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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

A LOW-SPEED INVESTIGATION OF. A THIN 60° DELTA WING


EQUIPPED WITH A DOUBLE SLOTTED FLAP TO DETERMINE


THE CHORDWISE PRESSURE DISTRIBUTION 

AND THE EFFECT OF VANE SIZE 

By Delwin R. Crooin 

SUMMARY 

An investigation was made in the Langley 300 MPH 7- by 10-foot 
tunnel to determine the effect of vane size and the section loads at 
the 43-percent - sexnispan station of a thin 600 delta wing-fuselage model 
equipped with double slotted flaps. The wing had an aspect ratio of 2.31, 
taper ratio of 0, sweep of 600 at the leading edge, and NACA 65AO03 air-
foil sections parallel to the free airstream direction. 

Increasing the vane size from 8.75 to 25.8 percent flap chord 
resulted in an increase in available lift-coefficient increment at zero 
angle of attack from 0.65 to 0.80 and the maximum lift coefficient was 
increased, from 1.33 to 1.47. The larger vane configuration had the 
larger diving moments and would therefore require more tail download for 
trim; however, this configuration would still give a larger net gain in 
lift coefficient provided a tail length of at least one mean aerodynamic 
chord is used. Maximum vane section normal-force coefficients of 5.9 
and 6.6 and maximum flap section normal-force coefficients of 1.97 
and 1.8 were obtained for the large- and small-vane configurations, 
respectively.

INTRODUCTION 

Considerable interest is being shown in the use of delta wings for 
high-speed airplanes because this plan form has some desirable aero-
dynamic and structural characteristics. Results of previous investi-
gations (refs. 1 and 2) indicate that, by employing double slotted flaps 
on a 600 delta wing, the angle of attack necessary to obtain a given lift 
coefficient is considerably reduced, thereby making the use of double 
slotted flaps desirable for the landing configuration. 
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Previous investigations (for example, see refs. 3 and 4) have shown 
that for double slotted flaps on two-dimensional and swept wings the 
loads over the vane and flap are very large. Corresponding loads data 
on a delta-wing configuration are lacking; therefore, an investigation 
has been made in the Langley 300 MPH 7 .- by 10-foot tunnel to determine 
the loads at the 43-percent semispan station on a 600 delta-wing model 
equipped with double slotted flaps. In addition, the effect of vane size 
on the lift capabilities of double slotted flaps on delta wings has been 
investigated. Two sizes of vanes were used - one with a chord 8.77 per-
cent of the flap chord and the other with a chord 25.8 percent of the 
flap chord. The present paper presents the results of the investigations 
in the form of longitudinal aerodynamic characteristics of the complete 
double-slotted-flap model, and in the form of section aerodynamic force 
and moment characteristics, sample pressure plots, and tabulated pressure 
coefficients of the wing, vane, and flap at the 43-percent-semispán sta-
tion. A correlation of the effect of vane size on the present investi-
gation with other double-slotted-flap delta-wing models has also been 
made.

SYMBOLS 

b	 wing span (based on theoretical tip, fig. 1), ft 

c	 chord, ft 

wing mean aerodynamic chord (based on theoretical tip, fig. 1), 

2b/2
cdy, ft 

S fo 
cv	 vane chord, ft 

Cf	 flap chord, ft 

cW	 plain wing chord, ft 

S	 wing area (based on theoretical tip, fig. 1), sq ft 

CL	 lift coefficient, Lift
QS 

Lmax
maximum lift coefficient 

ACL	 incremental lift coefficient 

11

CONFIDENTIAL



NACA PM L54L05a	 CONFIDENTIAL	 5 

CD drag coefficient,	
Drag 
q0S 

pitching-moment coefficient referred to quarter mean aero- 

Pitching moment P 
dynamic chord,	 - 

q0Sc 

H0-p 
C pressure coefficient, 

zv
distance from wing quarter chord to vane nose measured 

parallel to vane chord, ft 

if
distance from wing quarter chord to flap nose measured 

parallel to flap chord 

x longitudinal distance 

XV
distance from vane nose to center of load on vane, ft 

 distance from flap nose to center of load on flap, ft 
x

y lateral distance 

z vertical distance 

H0 free-stream total pressure, lb/sq ft 

p local static pressure, lb/sq ft

pV2 2 lb/ft free-stream dynamic pressure, 	 ' 
2

P	 mass density of air, slugs/cu ft 

V0	 free-stream velocity, ft/sec 

flap deflection, deg (positive direction trailing edge down) 

