  Volume, cu f t  
Side area (excluding ver t ica l  t a i l ) ,  sq f t  . . . . . . . . . . .  

NACA 64~011 

28.739 i n .  
10.500 in.  !2 

14.805 
153.120 in .  
15.012 in .  
20,.772 in.  

1.749 * 
8 0 59 

14.499 !2 
18.558 

Ln 

B 
4 



TABU3 I. - Continued 

DESIGN CmCTERISTICS OF THE REPUBLIC RF-84~ AIRPLANE AND 

THE 0.3-SCALFI MODEL OF THE RF-84~ AIRPLANE 

Full-scale 
E. Inboard Flaps 

1. Basic data: 
Ty-pe . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Angular t ravel ,  measured i n  a plane normal t o  . . . . . . . . . . . . . . . . . . . . .  hinge l ine ,  deg 
Location of inboard edge, measured normal t o  

fuselage center l i n e  . . . . , . . . . . . . . . . . . . .  
Location of outboard edge, measured normal t o  

fuselage center l i n e  . . . . . . . . . . . . . . . . . . .  
Wing chord a t  inboard edge, measured pa ra l l e l  t o  

fuselage center l ine  . . . . . . . . . . . . . . . . . . .  
Wing chord at  outboard edge, measured pa ra l l e l  t o  

fuselage center l i n e  . . . . . . . . . . . . . . . . . . .  
Location of hinge center l ine ,  measured normal 

t o  0.25-chord l ine  . . . . . . . . . . . . . . . . . . . .  
2. Dimensions : 

Root chord, measured pa ra l l e l  t o  fuselage center l i n e  . . .  
Tip chord, measured pa ra l l e l  t o  fuselage center l i n e  . . . .  

3. Area: 
Area of one f lap,  sq f t  . . . . . . . . . . . . . . . . . .  

Plain 
t r a i l i n g  edge 

Plain 
t r a i l i n g  edge c2 

8 
O t o 4 0  8 

9.36 in .  

31.14 i n .  

41.65 in .  

34.92 in .  

0 75c 

9.29 in .  
' 7.78 in .  

1.36 
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F. Ailerons (Cont. ) 

TABU I. - Continued 

DESIGN CHKRACTERISTICS OF THE REPUBLIC RF-84~ AIRPLANE AND 

THE 0.3-SCAL3 MODEL OF THE RF-84F AIRPLANE 

3. Inboard spoilers : 
( a )  Basic data 

m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Angular t ravel ,  measured i n  a plane normal t o  hinge . . . . . . . . . . . . . . . . . . . . . . . .  l ine ,  deg 
Location of inboard edge, measured normal t o  fuselage . . . . . . . . . . . . . . . . . . . .  c e n t e r l i n e , i n . .  
Location of outboard edge, measured normal t o  fuselage . . . . . . . . . . . . . . . . . . . . .  center l ine ,  i n .  
Wing chord a t  inboard edge, measured para l le l  t o  fuselage . . . . . . . . . . . . . . . . . . . . .  c e n t e r l i n e , i n .  
Wing chord at  outboard edge, measured pa ra l l e l  t o  fuselage 

c e n t e r l i n e , i n . .  . . . . . . . . . . . . . . . . . . . .  
Location of hinge center l ine,  measured para l le l  t o  fuselage . . . . . . . . . . . . . . . . . . . . . . .  center l ine  

(b)  Dbensions 
Root chord, measured pa ra l l e l  t o  fuselage center l ine ,  in .  . 
Tip chord, measured pa ra l l e l  t o  fuselage center l ine,  in .  . 

(c)  Area 
Area of one spoiler,  sq f t  . . . . . . . . . . . . . . . . .  

4. Perforated Inboard Spoilers 
This section i s  exactly the same as 3 except fo r  3(c) which 

should be as follows: 
(c )  Areas 

Area of one spoiler,  sq f t  . . . . . . . . . . . . . . . . .  
Area removed by perforation, sq f t  . . . . . . . . . . . . .  

