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SHAPES AT M, = 2.0l

By Lowell E. Hasel and Walter L. Kouyoumjian
SUMMARY

An investigation has been made in the Langley 4- by L-foot supersonic
pressure tunnel at a free-stream Mach number of 2.0l and at angles of
attack to 15° of the static pressures and boundary-layer characteristics
on the forward parts of nine fuselages of various cross-sectional shapes.
Up to 8° angle of attack, the static-pressure distributions were of a
type which might be expected on the basis of the cross-flow concept, with
the most negative pressures occurring at the widest section of the fuse-
lage. At higher angles of attack, boundary-layer separation tended to
produce regions of high negative pressure on the top side (bottom side
at negative angles) of the fuselages.

. For elther a single-scoop or twin-scoop installation mounted on the
top side of the fuselage, use of the 45° teardrop fuselage will probably
minimize the effects of boundary-layer separation on inlet performance to
an angle of attack of 15°. If the scoop is located on top near the nose
section, the 90° teardrop fuselage may be suitable to an angle of attack
of 150 for a twin-scoop installation, and the horizontal ellipse or
inverted 45° teardrop fuselages may be suitable to an angle of attack of
12° for a single-scoop installation. The 45° teardrop shape appeared to
have no boundary-layer separation over the entire angle-of-attack range.

INTRODUCTION

The use of top- or side-mounted supersonic scoop inlets offers
several advantages to the aircraft designer. These advantages include a
minimization of foreign-object damage to the engine, easier installation
of armament in the bottom of the fuselage, and lighter landing gear.
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Research which has been conducted on scoop inlets mounted on the top of
circular cross-sectional fuselages (refs. 1 and 2) has indicated that the
fuselage boundary layer may adversely affect inlet performance at posi-
tive angles of attack. Consideration must therefore be given to the use
of other fuselage shapes with top-mounted inlets. Very little informa-
tion is available, however, concerning the local flow characteristics of
fuselages with noncircular cross-sections.

An investigation has been undertaken in the Langley 4- by 4_foot
supersonic pressure tunnel to study the flow characteristics of eight
noncircular fuselages at a Mach number of 2.0l and at angles of attack
to 150. Static-pressure distributions and boundary-layer characteristics
were determined on each fuselage at two stations behind the nose section.
The boundary-layer surveys were limited to that part of the fuselage cir-
cumference where inlets might be located; the surveys were intended to
indicate only the qualitative nature of the flow. For comparison pur-
poses, similar data were also obtained on a circular fuselage. This
report presents the results of the investigation described previously.

It should be mentioned that these data are also of significance in
studying the lateral stability characteristics, fuselage load distribu-
tions, and other local interference effects.

- Force data obtained from these fuselages are pfesented in reference 3.

SYMBOLS
M, local Mach number
M, free-stream Mach number
P local static pressure
P, free-stream static pressure
Pt free-stream total pressure
pz' measured lmpact pressure
P pressure coefficient, P Pw

.7p&Mm2
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h - distance of survey tube from fuselage surface, measured along
' path of survey, in.

s) boundary-layer thickness, in.
a angle of attack, deg
circumferential location on fuselage surface, deg (table I)

¥ survey path of boundary-layer rake measured with respect to
vertical center line, deg (table I)

TUNNEL

The Langley 4- by 4-foot supersonic pressure tunnel is a single-
return closed-throat tunnel capable of operating at Mach numbers from
1.4 to 2.0. The test section employs fixed side walls and flexible top
and bottom walls. The nozzle contours are formed by pulling the flexible
walls against fixed, but interchangeable, templates. The width and
average height of the test section at a Mach number.of 2.0l are 54.0 and
61.2 inches, respectively. An external source of dry air is provided to
maintain a low-moisture content in the tunnel so that condensation effects
may be avoided. The stagnation pressure can be varied from appquimately
0.25 to 2.0 atmospheres.

MODELS

The general model arrangement and the various fuselage cross-sectional
shapes are shown in figure 1. The basic circular fuselage had an ogival
nose of fineness ratio 3.5 followed by a cylindrical afterbody. Each of
the other fuselages had equal longitudinal area distribution as the circu-
lar fuselage. From 11 to 16 static-pressure orifices (the number varied
with cross-sectional shape) were located around one-half the circumference
of each fuselage at stations 15 and 23. The boundary-layer surveys were
made at stations 15 and 23 by means of a six-tube rake shown in figures 1
and 2. The rake tubes were always alined with the fuselage axis and had
outside and inside diameters of 0.060 and 0.040 inch, respectively. The
three tubes closest to the fuselage were flattened until the opening height
was 0.020 inch. The rake and associated traverse mechanism was attached
to the fuselage by means of support brackets and stub wings. The rake was
positioned on the various fuselages by using support brackets of appro-
priate shapes. Since the rake tubes moved as a unit, they did not always
move outward along lines perpendicular to the local fuselage surface.
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The designation of the cross-sectional shapes used in figure 1 will
be followed in the remainder of the report.

TESTS AND ACCURACY

The tests were conducted at a stagnation pressure of 15 pounds per
square inch. absolute at a Mach number of 2.01l. The Reynolds number per

foot of length was 3.7 X 106. During all the tests the moisture content
of the air in the tunnel was maintained at a value low enough to prevent
condensation effects in the test section. Boundary-layer transition
strips were located about 1.0 inch behind the nose of the model.

The pressure data were photographically recorded on an inclined
multiple-tube manometer filled with mercury. For these tests, the
effective specific gravity of the mercury was about 6.8. Visual data
plots of the three-rake-tubée readings closest to the fuselage were made
during each test run to facilitate the boundary-layer surveys. These
readings were obtained from a vertical mercury manometer.

The apparatus used for the boundary-layer surveys was not ideally
suited for its purpose because of the possibility of downstream blockage
having some effect on the separated-flow regions. The apparatus was
designed to be used with existing fuselage models which could not
accommodate an internal mechanism to drive the rakes. An attempt was
made to minimize these blockage effects by mounting the survey mechanism
at an appreciable distance above the model surface. (See fig. 2.) It is
believed that these surveys do indicate the qualitative nature of the flow.
This point of view is substantiated by static-pressure-distribution data,
not presented herein, obtained on several fuselages with and without the
rake and survey mechanism in place. For these two conditions, the distri-
butions were the same throughout the angle-of-attack range. Similarly,
the static pressures were the same when the rake was located at two cir-
cumferential positions on a fuselage. If the survey mechanism was pro-
ducing a significant effect on the boundary-layer characteristics, the
fuselage static pressures would have varied for these different
configurations.

The survey rake tubes were alined with the fuselage axis during these
tests. Consequently, at the higher angles of'attack, the rake tubes may
have been at high local angles of attack. The survey data presented herein
have not been corrected for this possible error.

The accuracy of the static-pressure-coefficient data is estimated to
be *0.003. '
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PRESENTATION OF RESULTS

The static-pressure distributions around the nine fuselages at sta-
tions 15 and 23 are presented in figure 3 as a function of the circum-
ferential location ¢ and angle of attack o. For the symmetrical
bodies on which data were obtained at both positive and negative angles,
the data obtained at -8° and -15° have been plotted with @ = 0° on the
bottom instead of on the top of the fuselage so that these data may be
compared with the positive angle data. In figure 4 the pressure distri-
butions are presented in polar-coordinate form to illustrate the rela-
tionship between the pressures and the fuselage shape.

The boundary-layer surveys were made only at circumferential posi-
tions where inlets might be located. These surveys were intended to be
of a qualitative nature and, as a result, no attempt was made to deter-
mine in great detail the flow characteristics in the separated regions.

Typical boundary-layer survey data obtained at station 23 on the
h5° teardrop fuselage are presented in figure 5. The ratio pz'/pt, the

measured impact pressure to the free-stream total pressure, is plotted

as a function of the tube traverse position h and the angle of attack.

As has already been mentioned, the survey path of each tube was not
necessarily perpendicular to the model surface. The distance h is
measured along the survey path and is not necessarily the perpendicular
distance from the fuselage to the survey tube. All the boundary-layer
survey data are tabulated in table I. These data have not been corrected
for errors introduced when the local flow was at an angle of attack with
respect to the survey tube. These errors are probably not significant
until the local angle exceeds 15°. The data for the circular and 90° tear-
drop shapes were obtained from visual records. Since visual data were
recorded only for the three tubes closest to the fuselage, the values of h
are limited to less than 0.8 inch.

In figure 6, the boundary-layer data are presented in the form of con-
tour lines of constant Pl'/Pt' The boundary-layer thickness & at o = 0°

and the locations of the rake-survey paths are included -on the part of each
figure for o = 0°. The boundary-layer height has been defined as the
height at which the velocity is 99 percent of the local velocity. An indi-
cation of the local Mach number of the flow field mey be obtained from the
Mach number data presented in figure 6. These Mach numbers are based on
the surface static pressure and the free-stream total pressure. These Mach
numbers have been omitted in regions of boundary-layer separation where
their significance may be doubtful. In figure 7 the boundary-layer data
are summarized for comparison purposes.
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DISCUSSION

Static Pressure Distributions

For most of the fuselage shapes considered in this report no informa-
tion is available on the theoretical pressure distributions at small- angles
of attack. However, on the basis of the cross-flow concept (ref. 4) the
most negative pressure at small angles of attack might be expected to
occur at the widest point of the cross section. The data presented in
figures 3 and 4 indicate that this ‘is, in general, true for angles of
attack up to about 8°. At 8° the pressure distributions at station 23 on
the square, diamond, tent, triangle, and horizontal-ellipse cross sections
(figs. 4(v), k4(c), h(d), h(g), and h(h)) either reexpand slightly or main-
tain a relatively high negative pressure on the downstream side (top of
fuselage at positive angles, bottom at negative angles) of the fuselage in
a region where the pressure would be expected to become more positive.

The fact that the pressure does not become more positive indicates that a

small amount of separation has occurred.

At angles greater than 8°, the viscous cross-flow effects become pre-
dominant on most of the fuselages, and the pressure distributions vary
appreciably from those at smaller angles of attack. A region of high
negative pressure develops on the top side of most of the fuselages.

These viscous cross flow effects are least noticeable on the circle,

90 teardrop, h5 teardrop, and vertical-ellipse shapes at station 15,

and on the 45° teardrop and tent (negative angles only) shapes at sta-

tion 23. On some of the fuselages, there are appreciable differences at

a given value of o Dbetween the distributions at stations 15 and 23.

These differences are especially apparent on the fuselages with the
following cross sections: circular (figs. 3(a) and 4(a)), tent (figs. 3(d),
3(e), and 4(d)), 90° teardrop (figs. 3(f), 3(g), and 4(e)), and vertical
ellipse (figs. 3(m) and 4(i)). '

The maximum positive pressure coefficients at a given angle of attack
were about the same at both stations on the nine fuselages and varied from
0.00% to 0.029 at 8° and from 0.092 to 0.13%5 at 15°. The peak negative
coefficients varied by greater amounts and are tabulated in the following
table:
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Values of peak negative coefficients at -
Fuselage shape Ja = 8°|a = -8°|a =15°}a =-15°|a =8°fa = -8°| a = 15°]| a = -15°
Station 15 Station 23

Circle -0.105| ---~-- -0.217 | ------ -0.092| ~~=-~- -0.233 | ------
Square -135 | —eee-e- -.169 | ~ee--- -.091| -=-=-- -.213 | ------
Diamond 2,158 —-eeee -2h3 ] e -126] —meem- 192 | aemee-
Tent -.130| -0.120 -.195° -0.192 -.086| -0.110 -.193 -0.210
90° teardrop -.106| -.107 -.218 -.212 -.096| -.087 ~.215 -.176
45° teardrop -.083| -.115 -.192 -.187 -.093| -.072 -.232 - 14
Triangle -.1281 -.178 -.2%2 -.219 -.165| -.089 -.240 -.154
Horizontal ellipse| -.155| ------ -.240 | —mee- -133| ameeee -.196 | —--me-
Vertical ellipse -.085{ ~--——- -.158 | —-i--- -.062| ~mmmmm -.183 | --ee-e

Boundary-Layer Charaéferistics

The boundary-layer characteristics of the nine fuselages (figs. 6
and 7) varied appreciably with shape at a given angle of attack. The
‘boundary layer thinned, as would be expected, on the bottom of the fuse-
lages at positive angles and on the top at negative angles. On the
opposite side, the boundary layer tended to thicken as the angle of attack
increased and then to separate and form the characteristic vortex type of
flow. The following table sumarizes the maximum test values of a at
which flow without separation existed on the parts of the fuselages which
were surveyed:

Values of a, deg at -
Fusélage shape
: Station 15| Station 23
Circle 8 L
Square 8 L
Diamond 8 8
Tent 12, -8 L
90° teardrop 15, -8 8, -4
45° teardrop 15, -12 15, -8
Triangle 18 8, -4
Horizontal ellipse 12 4
Vertical ellipse 8 4

It should be mentioned that some of the data indicated that the amount
of separation was small at the next higher test value of o (for example,
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figs. 6(b), and 6(1)) and that some of the angles listed in the preceding
table may be conservative by 2° or 50. The data indicated that separa-

tion is delayed to at least 15° angle of attack at station 15 by either

the 45° or 90° teardrop shape and to 15° at station 23 by the 45° tear-
drop shape.

