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CONF IDENTIAL

Symbols
wake area
wake drag coefficient
wvake point drag coefficient
suction pump drag coefficient
tytal drag coefficient

pressure coefficient

distan:e between aft end of main body of BLC
airshiy and teil cone, shroud, or annular airfoil

body length

stream Mach number

ouctiqn mass flow

static pressure

total head pressure

Reynolds number (UIL/V)

body radius

velccity

velocity parallel to surface in the boundary layer
airship volume

powver supplied by suction pump
axial statlon measured from nose
ratio of specific heats (1.%)

boundary-layer thiﬂ- A A 2 O 4 3 1 '

boundary-layer displacement thickness
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Symbols (Concluded)
density

céordlnate normal to and measured outward from the
body surface

angle betwsen the tangent to the body surface and
the body axis

boundary-layer momentum thickness

kinematic viscosity

Subscripts
refers to free-stream conditions
refers to conditions at the wake station
refers to conditions at surface of body

refers to conditions at outer edge of boundary layer

CONFIDENTIAL




PR

= memem @a

v Bers e . mpman o e —

CONF1DENTIAL

TABLE OF CONTENTS

Page
SYMBOLS Preface
SUMMARY 1
INTRODUCTION . 1
DESCRIPTION OF APPARATUS 2
MODELS AND TESTS 5
REDUCTION OF DATA 7
RESULTS AND DISCUSSION 10
REFERENCE 14
TABLES
Table 1 - Coordinates and (rifice Locations for 15
X2S2G-1 Airship
Table 2 - Coordinates and Orifice Locations 16
for BLC Airship
Table 3 - Sketches of Test Configurations 17
* Table 4 - Summary of Test Data 18-21
ILLUSTRATIONS
Figure 1 - Photographs of XZ82G-1 and BLC 22

Figure 2

Pigure 3

Figure &

Figure 5

Airships in the Wind Tunnel

Photograph of BLC Airship Before and 23

After Development of Sublimation
Coating

Sketch of BLC Airship and Porward
Boundary-Layer Rake

Variation of Drag Coefficient With

24

a5

Reynolds Mumber, X282G-1 and Basic

BLC Airship

Variation of Drag Ccefficient With
Reynolds Number, BLC Airship With
Suetion

26-29

CONFIDENTIAL




CONFIDENTIAL

TABLE OF CONTENTS (Concluded)
Page
ILLUSTRATIONS (Concluded)
Figure 6 - Varistion of Drag Coefficient With 30

Reynolds Numbezr, BLC Airship With
Annular Airfoil

Figure 7 - Variation of Drag Coefficient With 31
Reynolds Number for Various Test
Configurations

Figure 8 - Pressure Distribution for X2S2G-1 32,33

Figure 9 =~ Pressure Distribution for Basic gL
BLC Airship

Figure 10 - Pressure Distribution for BLC 35-45
Airship Without Shroud

Figure 11 - Pressure Distribution for BLC 46-55

Alrship With Shroud

Figufo 12 - Pressure Distribution for BLC Airship 56-59
With Aanular Airfoil Accached

Figure 13 - Boundary-Layer Velocity Profile for 60
Basic BLC Airship

Pigure 14 - Boundary-Layer Velocity Profile for 61-71
BLC Airship Without Shroud

Figure 15 - Boundary-Layer Velocity Profile for 72-81
BLC Airship With Shroud

Figure 10 - Boundary-Layer Velocity Profile for 82-85
BLC Airship With Anmular Airfoil

CONFIDENTIAL

.
:
i

A ISR PRREIAEL A

FRPDIRTETNRS i

<.'~'-1'F'5‘ Ey

1N L R e gt e s g AT SR g (N, TN TS

R N TTECK, TR e s e -




- ———a— .

e e AT
¥

} Ae#io Report 914 CONFIDENTIAL

AERODYNAMICS LABORATORY
DAVID TAYLOR MODEL BASIN
UNITED STATES NAVY
WASHINGTON, D. C.