Full-scale 0.3-scale 

Flap ' 



TABU I. - Concluded 

DESIGN CHARACTERISTICS OF THE mPUBLIC RF-84F AIRPLANE AND 

THE 0.3-SCALE MOmL OF Tm RF-84F AIRPLANE 

G. External Tanks (450-gallon capacity) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Length, i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Diameter, in .  . . . . . . . . . . . . . . . . . . . . . . . . .  a F r o n t a l a r e a , s q f t  
Angle of incidence, re la t ive  t o  fuselage center l i ne ,  deg . . . . . .  
Spanwise location, measured normal t o  fuselage center . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l ine ,  in .  
Vertical location of nose of tank, measured normal t o  fuselage 

center l i ne ,  in .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Longitudinal location of nose of tank, measured pa ra l l e l  t o  

fuselage center l i ne ,  i n .  . . . . . . . . . . . . . . . . . . . . .  
H. Pylons 

Leading-edge sweep, re la t ive  t o  a l i n e  normal t o  fuselage 
center l ine ,  deg . . . . . . . . . . . . . . . . . . . . . . . . .  

Trailing-edge sweep, re la t ive  t o  a l i n e  normal t o  fuselage 
center l i ne ,  deg . . . . . . . . . . . . . . . . . . . . . . . . .  

Chord, measured along l i n e  -2' from fuselage center l ine ,  in .  . . . .  
Thickness ra t io ,  measured along l i n e  -2' from fuselage center . . . . . . . . . . . . . . . . . . . . . . . . . . .  l i n e , p e r c e n t  
Spanwiselocat ion, in .  . . . . . . . . . . . . . . . . . . . . . . .  

Full-scale 0.3-scale 
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Mom OF IgE REPLlBLIC m-84F AIRPLANE, ' r A n  OFF 

(1) Data obtained a t  R = 2.2 x lo6 
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WLUz U.- Continued 

Chord-extenaipl 
Sharp leadlng e d p  
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TABU 11.- continued 

SlJWWtY OF IOiiGITUDIiiAL STABILITY C 6 X R A C ~ C S  OF A 0.3-SCAI.E 

bDIE% OF TEE REPUBLZ RF-84F m, TAIL OFF 

2 x normal leading- 

2y/b = 0.652 

CONFIDENTIAL 
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PQT- ter 

Aspect ratio 
Taper ratio 

Dlhadral, deg 
hcidencs, deg 
Airfoil seEtion 
 ail height, sing =emispan 

&510 d& 



MACA RM SL54B17 

TABLE V 

*~ighest  angle of t e s t  
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TABLE v.. Continued 

slnw OF ~NG-CNAL S T A B U ~  CBliReLlmISTICS OF A O.34CAE 

MOm OF TEZ EZRBIIC BT-BIIF !+IWUNE, PRODlCTION TAIL 

fBlghest angle of t s a t  
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?fighest engls of t e s t  
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TABLE V.-Continued 

Highest engle OS test 
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TAKE V.- Continued 

S L W  OF I W D m  CEUWTmL%'ICS OP A 0.3- 

K)m OF IgE BEFWIIC rn&F AImum, PFammm Tm' 

%ighost angle or t e s t  

C ONFIDENTLAL 
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*~ighest  angle of test 
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Highest angle o f  t e s t  

0.65W/2 
2 x normal leadlng- t o  0.0590 4 8  21.0 

- edge radius 0.70W/2 

CONFIDENTIAL 

D~ 

Dl 

Dl 

Dl 

- 

p 

- 

- 

- 

zEEz=- 
2 x norms1 leading- 

edge redlua 

(outboard end i a i ~ e d )  - 
Chord-extension 

2 x normal leading- 
edge radlus 

%5zzzz 
2 x norrnal leading- 

edge radius 

- 
Cho~-extBnaiCrn 

Sharp leading edge 

- 
Chorcl-extenelan 

Sharp leading edge 

0.658b/2 

0.7063/2 

0.65W/2 
t o  

0-95W/2 

0.65WB 
t o  

O.SOW/Z 

0.60W/2 
t o  

o.ssa/z 

0'65W/2 
t o  

0.9563/2 

0.059c 

0 . 0 2 9 ~  

0 . 0 2 9 ~  

0 . 0 5 9 ~  

0 . 0 5 9 ~  

1.04 

1.01 

1.01 

-99 

.99 

24.0 

21.0 

22.0 

51.0 

51.0 

j'"t 
1'T 
\ 

.r 



TABLE v.. Cantinucd 

SL',!WRY OF WNCITUDINAL STABILITY CEW3ACTERISTICS OF A 0.ISCM.E 

mDEL OF TKa REPUBLIC RF-eJ+F mm, FROUICTION TW 

- 
Chord-extens ion 

Sharp leading edge 

Highest angle of t e s t  

CONFIDENTIAL 



S M  OF rn~icrnm~iuu. 5mn.m CBRRRcmmIcs OF A o . 5 - s ~ ~ ~  

&DUEL OF THE FEtWJLIC w-&F AIRPLANE, PROWXTION T A U  

'kighent angle of t e s t  
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TABlF V.- Continued 

