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THE PXES 40- BY ~O-FOOT W I N D  TUNNEL 
L. 

By Lynn W. Hunton, Joseph K. Dew, md  Ralph D. Salisbury 

SUMMARY 

Wind-tunnel t e s t s  a t  low Mach nixnber of a Republic ~ - 8 4 ~  airplane 
were cond~~cted t o  determine by pressuredis t r ibut ion  measurements the 
a t r  loads on wing-tjp tanks and the chrage i n  wing load dis t r ibut ion 
due t o  the presence of t i p  tanks. Me~surements of the aeroelastic 
t w i s t  of the wing were a l so  obtained. 

Results presented i n  the  form of loading coefficient,  center- 
of-pressure location, pitching-moment coefficient,  aer~dyn~mic-center  
location, m d  aeroelastic t w i s t .  The investigation revealed tha t  the 
redi.stributions i n  loading brought about by ei ther  the t i p  tanks or 
e l a s t i c  deformation of the wing were re la t ive ly  small when compared 
with the chnnges i n  loading normally rtssociated with the deflection 
of an aileron. 

Irn ODUCTION 

The Republic 3'44 airplane i s  a. high-performance jet-propelled 
f ighter  employing many of the l a t e s t  ideas regarding high-speed 
airplanes. However, with the adoption of jett isonable wing-tip 
f u e l  t'mks (hereafter referred t o  as tanks), there began a ser ies  
of accidents involving wing-structure fa i lures  of various forms 
r a g i n g  from mere skin wrinkling t o  complete shearing of a wing 
p ~ a e l .  Gener es t r ic ted  t o  f l i g h t  conditions 
of hlgh Mach n tude (below 10,008 
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ft). Since the installation of the tank was the only change made, 
it appeared that in some manner the tank on the tip of the wing was 
causing a redistribution in wing loading. Such a change in wing 
loading could conceivably lead to a condition of aeroelastic diver- 
gence of the wing resulting in wing failures. Since the character 
of such a redistribution in Loading, exclusive of compressibility 
effects, could be determined at low speed, the Air Force requested 
that tests of an ~ - 8 4 ~  airplane be conducted in the Ames 40- by 80- 
foot wind tunnel. Furthermore, such a full-scale test on the actual 
flight article afforded an opportunity to determine, insofar as 
possible, the aeroelastic characteristics of the wing. 

It was proposed to include in the investigation measurements 
of the distribution of pressure over the right wing and tank and 
the aeroelastic twist of the wing. The investigation was to cover 
(I) configuration changes involving the tank, wing-tip-to-tank gap 
seal, and aileron deflection; (2) the full range of test airspeeds 
attainable in the tunnel; and (3) an angle-of-attack range limited 
to the lower angles as dictated by the high-speed flight conditions 
under which trouble was occurring. The results of the investigation, 
presented herein in the form of summary plots, were obtained through 
integrations of the faired pressure-distribution-data curves. The 
great mass of presswedistri'bution data have been omitted from this 
report. 

SYMBOLS 

Symbols used in the present report are defined as follows: 

CnwC - section loading coefficient of the wing 
C av 

section loading coefficient of the tank 
aav 

c section normal-force coefficient of the wing 
nw 

(local 
-1 forcg\ 

/ 
c section normal-force coefficient of the tank 

nt ( local normal force sa ) 
C N ~  tank normal-force coefficient 
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Cmw wing section pitching-moment coeff ic ient  about quarter 

chord (pi t c  hi: 

Cm+ tank pitching-moment coefficient about half-chord l i n e  
u 

of wing (pi t c  h z  

b wing span, 36. k2 f ee t  

c loca l  wing chord, f e e t  

av average wing chord ( 8 ,  7.13 f e e t  

- 
c mean aerodynamic chord 

d loca l  tank diameter, f ee t  

a,, average tank diameter (%), 1.58 f e e t  

1 tank length, 12.65 f e e t  

9 free-streem dynamic pressure, pounds per square foot  

S wing area, 260 square f ee t  

St tank area projected on a horizontal plane through the axis of 
symmetry, 30 square f e e t  