vane deflection, deg (angle between vane chord line and wing 
chord line, positive direction trailing edge down, see 
fig. 2)
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a.	 angle of attack, deg 

c	 vane section normal-force coefficient based on vane chord 

cnf	 flap section normal-force coefficient based on flap chord 

cr'WF	
section normal-force coefficient of wing forward of slot 

lip based on plain wing chord 

c	 wing section normal-force coefficient based on plain wing chord, 

cr + c(!)cos . + 
cnL()COS 6 

c	 vane section pitching-moment coefficient based on vane chord
MV	 (moments taken about vane nose) 

c	 flap section pitching-moment coefficient based on flap chord
Mf	 (moments taken about flap nose) 

c	 section pitching-moment coefficient of wing forward of slot 
MWF	 lip based on plain wing chord 

c	 wing section pitching-moment coefficient based on plain wing
MW	 chord (moments taken about wing quarter chord), 


cn.v ( lv + x.v) cv c(If + xf)cf 

_mWF -	 Cw	 -	 c2 

MODEL AND APPARATUS 

The model was tested on the single support strut system in the 
Langley 300 MPH 7- by 10-foot tunnel. The geometric and physical charac-
teristics of the wing-fuselage configuration are given in figure 1 and 
table I. 

The wing of the model had a 600 apex angle, an aspect ratio of 2.31 
(based on the theoretical tip), and an NACA 65A003 airfoil section par-
allel to the free-stream direction. 

The double-slotted-flap configurations used for this investigation 
are shown in figure 2. The general arrangement, that is relation of 
flap to vane to wing, were obtained from preliminary explorative test 
based on the information of the systematic investigation of reference 2. 
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The flap which extended from the fuselage to O.67b/2 had a constant chord 
of 6.86 inches and an exposed area equal to 12.78 percent of the total 
wing area. The flap leading edge was constructed to the ordinates given 
in table II. Two vanes were used in this investigation: one with a chord 
of 1.768 inches and one with a chord of 0.600 inch hereinafter referred 
to as the large vane and the small vane, respectively. The ordinates of 
the vanes are given in table III. The vane and flap were deflected as a 
unit about the pivot point shown in figure 2. 

The wing, vane, and flap were constructed with flush surface pressure 
orifices located on the right senlispan at the 43-percent-semispan station. 
The spacing of these orifices along the chord is given in tables IV and V. 

TESTS 

The tests were performed at a dynamic pressure of approximately 
25 pounds per square foot which corresponds to a Mach number of approxi-
mately 0.13. Reynolds number based on the mean aerodynamic chord of the 

6 
model was approximately 2.7 x 10 . The tests were run through an angle-
of-attack range of approximately - through the stall. Flap deflections 
ranged from 450 through the flap deflection for maximum lift increment 
at zero angle of attack.

CORRECTIONS 

The jet-boundary corrections applied to the data of this paper were 
obtained by the method outlined in reference 5. Jet-boundary corrections 
applied are as follows:

LcL = 1.028C 

= 0.0179CL2 

The blockage correction as applied to the dynamic pressure was 
obtained by the method outlined in reference 6. The buoyancy correction 
due to the longitudinal static pressure gradient in the tunnel as applied 
to the data increased the drag coefficient by 0.001. 
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RESULTS AND DISCUSSION 

Presentation of Results 

Results of the investigation are presented in the following figures: 

Figures 

Complete model aerodynamic data ............. 3 and 4 
Correlation with other data of effect of vane 

size on incremental lift at m 
= 0

5 
Section aerodynamic force and moment characteristics 
of the model with the large vane ........... 6, 7, and 8 

Section aerodynamic force and moment characteristics 
of the model with the small vane ........... 9, 10, and 11 

Fraction of section normal-force coefficient 
produced by the vane, flap, and wing forward 
of the lip ...................... 12 

Chordwise pressure distribution .............13, l#, and 15 
Incremental pressure coefficient due to flap 
deflection	 ....................... 16 

The pressure coefficients are presented in tables IV and V. 