Some general effects of fuselage shape on the boundary-layer-
separation characteristics at positive angles of attack may be obtained
from the data which is presented in figure 7. Streamlining the top of
the circular-fuselage cross section - changing from a circular to a
450 teardrop shape - has a significant effect on reducing the amount of
boundary-layer separation. This effect is particularly evident at an
angle of attack of 150 at station 23 (fig. 7(d)). Streamlining the bot-
tom of the fuselage cross-section - changing from a circular to an
inverted 45° teardrop shape - while maintaining a circular top shape
has no significant effect on the separation characteristics. If the
top sides of the fuselage must have a 90° included angle, the data indi-
cate that the 90°,teardrop shape will probably minimize the separation
to a greater degree over the angle-of-attack range than will either the
diamond or tent shapes.

Selection of Fuselage Shapes for Use With
Top-Mounted Scoop Inlets

Several factors such as local Mach number, boundary-layer character-
istics, and cross-flow angle of attack must be taken into account in the
selection of a fuselage shape most likely to provide a good performance
for an inlet mounted on top of a fuselage. Probably the most important of
these factors are the boundary-layer characteristics because of the large
effect which may be produced on inlet pressure recovery. For a twin-duct
installation, the 45° or 90° teardrop shapes appear to be most suitable
if angles of attack approaching 15° are to be encountered and the inlet
is located near the nose section. If the inlet is mounted farther
rearward, the 450 teardrop shape appears to be most suitable. On these
shapes it appears desirable to locate the inlet high on the fuselage to
avoid the high local Mach numbers which occur as ¢ approaches 90°. The
local Mach numbers on the 45° teardrop shape appear to be slightly lower
than on the 90° teardrop. (See figs. 6(k), 6(m), 6(o), and 6(q).) Loca-
tion of the inlet at station 23 may increase the inlet pressure recovery
inasmuch as the local Mach number is about 0.1 less but will tend to
increase the inlet drag because of the thicker boundary layer which must
be diverted.

For a single-duct installation which must operate at high angles of
attack, the horizontal-ellipse or inverted 45° teardrop shapes appear
suitable up to 12° for an inlet location near the nose section. If the
inlet width is restricted to about 30 percent of the fuselage width and
the inlet is located near the nose section, the inverted-triangle or
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inverted 90° teardrop shapes may be used up to about 12°. The 45° tear-~
drop shape should be satisfactory to 15° although some difficulty may be
encountered in incorporating a relatively large single inlet on the
narrow fuselage top. As the angle-of-attack requirements for either
inlet installation decrease, other fuselage shapes become acceptable.
(See "Boundary-Layer Characteristics.”)

CONCLUSIONS

An investigation has been made at a free-stream Mach number of 2.0l
and at angles of attack to 15° of the static pressures and the boundary-
layer characteristics on the forward parts of nine fuselages of various
cross-sectional shapes. The following conclusions have been obtained:

(1) Up to an angle of attack of 8°, the static-pressure distributions
were, in general, of a type which might be expected on the basis of  the
cross-flow concept. The most positive pressures occurred on the bottom
of the fuselages (top at negative angles), and the most negative pressures
occurred at or near the widest section of the fuselage. At the higher
angles of attack, the boundary-layer separation tended to produce regions
of high negative pressures on the top side of the fuselages.

(2) The 45° teardrop shape was the only shape investigated which
appeared to be without boundary-layer separation over the complete angle-
of -attack range at both fuselage survey stations.

(3) For a twin-inlet installation located on top of the fuselage near
the nose section, use of the fuselage with the 45° or the 90° teardrop
cross section will probably minimize the effects of boundary-layer separa-
tion on inlet performance to an angle of attack of 15°. For inlets located
farther downstream, the 45° teardrop shape is most suitable.

(4) For a single-inlet installation located near the nose section,
use of the fuselage with the horizontal-ellipse or inverted 45° teardrop
cross-section will probably be suitable to an angle of attack of 12°.

'“he 45Y teardrop shape may be satisfactory to an angle of attack of 15°,
although the inlet would probably be relatively narrow with respect to
the fuselage.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 24, 1956.
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA

(a) Circular cross-section fuselage

Station 15 Station 23
) '/Pt Pz'/ Pt
¥, deg| o, deg] b, in. §, deg ¥, deg| o, deg| b, in. ¢, aeg
0 22 42 0 22 42
0.11 | 0.467]0.520| 0.512 0.10 | 0.386 ]| 0.374 | 0.399
.21 656 .676| .675 .25 604 | .629| .6u49
26 Y 26| .675| .680| .680 26 0 .30 | .670| .690] .699
31 675 | .681| .681 35 .696| .t041 .706
.700| .ok | .709
0.11 | 0.386 | 0.444 | 0.461
21 508 | .611 640 0.10 | 0.292{ 0.28%}0.321
26 y .26 | - .585| .661| .661 .20 3791 408 M
. .31 6381 .666| .661 26 L .30 475] 546 616
36 661 .668 663 .bo 58L) 6751 .699
n 665 .665 667 50 668 .704]| .703
60 SToh | L706 | .703
0.11 | 0.35140.345 | 0.403
21 k2| .509| .603 0.10 | 0.473]| 0.244{ 0.209
26 L8Y4 595 | .641 30 5651 .306| .460
26 8 .31 .536| .650| .640 A5 6171 .507] .685
.36 576 | .658| .643 26 8 .50 .633| .5951 .693
k1 623 659 .648 65 693 .696| .696
46 653 657 | .647 70 70L| .696| .696
L 654 652 .658 80 705§ .6991 .697
0.11 | 0.514| 0.258} 0.305 0.10 | 0.640 | 0.416] 0.339
.26 .325 421 .Zah .30 ggg 229 .3{231
.31 .5 .529| .622 .35 . .281| .281
26 12 | .567| .546| .e23 26 12 80| 08| .zer| .s62
.51 647 645 629 .50 702 .264]| .398
.71 OUT | 645 633 .70 7081 .sh1| .635
0.11 | 0.595|0.351| 0.19% 0.10 | 0.655]| 0.281{ 0.3%0
.21 6071 .278] .34 .30 686 .223| .316
.31 626 | .320| .560 ’ 26 1 .35 6851 .210] .285
26 15 36 | .632| .hoo| .576 > do | .eolkf .195| .271
RISt 6071 .509| .578 .60 6871 .it7| .265
.51 651 .6131 .589 80 .688] .210| .242
.61 6431 .619] .596
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(a) Circular cross-section fuselage - Concluded

NACA RM L56I13%

Station 15 Station 23 .
Py foy B foy
¥, deg| a, deg|h, in. §, deg ¥, degja, deg| h, in. ¢, deg
48 68 90 48 68 90
0.10 | 0.486 |0.550 0.523 0.10 | 0.320] 0.343 | 0.443
& 8 25 b 987 . -569 220 | .b73[ 515 .59
.21 6221 .583| .57k . .25 5521 .607| .659
.26 .625| .587( .578 64 b .30 6i2| .668] .670
: .40 .ok | .681] .671
0.10 | 0.185[0.339| 0.36% R'G3 00| .683] .677
.21 Aho L3791 (397 .50 7oL} 684 | .676
.26 51410339 ko9
64 15 .31 S22 | .338] 419 0.10 | 0.215] 0.283] 0.405
L2 536 | .370f .434 .15 271 482 517
.62 .5h6 1 397 .468 .20 3541 534 57T
.78 563 k29| 468 64 8 .25 4521 L6051 .590
.30 5551 .636| .595
235 .637| .638| .596
ko 673 .637| .601
90 112 132 .50 .680] .6h2| .610
0.05 | 0.418 [ 0.476| 0.429 0.10 | 0.319]0.175| 0.345
.10 2;1) gég .227 .15 gﬁ .17g Egh
.15 . . 662 .20 . .19 .4og
s 0 21 | 60| .67k| 677 64 12 30 | .238] 01| w2
.26 .613| .675] .678 .o 2327 .553] .4k
b2 671 | .67H] 671 .60 6ok | 566 .u6h
0.05 | 0.496 | 0.573| 0.562 0.10 | 0.289] 0.344{ 0.366
.10 .598 | .6581 .686 .15 4391 0391 ] .39
116 8 a5 | .628| .eéu| 6o 20 | .476] 85| w0
20 | o.es| .eeu| 686 64 15 30 | 2o 252 ke
.50 313 Jbs2) 419
0.05 | 0.445]10.593} 0.682 .70 .302| .5150 .1k
.08 495 | L622) 697
116 15 .10 512 | L6201 .698
.15 523 | .627] .700
.21 534 | .633] .698 90 112 132
0.10 | 0.425]| 04388 0.387
116 o .30 689 .695| .693
138 158 180 : .35 .700| 706} .708
ko .00l .706] .710
0.08 | 0.490{ 0.633| 0.574
" 8 .11 634 | .69k 639 0.10 | 0.488] 0.496| 0.541
15 26 | 697 .716] 719 a5 | .51l o.e08| L6us
.21 695 .T15) 121 16 8 .20 6291 .661| .684
25 639 .667| .696
0.08 o.ggg 0.737 0.6Zl+ .20 gtg ,259 ,291
.11 . L1551 -T61 . . 671 .692
L5k 15 26 ) .09} 1561 .76 » 7 >
.21 T3 758|778 0.10 | 0.6 0.470]| 0.625
.15 5231 .580| .680
.20 .500] .61l .680
116 15 .25 891 .6r7| .690
.28 Aot 621 693
.30 99l 623  .692
.35 .513| .631| .695
138 158 180
0.10 o.gig 0.258 0.618
.15 . 671 .703
154 8 20| .695] .703| 722
.30 695 .707| .723
0.10 | 0.603| 0.648] 0.716
.15 683 .10l 775
154 15 .20 699 .135] .778
.30 L7031 TR} .T78
.bo et B /YN
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(b) Square cross-section fuselage