SAET TR R e TR

WIND-TUNNEL INVESTIGATION OF TME DRAG OF A PROPOSED
BOUNDARY -LAYER-CONTROLLED AIRSHIP

f. by

Peter A. Cerreta

SUMMARY
An investigation of the drag of a proposed boundary-layer-
controlled airship has been made in the 7- by 10-Foot Transonic
Wind Tunnel at the David Taylor Model Basin. The tests covered
. a Reynolds mmber range of 4,000,000 to 12,000,000. Included
in the investigation was a limited nunber of tests of an X2S2G-1
. airship.

Two means of boundary-layer control ware tested. Investi-
gations were made of an annular airfoil and an annular suction
slot, both located at approximately thc 8F-percent stationm.

The 3rag 9f the BLC airship is cowmpared with thai of the
X7s20 .1 airship. The drag of the annular airfoil configuration
is Ligher than that of the X2S2G-1. Por the suction configu-
ration, results indicate that a saving in drag of approximately
20 percent over that of the X2S2G-1 could be realized.
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INTRODUCTION
The Goodyear Aircraft Company has proposed a design for
an airship using boundary-layer control on the aft portion of
the airship. Although several other advantageous faatures are
attributed by the designer to this airship, the tasts reported
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herein are primarily to provide experimental verification of

the theoretically anticipated reduction in drag due to boundary-

layer control.

Two alternative methods of boundary-layer control are
presented in the proposed design. The first employs the tech-
nique of internal suction applied to the boundary layer through
a circumferential gap located on the aft portion of the airship

wvhere boundary-layer separation for this particular cunfiguration

is normally expected. In the second method the suction gap is

replaced by a small annular airfoil which encircles the airship.
The anticipated vesult in either case is a significant reduction

in drag due to the elimination or delay of flow separation.

In Reference 1, wind-tunnel tests were requested and
authorized for & 0.01Ad-gcale model of the Guodyear boundary-
layer-control »ii-hip to determine its dreg characteristics.
Drag measurements of a model of the X2S2G-1 airship to serve
as a standard of comparison were aleo requested in Reference 1.
These tests were conducted in the T™MB 7- by 10-Poot Transonic
Wind Tunnel during July, August, and September of 1956.

DESCRIPTION OF APPARATUS

The investigation was conducted in the TMB 7- by 10-Foot
Transonic Wind Tvnnel. The tunnel has a slotted throat and,
at the time of testing, was capable of speeds up to a Mach
m=her of 0.8. The Mach number variation in the test region
vas £0.005. Tha free-stream turbulence level as measured
with a hot-wire snemometer varied from (.01 percent at M = 0.1
to 0.04 percent at M = 0.4, Msasurements indicated that the
flow angularity in the test section was within 30.1° in both
the pitch and yaw direction.

CONFIDENTIAL
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Drag values were determined from a survey of the momen-
tum deficit in the wake. A wake rake was located approrimately
3 feet downstream of the model and was used to measure the
total-head defizit and static pressure in the wake. The general
arrangesent of the wake rake is shown in Figures la and 1b,

The vertical and horizontal arms of the rake contained 61 and
106 total-head tubes, respectively. Wake static pressures

were measured at seven stations along the horizontal arm. It
was possible to adjust both the horizontal and vertical position
of the rake during a run. By observing the wake total-head
distribution on the manometer boards, it was possible to
position the center of the rake on the center of the wake.

This procedure was followed for each run.

Because of the limited number of manmmetar tubes, it was
not possible to use all the tubes in the rake simultaneously.
For this reason only 31 tubes in tha vertical arm were used.
The 106 tubes in the horizontal arm of the rake were, in reality,
four rakes consolidated into one arm. By using a switching
arrengement it was possible to select the proper rake for the
size of wake to be uweasured. By this method it was possible
to obtain a winionm cf 12 rotal-hesd readings in the wake for
vake radii verying from 3.5 inches to 20 inches. All weaks
stat!c rubes were used,

A calibrated Venturi meter was used to determine the
suction flow rate. By measuring the total and static pressure
in the throat of the venturi and the temperature of the stream,
the suction flow rate could be determined from the calibration
curves.