AERODYNAMIC CHARACTERISTICS 

The aerodynamic characteristics in pitch of the two flap-vane con-
figurations are given in figures 3 and i. For a given flap deflection, 
the large-vane configuration gave more increment in lift coefficient at 
zero angle of attack and was capable of extending the flap deflection 
about 200 (from 500 to approximately 700 ) farther than the small-vane 
configuration. These two effects resulted in increasingthe lift-
coefficient increment at zero angle of attack from 0.65 for the small-vane 
configuration to 0.80 for the large-vane configuration. An increase in 
vane size also resulted in a greater maximum lift coefficient (1.33 for 
the 8-75-percent-flap-chord vane and 1.47 for the 25.8-percent-flap-chord 
vane). It should be noted, however, that these maximum lift coefficients 
occurred at a flap deflection of 450 for both configurations. 

Comparison of the results of the present investigation with the best 
configurations of other studies (for example, refs. 1 and 2) of similar 
chord double slotted flaps on delta wings (fig. 5) using the vane-flap 
chord ratio as the basis for correlation, shows very good agreement with 
regard to maximum useable flap deflection and available lift at zero angle 
of attack. The flap configurations of references 1 and 2 and of the 
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unpublished data were corrected to the span of the present investigation 
by assuming that the spanwise variation of lift coefficient due to flap 
deflection of double slotted flaps was similar to the variation for plain 
flaps presented in reference 7. This method has been shown in reference 8 
to agree well with experimental data on delta wings. 

The instability at the higher angles of attack (see figs. 5 and 4) 
is quite similar to that reported for the delta wing with double slotted 
flaps in reference 9. However, when a delta tail was installed at low 
rearward positions on the model of reference 9, longitudinal stability 
as well as longitudinal control resulted. It is felt that the addition 
of a tail at similar positions to the present model would have similar 
effects. 

It should be noted that the larger vane configuration had the larger 
diving moments and the download on a conventional tail required to trim 
these diving moments would be larger for the larger vane configuration; 
however, the larger vane configuration would still give the largest net 
lift increment for tail lengths greater than about l.OE. 

For both double-slotted-flap configurations, the ratio of lift to 
drag decreased as the flap deflection increased (see figs. 5 and Ii-); 
however, at the same flap-deflection angles and at lift coefficients 
greater than 0.9, the ratio of lift to drag was greater for the larger 
vane configuration than for the smaller vane configuration. In general, 
both configurations showed an improvement in drag over the plain-wing 
configuration at the higher lift coefficients. 

SECTION CHARACTERISTICS AT THE 45-PERCENT-SEMISPAN STATION 


Section Normal Force 

Section normal-force coefficients of the plain wing and of the 
double-slotted-flap configurations based on the plain-wing chord and 
section normal-force coefficients of the vane and flap based on their 
chords were computed by using a step integration procedure of the pressure 
data obtained at the 45-percent-semispan station. 

Wing.- For a given double-slotted-flap deflection greater than 450, 
the delta wing with the larger vane configuration had the larger increment 
of section normal-force coefficient at zero angle of attack. (Compare 
fig. 6 with fig. 9.) Greater maximum section normal force was also 
obtained for the wing with the larger vane configuration than for the 
smaller vane configuration, the values of maximum normal-force coefficient 
being 2.28 and 2.15, respectively. The larger vane configuration at zero 
angle of attack reached its peak effectiveness at a flap deflection of 
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approximately 600 nw,	
= 1.2 \. The smaller vane configuration had. 

o 

a maximum normal-force-coefficient increment of 1.0 for zero angle of 
attack at a flap deflection of 115°. 