SWNUN OF WNGITlDINRL STABILITY C W ~ T I C S  OF A 0.3SCAl.E 

M O m  W TBE REPUBLIC RF&F ILIRPUWE, PRODUCTIOU TKE 

Sharp leading edge 

- 
Leading-edge 

modifioation 

modification 

modiflcatlon 

2 x normal leading- 

*nighest angle of t e s t  



TABLE v . -  Continued 

S~~ OF LOEIC-IRIDIILU STBILITY C W T E R I S T I C S  OF A 0.3-SCALE 

bDDEL OF THE REPUBLIC RF&F ABI'WIE, PRODLCTION T A U  

* ~ l g h e s t  angle oP t e s t  

- 
Leading-edge 

modiflcatlon 0'652b'2 
t o  - -98 26.0 

- 2 x normal leading- 
edge radius 0.95&/2 
l u p p ~  surfaca) 

9 

- 

- 

- 

- 

- 

- 
Leading-edge 

mcdlfication 

2 x normal leading- 
edge radiun 

Leeding-edge 
mcd1Pioatlon 

2 x normal leading- 
edge ~ a d i u r  

6==- 
Leading-edge 

mcdirication 

2 x normal leading- 
edge radius 

- 
Leading-edge 
modification 

2 x normal leadlng- 
edge radius 

(inboard and Paired) 

modlfiea t ion 
2 x normal leadlng- 

edge radiua 

o . 6 5 m p  
t o  

6.95&/2 

0.65Zb/2 
t o  

0.95&/2 

0.652b/2 
t o  

0.9586/2 

0.652b/2 
t o  

0.9586/2 

0.652b/2 
t o  

0.958b/2 

- 

- 

- 

- 

- 

- 
Zy/b = 0.850 - 
zy/b = 0.708 - 

2yfh .: 0.658 - 
29fh = 0.608 - 
Zy/b = 0.850 - 
2 y P  = 0.482 - 
2 7 b  = 0.652 

-99 

1.01 

1.03 

-98 

51.0 

P.O 

25.0 

* 

31.0 

23.0 

* 

\ : ,  

b 
b 
1"11 



NACA RM S ~ ' j 4 ~ 1 7  

TABLE V.- Continued 

S W Y  OF W N G I T U D U W  STIIBUlTi CEAXACTERISTICS OF A O . J - X . U . 8  

MODEL OF TBE REPUBLIC RF-84F AIRPWWE. PRODUCTION T&ZL 

%i@est sngle or t e s t  

C ONTI  DENT IAL 
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TABLE v.- Continued 

S W  OF LaIlGITUDINAL STABEXJZ CBAWICTKU.%TCS OF A O.3SCm 

WDEL OF m x m m ~ c  W&F -, P R O ~ O N  TAII. 

[R = 9 x 1067 

PBlghent angle of t e a t  
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TABLE Y.- Cmtinined 

SLMMARY OF DNO- STABUJTY CENW2TFJtISI?CS OF A 0.JSULLE 

mDQ. OF THE RmumIc W A F  IIlRPW(E, PKIrnTION rn 

!j = 9 x 1063 

*nighest angle of t e s t  
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TABLE V.- Continued 

SUIMRRY OF L O N G ~ R U L   STAB^ C B R R A C ~ S  OF A 0 . 3 4 ~ ~ ~  

NOE OF m F3mBLIc F3-84F Almum, mDI@TIm TAIL 

= 9 X 1063 

l t~ighest angle of t e s t  



*Iiighest angle of t e s t  
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Paramster 

Aspect rat io  
Taper ratio 1.00 
~1~rter -chord  sweep, dog Lo.0 
Dihedral, deg 
Inoidence, deg 
Airfoil aection 
~e.11 height, w i n g  semiapan 

modification 
2 x norms1 leading- 

f i g h e s t  angle of test  

CONFIDENTIAL 
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SU~WLW OF LONGITUDINAL STABILITY CHILRAC!lTRSTICS OF A 0.3-SCALF 

Pence configuration 

Leading-edge 
modification 

%ighest angle of test 

CONFIDENTIAL 
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mSS[IRE RECO'LEKf FB3S-S AT THE COMPRESSOR 
--*-..-.- --- -- - 

m - L A Y H I  r-rr WKLIUIY PUN VARIOUS BOU 

DIYWTER CONFI~TIONS, n 

11 

1.- -. -.. 