Transition vas fixed at the l0-percent etation on both
models by a double row of staggered, discrete, conical

CONFIDENTIAL
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turbulence-stimulating elements, which are clearly visible

in the photograph of Figure 2b. A sublimation technique was
used to check the effectiveness of the turbulence stimulators.
The sublimating soiution was a mixture of acenaphtiiene and
acetone. The solution was dry-sprayed onto the model and the
coating was brushed lightly to remove any large particles
which might have accumulated during spraying. Figure 2a shows
the BLC airship after coating. During a run, the coating
sublimates in the turbulent region earlier than in the laminar
region. Pigure 2b it a photograph of the coating after a run
van completed. The technique showed that transition was
occurring, as desired, at the 10-percent station. Boundary-
layer-turbulence stimulation was used for all tests except
for one run to deterasine the pressure distributicn of the
X2S82G-1,

Both airship models were supported from the wall of the
tunnel by a strut. The XZS2G-1 mour.ted on this strut is
shown in Pigure la. The strut, vhich wae constructed with a
s;wmetrical low-spead airfoil section, wae hollow in order to
provide a passageway for air removed from the boundary layer
by suction, FPor configurations with no suction, the passage-
way was cloved off to prevent undesired back-flow through it.

A visual observation of the flow direction over the
cowplete model and the model-strut junction was made by the
standard tuft method. Tufts showed no excessive change of
flow direction on the wmodel in the vicinity of the strut.

The method did indicate, howvever, that the flow separated
several inches upstream of the suction slot whea no suction
was applied to the model. When sufficient sucticn was applied
to the modal the flow was attached well aft of the suction
gep.

CONTIDENTIAL
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MODELS AND TESTS

Tests were performed on two models, the XZS2G-1l and the
BLC airship. Reynolds numbers for these tests, based on a
body length of 58.8 inches, varied from %4,000,000 to 12,000,000,

A model of the XZS2G-1 was coastructed and tested to
provide a basis of comparison for the drag of the proposed
BLC airship. The model was constructed in three sections -
nose, centar, and tail. The nose and tail sections were made
of spun aluminum. The center section was constructed with a
fiber glass skin attached to aluminum bracing. The model vas
supported from the center section by a strut. A photograph
of the model ‘{nstalled in the tunnel is given in Figure la.
Pressure distribution over the model was measured at A3 stations
slong a generatrix in the horizontal plane of the support but
diametrically opposite. Tabla 1 gives the coordinates of the
model for stations corresponding to the location of the static
pressure orifices.

Tests of the X2S2G-1 were made for both natural and tripped
boundary lavers, Por both conditions the pressure distributions
over the Lody were recorded and in the case of the tripped
baundary layer the velocity distribution in the wake was
recorded.,

The BLC airship was constructed in two main sections -
budy and tail cone. The body wes constructed in three sub-
sections — nose, center, and aft portions. The tail cone vas
attached to the body by means of three uniformly spaced 3/8-
inch rods. Th~se rods were accuated by a drive mechanism
housed {n the body section so that the axial position of the
tail cons could be varied with respect to the body. Ia this
wanner a suction gap of adjustadble width was formed between the
body and the tail cone.

CONT IDENTIAL
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In addition, the geom:try of the suction gep was also
altered by attaching a shroud to the forward end of the adjust-
able tail cone. This shroud formed a lip which extended the
contour of the tail cone in the upstream direction.

When testing the annular airfoil, an alternate tail cone
was used in the gap-closed position forming the basic BLC
airship configuration. This tail cone permitted the uctuating
rods to extend through it. Thus, with the airfoil supportgd
by the rods, it was possible to vary the axial position of the
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airfoil by means cof the same actuating mechanism previously
used to vary the tail cone position.

The ducting for the suction system was internally housed
in the body section and passed through the supporting strut
to the exterior of the test saction where it was connected to
the piping system asscciated with a conventional suction pump,
The air withdrawn from the tunnel flow 1z this way was eventually
discharged into the atmosphere.

The aft subsection 5f the body section was easily removable
to provide access-to the suction ducting and drive mechanism
which are housed within the body.