Station 15 Station 23
'[7y LN
¥, deg|a, deg| b, in. $, deg ¥, deg| a, deg| h, in. ¢, deg
o} 18 35 0 18 35
0.11 | 0.436] 0.481 | 0.577 0.10 | 0.382|0.400 ]| 0.465
16 53| 5TL| .656 25 .616| .6%30| .686
21 .643] 666 | .680 30 684 | 690 .01 |
26 677 .683| .682 .35 702 .02 | .701
o o 31 676 682 .680 o o RIY-] o4 | .705 | .701
1.11 686 .687| .569 1.10 706 | .707| .516
1.16 .684 684 | .568 1.25 705 | 706 | .516
1.21 .686 686 | .569 1.30 706 | 706 | .516
1.26 .688 688 | .570 1.35 706 | 706 | .517
1.3 6891 .689| .570 1l.k2 707| -107 | -516
0.11 | 0.348 | 0.438 |0.244 0.10 { 0.277 | 0.435 |0.273
26 .545 586 | ..98 .20 72| 5T .335
_ .36 6271 .650 | .628 .30 A87 | .654 | LMbO
5 657 .665 | 644 RI%) 607 | .702| .572
46 664 | .666 | .64k .50 701} .710 | .680
o 8 .56 665 .666 | .647 .60 7091 .709 | .700
1.11 .669 67L | .588 o] 4 .70 709 | .709| .701
1.26 670 | 671 | .588 1.10 7131 .72 | 728
1.36 612} .672 ] .589 1.20 | .| L7217
1.h1 674 | 675 | .592 1.30 72| 712 | 721
1.46 673| .673 | .590 1.%0 2| 12| .728
1.56 675 .67H{ .590 1.50 J2 | .| L7217
1.60 7| .| o .727
0.11 | 0.453 | 0.542 |0.373 1.70 gqu | .ol L727
16 553 | .552 | .36L
21 606 | .549 |-.346 0.10 | 0.368 [0.57: {0.446
31 6271 | 555 | .246 .20 4871 .6k0 | 377
51 .652 638 | .526 .30 589 | .655 | .306
1 649 649 | .605 Lo 651} .673] .293
0 2 in | 669 ) .666 ] .592 50 | .693| .687| .315
1.16 .670 668 | .594 .60 o7l 699 .3%0
1.2 668 | .668 1 .592 .70 709 | .698 | .u84
1.3L 670 670 | .591 o 8 .15 0} 7ok | L575
1.51 673 672 | 592 1.10 3 .73 | .728
1.71 676 675 | 592 1.20 LT3 | 713 ) .728
1.30 A .713 ) .728
1.%0 5| .7k | 728
1.50 A5 | WTS | -T27
1.60 6| .7151 .727
1.70 vl o3| .728
1.75 s | L} 727

13



1 NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(v) Square cross-section fuselage - Continued

Station 15 Station 23
2y 'fpy Py'fpy
¥, deg| a, deg|h, in. $, deg ¥, deg|a, deg |h, in. §, deg
0 18 35 0 18 35
0.11 j0.461]0.588 |o.469 0.10 |[0.549| 0.606 | 0.505
.21 597 .570| .38% .20 6431 655 ) .609
.26 615] .557| .3%0 : .30 673 .65% | .529
.31 618 .559 | .30k R} 673 .65k | .395
.51 621 | .563 | .269 .50 .673| .646 | .300
0 15 .TL 628 .598 | .288 .60 b12| 635 271
i.n .655] .650 | .592 .70 675 .63L] .258
1.21 62| .657 ] .594 0 12 .75 | .677| .623| .258
1.26 662 .656 1 .591 1.10. 694 | .681| .728
1.%31 664 ] .658 | .592 1.20 699 | .686| .727
1.51 | 671} .667| .593 1.%0 .04 | .69k | .728
1.71 6761 670 | .593 1.40 708 | .699 | .728
- 1.50 7| 703 | 728
1.60 31 L7106 | L7227
1.70 151 L7091 727
1.75 716 710 .728

(o]
[
o

632 613 | .348
.20 L6k | 627 | 584
.30 641} 623 | 621
4o 6371 617 | .611
.50 632 .60k | .569
.60 624 | 573 | .448
.70 617 516 .370
0 5 | () 6131 4731 L35k

. .10 6181 412 | .728
.20 628 420 | 727
30 640 | 448 | .728
40 651 492 | 728
.50 661 .s65 | .727
60 671 622 728
70 6831 .654 | 729
75 689 | .662| .729

PR




NACA RM L56113 15
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY.DATA - Continued
(b) Square cross-section fuselage - Concluded
Station 23 Station 23
P '/Pt Pl'/Pt
¥, deg | o, deg | b, in. ¢, deg ¥, deg | a, deg | h, in. @, deg
55 T2 90 90 108 125
0.09 |0.447 |0.356 |0.312 0.09 |0.338]0.381{ 0.529
.1k 527 439 | 395 .19 573 | .607| .628
.29 .703 |--.675 | .633 .24 6431 642 .636
.3k 705 | .70k | .688 .29 6551 .645| .64%0
.39 704 | 705 { .702 9 8 .3k 656 | .648| .642
90 o] 1.09 .710| .70 .710 1.09 682 ] .676) .67%
1.14 70| 709 | .709 1.19 6831 .676] .675
1.24 S| 709 | 709 1.24 6821 .676]1 .675
1.29 7081 .708 | .708 1.29 681 .675]| .67%
1.34 .708 | .708 | .708 1.34 680 | .675| .673
1.39 706 | 707 | -TOT
0.07 |0.293% |0.213]| 0.311
0.09 |0.428 |0.365 [0.317 .09 .380 | .2hk1{| .388
.19 632 | .583 | .560. 219 .550 | .503] .4h2
-1 669 | .666 | .648 .24 571 | .525] 463
.29 671 | 676 | .663 .29 573 | .530| .487
9 8 .34 672 .676 | .663 90 15 3h | osThl 536) 511
1.09 .695 | .684 | .676 1.07 6251 .614| .63%0
1.19 6961 .684 | .677 1.09 626 | .615] .633
1.24 697 .685 ) .677 1.19 630 | .620| .632
1.29 696 | .684 | .678 1.24 .630 | .620] .632
1.34 696 .685| .678 1.29 632 .623] .631
1.34 634 | 6251 .633
0.09 |0.337|0.363 |0.322
.19 553 565 | .552
.24 599 | .593 | .582
.29 606 | .597| .585 145 162 180
% 15 34 ) 603 | 595 | .58k
1.09 696 | .62k | .613 0.10 |0.621 }0.583) 0.588
1.19 697 | 626} .616 .15 694 | 685 .684
1.24 697 | .628 | .617 .20 .01 | .717| .720
1.29 .698 | .630 | .620 180 8 .25 o4 | 721} .72k
1.34 697 | .629 | .620 1.10 706 | L7234 .725
1.15 76 722 LT24
1.20 7| 22| LT2M
1.25 7| 23| L2k
0.10 -|0.692 |0.695 | 0.706
.15 729 | 159 .64
.20 -725 70} TS
.25 SIBL | CTTL ] CTTS
180 B obaao | e | | it
1.15 CTRL | 772 STT5
1.20. | 741 | 7721 .775
1.25 k2 | 2| LTS




16 NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(c) Diamond cross-section fuselage

Station 15 Station 23
P, 'fry _ P, '[py
¥, deg| a, deg | h, in. ¢, deg y, deg| a, deg| h, in. @, deg
15 45 5 15 45 5
0.10 | 0.491{ 0.432] 0.476 0.03 | 0.287}0.271 | 0.270
4 o .15 598 | .s525| .59% . .13 L8611 416 | LTk
> 20 | 618 .629| .673 18 | 66| .u82| o553
| .% .680| .6771 .677 .23 658 | .64 | .636
.33 7ok | .687 | .698
0.10 | 0.386 | 0.4510| 0.376 .53 705 .700| .698
20| 567 .64| .59 45 o 1.05 | .707| .707| .707
45 I3 .25 641 662 .6h2 1.13 PR (o o I (o & Y (o 4
.30 665 | 6641 .646 1.18 01| LT07 .TOT
k6 670 .667| .651 1.23 .706 | .706 1 .706
1.33 706 | .06 .T06
0.10 | 0.349 | 0.409| 0.2L45 1.53 705 7051 .705
.20 .5k1| .586| .507
45 8 .30 | .654| .633| .576 0.03 | 0.220]0.293{0.188
.39 6591 .639| .588 - .23 436 621 .us1
.50 657 6431 597 .33 5711 6981 597
.43 .688] .700| .669
0.05 | 0.243| 0.342] 0.147 .53 .707{ .702} .675
20 | .3s7| Lhew| .23 b5 b 1.05 | .109] .706| .703
15 12 .20 553 .578| .192 1.23 709 706} .703
.30 626 .605| .187 . 1.33 7091 .07 .T02
.50 64l | 602 k17 1.43 7091 707 | .T702
.70 660 .599| .48 1.53 70| 07| 703
0.05 | 0.273| 0.469]| 0.121 0.03 | 0.220| 0.409 ] 0.163
.10 L12| L3s7| .169 .13 331 515 .243
- .20 627 | .233| .271L .33 617|621 L371
45 15 %0 | .637| .200| .252 55| .00 .675| .501
.50 638 | .359] .260 " 8 .73 704 L6TT) .610
- 0| .eho| .kE5| 377 > 1.05 | .70| 601} l672
1.13 709 | 692 .675
1.33 709 | .69%|  .679
1.53 708 .695| .682
1.73 709 .696| .685




NACA RM L56113 17
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(¢) Diamond cross-section fuselage - Concluded
Station 15 Station 23
b; yPt P '/Pt
v, deg| @, deg | h, in @, deg ¥, deg | a, deg | h, in. ¢, deg
105 135 165 15 L5 (p)
0.05 | 0.283]|0.387 |0.372 0.03 {0.255| 0.375 | 0.21%
.10 .488 | .s49 | .607 .07 .319| .488 | .e22
135 8 .15 621 | .669 | .717 .17 391 543 ) 223
.20 661 | 701 | .720 .37 632 .353 1 .463
.30 667 | 703 | .720 .57 685 .2u7| .379
L5 12 7 684 .391] .338
135 15 0.05 }0.310 |0.455 |0.448 1.03 .691| .582] .s554
.10 500 | .649 | .750 1.07 691 .589| .558
1.17 692 .605| .s570
1.37 692 .628 | .589
1.57 693 .645 | .607
1.77 694 | 654} .622
0.07 |o.441]0.317 |0.297
.17 -le <379 -229
.27 025 372 | .265
45 15 A7 637 265 | .388
.67 6311 .188 | .u82
87 626 .167 | bk
105 135 165
0.03 |0.282]0.389 |0.401
.13 5511 610 | .693
.23 6591 .697 | .T12
135 8 .33 665 .698 | .713
1.03 688 .70k ] .713
1.13 690 ] .70k | .713
1.23 691 703 | 712
1.33 692 .704 | .712
0.03 | 0.292 | 0.453 | 0.482
.07 Ao | 582 ) 622
13 582 .72} .762
.23 .260 .728 .723
.39 675 SThL | .T65
155 15 1.03 | 705 .u2} .762
1.07 7081 .T43 | .763
1.13 7081 T3 | .763
1.2% 10| T2 | 762
1.39 31 L7833 L761
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NACA RM L56113

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(4) Tent cross-section fuselage