V free-streram velocity,  miles per hour 

x longitudinal coordi-nate measured e i ther  from wing leading 
edge or tank nose pa ra l l e l  t o  plane of symmetry, f e e t  

dimensionless l a t e r a l  coordinate of wing 

Y l a t e r a l  coordinate measured from wing root perpendicular t o  
the plane of symmetry, f e e t  

a angle of attack of fuselage thrus t  axis,  degrees 

C ONFIDENTm 
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P mgle  of s ides l ip  (posit ive for  r igh t  wing forward), degrees 

6a aileron deflection, degrees 

8 angle of aeroelastic t w i s t ,  degrees 

DESCRIFTION OF THE APPARATUS 

The Republic ~ - 8 4 ~  airpl'me i s  a jet-propelled f ighter  charac- 
te r ized  by conventions1 s t re ight  wings and a nose in l e t .  A three- 
view drcwing showing the  pertinent dimensions of the airplane is  given 
i n  figure 1. The wings had an aspect r a t i o  of 5.1, a tip-to-root- 
chord r a t i o  of 0.56, and r uniform twist  giving 20 of washout a t  the 
t i p s .  The theoreticnl section of the wing (see table  I fo r  ordinates) 
was constant over the span, was cambered f o r  2 l i f t  coefficient of 
0.15 with the maximum thickness of 12 percent located a t  the 0.45- 
chord point, and had a 1'7' trailing-edge angle. Landing flaps on the 
wing were single s lo t ted  while the ailerons were an internally-sealed 
pressure-balmce type. The t i p s  of the wings were designed t o  CcCoIZuT5- 
date jett isonable fue l  tanks as  shown i n  f igure 2(a). Figure 2(b) 
shows the ins ta l la t ion  of the wood a d  clcy fa i r ing  used t o  sea l  the 
gap between the  wing t i p  2nd tcnk. 

For the  lood-distribution measurements the right-wing p m e l  
'md tank were instrumented with flush-type pressure or i f ices .  The 
wing contained 200 or i f ices  loccted a t  5 spanwise s tat ions while the 
tank was equipped with 260 or i f ices  located i n  rings a t  22 lengthwise 
stations.  Details of the wing and t m k  s ta t ion  locations are  given 
i n  figure 3. Photographing of the several b,znks of manometer boards 
provided the means of recording the pressure data. 

For purposes of the investigetion of aeroelnstic character- 
i s t i c s  of the wing, it was necessary t o  support the airplane with 
a special  cradle-type s t ructure which had no attrcbxnents t o  the 
airplane outbozrd of the wing-root pin connection. Supported i n  
t h i s  manner, as shown i n  the photographs of the t e s t  setup arrange- 
ment of figure 4, the wing was allowed t o  undergo dis tor t ion i n  a 
normzl free-flight m m e r  with the exception of mass ine r t i a  effects .  
Instrumentation for  t h i s  phase of the investigztion consisted of a 
32 mill incterfocnl  plzne shutter cmera  mounted i n  the r ight  s ide of 
the fuselage near the 0.50-chord l i n e  s ta t ion  of the wing and cbout 
10 inches above the wing upper surface. Reference l ines  on the wing 
and tank were pzinted a t  several constcnt percent-chord m d  span 
locations. In  addition, a gr id  was fixed i n  the cmera  i n  contact 
with the film t o  provide a fixed reference index on each exposure, 
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TESTS 

The investigation included two types of t e s t s :  pressure- 
dis t r ibut ion measurements over the  wing and tank, and measurements 
of the aeroelastic t w i s t  of the wing. For the pressure measurements, 
t e s t s  were made of the airplane (1) i n  the clean condition, (2) with 
the r igh t  tank' instal led,  (3) with the  r igh t  tank and a 100 up- 
deflection of the r ight  aileron, (4) with the  r ight  a i leron deflected 
up lo0, ,and ( 5 )  with the r igh t  tank ins ta l led  and the  wing-tip--to-- 
tslvlk gap fa i red  2nd sealed. These t e s t s  were made a t  several angles 
of attack a d  angles of s ides l ip  of the airplone a t  a t e s t  airspeed 
of 126 miles per ho% This airspeed corresponds t o  o Reynolds nun- 
ber  of about 8.7 x 10 based on the mem aerodynamic chord of 7.4 
f ee t .  In  addition, for  some of the airplilne configurations, pressure 
t e s t s  were made a t  an angle of a t tack of 2.2' for  t e s t  airspeeds of 
179 m d  233 miles per hour. 