Vane.- The section normal-force coefficients for both vanes (figs. 7 
and 10) are larger than those reported in the two-dimensional data of 
reference 4 • (The maximum vane section normal-force coefficients for the 
large and small vanes were 5.9 and 6.6, respectively.) At the lower 
angles of attack the section normal-force coefficients of the larger vane 
increased with flap deflection up to a flap deflection of approximately 70 0 . 
At the higher angles of attack in the stall region, not much change in 
section load was noted due to flap deflection; however, the loadings 
decreased with angle of attack. Somewhat erratic behavior in load carrying 
ability for the small vane was noted at the lower angles of attack for 
flap deflections of 50° and 540 . (See fig. 10.) 

Flaps.- Generally, the flap normal-force coefficient for both of the 
vane configurations increased with angle of attack (see figs. 8 and 11) 
and for the large-vane configuration increased with flap deflection up to 
a flap deflection of 700 . The maximum flap section normal-force coef-
ficients were 1. 97 and 1.811 for the large- and small-vane configurations, 
respectively. The variation of flap normal-force coefficient with flap 
deflection for the small-vane configuration was somewhat erratic. 

Breakdown of the section normal-force coefficient of the double-
slotted-flap configurations.- The load carrying ability of each part of 
the double-slotted-flap configuration is presented in figure 12. At 
a. 10 the fraction of load carried by the larger vane remains constant 
up to = 70° and at flap deflections greater than 51 the percentage 

of total load on the large vane is larger than that on the flap. The 
part of the total load contributed by the flap with the large-vane con-0 
figuration decreases with an increase in flap deflection. At a. 25.6 
the flap carried a larger percentage of the load throughout the flap-
deflection range than did the large vane; however the percentage for both 
was less than at a. 10. The small-vane configuration was somewhat dif-
ferent in the breakdown of loads in that the flap carried a larger per-
centage of the load at a. 10 and a. 25.60 than did the small vane 
throughout the flap-deflection range. 

Section Pitching Moment 

Wing. - The center of load on the vane and flap does not vary appre-
ciably with flap deflection or angle of attack. (See figs. 115, 11I, 
and 15.) The effect of deflection of the double slotted flap on the wing 
forward of the slot lip is to increase its load, particularly over the 
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rearward portion. (See fig. 16.) The large section diving-moment coef-
ficients shown in figures 6 and 9 are attributed to this fact plus the 
large loads over the vane and flap. Since the large-vane—flap config-
uration produced more normal force and had its center more rearward of 
the wing section quarter chord than the small-vane configuration (see 
fig. 2), the large-vane configuration had the larger diving moments. 
(Compare fig. 6 with fig. 9.) 

Vane.- In the low angle-of-attack range, the large-vane section 
pitching-moment coefficients (fig. 7) increased with flap deflection; 
however, not much change was noted with angle of attack. At the higher 
angles of attack, the large-vane section pitching-moment coefficient 
decreased. The same general trend in section pitching-moment coefficients 
was observed for the small-vane configuration when the flap was deflec-
ted 11-5°; however, because of the effects of airflow stall, erratic behav-
ior was noted for flap deflections of 500 and 549. (See fig. 10.) 

Flap. - Generally, the flap section pitching-moment coefficients for 
both vane configurations increased with flap deflection and with angle 
of attack. (See figs. 8 and 11.) Since the center of load on the flap 
does not vary appreciably with flap deflection or angle of attack (see 
figs. 115, 14, and 15), the increase noted is caused by the increased, load 
over the flap as the flap deflection or angle of attack was increased. 

CONCLUDING REMARKS 

An investigation has been made in the Langley 1500 MPH 7- by 10-foot 

tunnel at a Reynolds number of approximately 2.7 x 10  to determine the 
aerodynamic characteristics and the section loads at the 11-15-percent

-semispan station of a thin 600 delta wing-fuselage model equipped with 
double slotted flaps. The results of the investigation indicate the 
following: 

1. An increase in vane size from 8.75 to 25.8 percent flap chord 
resulted in an increase in incremental lift coefficient at zero angle of 
attack from 0.65 to 0.80. The largest part of this lift increase is 
attributed to the extended effective flap-deflection range from 50 0 to 

approximately 700. 