CONFIDENTIAL 
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TABLE VI1.- C o n t i n u e d  

PRESSURE FGCOVH1Y -S AT THE CCNPPXSSOR FACE ILCATION FOX VARIOUS 

BOuNImY-LAna D m  CONFIGURATIONS, INLFT Dl. EKIT m o m  

C ONFIDENTIAL 
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TABLE VII.- Continued 

PRESSURE RECOVEFN MEASIPBEXTS AIP ' 5 3  COMPRESSOR FACE LOCATION FOR VARIOUS 

BOUNDARY-LAYER DIVERZB CONFIGUAILTIONS, TliLEJ q. Eld FULL OPEN 

C om IDENTIAL 
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TABLE V I I .  - C o n c l u d e d  

PRl3SSURF: RECOVERY MEASWiEiE3WS AT THF COMPIiESSOR FACE IDCATION FOR VARIOUS 

BOUNMFX-LAYEFi DIVERTER CONFIGWWIONS, INLNT q. EXIT FULL OPEN 

CONFIDENTIAL 
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TABLE VIII 

PRESSURE FECOVWY MEASKFEWEWS AT TEE CCNPRESSOR 

FACE LLXA!l'ION FOR INLET D2 WlTE ORIGINAL 

B o u N J n R Y - u r n  D l ? n m l m  r n K .  

E X I T m o m  

CONFIDENTIAL 
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L-78491 
Figure 1,- The 0,3-scale model of the Republic RF-84F airplane installed 

in the Langley 19-foot pressure tunnel, 



Airfoil  psrpendlcular t o  c/4 

Wing area 

Aapeot rat io  

Taper rat io  

Root chord (true1 

Maan aerodynamic chord (true) 

Tip chord (true 1 

Sweep of landing-edge (true 1 

Sweep of c/4 l ine (true 

Figure 2.- Three-view drawing of a 0.3-scale model of the Republic 
R F - ~ ~ F  airplane. All dimensions are in inches. 
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Inlet 
designation 

Vier A-A 

Vier B-B 

4-+02 

view C-C 

Inlet 
designation 

view D-D 

View E-E 

View F-F 

Figure 4.- Details of i n l e t  plan forms and contours. A l l  dimensions a r e  
i n  inches. 

C om IDENTIAL 
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Aileron hinge l ine  0 .779~ -\ 
opouer hinge 

Aileron configuration -line - 0 . 7 0 ~  
Spoiler configuration 

Maxima 
deflection 

-lfiO 

(enlarged) 
typical 

Section B-B 
(enlarged 1 

Section C-C ( e ~ l a r ~ e d )  
typical 

Figure 8.- Details of the various lateral-control devices. All dimensions 
are in inches. 



External store configuration 
Designation: i.e. B 

Fuselage 
station 
70.320 

22 

Sectfon B-B Section A-A 
(enlarged) 

Figure 9.- Details of external store and exhaust cone installation. All 
dimensions are in inches. 
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Fuselage 
center l ine  - 

I ~ p l l t t e r  plate 
I no. 2 
I 

Sp l i t t er  plate I \ 

/- Original boundary-lager 
diversion block - 

Figure 10.- Details of inlet boundary-layer diverters. A l l  dimensions 
are in inches, 
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(a) CL and C, against a. 

Figure 12.- Effect of Reynolds number on the wing-f'uselage--vertical- 
t a i l  combination. 

CONFIDENTIAL 



(b) CD and C, against CL. 

Figure 12.- Concluded. 

CONFIDENTIAL 
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(a) C, against a. 

Figure 13.- The longitudinal characteristics of the model equipped with 
various inlets. 

CONFIDENTIAL 
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(b) C, against CL. 