To determine the elc?stic qual i t ies  of the  wfng i n  t w i s t ,  t e s t s  
were made of the airplane both i n  the clean condition and with the  
tank ins ta l led  f o r  mgles  of attack of the airplane of 2.2O, 4. 3', 
and 8 . 5 O  and fo r  airspeeds ranging from 88 t o  240 miles per hour. 

Corrections fo r  air-stream inclination and tunnel bowxdary 
ef fec ts  hrtve been applied t o  a l l  nngle-of-attack data throughout 
the  report. 

RESULTS ATJD DISCUSSION 

Loading Characteristics 

Pressure-distribution data were obtained over the tails and 
wing fo r  the v,mious configurations of the  ~ i r p l a n e  involving corn- 
binations of the tank, tank fa i r ing ,  a d  ai leron as  given i n  the 
out l ine of r e su l t s  i n  tab le  11. Integration of the section pressure- 
dis t r ibut ion plots  of these data gave the load-distribution character- 
i s t i c s  fo r  the wing ,and the t i p  tank as shown i n  figures 5 t o  9 and 
10 m d  11, respectively. 

For the tSing, these r e su l t s  include the spinwise variation of 
the section loading coefficient ~ n d  the sectioq centeriof-pressure 
location. The former are  presented fo r  several angles of attack, 
angles of s idesl ip ,  a d  t e s t  airspeeds, while the l a t t e r  a re  pre- 
sented only fo r  severs1 angle$ of attack m d  sidesl ip .  Throughout 
these r e su l t s  no attempt has been made t o  estimate the wing loading 
chcracter is t ics  inboard of s t a t ion  1 (0.35 semispan). Likewise, 
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t h e  r e su l t s  f o r  the  configurations involving the tank ins ta l la t ion  
have been terminated a t  s t a t ion  5 located a t  96 percent of the semi- 
span. I n  the  t e s t s  of the wing with the tank i n  the fa i red  condition, 
the f a i r ing  sea l  covered a majority of the  outboard wing-section 
or i f ices  which thus accounts f o r  the omission of these tip-station 
data throughout the  r e su l t s  f o r  t h i s  configuration. I n  figure 5(d), 
t h e  portion of data omitted fo r  2.20 i n  angle of a t tack was not 
obtained due t o  the f au l ty  operation of one of the  pressure record- 
ing cameras. 

From an inspection of these load-distribution character is t ics  
f o r  the wing, it may be seen tha t  (1) the ins ta l la t ion  of the tank 
causes no appreciable change i n  the wing loading and causes a reduc- 
t i o n  i n  the effectiveness of the aileron; (2)  the ins ta l la t ion  of 
the  tank f a i r ing  increases the loading over the wing uniformly by 
an amount equivalent t o  a l i f t  coefficient of about 0.04; (3) 5' of 
s ides l ip  of the wing with or without tanks causes no s ignif icant  
change i n  the wing load distribution; and (4) an increase i n  the 
t e s t  airspeed resul ted i n  a general r i s e  i n  the measured loadings 
over the wing which, from the  dis t r ibut ion of the increment, would 
appear t o  be at t r ibutable  t o  some form of angle-of-attack change. 
(A  check of possible wing deformation or deflection of the  tunnel 
support system revealed no explanation for  the resu l t s .  ) 

The integrated r e su l t s  f o r  the tank (f igs .  10 and 11) include 
the  lengthvise variation of the section loading coefficient both 
for  several angles of atta.ck and several t e s t  airspeeds. In  figures 
10(b) and l l ( b ) ,  it may be noted t h a t  the loading curves over the 
a f t  portion of the tank fo r  angles of a t tack 2.20 and 8.50 are  
represented by d,zshed l ines .  Owing t o  camera recording trouble, 
t h i s  par t  of the data was missed but has been estimated from other 
similar t e s t  resu l t s .  The foregoing load-distribution diagrams for  
the  tank were integrated t o  obtain summary curvgs of the  t o t a l  
normal-force coefficient,  center-of-pressure location, and pitching- 
moment coefficient.  These resu l t s ,  as a function of angle of a t tack 
of the airplane, a re  presented i n  figures 12 t o  14 fo r  each of the 
three tank configurations tested. Of s ignif icant  note from these 
tank r e su l t s  a re  (1) the increase i n  the tank normal-force coeffi- 
c ien t  ( f ig .  12) caused by sealing the wing-tipto-tank gap and (2) 
the influence of the wing pressures on the tank loading as evidenced 
by the decrease i n  tank normal-force coefficient caused by the nega- 
t i v e  deflection of the aileron, 