:;— Rake-survey paths

Station 15 Station 23
p;'/py Py'/pg
¥, deg |-a, deg| h, in. ¢J deg ¥y, deg |a, deg| h, in. ¢I deg
17 45 3 17 45 3
0.09 | 0.511 | 0.431 |0.466 0.10 | 0.395 | 0.359 | 0.412
W1k 648 557 | .564 " .25 6501 .596| .588
.19 | .68 | .6h2 | .636 5 Y .30 | .6on| 661 | .6us
.2k 680 | .673 | .670 .35 05| 697 | 693
15 o 29} .679| .67TH | .674 1.10 L7051 7051 .705
1.09 .688| .686 | .683 1.25 1051 L7051 705
1.1k 688 .689 | .684 1.30 { ".706| .706 | .705
1.19 .690| .689 | .685 1.35 S04 1 L7071 -705
1.24 692 | .690 687
1.29 691 | .691 688 0.10 | 0.426 | 0.282 | 0.327
.30 676 .532| .603
0.09 | 0.505| 0.341 |0.476 .35 691 | .603] .665
.1h L4991 B4l | .553 4o 690 | .647| .695 |
.19 .596| .550 | .605 45 601 | .681 | .705 |.
.24 6U8 1t 602 | .609 .50 690 | .690| .707
.29 6561 .610 | .610 .60 694 | .692 | .707
N 8 3k | .656] .610| .61 45 b 1.10 699 | .701| .706
> 1.09 | .661| .646| .68 1.30 697| .699] .705
1.14 662 | .649 650 1.35 700| .702{ .708
1.19 662 650 651 1.40 699 | .702 | .706
1.24 664 652 653 1.45 699 | .702 T06
1.29 .666 654 655 1.50 699 .02 | .705
1.34 .666 656 657 1.60 00| .02 | 706
0.09 | 0.375] 0.274 |0.438 0.10 | 0.461 | 0.255 [0.371
.19 .546 463 | .528 .20 611 | .223| .500
.24 617 532 | .5%0 .25 632 .234 43
.29 641 54kl | .57 .30 é6u7| .296 | .587
u 12 -1 642 54k | .528 .40 65L| .543( .678
> 1.09 | .es6| 611 | .600 A5 | esu| 623 L697
1.19 649 616 | .604 L 8 .60 661 .652 698
120 | .6s0| 620 .609 > 1.0 | -676] .683| .01
1.29 | .652 621 | .612 1.20 6801 .687 | .704
1.34 .652 624 616 1.25 .681] .688 | .705
1.30 .680| .688 | .04
1.40 .6719] .688| .703
1.45 682 .690 | .70k
1.60 .682] .689 | .704




NACA RM L56113 19
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(d) Tent cross-section fuselage - Continued
Station 15 Station 23
n'[pt ' foy
v, deg | a, deg| n, in. @, deg v, deg| a, deg{ b, in #, deg
7. 4 (F) 17 45 1
0.0k | 0.279 |0.273 ]| 0.328 0.10 459 |0.267] 0.403
AN 506 | 1951 .493 .15 518 | .335] .h6k
L1 518 | .192| .500 .20 568 | .365( .563
.19 609 | 178} .503 .30 585 | .354{ .682
.2k 6361 .153| .499 .50 600} .280| .686
.34 6371 .276] .493 .70 610 .53 | .682
do | 632 | 7| .uok 45 12 1.10 | .632| .632| .684
.59 634 | Jhho | .495 1.15 634 | 636 ]| .685
.69 631 | 4731 .501 1.20 634 | .637] .685
45 15 1.0h | .626) 556 .549 1.% | .636 | .6h1| .686
1.14 6291 .567| .559 1.50 61| 650 .689
1.14 6281 .567| .559 1.70 Bu6 | 659 .692
1.19 631 | 571 | .563
1.24 631 | 5751 .566 0.10 48 |0.229 | 0.478
1.34 634 | .583] .576 .15 485 | .236) 479
1.49 638 | .59%1 .589 .20 512 .267| .512
1.59 640} 600 | .595 .30 518 | .362| .558
1.69 641 | 606 | .601 ko 541 415 B350
.50 S79 | 15| L34k
0.14 | 0.718 | 0.663 | 0.60L .70 578 3771 .302
19 | o8| .699| .6hk b5 15 | 10| B3| .566] .565
.2k a7 | 6971 L64T 1.15 613 | .565) .588
b5 -8 1.4 | 24| .736] .693 1.20 | .613| .567| .602
1.19 7251 .76 .695 1.30 617 | 579 .618
1.24 72h 1 .76 | .695 1.%0 618 | .87 .63
1.50 6171 594 | .638
0.04 ] 0.383|0.329 | 0.273 1.70 621 | 611 .651
.09 677 463 | 466
J1b 762 | L708 | 522 0.10 426 | 0.384 | 0474
.19 763 | 726 | .549 .15 527 | 564 .657
- .2k 76k} L7126 | .549 .20 589 | .665] .71l
45 -15 .08 | i ] cmee| 693 25 | .eh2| .69 .713
1.09 7701 J7s2 | 697 .30 648} 6901 .713
1.1% 7L .75 ) 70k ke 8 R Te) 651 .691) .71k
1.9 | 13| 7| 703 > - 1.10 | .682| .700| .73
1.24 g2 .88 705 1.15 681 | .t00) .712
1.20 683 | .702| .713
1.25 684 | 01| .713
1.%0 684 | .699 .T12
1h7 162 180 1.40 687 | .tor| 712
0.10 | 0.524 {0.472 | 0.432 0.10 .150 | 0.347| 0.484
.15 623 | .57%| .539 .15 224 | 626 .Tu46
.20 675 | .654| .625 .20 397 | .708| .75%
.25 | .619| .6719| .673 301 531 | .75 .755
180 o .30 680 | .681| .677 .ho 556 | .717| .758
1.10 691 | .689| .687 - .50 57| .78 157
1.15 691 | .690| .688- k5 -15 1.10 6721 .730| .756
1.20 692 | .6921 .690 1.15 674 | T30 756
1.25 6931 .693] .690 1.20 676 | .730| 754
1.30 B9k | .695| .692 1.30 684 | .73L| 755
1.%0 687 | .730| .753
1.50 695 | .731| .753




20 : NACA RM L56I13

. TABLE- I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(d) Tent cross-section fuselage - Continued

Station 15 Station 23
Py '/Pt 1] '/Pt
v, degl a, deg | h, in. @, deg v, deg| a, deg |h, in. | . @, deg
1h7 162 180 147 162 180
0.10 |0.664 |0.620 }0.577 0.11 | 0.4%0 | 0.403] 0.375
.15 .699 | .7o% | .601 .26 .680| .6s1f .611
.20 7031 719 | .719 .31 699 .688] .673
180 8 .25 .705 | .720 | .720 .36 702 .702] .698
1.10 27 732 | 731 180 o RISt 7oL | .703| .T700
1.15 7274 733 | 732 1.11 .708 | .7081 .70k4
1.20 1298 L3 ] LT733 1.26 7061 .706| .705
1.25 3L 735 ) TR 1.31 70| .06 .706
1.36 708 | L7061 .707
0.05 |0.425§0.471 |0.394 1.4 709 | .706) .706
.08 5711 618 | 548
.10 730 | J7s0 | .69 0.11 | 0.631 | 0.603| 0.591
.15 S35 773 ) STTT .16 689 | .686| .672
.20 Sl ot b 78t .21 698 | .79 717
180 15 1.05 | .78 791 | .790 26 | .703| .720| .719
1.08 780 .789 | .790 180 8 .3l L7051 .721| L7191
1.10 180} .85 | 787 1.11 T8 | 721y .T723
1.15° 780} .787 | 789 1.16 17l 123 LTek
1.20 781 .789 | .789 1.21 | .7a7| 723 .72k
1.26 7L 723t L7233
0.10 |0.366]0.384% (0.324 1.3L T8 723} .72k
.20 5701 578 | .51k :
.25 624 | 636 | .584 0.11 692 | .705| .701
.30 6611 .670 | .651 i .16 2L .7s8Y) .762
) .35 666 | .672 | .670 .21 7281 .768| .773
180 n ko 667 673 | .670 . .26 736 | .10 LTS
g 1.10 67191 681 | .679 180 15 .31 2| rif 175
1.20 682 | .681 | .679 1.11 el Tyl LTTT
1.25 682 | .682 | .680 1.16 62 LT 778
1.30 .68 | .683% | .681 l.21 763 | LT3 WTTT
1.35 685 | .68% | .682 1.26 763 | .13 ST
1.4%0 686§ .685 | .683 1.3L 765 | T3 WTT6
0.10 [0.220 | 0.431 |0.35k 0.11 |0.260 |0.411 | 0.280
.25 k29| 559 | .543 .26 .386 | .603]| .439
.35 594 | .640 | .6%0 1 .33 459 | 6521 519
.40 636§ 671 | .659 R 571 .697| .619
A5 bh2 | .666 | .66L .51 6671 .705| .696
.55 646 | 670 | 664 .56 .693 | .706 | .704
180 -8 1.0 | .668 | .675 | .675 : .61 | 700 | L7081 .706
1.25 675 676 | 67T .71 o1 | .708| .707
1.35 | .677| .678 | .678 180 -4 1.1 | .09 | 01| 709
1.%0 619 ] .680 | .680 1.26 708 | .711| . .709
1.45 6791 .680 | .680 1.33 708 | .710| .709
1.55 682 | .682 | .682 1.4 706 | .70} .710
1.5L 7081 7091 .711
1.56 7091 .709| .709
1.61 AR RN B AR N o B §
1.71 7ol .71 | .710



NACA RM L56I13 o1

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(d) Tent cross-section fuselage - Concluded

Station 15 Station 23
Py 'fpg Py '[Py
¥, deg |a, deg{ h, in. @, deg ¥, deg| o, deg | h, in. ¢, deg
147 162 180 147 162 180
0.10 | 0.314 | 0.587 {0.490 0.11 |0.428 }{0.589 | 0.388
.20 3717|568 | 579 .21 .302 | .622| .511
.25 .361 | .562 | .60% .31 325 .625] .590
.30 BT b 564 | 620 b1 326 | 628} .639
.ho 2681 .580 | .6k2 .51 321 .638| .686
.50 379 .giB .255 .61 .229 .267 .702
.70 591 | .643 | 637 .71 469 | .690| .70
180 -12 1.10 | .653] .665 | .673 180 -8 1.1 | .t00| .709| .711
1.20 6551 .669 | .673 1.21 703 710 .74
1.25 659 | .672 | .675 1.31 L7051 L7 713
1.30 659 .672 | .675 1.4 7061 .70 LM
1.4%0 663 .67k | .676 1.51 JJ06 | 7121 .T13
1.50 6671 67T | -679 1.61 I (ordl I AT 3 I 6 P~
1.70. 6735 | .681 | .682 1.71 7081 Tl .k
0.05 | 0.185 | 0.476 }0.311 0.11 }0.370]0.633} 0.566
.10 .3%35 1 584 | .520 .21 5881 .65%| .653
.15 489 | .586.| .582 .26 615 | .646| .662
-20 SiT) 579 | 997 .31 5991 .650| .667
.25 475 581 | .608 .51 394 | .626| .670
.40 312 | .48 | .621 80 12 .71 .306 | .60} .670
.55 | .285| .k69 | .602 L . 1.1 | .hog| .66n| .692
180 | -15 0 | .29k f 1L f 625 L.21 | .k2B| .680| .697
1.05 | .585| .643 | .659 1.26 | .6s1| .684] .698
1.10 | .596| .647 | .661 1.3 | .513| .689] .70L
1.15 | .603| .649 [ .663 1.50 | .662| .698| .707
1.20 610} .652 | .665 1.71 6821 .706| .702
1.25 | . .616} .656 | .668
1.40 634 | 664 | 675 "0.07 }0.23%]0.55110.579
1.55 6h6| 667 | .678 .09 2711 | .583| .659
1.70 6561 674 | .682 .11 325 | 61| .6%9
.31 62| .6eh| .639

.51 606 | .609 .252
.71 Q521 52k .61
180 -15 1.07 | .302| .hea| .616
1.09 | .303| .1k} .619
1.11 .306 | .L16] .620
1.31 352 | 28] .6ho
1.51 L4130 469 | 663
1.71 As57| 576 686
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(e) 90° teardrop cross-section fuselage’

o

Station 15 Station 23
Pl'/Pt PI'/Pt
v, deg|a, deg| b, in. @, deg v, deg| a, degf h, in. $, deg
17 45 (4] 17 45 5
0.09 | 0.503] 0.431 | 0.450 0.10 | 0.425] 0.405 | 0.406
B 6381 .560 | .571 .25 681 .64k 619
ks 0 .19 6774 .652 | .656 45 0o .30 704 | .686 | .667
.24 .678| .676| .676 .35 708 | 705} .699
.29 6781 679 | .678 Lo 708 | .706 703
0.09 | 0.382] 0.373 | 0.417 0.10 | 0.339 0.329{ 0.378
.19 597 .608 | .643 .25 559 566 .627
k5 & .24 659 | .654 | .653 X » .30 624 635 676
29 | .669| .658| .65k 5 35| .60} .675| .688

:1h 488 | .468 :5k6 0.10 | 0.371 | 0.227 | 0.403
.19 584 568 | .589 .18 450 | 306 | .54T
45 8 o | up| B2 | 595 25 | o.se2| JBsi| 633
2B & BB | e | | B & &
.50 07| 665 | 659
0.09 | 0.338| 0.264 |0.349 ) .60 706 | .665 | .662
ST EENTETY RENRE I )

.19 5231 .517 | .69 - 0.10 | 0.448 | 0.280 {0.171
45 12 .24 6131 559 | k79 ) .25 529 | .231| 478
.29 B46 | 563 | 489 45 12 .32 587 234 | 565
.39 LB47 | 568 [ .50k ko 657 311 | .576
.59 647 573 ) 5% .60 | .68L| .548 590
0.09 | 0.345]0.179 |0.309 0.10 | 0.529 [0.359 | 0.163
1 .tgz .ggg .36g .gg .g;g ..ggg .E;Z

.19 . . 37 . . . . .
45 15 .2k 573 458 | .390 45 15 .36 .605 | .198| .u93
.29 6561 483 | .397 .ho 585 .20L| .503
.39 627 | 497 | W13 .60 616 | 192 ] .515
RT] 629 | 509 | .u31 .80 634 | .336 .532
0.09 | 0.646 |0.547 |0.523 0.10 | 0.550 | 0.470 | 0.356
N 8 14 .T0h .ggi .gai .;g .?23 .ggt .de

5 - .19 07| . .65 _ . .