2. An increase in vane size resulted in a greater maximum lift coef-
ficient (1 . 315 for the 8.75-percent-flap-chord vane and 1.47 for the 
25.8-percent-flap-chord vane).
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3. The larger vane configuration had the larger diving moments and 
would therefore require more tail download for trim; however, this config-
uration would still give a larger net gain in lift coefficient provided 
a tail length of at least one mean aerodynamic chord is used. 

4 The maximum vane section normal-force coefficients onv) for the 

large and small vane were 5.9 and 6.6, respectively.. 

5. The maximum flap section normal-force coefficients (c) were 


1. 97 and 1.84 for the large- and small-vane configurations, respectively. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., December 1, 1954. 
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE TEST MODEL 

Wing: 
Section parallel to free-stream direction ...... . NACA 65A003 
Span, ft	 ....................... 5.00 
Aspect ratio (based on theoretical tip) ....... . 2.31 
Leading-edge sweep, deg ................ 60.00 
Trailing-edge sweep, deg ............... 0 
Area (based on theoretical tip), sq ft ....... . 10.83 
Mean aerodynamic chord, ft .............. 2.89 
Root chord, ft	 .................... lt-.33  

Large vane: 
Span, ft	 ....................... 3.33 
Chord, ft ....................... 0.15 
Chord, percent wing root chord 
Chord, percent flap chord ............... 25.77 

Small vane: 
Span, ft	 ....................... 3.33 
Chord, ft ....................... 0.05 
Chord, percent wing root chord ............ 1.15 
Chord, percent flap chord ................. 8.75 

Flap: 
Span, ft	 ....................... 3.33 
Chord, ft ........................ 0.57 
Chord, percent wing root chord ............ 13.20 
Exposed area, sq ft .................. 1.38 
Exposed area, percent wing area ............ 12.78 
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TABLE II.- ORDINATES OF THE LEADING EDGE OF THE TRAILING-EDGE FLAP 


[All dimensions in inches] 

z

Radius

Station, in. 

x

Lower 

z

Upper 

z 

0 -0.107 -0.107 

.010 Radius -.059 

.030 -.030 

.070 .-.005 

.077 .022 

.100 .0111 

.11 3 -.27 - 

.200 Straight taper 

.300 .133 

.loo .161 

.700 .182 

.600 .198 

.700 .208 

.800 .215 

.900 .217 

1.000 -.216 .216
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TABLE III.- ORDINATES OF THE VANES 


[An dimensions in inches] 

Large Vane	 Small vane 
cv = 1.768 in.	 = 0.600 in. 

Station, in. 

x

Lower 

z

Upper 

I 

0 0 0 
.022 -.o47 .067 
.044 -.o60 .092 
.088 -.072 .131 
.133 -.079 .160 
.177 -.077 .185 
.265 -.072 .224 
.3511 -.053 .255 
.530 -.025 .288 
.707 .002 .29' 
.884 .032 .283 

1.061 .053 .255 
1.238 .057 .207 

.053 
1.591 .032 "	 .080 
1.680 .019 .o16 
1.768 0 0

Station, in. 

x

Lower 

I

Upper 

I 

0 0 0 
.010 -.029 .030 
.020 _.042 .0I3 
.030 -.0119 .051 
.040 .051 .058 
.050 -.059 .063 
.060 -.063 .068 
.070 -.066 .072 
.080 -.068 .075 
.090 -.o69 .077 
.100 -.070 .080 
.150 -.063 .080 
.200 -.054 .074 
.250 -.047 .o6' 
.300 -.0110 .050 
.350 -.0110 .032 
.1100 -.o43 .012 
.1150 -.052 -.011 
.500 -.064 -.037 
.550 -.080 -.066 
.600 -.097 -.097
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Figure 2.- Details of the double slotted flaps. (All dimensions are in 

inches.) 
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Figure 3.- The aerodynamic characteristics of the plain-wing configuration 