Figure 13,- Continued. 
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NACA R
M
 S
L
5
4
~
1
7
 

C
O

N
F

ID
W

IA
L

, 



NACA R
M
 S
L
9
B
1
7
 

CONFIDENTIAL 

CONFIDENTIAL 



W C A  RM SL54B17 CONFIDENTIAL 

./6 

./2 0 A + D2 + T.B + 60-1F.658 

A + D l  + T z a  + 60-1F.658 

0 A + D o  + T s  + 60-1F.708 ' 

-08 A A + D~~ + T.Z~ + 6 0 - 1 ~ . ~ ~ ~  

1?1. A + ,Do + TB + 60-1F.708 + 60-1FS85 

.04 A A + Do2 + T;i8 + 60-1F.708 + 60-1FSa5 

0 8 

0 -0-4 

o 0 -.08 

0 T/Z 
cm 
o 0 n/6 

-.# 

-.88 

-. 12 

-. 16 
-4 0 4 8 2 /6 20 24 28 32 

66, degr 

(a) Cm against a. 

Figure 14.- The longitudinal characteristics of the model equipped with 
various inlets and wing fences. 
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(b) C, against CL. 

Figme 14. - Continued . 
CONFIDENTIAL 
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(a) CL against CD. 

Figure 14. - Concluded. 
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Figure 15.- The deviation with angle of attack of the pitching-moment 
coefficient from ( d ~ d d a ) , ~  for the model equipped with the pro- 

duction tail and various inlets. 



NACA RM S ~ 5 4 ~ 1 7  CONFIDENTIAL 

-08 

Figure 16 ,- The deviation with angle of a t tack of the pitching-moment 
coefficient from ( d ~ d d a ) ~ = ~  f o r  the model equipped with the pro- 

duction t a i l  and with various i n l e t s  and wing fences, 
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Figure 17,- 
chara 

.I6 

.I2 

.08 

.0$ 

00 

-.04 

-.08 
0 

-.I2 

cm -.I6 

0 0 -20 

-. 24 

-28 
no 

-.04 

-.08 

-.I2 

-.I6 

-. 20 

- 24 
-4 0 4 8 12 16 20 24 28 32 

(2; 

(a) Inlets off, C, against a. 

Effect of horizontal-tail configuration on the longitud 
cteristics of the model equipped with various inlets. 
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(a) Continued. Inlets off, Cm against CL. 

Figure 17.- Continued. 
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(b) Inlet D3, C, against a. 

Figure 17.- Continued. 
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NACA 

(b) Continued. Inlet D3, C, against CL. 

Figure 17.- Continued. 
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(c) In le t  D2, Cm against a, 

Figure 17.- Continued, 

CONFIDENTIAL 
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.I2 

(c) Continued. Inlet D2, C, against CL. 

Figure 17 .- Continued. 
CONFIDENTrn 
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(d) Inlet Dl, C, against a. 

Figure 17.- Continued. 

C ONFIDENT IAL 
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(d) Continued, Inlet Dl, C, against CL. 

Figure 17.- Continued. 
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(e) Inlet Do, C, against a. 

Figure 17,- Continued. 

CONFIDENTIAL 
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Horizontal tail 

I 

(e) Continued. Inlet Do, C, against CL. 

Figure 17.- Continued. 

C ONFIDENT IAL 
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Horizontal tail 

--- 
----- 
------ 

Inlet 
configuration 

Inlets off 

Figure 18.- The variation of d C d d ~ ~  with lift coefficient for the model 
equipped with various horizontal-tail arrangements and with and without 
various inlets. 
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Inlet 
configuration 

Figure 18.- Concluded, 
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(a) Flaps neutral, Cm against a. 

Figure 19.- The longitudinal characteristics of the model equipped with 
inlet Dl or Do, horizontal tail T .289 and various favorable wing 
configurations. 
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(a) Continued. Flaps neutral, Cm against CL, 

Figure 19.- Continued. 

CONF'TnRNTTAT. 
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. /2 

.m 

-04 

0 

-.04 

-.08 

-.I2 

0 -./6 

,20 

Grn -24 

(b) Flaps deflected, C, against a,  

Figure 19. .- Contf nued , 

C O N F I D r n I A L  



(b) Continued. Flaps deflected, CL against a, 

Figure 19,- Continued, 



(b) Continued. Flaps deflected, C, against CL. 