2h | o7 .602 | .658 ¥ 8 25 | k| 692 .6u8
.29 708 | 695 | .662 .Eg .gig .ggg .ggg
0.09 {0.705 |0.529 fo.s62 5
e 7521 W12 | 579 0.10 | 0.546 |0.451 | 0.339
: N .19 153 .76 | .595 .15 746 | .65k | k63
T B B B S e 3 B R R

. .39 . .7 . - . . . .
.49 762 [ .72k | .6k6 ’ .35 7551 113 | .592

50 | 77| et | léar




NACA RM 156113

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(e) 90° teardrop cross-section fuselage - Concluded

Station 15 Station 23
[y P '[Py
Yy, deg| a, deg| h, in. ¢, deg y, degl a, deg| h, in ¢, deg
136 161 180 136 161 180
0.06 | 0.336| 0.368} 0.358 0.05 | 0.343 |0.349 ] 0.335
.13 5531 .582| .551 .13 A7) w69 ] 458
150 o} .16 .6ho| .657| .645 .19 .585 | .57L| .545
.22 .684| .686| .680 1 o .2k 664 | .653 | .627
27| .686| .686| .682 20 29 | .699 ) .691] .680
.3k 07| 705 .02
0.06 | 0.369} 0.501] 0.536 .40 699 | .69k | .683
150 8 .13 684 | 327|714 .39 707 | 706 | .TOM
.16 7061 725 .728
.22 7061 725 728 0.03 | 0.472 1 0.609 | 0.455
.08 548 | 573 -607
0.06 | 0.428] 0.511 ] 0.469 150 8 .13 654 | 676 .6TT
.09 613 .702| .645 .19 6931 .76 | .71
150 15 .11 oot LTI0}F .T91 .24 697 .75 724
.16 7230 c1e| .78 -
.27 132 .T15) 186 0.03 | 0.553 |0.735 | 0.533
150 15 13 | 696 | 750 -T69
0.06 | 0.255] 0.263] 0.314 .19 708 | 162 .TTT
.22 .603| .529| .465 .ok 3| 762 | .TT8
.27 637) 627} .527 -
1 8 .32 6h1| 6651 .581 0.08 | 0.303 | 0.275 | 0.28L
Z - 37| .eus| .e69) .629 19 |- .k | koo |- .388
43 646} .669| .660 .29 | -.606| .538| .49l
.48 .6h9| .670| .672 .34 670 .612| .551
.19 6541 .6T2] .673 .37 6911 .653| .584
150 4 39 | 696 .670| 601
0.06 | 0.182] 0.236} 0.5%0 A5 .700| .700| .637
.22 5321 .334| .568 .50 699 | .707| .679
.27 598 .kerf .582 .55 7oL} .7081 .703
150 12 .37 .608| .620| .629 .76 01| .708 | .70O7
43 611 .649| .658
54 617| .654| .667 0.08 | 0.197]0.320 | 0.492
.69 .618| .660| .666 .19 2771 342 551
.79 6221 .658| .667 .29 18| .333| .566
150 8 .39 .593| .koo| .63%0
0.06 | 0.172} 0.k04 | 0.602 .50 6761 .sko} .670
.27 Lbog| .281| .6h2 .60 .681| .682] .703
37 Sh2| k20| .649 7L | .684] .700] .70
150 -15 43 551} .s57| .658 .76 .684 1 .700| .709
- 5k 563 .618| .665
.64 573| .629] .667 0.05 | 0.217 | 0.493 | 0.570
.79 5821 .637| .667 .12 .391 .231 .ggg
.2 L4331 .27 .
150 -12 .39 .329 | .2s51] .691
.60 535 | .322| .706
.76 6ok} .576| .708
0.03 | 0.165] 0.576| 0.581
.2 .3 43 .67
150 -15 50 | .256| .235| .686
.66 516 | .483| .789].
.76 513 k96| .789




NACA RM L56113

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(£) 45° teardrop cross-section fuselage

\ \
\
\
Station 15 Station 23
p'fpy P, [oy
v, deg |a, deg] h, in. ¢, deg ¥, deg| a, ‘deg} h, in, @, deg
17 35 64 L 17 35 64
0.05 [0.335]0.312] 0.305 " 0.06 | 0.296 | 0.283 |0.287
.10 518 W62 Juh1 .11 AL20 ) 378 ] (389
.15 6h2 ) 5861 .569 .16 513 456 463
.20 b70 ) 656 645 .21 606 F 535 .53k
.25 b7 665] 656 .26 686 | .6281 .625
67 0 1.05 | .679| .671| .67% } 31 | .05 | .688 | .676
1.10 6821 .673| .677 RS) 71071 .705 | .695
1.15 6821 .674| .678 .51 LT08 1 .706 | .695.
1.20 | .682| .673| .677 67 0 1.06 | .7ou | .708 | .709
1.25 682 .673| .677 1.11 ok | 707 | W09
1.16 7051 .07 | .T09
0.05 {0.%24 | 0.29% | 0.301 1.21 703 707 | .709
.15 552 | 483 527 1.26 Stok ] .07 | 710
.20 643 568 .613 1.31 L703 | 705 | .709
.25 662 ) 636 .636 1.41 705 | L7055 | .T1L
.35 664 ] 6581 .636 1.51 L7051 705 | .710
45 663 ) 6581 .637
67 b 1.05 672 | 665) .671 0.06 { 0.250 | 0.28% |0.270
1.15 673 | 6671 673 : .16 .381 ] 456 | 465
1.20 BTh | 66T 6TM .21 L2 | o528 | .538
1.25 675 | 668 .676 .25 4991 590 | .599
1.35 6761 669 .677 .28 543 .635 | .640
1.45 678 ] .671| .678 .31 590 | 670 | .661
.31 582 | .664 | .657
0.05 |0.289 0.288 | 0.278 .36 o7 702 | 675
.20 .569 | .589| .587 k1 693 .700| .672
.25 6351 .627| .593 .51 01| .01 | L6760
.30 646 | 628 .593 6 % .61 07| -702 | .676
671 8 ho | .6u8 | .631| .598 7 1.06 | .707| .706 | .70k
) 1.05 659 | .6L8| .657 1.16 L7061 705 | .TO0M
1.20 660 | 652 .662 1.21 705 | .04 | .703
1.25 660 | 654 | .663 1.25 705 | .705 | .7O0L
1.30 661 654 663 1.28 .70k | .70k | 704
1.40 66k | 656 | .666 1.31 704 ) L7051 .70
1.31 704 | .04 | 703
1.36 .ob | 703 | 705
1.5 o8 .703 | .705
1.51 105 | L1021 .705
1.61 705 705 | 705




NACA RM L56I13

TABLE I.- TABULATED BOUNWY—LAYER SURVEY DATA - Continued

(£) 45° teardrop cross-section fuselage - Continued

Station 15 Station 23
P [re », /Py
¥, deg |a, deg |h, in. ¢, deg ¥, deg |a, deg |b, in. g, deg
17 35 64 17 35 64
0.05 .288 |0.280 |0.256 0.11 L340 |0.336 |0.372
.15 b9l | .07 | .499 .21 .502 1 .59 | .570
.20 582 5718 | .521 3L 6535 | .656 | .617
.25 619 | .589 | .526 R3S 691 | 671 | .621
.30 621 .591 | .53%0 6 .51 692 | 671 | .625
do | 620 592 | 538 T 8 101 | .01 | .688 | .679
67 12 1.05 | .6h1| 623 | .63 1.21 | .700| .688 ] .681
1.15 B2 | 628 | .636 1.31 699 | .689 | .68L
1.20 641 | 627 | 637 1.41 699 | .691 | .682
1.25 B2 | 629 | .639 1.51 698 | .691 | .684
1.30 Bh2 | 631 ] .64L
1.%0 6431 634 | 643 0.11 .33%0 | 0.296 | 0.319
.21 .509 | .513 | .s12
0.05 .289 | 0.265 |0.220 .26 575 .582 | .519
.10 k03| 382 | .37 .31 k2 | 613 | .524
.15 502 | 487 | bk A1 666 | .619 | .531L
.20 583 | .546 | .455 6 .51 668 | .621 | .537
.25 | 5991 551 | 462 7 12 1.11 | .683| .653| .627
.30 599 | .53 | .468 1.21 681 | .655 | .63%0
ko 600 ] .554 | 479 1.26 681 | .656 | .632
& 1 .50 5961 .553 | .485 1.31 681 | .657 | .634
{ > 1.05 | .B20| .598 | .598 1.5 | 81| .659| .638
1.10 6231 602 | .603 1.51 680 | .662 | .642
1.15 623 .604 | .606
1.20 621 | .604 | .607 ©0.11 .311 | 0.335 | 0.13%0
1.25 622 | .606 | .610 .21 A8 | 487 | 352
1.30 622 | .608 | .613 .26 | 545 S48 | 410
1.40 624 | 612 | 619 .31 619 | .558 | Jh2u
1.50 626 616} .625 RS 636 | .558 | .439
5L | .637| .558 | 453
0.05 .378 | 0.343 |0.293 .71 639 .562 | 471
.10 | .6u8 | .556 | .508 67 15 1.1 | .659| .608 | .s565
.15 685 .656 t .611 1.21 6571 .610 | .568
.25 6871 .668 | .638 1.26 657 .611 | .569
.35 692 6711 .646 1.31 6571 .613 | .571
67 8 45 694 | 671 | .6uT 1.4 657 .616 | .572
- 1.05 699 | .679 | .664 1.51 657| 618 | .576
1.10 703 | .684 | .666 1.71 659 | .622 | .587
1.15 .ToL | .683 | .667
1.25 .70k | .685 | .669 0.11 .566 | 0.511 | 0.489
1.35 708 | .688 | .672 .16 6781 .638| .613
1.45 0| 6921 .675 .21 691 .680 | .660
.26 692 .682| .665
0.05 374 | 0.354 {0.285 67 8 .31 692 .682| .667
.10 722 | .61k | .ho8 1.11 604 | .685| .680
.15 9t 687 | 598 1.16 .696| .686| .681L
.20 .720| .685 | .610 1.21 696 .686] .680
.30 721 | 687 | .623 1.26 696 .686] .680
.40 7251 691 | .632 1.31 6961 .6871 .681
67 -15 1.05 | .733| .700 | .66k
1.10 735 | 702 | .666 0.06 .3981 0.411 { 0.369
1.15 739 .07 | .669 11 b77| 582 489
1.20 | .739| .707] .671 .16 .710| .6781 .582
1.30 sL| .70 | .6TH .21 .709| .684 | .610
1.50 | s | ms | 679 .26 | .710| .68k} .615
.36 .T15| .691| .628
67 -15 1.06 | .117| .69%0| .659
1.11 .718| .690| .659
1.16 .718| .691| .66L
1.21 718 .691| .662
1.26 719 .691| .663
1.36 723| .696] .667