and the double-slotted-flap configuration with the large vane. 
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Figure 5 . - Effect of vane size on the incremental lift coefficient at 

zero angle of attack for several delta wings.
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Figure 6- Section characteristics of the plain-wing and the double-
slotted-flap configuration with the large vane at several flap 
deflections.
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Figure 9 . - Section characteristics of the plain-wing and the double-
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Figure 12.- Variation of fraction of total section normal force coeffi-
cient produced by the wing, vane, and flap with flap deflection for 
the double-slotted flap configurations. 
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Figure 13 . - Variation of load distribution with angle of attack at a flap 
deflection of 500 for double-slotted-flaps configuration with the large 
vane and the small vane. (Note x/c, x/c,, and x/cf are not to the 

same scale.)
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Figure lii. - Variation of load, distribution with flap deflection at approxi-
mately 10 and 220 angle of attack for the double-slotted-flap configura-
tion with the large vane. (Note x/c, x/c, and x/cf are not to the 
same scale.)

CONFIDENTIAL



CONFIDENTIAL
	

NCA RN L54L03a 

-Upper surface 
----Lower surface 

5

	

	 a,45	 5 
a2/8 

cp 

JIIIITIIIIII	
cp 

5	 S,"55	 5-

cp	

I	
cp 

C L__-	 __________________ 

5
	

5 
I \	 8f65	 o=2I5 

cp	 CP 

0 

5
C=2/5

(b) For a	 220.


Figure iii-. - Concluded.

a,-5O 

8 60, 

CONFIDENTIAL



-	 .	 f45 

C, 5 -	 N 2/6 

0j_L2, 
cp N 

L'

cp N 8p50 

/ 

Sf^50 - 

x 

cp cp

	

I	

8f54 

	

/0.0	 10 0	 .5	 /0 
.5 Cf

.5 
x/cw 

NACA FM L5 L03a	 CONFIDENTIAL 

-Upper Surface 
----Lower Surface 

(a) For a Pu l.	 (b) For a 220 

Figure 15.- Variation of load, distribution with flap deflection at approxi-
mately 10 and 220 angle of attack for the double-slotted-flap configura-
tion with thesma1l vane. (Note x/c, X/CV, and x/cf are not to the 
same scale-)

C aF IDENTIAL



0 
4-i 

0 
'-4 

Id

C-) 
a) 
H 
4-4 
a) 

H 
cf-I 

0

0 

+• 
Ca 

a) 
-'-4 

4-40 
0)0 
0 
00) 

cao 

aS 

a) 

C) 

CONFIDENTIAL	 NACA RM L54L03a. 

ONE q1QMMMMM MORE MEN MEN MEMO MEN MEN 

SEEN I,----

U UUmIUUIUUIIUI 
NOME 
MEMO 0 Bill 
----Ii-

son so so MEN 1101 
MI

NES MEN 
ONE MOEN 

ME MEMO M M INN 
UUIlUUft 

UIIUUIIUUUUNJUU, 
UU UUIIU ME MEMEN 0 M Ion 

ME ME MEN me 
MENOMONEE 
MENEENNE

0 

I,	 Ii 

%

00 

Ii	 II 

tz 

..-	 - 

Za 

q)  q) 

J(i

(C) 

(\4

H 

I 

bUIM L//D/ 
lamold - Iaddnd) -	 Jaddnd) 

CONFIDENTIAL	 NACA-Langley - 3-8-55 - 350 



i,rj- elf 

Till

L J	 -	 .1 1 —.	
!	 7 

L 

4.	
Vi

J 

440-	 IT
	

c!	 $-	 ;_+ 
•	 -	 c*—	 -	 b	 ---	 • -

p 
C	 Lot

	 rr

	

IL W 

;

.1L 

L LJ	 ' - 'J' " PI 

.4	 .t.p-'	 •-•i••	 I

I 

7 7-1 1 

 NT 

TL 

1jy

INJ

fl ri 

4	
Old 

 L 

I •Y-

I	 : 

L	 'F fIL
1. iI ) 

.-


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45