Figures 15(a)  t o  15(d) have been prepared i n  order t o  show 
di rec t ly  the e f fec t  of the t ank  ins ta l la t ion  on the spanwise-loading 
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coefficient, center-of-pressure location, pitchingaoment coefficient, 
and aerodynamic-center location, respectively, of the wing. These 
comparisons are shown for an angle of attack of the airplane of 2.2' 
which corresponds to an acceleration of approximately kg based on a 
flight speed of 0.8 Mach number, an altitude of 5000 feet, and small- 
scale force tests. (see reference 1.) With the exception of the 
aerodynamic-center comparison, the fairing of the curves for the 
wing-tank combination have been extended past the wing tip to a 
point on the outboard side of the tank equivalent to the mean diameter 
of the tank. Thus, a general indication of the over-all loading on 
the wing is shown based on the tank-pressure-distribution data, but 
computed in terms of the dimensions of the projected wing tip at the 
center line of the tank. An inspection of these comparisons reveals 
only small alterations in the wing loading characteristics which may 
be considered negligible in comparison with the changes in loading 
caused by a deflection of the aileron. Similar comparisons at the 
higher angles of attack reveal equally negligible effects of the tank 
on the wing. Therefore, based on the results of these low-speed 
pressure-distribution tests it may be concluded that, barring com- 
pressibility effects, the wing failure accidents experienced by ~-84 
airplanes with tip tanks cannot be attributed to wing divergence as 
the result of a redistribution in wing loading induced by the presence 
of the tank on the wing tip. 

Aeroelastic Characteristics 

The method of measuring the aeroelastic twist of the wing is 
illustrated in figure 16 by a few representative samples of the twist 
measurement photographs, The samples show the twist data for the 
wing, with and without the tank, obtained at test dynamic pressures 
of 0 and 100 pounds per square foot and angles of attack of the air- 
plane of 2. zO, 4.3O, and 8.5O. For example, the degree of twist over 
the wing span was obtained from this figure by comparing the attitude 
of corresponding sections of the wing as measured at the two test 
dynamic pressures of 0 m d  100 pounds per square foot. 

The results of the aeroelastic twist investigation, made at 
test dynamic pressures ranging from 20 to 140 pounds per square foot, 
are presented in figures 17(a) and 17(b) for the wing in the clean 
condition and with the tank installed, respectively. For both of 
these configurations, values of the twist as a function of test 
dynamic pressure are shown for angles of attack of 2.2', 4.3', and 
8.5O and at semispm locations of 0.4, 0.6, and 0.8. Also included 
in figure 17(b) are data showing the twist of the tank itself relative 
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t o  the fuselage reference l ine .  Over the re la t ive ly  l imited 
airspeed range covered i n  t h i s  low-speed investigation, the r e su l t s  
show the t w i s t  t o  be a l inear  function of the  dynamic pressure. By 
comparing the data obtained f o r  the wing with and without tank, it 
may be seen tha t  fo r  s given semispan location a3ld angle of a t tack 
the  tank caused only a s l igh t  increment i n  wing twist .  For an angle 
of attack of 2-20, which a t t i t ude  i n  f l i g h t  represents the aerody- 
namic loading f o r  a 4g acceleration a t  high speed, computations made 
of the wing-section-load changes and center-of-pressure movement due 
t o  the twist  indicated negligible changes even for  the values of 
t w i s t  measured a t  the top tunnel speed. Since detailed information 
on the character is t ics  of the wing s t ructure was not available, no 
attempt was made t o  interpret  these twist  r e su l t s  i n  terms of wing- 
divergence character is t ics  f o r  the airplane a t  high-flight speed. 
However, i f  the trend found i n  these low-speed t e s t s  of a l inear  
var iat ion of t w i s t  with f l i g h t  dynamic pressure extends over the 
full-flight-speed range, then it would appear tha t  changes i n  the 
wing character is t ics  would assume serious enough proportions t o  
warrent fur ther  investigation a t  high-flight speed. 

Ames Aeronautical Laborctory, 
Nctlonal Advisory Committee fo r  Aeronautics, 

Moffett Field, Calif. 