25



- NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(f) 45° teardrop cross-section fuselage - Continued

Station 15 Station 23

D, '/p,c P, '/pt

¥, deg | o, deg { h, in. ¢, deg Vv, deg | a, deg | h, in. ¢, deg
138 178 _ 138 178
0.05 | 0.2k }0.260 0.06 | 0.276 [0.270
.15 489 | .h03 .16 418 | Lua
.21 586 | .458 .31 | 649 ]| .64
.26 657 | .523 37 <7053 | .703
158 -4 .31 671 | .5TT s .46 72 | 707
.36 | 671 | 640 15 0 06 | .72 | 712

i 672 | .673
.46 6731 .681
.52 673 .683

HERPH
N
=
=
S)
=
[S)

0.05 | 0.206 |0.302

.21 .516 | .488 0.06 | 0.324 [0.336

.26 .613 | .508 .21 631 | .668

8 8 .31 652 | .536 .26 689 | .710
15 - .36 | .655 | .572 31 | 700 | .712
RSN 657 | .608 .36 .701 | 712

52 | 662 | 667 158 b 1.06 | .70 | .71

57 662 | 678 : 1.21 707 713

1.26 .T07 711

0.10 | 0.190 [0.593 1.31 707 { .710

.21 .293% | .621 1.36 707 1 712

.26 417l .628

.31 549 | .631 0.06 | 0.356 |0.389
©.31 551 | .632 .16 .583% | .668
.36 616 | .633 .21 672 | .728
RISE .626 | .641 N 8 .26 681 | .729
46 629 | .661 8 .06 708 | .723

.52 “63L | 667
.62 638 | 671

e

—

N

(o]
s}

]

n

=

158 12 26 | 0| 722

1.10 .660 | .680
1.21 665 | .682
1.26 665 | .684 0.06 | 0.40k% |0.477
1.31 666 | .684 .06 403 | 476
1.31 6671 .685 .11 .367 | .s00
1.36 668 | .685 .11 .366 | 498
1.4 669 | .685 .21 666 | 779
1.46 670 | .686 .26 673 179
1.52 | .672| .687 158 15 1.06 | .73 | .763
1.62 674 | .688 1.06 735 | 764
1.11 T37 | 763
0.05 | 0.220 |0.472 1.11 737 | .764
.10 313 | .633 1.21 735 | 761 .
.15 .289 | .639 1.26 37| .759
.21 283 | .6k
.26 .268 | .641 0.06 | 0.215 |0.23%
.31 .311 | .648 .21 .363 | .ho7
.36 Aot | 651 : .36 570 | .527
Rl 542 655 46 .686 | .s92
46 576 | .645 .56 .708 | .655
.52 .583 | .651 .66 710 | .707
L N 57| 589 .652 158 -4 1.06 | 71| .715
58 -15 1.05 | .631] .680 1.20 | ;0] .715
1.10 632 | .680 1.36 .70 | .712
1.15 636 | .681 1.46 .70 | .712
1.21 .6ho | .682 : 1.56 11| .710
1.26 62| 684 1.66 1L | .713
1.31 6lh 683
1.36 645 683
1.1 647 683
©1.46 649 685
1.52 641 685
1.57 654 687




NACA RM 156113

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(£) h5° teardrop cross-section fuselage - Concluded

Station 23
Py /o
Vv, deg | a, deg| h, in. ¢, deg
138 178

0.06 | 0.173|0.501
.11 1971 .582
.31 241 626
.51 A7 680

158 8 .71 689 | .708

1.06 JTOR | .71k
1.11 705 | 713
1.31 07 .T13
1.51 707 | -T2
1.71 708 1 .715
0.06 | 0.181]10.573
.11 271 .679
.31 .383 1 .695
.51 354 .ggu
-T1 3251 .697
158 -12 1.06 | .64k | .706
1.11 650 .705
1.31 666 | 707
1.51 6781 .71l
1.71 685 .710

O
(@}
[6)Y
(@)

. .172 | 0.740
.11 2831 .662
.31 .311 | .650
158 -15 .51 284 | .646

.71 .270 | .6k42
1.06 .292 | .671
1.11 304 | L6TH




; NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(g) Triangle cross-section fuselage

<~

\//

tA/— Rake-survey paths

Station 15 Station 23
/Py /Py
¥, deg | «, deg|h, in. ¢, deg ¥, deg| a, deg| h, in. " @, deg
20 61 101 20 61 101
0.06 | 0.271]0.321|0.284 0.05 |0.241| 0.306 | 0.272
.16 606 | 540 .63%0 © .20 525 .b6k| .580
.22 672 .638| .681 .30 681 | .624| .698
.27 672 .666| .683 .35 703 | .683[ .699
6o 32 671| .670| .685 6 RIT) 7ok | .698 | .700
0 1.06 | .689| .686| .683 0 Y 1.05 | .706| .705| .705
1.16 688 .690| .688 1.20 .705 ) .705| .706
1.22 6881 .694| .689 1.3%0 706 | .06 .707
1.27 691 | .698| .691L 1.35 705 | .04 | .705
1.32 694 | .700| .693 1.%0 705 .70k .705
0.06 |0.259]0.355 | 0.234 0.05 |0.212]0.315| 0.224
.16 489 570 .557 .25 508 | .616] .636
22 5921 .634| .60k .30 s71| .671 665
27 631 | .637 608 4o 689 | .692 672
32 631 | .637 612 .50 702 | .692 674
60 8 1.06 655 | .650| .660 60 b 1.05 105| .699| .696
1.16 653 | .658 663 1.25 7051 .700 697
1.22 656 | .663 666 1.30 704 | .700 697
1.27 658 | .666 | .668 1.ko 704 | .700| .697
1.32 662 | .668| .670. “1.50 7ok | .699| .697
0.06 |0.23810.418 | 0.160 0.05 |0.213|0.377]0.145
.16 483 568 .178 .25 520 .622| .559
.22 581 595 .275 .30 586 .654{ .582
-7 608 | .601] k21 .35 667 | 667 | .588
.32 609 | .601| b5k RTe} 693 | .668| .592
b2 6081 .601L| .483 60 8 .50 6951 6661 .598
.53 609 | .5961 .509 .05 703 | .680| .652
.63 613 577 .528 .25 702 .681| .657
60 12 06 | .635| .615| .611 02| 680 .658

.16 636 | .623| .618
.22 637 | .626 | .622
.27 639 | .628| .625
.32 b2 | 631 | .627
L2 6481 634 | .633

1.63 :655 641 ..6!;2

35 501 .681| .658
40 o1 L6811} .660
.50 oL | .682| .660

i
3

R




NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage - Continued

Station 15 N Station 2%
Py /Py »,'/py
v, deg |a, deg| h, in. @, deg ¥, deg| a, deg| h, in. @, deg
20 61 101 20 . 6L 101
0.06 | 0.244 | 0.637]0.131 0.05 | 0.225 | 0.621] 0.154
L1l 399 .5091| .183 .20 A5 .500) 217
.16 4891 599 | .182 .30 610 40| .2n7
.22 553 | .596| .136 .o 6721 45| Lb16
.27 580 | .592| .182 .50 6821 .539| .456
.32 5881 .586| .3Lh4 6o .60 681 5861 471
371 589 586 .362 12 | 1.05| .695] .620f .573
R] 587 .586] .377 1.20 690 | .626) .582
.48 587 | 535 | .393 1.30 689 | .628| .587
.58 5881 .547| .bbhk 1.ho 689 | 632 .59
60 .63 590 | .555| k54 1.50 689 | .634| .600
15 1.06 | .618| .580| .s60 1.60 | .688| .636| .605
1.11 620 | .583| .565
1.16 621 | .586| .578 0.05 | 0.339 | 0.482| 0.254
1.22 621 | .587| .57TH .10 491 | .u48| 363
1.27 622 | .590]| .579 .15 155 | 624 | .488
1.3%2 B26 | 592 .583 .20 7581 .19 .58
1.37 629 | .59 | .s87 .25 511 .126]  .610
1.2 631 | .596( .590 .30 756 726 .616
1.48 6331 .599 | .594 6o .35 159 728 L6217
1.58 | .636| .603| .600 15 1.05 | 757 .7133| .682
1.63 639 | .605] .603 1.10 158 L7333 .683
1.15 57| -732] .685
0.06 | 0.302 | 0.405 | 0.260 1.20 157 733 .686
11 6571 .575| 495 1.25 156 | .732) .687
.16 7161 .679| .610 1.30 756 | .732| .688
.22 7| .693 ] .637 1.35 155 | 132 .690
60 8 .27 5| .69k | 643
= 1.06 3L .709 | .678 0.05 | 0.293]0.418] 0.259
1.11 31| .711 | .683 15 654 5391 .512
1.16 7% | .713{ .688 .20 709 | 646 | .610
1.22 3L ) .75 .693 .25 713 693 .655
1.27 732 | .718| .698 .30 2| .695| .658
RTe} 712 | 69k 664
0.06 | 0.351 |0.470 | 0.307 .50 13| 694 .670
A | k| .es6| koo 60 -8 105 | .715| .698| .656
.16 7671 135 -619 1.15 2| 697 .687
.22 69| L1361 .637 1.20 72| 6981 .688
.27 166 | 737 | 645 1.25 .713| .698] .687
60 -15 1.06| .180| .7h6| .699 1.30 | .7k | .699| .688
1.11 781 .748| .701 1.40 q2} .t00| .687
1.16 .182:1 .150| .703 1.50 12| .699| .688
1.22 81 .sk| .70
1.27 7180 7551 -T1L 0.05 | 0.238]0.370| 0.154
.20 617 | .206) .227
.25 682 .250] .205
b0 | 683 162 .233
141 156 180 .60 681 .167| .413
60 -15 1.05| .678| ".o7| .50%
0.05 | 0.%02]0.330 | 0.371 1.20 W67h | 438} 532
.13 628 .572| .558 1.25 6731 50| .536
.15 6711 613 .595 1.0 672 479 546
180 o 20| .6or| .681] .665 i60| .671| .st2] .558
.26 .693| .688}1 .685
RIS .6oh | .691| .689
0.05 | 0.531]0.42k | 0.524
.10 696 .6h4| .671
180 8 .15 27 ST33¢ -T31
.20 128 L1381 L3k
Riss 31 LTh2] LT39