As in the case of the X2S2G-1, the basic BLC airship
wmodel is equipped with 43 static-pressure orifices distributed
along the sznevatrix in the horizontal plane opposite the

e T R L S W NI s *

LA

suppoxting strut. A sketch of tha baaic BLC airship configu-

aticn and the coordinates associated with each orifice location

Ty

are given in Table 2,

Besides the basic BLC configuration, a total of three
other major configurations wvere tested — the tail cone suction
ga; with and without shroud and the annular airfoil. These
three additional configurations are sketched, in part, in
Table 3. Also shown for each configuration is a list of the

- .
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positions of the appropriate components at which expzrimental
data were obtained. The Reynolds number was also varied during
the test of each configuration and, for the two cases of
boundary-layer suction, the suction conditions, in addition,
were systematically varied.

The BLC airship was also instrumented for boundary-layer
wmeasurements. Two boundary-layer rakes were mounted on the
airship, one upstream and one downstream of the suction slot.
The upstream rake was used in all runs of the BLC airship.

A similar rake was located on the suction tail cone. In the
basic and annular airfoil tests two rakes were installed on
the tail cone. These rakes were spaced sc tha: one rake was
located at the leading edge and one at the trailing edge of
the airfoil. PFigure 2a shows the upstream rake and two tail-
cone rakes installed on the bazic configuraticr.

All runs of the BLC airship were made with the boundary
layer tripped. For each run, body n:ntic-ﬁrcscurc distributions,
boundary-layer profiles, and velocity distributions in the
wake were determined. For runs with suction, sufficient data
wers taken to calculate the suction flow rate.

REDYCTION OF DATA
The equations used in reducing the data, together with
a brief description of the underlying theoretical considerations
und asrumptions, ate given below,
PRESSURE COY'FFICIENT
Tus pressure coefficient, Cp, was calculated from measure-
meants of body static pressure, Py and free-straam static
pressure, p,, in accordance with the following relation:
Pp = P, Pp, = P,

C B peesseay @ ee—
P %pxux %Px"x
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DRAG CORFFICIENTS

The wake drag coeofficient, C. , was determined from a

- AT
o g ARSI
AR N

D
simplified form of the integral of"the momentum loss over the

wake. The method, essentially, consiste of an integration oZ

the wake point drag coeificient, C'! , over the wake area,

D,, ;
A, i.e., ‘
w
D
w 1
C = C! dA
SREFTNE U A
W
where,
. Py Uw Uw
b =257 l'-§
w P1 1. b}
] 1 o (2(3:2) 2(y-1) 1
pt pw\i‘/p 2‘7! 6 ptx\ Y 6‘_'ptw\\ Y 2
- 2 - {140, 25 = -0.625" =i x
Pe px/ \px, l Py / Py P
T . oy-1 1 2(v-1 2(vy-1) 1
't Py ‘g-'y— P, *P, 3 Pe \™y P, _.CL_).‘...

w Y 2.
= b --‘-'.—--} 140.625 -—‘-) -0.625 -—3'->
i ptl / -ptl P 1 p; g

-

The suction pump drag coefficient, C‘D , was determined
from energy balance considerations in whick the pump work
required to restore that portion of the boundary layer that
was withdrawn by the suction system to free-stream iotal head
is converted to an equivalent drag. The assumptions made in
deriving the relation for the suction pump drag coefficient
which is given on the following page are:

CONFIDENTIAL
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(1) That the flow in the boundary layer is adisbuiicaiiy
related to the flow in the free streem, and

(2) That the pump isentropically restores the mass
removed from the boundary layer by the suction system to its
free-stream total-head condition.

Dg . Ns
D, % vaxzv./‘ % pLU, P VES
2

/ x1

- .\ 7

o [ 2 Yo ullh ]
= 1:+]:]j %:Ull\pt J

(r+¢ cos n)d¢

The upper limit of integration, y, was determined in each

case by integrating ths mass flow in the houndary layer from
the body surface outward to & point at which the integrated
value equaled the value independently recorded by a flow meter
as the mass flow withdrawn from the boundary layer by the
suction systsm. Also, in the actual performance of the suction-
runp-drag calculailons, the flow was considered incompressible,
i.e. _o/px = 1. For purposes of clarification, it 1is pointed out
tnat the incremental ares element of the suction-pump-drag
integral is equal to 2n(r + £ cos n)d¢, which, as can be seen

in Figure 3, reflects the fact that the integration is over

the surface of a truncated cone under axially symmetric
ronditions, The integration of the suction-pump-drag coeffi-
cient was carried out with the body radius, r, equal to 7.4l
inches and the angle, n, equal to 27°.