1. G i l l i s ,  Clarence L., ?ad Andrews, Thomas B., Jr.: Wind-Tunnel 
Tests of a l/"j-Scsle Model of the Republic X F A ~  Airplane. 
Part  I - Longitudinal S ta t i c  S tab i l i t y  and Control. 
NACA MR No. ~ 6 ~ 0 5 ,  1946, 
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TP3L;E I .- WING AIRFOIL ORDINATES 

Station x/c Ordinates i n  percent 

inc:::;ent 1 , Uppe: c r - 1  
2.50 
5.00 
7.50 

10 
15 
20 

2.161 
3 023 
3.678 
4.212 
5.022 
5.625 

1,793 
2.488 
2.962 
3.337 
3 923 
4.345 
4.630 
4.845 
4.983 
5.063 
5 078 

25 
?O 
3 5 

6.108 
6.465 
6.712 

5.020 
4.875 
4.633 

40 6.855 

50 
55 

45 
6.884 
6.738 

6.918 

60 1 6.463 
4.272 
3.755 
3 - 203 
2.543 
1. 847 
1.152 

,540 1 
0, 

65 
70 
75 

L.3, radius height = 0,055 percent 
chord 

L.E. radius = 0.800 percent chord I 

6-  037 
5,492 
4 794 

80 3 . 979 
85 3.028 
90 2.027 
95 

100 
. 990 

0 
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TABLE 11 .- INDEX TO THE FIGURES OF BASIC PRESS~DISTRIBUl?IOR RESULTS 
6 

Results I Configuration 

w m  
Spanwise loading 

Do. 
Do. 
Do. 
Do. 

Spanwise loading 
Do. 
Do. 

Spanwise loading 
Do. 
Do. 

Spanwise center of pressure 
Do. 
Do. 
Do. 
Do, 

Spanwise center of press&e 
Do. 
Do. 

I 

; Taak 
Lengthwise loading 

Do. 
Do. 

Lengthwise loading 
Do. 

Wing 
Wing + tank 
Wing + tank + Ea-'O 

-1 0 Wing + 6, 

Wing + tank faired 

Wing 
Wing+tank -lo 
Wing + t& + 6, 

Wing 
Wing -1- tank 

-1 0 Wing + tsrnk + 6, 

Wing 
Wing+tank -lo 
Wing .c twak + 6, 
wing + 6 p 0  
Wing + tenk feired 

Wing 
Wing + tank 
Wing + tr-uik + 6a-10 

Wing-btank -lo 
Wing + tank .t 8, 
Wing + t& faired 

Wing+taak -lo 
Wing + tcW + 8, 
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Figure 1.- Three-view drawing of the Republic F-84 airplane with 
t i p  tanks. 

Figure 2.- Views of the fuel  tank instal lat ion on the t i p  of the 
wing. 

Figure 3.- Location of the pressure or i f ice  stations on the Republic 
~ - 8 4  airplane wing and t i p  tank. 

Figure 4,- Views of the test instal lat ion of the Republic ' ~ - 8 4 ~  
airplane i n  the Ames 4% by 80-foot wind tunnel. (a)  Front view. 

Figure 4,- Concluded. (b) Three-quarter front view. 

Figure 5.- Spanwise loading on the wing for  several q l e s  of attack. 
Test airspeed, 126 mph; f3 ,oO, (a) Clean wing. 

Figure 5.- Continued. (b) Tip tsznk on. 

Figure 5.- Continued. (c)  Tip tank on, aileron angle -lo0. 
0 , Figure 5.- Continued. (d) Aileron angle -10 . 

Figure 5.- Concluded, (e)  Tip tank on, wing-tip-to-tank gap sealed, 

Figure 6.- Effect of 'sideslip on the spanwise loading of the wing 
a t  several angles of attack. Test airspeed, 126 mph. 
(a) Clean wing. 

Figure 6.- Continued. (b) Tip tank on. 

Figure 6.- Concluded. (c)  Tip tank on, aileron angle -lo0. 

Figure 7.- Spanwise loading on the wing for several t e s t  airspeeds. 
a, 2.2'; B,o*. (a) Clean wing. 

Figure 7,- Continued. (b) Tip tank on. 
0 

Figure 7.- Concluded. (c)  Tip tank on, aileron angle -10 . 
Figure 8.- Spanwlse center-of-pressure location on the wing for  

several angles of attack, Test airspeed, 126 mph; O,oO. 
(a)  Clean wing, 
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Figure 8.- Continued. (b)  Tip tank on. 