Figure 19.- Continued. 

CONFIDENTIAL 
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Model configuration 

Figure 20.- Variation of dCm/dC~ with lift coefficient for the model 
equipped with inlet Dl or Do, horizontal tail T * s ,  and various 

favorable wing configurations, 
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A2 

10 

-8 

.6 

C~ .4 

-2 

0 

-. 2 

-.4 Model configuration 

0 A + Do + T.28 + b.306(0.652 - 0.958) + flight fences 

.I2 

.08 

.04 

0 
G-7 

-.m 
-.08 

-. 12 

-. 16 

-. 20 
-4 0 4 8 /2 /6 20 24 28 32 

e, deg 

(a) CL and Cm .against a. 

Figure 21.- The longitudinal characteristics of the model equipped with 
inlet Do, flight fences, leading-edge modification, and production or 

drooped tail. Trailing-edge flaps neutral. 
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Model configuration 

0 A + DO + T.% + I 0 ~ ~ ~ ( 0 . 6 5 2  - 0.958) + flight fences 

A A + Do + T.$~ + bbO6(0.652 - 0.958) + flight fences 

(b) CD and C, against CL. 

Figure 21.- Concluded. 
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Model configuration 

v A + Do + T.B + b.306(0.652 - 0.958) + flight fences + Bf = 40' 
h. A + Do + T,f8 + IQ#306(0.652 - 0.958) + flight fences + sf = 40' 

(a) CL and Cm against a. 

Figure 22.- The longitudinal characteristics of the model equipped with 
inlet Do, flight fences, leading-edge modification, and production or 
drooped tail. Trailing-edge flaps deflected 40'. 



NACA RM SL54B17 CONFIDENTIAL 

Model configuration 

V A + Do + T.% + bbO6(0.652 - 0.958) + flight fences + sf = 40' 

k A + Do + T.& + I0.306(0.652 - 0.958) + flight fences + sf = 40' 

(b) CD and C, against CL. 

Figure 22.- Concluded, 



Model configuration 

-------- A + Do + T , z ~  + b.306(0.652 - 0.958) + flight fences 

A + Dg + T.& + IO 306(0.652 - 0.958) + flight fences 

Figure 23 .- The variation of dCJdcL with lift coefficient for the 

model equipped with inlet Do, flight fences, leading-edge modifi- 

cation, and the production or drooped tail. 
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Figure 24 
of the 

. /2 

.08 

.04 

0 0  0 

-.a# 

708 

-. /2 

AO 0 -.I6 

-. 20 

-. 24 ern 
-28 

0 -32 

-.04 

-.08 

-. 12 

' -.I6 

-. 20 

-24 
-4 0 4 8 12 /6 20 24 28 32 

c# Q'es 

(a) Cm against a. 

.- Effect of external stores on the longitudinal character 
model equipped with various tails in inlet configurations 
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(b) C, against CL. 

Figure 24.- Continued. 



(c) CL against a. 

Figure 24. - Continued. 



(a) CL against CD. 

Figure 24. - Concluded. 



(a) CL and C, against a. 

Figure 25.- Effect of inlet mass-flow ratio on the longitudinal charac- 
teristics of the model equipped with inlet Dl and horizontal tail T - .28" 
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(b) CD and C, against CL. 

Figure 25.- Concluded. 
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(a) CL and Cm against a. 

Figure 26 .- Longitudinal and lateral-control characteristics of the model 
equipped with an outboard aileron. Configuration A + Dl + T - .28* 
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(b) CD and C, against CL. 

Figure 26.- Continued. 
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m9 deg 

(c) Cn and Cz against a. 

Figure 26.- Concluded. 
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(a) CL and Cm against a. 

Figure 27.- Longitudinal and lateral-control characteristics of the model 
equipped with an outboard aileron. Configuration A + Do + T e x  + 

I0.306 (0.652 - 0.958) + flight fences, 
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Deflection, deg 
(Left aileron) 

(c) Cn and CJ against a. 

Figure 27 - Concluded, 
C ONF IDENTIaL 
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(b) CD and C, against CL. 

Figure 27.- Continued. 
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(a) CL and Cm against a. 