CONFIDENTIAL
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The total drag coefficient, cD , is then equal to the sum
of the wake-drag coefficient, cu ’ nd the suction-pump-drag

coefficient, cD , 1.0., v !
s

%, = %, * °,

Notf that for configurations without suction CD. = 0, and
hence CDt - cq'.
The reference areas used in computing the drag coefficients
are the two-thirds power of the volumes of the airships and are
equal to 326.9 square inches for the X2S2¢-1 and 493.9 square
inches for the BLC airship.
BOUYDARY-LAYER CHARACTERISTICS
The displacement thicknass, 83", and the momsatum thicknass,
0, ware calculated as though the boundary leyar wera two-

dimensionmal. Hence,

and

\‘,

/

‘.' E—-'l.?— dg
j Uy ! Ug
o]

San

\

1t is again pointed out that the flow in the boundary layer
is regarded as incompressible for the purposes of the present
tests. It 12 231t that the error introduced by such an
assuzption is negligible for the conditioms of the present tests.
RESULTS AND DISCUSSION
Drag coefficients determined from wake measurements and
suction-pump~drag coefficients determined from boundary-layer

CONFIDENTIAL
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measurements are presanted in Table 3. Values of boundary-
layer dispiacement and momentum thickma's calculated from
boundary-layer surveys made upstream of the suction gap are
also included in Table 4. The abovs values are tabulated for
each test configuration.

The drag coefficients are presented as functions of
Reynolds number in Figures 4 through 6. Drag coefficients for
the XZS2G-1 and the basic BLC airship appear in Pigure 4. The
basic BLC airship has neither suction gap nor anmular airfoil
but represents aessentially the airship envelope with no append-
ages. The drag coefficizat for the basic BL. airship is approxi-
mately 50 percent higher than that of the standard airship,
i.e. the X2S2G-1.

The variation of drag coefficient with Reyrolde mwmber
for the BLC airship with varying amouants of suction is given
in Figure 5. It can be seen that there is & sharp rise in
drag coefficient at a Reymolds number of 10,000,000 in the
cass wvhere no suction was applied to the modal, but where a
suction gap existed. At present no explanation for this
incxease can be given. The rise is present for both the cone
and cone-shroud configuraticas,

At the time that sufficient suction was applied to attzch
tha {low on the model upstream of the suction gap, a significant
derrsase in drag was realized. The minimm suction rate used
in these tests was that just necessary to attach the flow.
Thare is an indication, however, that afrer initially attaching
the flow the suction rate can be slightly reduced while still
majintaining attached flow. Nevertheless, for the purposes of
tha preseat tests, mimimum suction rate refers to the condition
required to attach the Zflow initially,

’
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Data are also presented for two suction values above the
minjoum. It is evident from Figure 5 that no advantage is
gained by applying suction beyond the minirum amournt needed
for initial flow attachment. As the Reynolds number was
increased, the amount of suction required for attachment
increasad; and, at the higher speeds, the amount of suction
available was not sufficient to attach the flow on the tail
cone configuration. The Reynolds number range over which the
available suction was sufficient to attach the flow was slightly
extended, howeve., Uy placing a shroud on the tail cone. The
shroud also had the effect of reducing the minimum suction
requi.ed. In this regard, .t is of interest to note that for
the same gap dimensions (defined in Table 3), the drag of both
the tail cone configuration and the tail cone with shroud con:
figuration exhibit the same variation with Reynolds number; i.e.,
when plotted as a functiomr of Reynolds number, the drag data
for both configurations fall on a single curve.

The results of tests with the annular airfoil are presented
in Figure 6. Contrary to expectations, the airfoil did not,
in general, prevaent separation on the airship. 1t is seen that
the drag for this configuration is higher than that of the basic
BLC airship. The increased drag can be attributed in part to
the additional drag of the airfoil {tself.

The resulte of Figures ¥ through § are summarized in
Figure 7. In this figure an average of the drag curves for
the model with suction and the winimum drag obtained for the
airfoil configuration are presented.' The results indicate
that of the two boundary-layer-control methods tested the
suction method is far superior and, in fact, is the only one
that shows a drag reduction. In particular, the drag of the

CONFIDENTIAL
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BLC airship with suction is at least 20 parcent lower than
that of the XzS2G-1 throughout the entire Reynolds number
range cf the tests.