FFgure 8,- Continued. ( c )  Tip tank on, aileron angle -lo0. 
0 Figure 8.- Continued. (a) Aileron angle -10 . 

Figure 8.- Concluded. ( e )  Tip tank on, wing-tipt-tank gap sealed. 

Figure 9.- Effect of s ides l ip  on the  spanwise center-of-pressure 
location on the wing a t  several angles of attack. Test airspeed, 
126 mph. (a) Clean wing. 

Figure 9.- Continued. (b)  Tip tank on. 

0 
Figure 9.- Concluded. ( c )  Tip tank on, aileron angle -10 . 
Figure 10.- Tank load dis t r ibut ion for  several angles of attack. 

Test airspeed, 126 mph; f3,0°. ( a )  Plain tank. 

0 Figure 10,- Continued. (b)  Aileron angle -10 . 
Figure 10.- Concluded. ( c )  Wing-to-tank gap sealed. 

Figure 11.- Tank load d.istribr~tion for  several t e s t  airspeeds. 
a, 2.20; f3,OO. (a) Plain tank. 

Figure 11.- Concluded. (b)  Aileron angle &lo0, 

Figure 19.- Variation of tank normal-force coefficient with angle 
of attack as affected by several conf igur~t ion  changes. Test 
nirspeed, 126 mph; @,o0. 

Figure 13.- Variation of tank cen te r~ f -p res su re  location with angle 
of' a t tack as  affected by several configuration changes. Test 

0 airspeed, 126 mpB; R,O . 
F i w e  14.- Variation of tank pitching-moment coefficient with angle 

bf attack as affected by several configuration changes. Test 
airspeed, 126 mph; f3 ,oO. 

Figure 15.- Comparisons of the spanwise character is t ics  of the wing 
with and without the t i p  tank. Test airspeed, 126 mph; a, 2.2'. 
(a)  Section loading coefficient.  

Figure 15.- Continued. (b)  Section center-of-pressure location. 
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Figure 15.- Continued. ( c )  Section pitching-moment coefficient. 

Figure 15.- Concluded. (d) Section aerodynamic-center location. 

Figure 16. - Sample aeroelastic twist measurement photographs of 
the wing with and without the tip tank. f3,0°. (a) a, 2.2O. 

Figure 16,- Continued. (b) a, 4.3'. 

Figure 16.- Concluded. (c) a, 8.5O. 

Figure 17.0- Variation of the aeroelastic twist of the wing with 
test dynamic pressure for several semispan stations and angles 
of attack, !3,0°. (a) Clean wing. 

Figure 17.- Concluded. (b) Tip tank on. 
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(a )  Wing-to-tank gap unsealed. 

(b) Wing-to-tank gap faired and sealed, 

Figure 2.- Views of the fuel  tank ins ta l la t ion  on the t f p  
of the wing, 

CONFlDENTBAL 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

AMES AERONAUTICAL LABORATORY, MOFFETT FIELD, CALIF. 





( a )  Front view, 

Figure 4.- Views of the t e s t  i n s t a l l a t ion  of the Republic F -84~  airplane i n  
the Ames 40- by 80-foot wind tunnel, 

C O N F l D E N V l A k  
NATIONAL ADVISORY COMMlnEE FOR AERONAUTICS 

AMES AERONAUTICAL LABORATORY, MOFFEn FIELD, CALIF 



(b) Three-quarter front view. 

Figure 4.- Concluded, CONFlDENBlAL  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

MES AERONAUTICAL LABORATORY, iUiOFFm FIELD, CALIF. 
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( a )  a, 2,p0. 

Figure 16,- Sample aeroelast ic  twist  measurement photographs of the wing with 
and without the  t i p  tank. p, oO, 

C O N F I D E N T I A L  
NATIONAL ADVISORY COMMlnEE FOR AERONAUTICS 

AMFC A F I ) C ) N A I I I I T A I  I A l l n D A T n D V  U n C C C l l  C l c l n  -a.m. 
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F l m e  16,- Continued, 

C O N F I D E N T I A L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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Figure 16,- Concluded, 

C O N F l D E N T l A L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

AMFC AFRONAUTICAL LABORATORY. MOFFETT FIELD. CALIF 
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