Figure 28,- Longitudinal and lateral-control characteristics of the model 
equipped with a full-span aileron, Configuration A + Do + T e s  + 
1~*~~~(0.652 - 0.958) + flight fences. 
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Deflection, deg 

(Left aileron) (Left flap) 

(b) CD and C, against CL. 

Figure 28.- Continued. 
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Deflection, deg 
(Left aileron) (Left flap) 

(c) Cn and C2 against a. 

Figure 28.- Concluded, 
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Left Right 
Aileron Flap Flap Aileron 
0 v 40 40 0 
0 1 2  40 20 -12 

(a) CL and Cm against a. 

Figure 29.- Longitudinal and lateral-control characteristics of the model 
equipped with differentially deflected flaps and outboard ailerons. 
Configuration A + D~ + T*Z + rO a J06(~ .652 - 0.958) + flight fences. 
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Aileron Flap Flap Aileron 

0 0 40 40 0 
0 1 2  40 20 -12 
b 0 40 20 0 

(b) CD and C, against CL. 

Figure 29.- Continued. 
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Deflection, deg 

Left Right 
Aileron Flap Flap Aileron 

(c) Cn and C2 against a. 

Figure 29.- Concluded. 
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(Left aileron) . (Flaps) 

(a) CL and Cm against a. 

Figure 30.- Longitudinal and lateral-control characteristics of the model 
equipped with an outboard aileron. Configuration A + Do + T . 3  + 
~~.2~(0.708 - 0.958) a 

CONFIDENTIAL 



NACA RM SL5bB17 CONFIDENTIAL 

Deflection, deg 
(Left aileron) (Flaps) 

(b) CD and C, against CL. 

Figure 30.- Continued. 
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Deflection, deg 
(Left  aileron) (Flaps) 

(c) Cn and C 2  against a. 

Figure 30.- Concluded. 



(a) CL and Cm against a. 
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Figure 31.- Longitudinal and lateral-control characteristics of the 
model equipped with an outboard aileron. Configuration A + Do + 

0 ~~.~~(0.708b/2 to 0.85&/2) + 6f = 40 

~ 1 6  
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Deflection, deg 
(Left aileron) (Fhps) 

(b) CD and Cm against CL, 

Figure 31.- Continued. 
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Deflection, deg 
(Left aileron) (Flaps) 

(c) Cn and C2 against a, 

Figure 31.- Concluded. 
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Spoiler deflection, deg 

0 0 
V 45 

(a) CL and Cm against a. 

Figure 32.- Longitudinal and lateral-control characteristics of the model 
equipped with solid flap-type spoilers. Configuration A + Do + Tern + 
10 ,306(~ .652 - 0.958) + flight fences. 

C ONFIDENT IAL 



0 
Spoiler deflection, deg 

(b) CD and C, against CL. 

Figure 32.- Continued, 
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Spoiler deflection, deg 

(c) C, and C 2  against a. 

Figure 32.- Concluded. 
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&[ Spoiler deflection, deg 
(Perforated) 

G 

0 0 
v 45 
a 90 

(a) CL and Cm against a. 

Figure 33.- Longitudinal and lateral-control characteristics of the model 
equipped with perforated flap-type spoilers. Configuration A + Do + 
T - 3  + 1 ~ ~ ~ ~ ~ ( 0 ~ 6 5 2  - 0.958) + flight fences. 
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Spoiler deflection, deg 
(Perforated) 

(b) CD and Cm against  CL. 

Figure 33 - Continued. 
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Spoiler deflection, deg 
(Perforated) 

(c) Cn and C2 against a. 

Figure 33.- Concluded. 
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Spoilers 

(dzg) Solid Perforated 

Spoier deflection, degrees 

Figure 34.- Variations of the yaw and roll characteristics of the 
model with spoiler deflection. Configuration A + Do 

+ Tez+ 
1 ~ ~ ~ ~ ~ ( 0 . 6 5 2  - 0.958) + flight fences. 
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a; deg 

(a) Exit, f'ull open. 

v i Figure 35.- Variations of - and He - '0 with angle of a t tack fo r  
vo go 

the model equipped with various in l e t s .  R = 9 x lo6. 
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(a)  Exit, full open. 

V i  and Figure 36.- Variation of - He - 
with angle of a t tack for  the 

- vo s, / 

model equipped with i n l e t  Dl and horizontal t a i l  Tez. R = 9 x loo. 
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