29
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NACA RM 156113

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage - Continued

Station 15 Station 23
Py '/Pt 4] ypt
¥, deg |a, deg | b, in. ¢, deg ¥, deg | a, deg{ h, in. ¢, deg
141 156 180 1 1 156 180
0.05 | 0.446} 0.57k | 0.505 0.11 | 0.4301} 0.%05 | 0.374
.08 664 .678| .678 .21 612 .575| .52%
180 1 .10 JThL] L7561 .ThO .31 701 698 .665
> s | o.787] 802 199 .36 | .703] .705| .696
.20 185 .7981 L7917 80 i A62] 20| .298
a1 | 1881 .8oo| .7o7 1 o 1.1 | .708] .08} .707
1l.21 7081 .7061 .708
0.05 |0.282]0.313|0.255 1.31 7081 .07 .707
.15 349 536 LuhT 1.36 .708| .707] .707
.26 A7) 678 .586 1.4 710l .ro8| .10
8 8 3L 554 | .66k | .638
1 - .36 | .609| .668| .664 0.11 |0.578] 0.553 | 0.551
R 6h0 | 672 .669 .16 6701 650 | .648
46 6u8 ) 6691 .670 .21 06| L7122 | .709
.62 6551 .670| .656 .26 e | et .73
.31 RrARIS - O I -1
0.05 |0.301|0.%29 | 0.306 8 RSN T3 | L726 | L7296
.10 b3 | 509 437 180 1.11 7l G722 LT85
.20 327 .613| .601 1.16 7181 .72k} .726
180 L .26 280 .633] .621 1.21 .78 .723] .726
-2 31 | 265 .637] .63 1.26 | m8| .72k | 727
46 2981 .6%0 | .648 1.31 7181 Lk | .12t
67 559 1 619 .649 1.4 | .718] .72k | .726
.78 583 ] .620| .633
0.11 | 0.645] 0.641 | 0.647
0.05 [0.217 [0.470 |0.282 .16 CTUs | Lt | LAt
.10 A58 | 525 | .382 .21 158 775 | L7176
.15 481 | 580 | 496 .26 161 .78 L1719
.20 476 | 580 | .5T1 8o .31 60| 781 778
180 N .26 | 57| 5791 593 L 15 1.1 | .767| 779 .80
=15 .31 431 0583 ] .599 1.16 67| 777 T80
RIS .36 | 571 | .608 1.21 768 778 | .81
.52 264 | .589 | .598 1.26 7681 L7719 | 781
.62 232 | .558 | .613 1.31 767 178 780
.78 L2 | L5121 597
0.11L |0.462 ] 0.420 | 0.298
.26 572 | 646 | 470
.31 615 693 | .537
.36 649 706 .591
.hg .693 .702 .690
.5 00| .70 705
180 -k 1.1 | .q0| .708] .710
1.26 ReaTol I (o & I 4 N
1.31 | .09 | W11
1.36 70| L7091 .710
1.46 .710| .708} .710
1.56 .70 .708 | .T709
0.11 |0.614 | 0.434 | 0.357
.31 o6 | 684 | 578
.36 463 .693 | 621
41 skl 697 | L6662
RIS .tgo .29; .287
.51 481} .69 .695
180 -8 1.1 | .or] 705 | 709
1.31 7ok | 706 | 709
1.36 705 .705 F .709
1.4 7061 .706 | .710
1.46 07| L7061 L7100
1.51 707 .706 ) .710




NACA RM L56113

TABLE I.- TABULATEb BOUNDARY-LAYER SURVEY DATA - Continued

(g) Triangle cross-section fuselage - Concluded

Station 23

P, '[Pt

v, deg| a, deg | h, in. @, deg

141 156 180

0.11 | 0.485] 0.482] 0.469
.21 .588| .623| .609
.26 588 .631L| .639
.31 .586| .63L| .646
.51 5751 .632| .650

.71 AL69] .633| .656

180 -12 1.11 .329| .650] .667
1.21 372 654 .669

1.26 Jdoul .es57] .671

1.31 A31) 659 673

1.51 .503] .669 ] .682

1.71 595 .679]1 .689

(@]
=
i
(@]

. L4871 0.507 | 0.521
.16 5461 565 584
.21 555 .578| .597
.31 5491 .580] .600
.51 .252 .522 . .597
LT L4991 5621 .593

180 -15 A1 226 .537| .596
.16 2151 534 .59k
2091 5341 .597
.31 .207| .5361 .602
.51 238 .547} .615
1.71 321 57k .632

R
o
'_l
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NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(h) Horizontal-ellipse cross-section fuselage

/
/

//‘“‘-—" Rake-survey paths

ko 663 | .656

Station 15 Station 23
P /Py Py /Pt
¥, deg |a, deg |h, in. ¢, deg Vv, deg | o, deg | h, in. @, deg
12 50 12 50
0.05 |0.285 |0.343 0.05 | 0.226 | 0.279
- .10 439 1 .51 .20 1499 | 565
15 541 | .633 .25 583 | .653
.20 .2&2 .680 .30 ;255 .695
.25 .681 | .683 .35 697 | .703
20 Y 1.05 682 | .68k 20 ° 1.05 | .706 | .70k
1.10 682 | .683 1.20 L7071 706
1.15 682 | .68k 1.25 ReCo @l S (o4
1.20 .682 | .684 1.30 707 | 707
1.25 .682 | .684 | 1.35 707 | .706
0.05 ]0.255 [0.296 0.05 | 0.201 ] 0.233
.20 545 | 646 .20 388 1 .450
.25 627 | .665 .35 576 659
.30 671 | .668 R 682 | .693
.bo 6121 .671 .50 707 | .695
20 b 1.05 | .668 | .669 55 | 708 | 698
1.20 | .669 | .669 20 4 1.05 | .711{ .704
1.25 .669°| .670 1.20.| .711| .705
1.30 669 | .67L 1.35 72| .708
1.40 669 | 671 1.45. 710 | .707
1.50 709 | 707
0.05 }0.252 |0.239 1.55 .712| .708
.20 Lok | .68
.25 567 .627 0.05 | 0.23510.228
.30 637 | .638 .20 A2 337
Lo 664 | .64h - .25 . 521 .318
.58 661 | .648 .30 562 | .326
20 8 1.05 | .660 | .65 20 8 dGo | B3| i3
1.20 .661 | .656 . 45 673 | .s40
1.25 663 | .657 .55 704 | .639
1.30 662 | .657 .61 706 .653
1
1

.58 664 | .660




NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(h). Horizontal-ellipse cross-section fuselage - Concluded

Station 15
P[Pt
v, deg | a, deg| h, in. @, deg

12 50
0.05 | 0.386] 0.189
.20 512 .381

.35 | .639| .5718

.40 .252 .586

.50 6521 .595

20 12 1.05 655| 631
1.20 655 .63k

1.35 | .657| .637

1.4 658 .639

1.50 658 .6kl

0.05 | 0.462] 0.238

.25 623 164

.30 640t .139
ko .2&& .201

.58 6341 465

20 15 1.05 650| .576
1.25 650 .595

1.30 6521 .601
1.%0 6531 .608

1.58 6541 .619

130 168

0.05 | 0.404 | 0.334

.10 .658 | .629

.15 10| .723

.20 T3] .73

160 8 1.05 | .1eh| .73k
1.10 725 | .73%6
1.15 .7251 .735
1.20 728 | .35

0.05 | 0.489 | 0.428

.10 77| 780

.15 .720 .796

.20 761 .797
160 15 1.05 | 119 .79M
1.10 791 -T9%

1.15 119 2795

1.20 180 .795

Station 23
Py /Py
¥, deg| a, deg | h, in. ¢, deg
12 50
1.05 | 0.711] 0.691
1.20 me2| .697
1.25 T3] .697
1.30 712 .698
20 8 1.h0 | .713| .700
1.45 12| 700
1.55 L7121 .70l
1.61 .T12| .702
0.05 | 0.280| 0.248
.20 612 .419
.35 6891 .397
ko .693] .320
.50 692 .2kl
20 12 1.05 | .700]| .574
1.20 ok | L6117
1.35 L7061 .6hk2
1.40 705 648
1.50 7051 656
0.05 { 0.248] 0.196
.15 588 .513
.20 | .625] .518 1|
.38 ~.g52 .502
5 6331 .37
20 15 1.05 6h6 | 105
1.15 6491 .102
1.20 .652| .100
1.35 657 .121
1.50 .665] .205
130 168
0.05 | 0.360| 0.292
.15 668 | .642
.20 705 717
.25 .702 .72%
.30 .70 122
160 8 1.05 | .709] .721
1.15 11| .720
1.20 Tkl 723
1.25 13| 722
1.30 711 ..721
0.05 | 0.422] 0.360
.15 733 -T49
.20 -7tg 2179
.25 N L1719
160 15 | 1.05 | .757| .778
) 1.15 1591 .T19
1.20 160 | LTTT
1.25 759 | 778
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(1) Vertical-ellipse cross-section fuselage

ﬁ

NACA RM L56I13%

Station 15 Station 2%
P /Py PPy
¥, deg |a, deg|h, in. @, deg ¥, deg| a, deg | b, in. @, deg
0 20 37 0 20 37
0.07 | 0.474] 0.309 | 0.332 0.09 | 0.381]0.350 |0.324
17 .675| .610] .s82 2k 621 | .625 | .576
.22 .680| .673| .658 .29 686 | .689 ] .651
.27 6821 .679| .672 .3k okl L7077 .695
.32 619| .676] .673 .39 703 | 706 | 700
. A7 boe8u| 682 .672 % . Y 1.09 | -.705] .70% | ..706
35 Y 1.07 678 .676] .679 1.2k | .ob| 705 .06
1.17 .685| .686| .686 1.29 7051 706 | .707
1.22 .685| .686| .687 - 1.34 .706 | 708 | .708
1.27 6861 .687| .688 . 1.39 7051 L7106 | .TO07
1.32 .686| .688 688

1.h47 6861 .690| .690 0.09 | 0.311{ 0.271 | 0.294
.24 Jaha | kb2 | 496
0.07 | 0.376] 0.277| 0.295 .34 531 579 | .6k
.17 552 .475) LTk by 628 | .689 | .690
.27 667| .64O| .629 .5k 697 .706 | .693
.32 6761 .667| .653 .64 708 | 707 | 694
L7 677( .670 653 35 L .Th .707{ 705 | .693
35 M 57 681 .674 658 1.09 70| 707 | 705
1.07 678 .675 674 1.2k 71| 708 | .708
1.17 6781 .6761 .675 1.34 071 L7105 | .705
1.27 6781 .6717| .677 1.4y 07| 705 705
1.32 678 677 679 © 1.5k 708 L7071 707
1.47 .678| .678 679 1.6k 709 707 | .707
1.57 .679| .680 682 1.7% L7081 .706 | .706
0.07 { 0.34310.246 | 0.264 0.09 | 0.478]0.193 | 0.262
27 ko3| .597] .607 .29 | W30 .36 | .573
32 538 .645 617 s .3k dek |l k29 | L633
37 575| .651 617 .39 29| 12| 669
47 252 .252 .220 RIT] .hga ggg .275
.52 671 6571 .629 .59 5641 . 675
% 8 |17 | leer| ebe| .656 % 8 6o | 6s9| .eor| .677
1.27 677|664 661 1.09 .708 | .70L| .698
1.32 677 .666 662 1.29 70| 703 .701
1.37 676 .666 662 1.34 709 .702 ] .700
1.h47 675 .665 663 1.39 x| L7031 L702
1.52 676 .669| .667 1.k9 L710) 702 .701
5| .70 .703| .70L
1.69 JTI0F LTOR | LT02




NACA RM L56I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued

(1) Vertical-ellipse cross-section fuselage - Continued

Station 15 Station 23
1) '/Pt PI'/Pt
¥, deg| a, deg| b, in ¢, deg ¥, deg| «, deg| b, in ¢, deg
0 20 37 (] 20 37
0.07 | 0.433} 0.188 {0.251 0.09 | 0.584] 0.377 ] 0.18%
.17 a7l .351 | 487 .29 beo| 37T W4T
.22 A20| 30| .5kL .39 .351| .295| .612
.E7 .hzi .Zu9 .56!é )gg 225 gzg g;}g
i .59 629 | .57 . b2 . .

% 12} ylo1| &76| .eu6| .6e9 % 2 | 109 | .606| .6ma| .67
1.17 680 .648 | .634 1.29 702 .681] .678
1.22 678 649 | .63 1.39 .703] .683} .679
1.27 670 649 | .636 1.4k9 .705) .685| .680
L.47 612 .652 | .6h41 1.69 .705] .689| .684
0.07 | 0.504 | 0.177 |0.233 0.09 | 0.643 | 0.539 | 0.300

.17 A9l 2hg | LbST .29 450 W28 | L2300
.22 s .331 | .57 k9 2841 .323 | .549
.27 385 Jabh | Lset . .69 .288| .509| .583
37| .38 588 | 537 35 15 1.09 | .642] .626] .641
Ry 4531 0599 | 543 1.29 674 | 641 | 647
.67 656 609 | .568 1.49 684| .653| .653

» 15 | 107 | .672) .631| .603 1.69 | .690| .66k} .660
1.17 672 .632 | .606
1.22 b7 633 | .608
1.27 674| 635 ] .610
1.37 668 .637 | .61k 22 43 7
L.b47 .668) .639 | .618
1.67 6681 .641 | .626 0.07 | 0.277}0.266 | 0.252

.11 3501 L3491 345

.15 431 k27| ko8

.16 Lho | Lsb3 | k28

22 43 7 22 526 5381 .s511

.27 608 .627] .59

0.06 | 0.287| 0.272 |0.225 .32 672 .687 | .66k
.22 | .660| .670 | .622 .57 | 695 .7o1| .699

.27 679 6719 | .678 R} 699 | .t01) .707

2 | .e81| .680 | .685 66 0 | 1.07 | 07| 06| .707

66 0 | 1.06] .681| .680 | .678 111 | .qor| 708 | .707
1.22 682 .682 | .68L 1.15 .708| .706 | .708
1.27 681 | .682 | .681 1.16 .708| .7071{ .708
1.32 682 .681 | .681 1.22 708 .706| .708

1.27 01| 706 .708
0.06 | 0.211 ] 0.2k2 |0.220 1.32 708} .707| .708
.16 382 .12 | .57 1.37 7081 .07 | .708
.27 551 .633 | .65 1.h42 7081 .706 | .709
.32 63711 .636 1 .657 -
51 6571 .60 | .654 0.07 | 0.173]0.219 | 0.2k2
i) 659 | .645 | 654 J1h 214 | .351 | L4553

66 8 | 1.06 | .650| .655 | .659 22 | .263| .:88| .6l2
1.16 660 .656 | .660 .27 .320| .583| .667
1.27 6621 659 | .662 .32 .389| .66L} .674
1.32 .663] .660 | .662 .37 468 690 | .675
1.37 663 .660 | .66% b2 563 .691L| .67k
1.k2 .66k | 661 | .665 R 637 .69L | .673

.53 688 .693| .67h
.58 696 | .692| .676
66 8 | 1.0 | .700| .695| .686
1.1% 702 | .696 | .687
1.22 .703| .697} .688
1.27 7031 .697 ] .687
1.32 02| 697 | .687
1.37 .703| .698| .689
1.k2 703} .698 | .689
1.7 702 696 | .688]|
1.53 .703| .698 | .689
1.58 702 .697| .689

35



36 NACA RM L56I13
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued
(1) Vertical-ellipse cross-section fuselage - Continued
Station 15 Station 23
P[Py P[Py
¥, deg |a, deg |h, in ¢, deg ¥, deg | a, deg{| h, in ¢, deg
22 43 T7 22 43 71
0.06 | 0.158 | 0.188 | 0.191 0.07 .210 | 0.173 |0.211
.22 272 | 547 562 b 294 | 250 | b5
.32 5301 .559 | .568 .22 Bhe | ez | .590
.37 B11 | 565 | .569 .27 L3111 | .53% | .599
66 15 A2 6r7| 574 | 571 .32 262 .6%32 | .598
, 1.06 629 | .601 | .61 .37 291 | .668 | .599
1.22 631 | .606] .619 42 355 | 670 | .601
1.32 632 | 6l2| .622 A7 461 | 670 | 604
1.37 632 | 6131 .62k .53 568 | .671 | .608
l.ke 632 | 614 | .625 .58 652 | .673 | .613
66 12 .63 666 | 671 | .615
1.07 B84t 676 | 634
1.1% 6851 .676 | .634
103 | 137 | 158 1.22 6871 .678 | .637
1.27 688 | .678 | .638
0.06 | 0.241 [0.309 |0.379 1.32 .688 | .680 | .6%9
JA1 | 467 531 | 468 1.37 687 | .679 | .6ho
.16 596 | 643 | .662 1.k2 688 | .6719 | .642
.22 638 | .651| .680 1.47 .689 1 .680 | .643
.27 L6411 657 | 681 1.53 689 | .680 | .6hk
11k 8 1.06 | .672| .684 | .696 1.58 | 600 | .680 | .6u6
1.11 672 .683 | .696 1.63 689 | .680 | .647
1.16 b7h | 686 | .698
1.22 674 | .685 | .698 0.07 .225 10.181 [0.195
1.27 676 | .686 | .698 .11 2951 194 | .352
.16 A17 1 185 | 443
0.06 | 0.237 |0.309 {0.433 .22 L0 214 | ko
.16 531 | 591 | 67T .27 A62 1 299 | .4o8
.22 Sk | 602 | .679 .32 Lt b bs3 1 502
.27 549 | .608 | .681 .32 Asi | ka7 | 503
114 15 1.06 | . .60 | .683| .716 37 | w586 | 509
1.16 6y | 685 | .716 42 .33L | .635 | .515
1.22 bu7 | 687 | .17 Rl 296 | .638 | .524
1.27 bu9 | 687 .717 .55 350 | 639 | .529
.58 A58 1 .6k1 | .53k
.63 580 | .643 | .sho
66 15 1.07 | 659 | .651 | .581
1.11 659 | .652 | .583
1.16 | .661| .653 | .587
1.22 L6631 .654 | .589
1.27 66k | 655 | .592
1.3%2 666 | 657 | .595
1.32 666 | .657 | .596
1.37 667 | .658 | .598
1.42 6691 .659 | .600
1.47 6701 .660 | .603
1.53 670 | .660 | .605
1.58 671 | 662 | .607
1.63 671 .660 | .609




NACA RM LS6I13

TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Concluded

(1) Vertical-ellipse cross-section fuselage - Concluded

Station 15 Station 23
e S
v, degl a, deg|h, in. @, deg v, deg | a, deg|h, in. ¢, deg
143 160 180 103 137 158
0.07 | 0.%00 | 0.337 | 0.665 0.07 | 0.272| 0.301 | 0.367
.12 588 | .659| .T34 .16 .525| .568| .618
15 8 W17 617l L1071 LT21 22 625 .632) .672
1.07 o7 .78 .720 .27 6451 .636| .67
1.12 7091 .79 .T20 .32 .6k7] .638} .675
1.17 11| .720| .T720 .53 651 .ew | .677
114 8 1.07 | .673] .686] .699
0.07 | 0.331]0.412 { 0.544 1.16 6] 6851 .697
12 .590 | .626| .878 1.22 674 686 .697
.17 689 .49l .7718 1.27 676 .6871 .697
" 15 .27 697 .THO | L7753 1.32 677 .688 1 .697
5 1.07 | 3| L7631} 773 1.55 | .679| .688| .696
1.12 k2| 762 | .TTO
1.17 Th6 | L7633 | LTTL 0.07 | 0.228] 0.285| 0.116
1.27 a5 763 -TTO 1 4m1] .53 | 64O
.16 475 58| .658
.22 961 556 | 660
.27 .503 .56613 .262
.53 529 5T 672
11k 15 .07 | .613| .ee7| Mo
1.1k 617| .667| .708
1.16 618} .669] .708
1.22 621| .669| .708
1.27 6231 671 .708]
1.53% .635| .6717] .T07
143 160 180
0.09 | 0.355] 0.401] 0.454
.09 320 .358| bk
.11 466| .573] 658
.1k 5681 .661| ".736
.13 223 .7% .723
.2 . i .T22
145 8 .29 .692] .710] .722
1.09 .703| .72} .718
1.09 7031 .72 .79
1.11 703| .712] .718
1.14 .okl .71k} LT19
1.19 qos ) Lis| .718
1.24 7okl LTI LTAT.
1.29 L7051 74| .T19
0.09 | 0.371] 0.409 ) 0.475
.09 7| oS | 4T3
A1 o2 55k AT
1k 624 .759) .867
.19 6761 JTHL] LTTH
.24 ggg .722 .T72
.29 . T T3
5 15 1.00 | .23l w7 .62
1.09 gek| .78 762
1.11 1261 .Tu9) 763
1.1% 726 .49 -763
1.19 1271 a9 762
1.24 7271 .88 760
1.29 729 .49 .761
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38 NACA RM L56I13

30° half - angle /—Troverse mechanism

40 >
Ogive nose y r — Support
10 p;u - bracket

Model arrangement
Circular body shown

567 § SGOJ 8
Horizontal ellipse Diamond Triangle Tent
' 45° 4
902 {
. &
by r RN
o . O — N
350~ © k“ —ﬂ
. 389~ § ~ 306 |
o - o . .
Circle Square 90° Teardrop 45° Teardrop  Vertical ellipse

Body cross-sectional shapes
All radii .8 in.unless otherwise noted

Figure 1l.- Sketch showing arrangement of model, boundary-layer survey
equipment, and fuselege cross-sectional shapes. (A1l dimensions in
inches unless otherwise noted.)
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L-87607
Figure 2.- Photographs of model with elliptical fuselage; boundary-layer
’ rake at station 15.
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Figure 3.- Static-pressure distributions on fuselages.
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Figure 3.- Continued.
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Pressure coefficient,
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Figure 3.- Continued.
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Station 23

(e) 90° teardrop cross section.

Figure 4.- Continued.
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Figure 4.- Concluded.
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(a) Circular cross section; station 15.

Figure 6.- Impact-pressure contours of fuselage flow field.
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(b) Circular cross section; station 23.

Figure 6.- Continued.



66

Rake - survey paths

a=|2°

215 230

2.26+

2.30,

200 203

-a=15° -

2124

(c) Square cross section; station 15.

Figure 6.- Continued.
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Rake — survey paths

(d) Square cross section; station 23.

Figure 6.- Continued.
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Roke —survey paths

(e) Diamond cross section; station 15.

Figure 6.- Continued.

NACA RM L56I13




NACA RM L56I13 69

(f£) Diamond cross section; station 23.

Figure 6.- Continued.
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(g) Tent cross section; station 15.
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Figure 6.- Continued.
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(h) Tent cross section; station 15.

Figure 6.- Continued.
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(1) Tent cross section; station 23.

Figure 6.- Continued.
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Figure 6.- Continued.
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k) 90° teardrop cross section; station 15.
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Figure 6.- Continued.
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(1) 90° teardrop cross section; station 15.

Figure 6.- Continued.
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(m) 90° teardrop cross section: station 23.
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Figure 6.- Continued.
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(n) 90° teardrop cross section; station 23.

Figure 6.- Continued.
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(o) 45° teardrop cross section, station 15.

Figure 6.- Continued.
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Rake—survey paths

(p) 45° teardrop cross section; station 15.

Figure 6.- Continued.
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(a) 45° teardrop cross section; station 23.

Figure 6.- Continued.
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(r) 45° teardrop cross section; station 23.

Figure 6.- Continued.
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(s) Triangle cross section; station 15.

Figure 6.- Continued.
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(t) Triangle cross section; station 15.

Figure 6.- Continued.
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(u) Triangle cross section; station 23.

Figure 6.- Continued.
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(v) Triangle cross section; station 23.

Figure 6.- Continued.
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(w) Horizontal-ellipse cross section;

Figure 6.- Continued.
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(x) Horizontal-ellipse cross section; station 23.

- ~ Figure 6.- Continued.
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(y) Vertical-ellipse cross section; station 15.

Figure 6.- Continued.
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(z) Vertical-ellipse cross section; station 23.

Figure 6.- Concluded.
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(a) Station 15; o = 8°.

Figure T7.- Effect at cross-sectional shape on fuselage boundary layer.
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Figure 7.- Continued.
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Figure 7.- Continued.
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Figure 7.- Concluded.
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