The preisure distributions for each test configuration
appear in Figures 8 through 12. Figure 8 presents the pressure
distrioution data for the XZS2G-l1 for natural transition and
with transition fixed at the 10-percent body station, The
distribution for the basic BLC airship is given in Figure 9.

A favorable pressure gradient exists over the first 60 percent
of the body. Figures 10 and 11 show the distribution with
vary.ng amounts of suction applied to the cone and cone-shroud
configurations, respectively. 1In both cases the application
of suction extends the favorable gradient to about the 80-
percent station.

The distribution fc. tests with the annular airfcil are
given in Figure 12. The distribution is assantially the same
as that of the basic BLC body except that there is less pressure
recovery on the aft portion of the airship. This is indicative
ot a higher form drag, which, combined with the parasite drag
of the annular airfoil, accounts for the drag behavior shown
in Figure 7,

Boundary-layer measurements were taken upstream of the
suction gap station and the velocity profiles derived from them
sre presented in Figures 13 through 16. The curves presented
wvere calculated from faired data points and, consequently, the
symbols shown represent interpolated values rather than actual
experimental points.

To obtain these curves the measured tctal-head distributions
were plotted to an anlarged scale, faired, and values from the
resultant curves tabulated at intervals of 0.02 inch. The
velocity ratio at each of these interpolated points was then

CONPIDENTIAL
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calculated under the assumption that the boundary-layer flow
is incompressible. The displacement thickness, momeatum
thickness, and their ratio were than determined according to

) the definitions given in the previous section entitled,

"Reduction of Data."

a

As stated previously, rakes were also placed on the

suction tail cone and fore anuy aft of the airfoil. No cal-
culations were made for these rakes since they were located

) in a separated region both in the case of no suction and for

be measured with the rakes that were installed.

Aerodynamics Laboratory
David Taylor Model Basin
- Washington, D. C.

1 March 1957

REFERENCE

the airfoil configuration. In the case where suction was
applied, the boundary layer on the tail cone was too thin to

’ 1. BUAER ltr Aer-AD-312/226 TED No. TMB AD-3198 of 13 Jan 1955.
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Table 1

X2S2G-1 Airship Coordinates
for Orifice Locations
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—'
H

s

1 //M o S~—
r/////;;se Center Tail\\\\\\
T )
l: \\ | /!
]
\\J_& ;——’/ .
Sta, Sta.
L 14.81 1h,35 _]
——ip——— o - . e v e — 58.800 —— - -
- l__ - g e e
X r
Orifice in inches | in Inche. Orifices in inches | in inches
1 o |1 o I 23 7" 33.000 17 ¢leso
2 1.c02 2,125 |1 24y 36,002 | 6.495
3 2,003 . 2.952 25 1 37.002 : 6.280
4 3.003 3.590 26 " 39,003 ' 6.052
5 4,003 4,096 27 | 40.996 i 5,792
6 5.016 4,516 28 | 42.999 , 5,483
7 6.010 4.855 29 | 44.998 5.151
8 7.0L7 5.163 . 30 b6.892 . 4,888
9 8.003 | 5.u48 31 Po47.497 0 4,691
10 9.001 ! 5,714 32 i 48,502 4,487
11 '10.002 5,948 33 49.500 ; 4,266
12 11.000 6.139 3B 50,499 i 4,038
13 | 13.007 6.452 i 35 , 51.490 ; 3.793
14 15.501 6.705 3% i 52.503 3.513
15 17.000 6.815 37 ; 53.515 3.218
16 18.994 6.934 ! 38 54,494 2.926
17 21.001 6.991 39 55. 486 2.578
18 23.003 7.017 ho 56.513 2.151
19 25.006 7.006 41 57.496 1.622
21 29.003 6.895 43 58.8 0
22 31.002 6.800
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Table 3

Test Configurations
(L = 53.8 Inches)

~

— - s

S

-
!

.N: ? 62" S/L = O.mu. o;wag
¢ 0.012, 0.016

|

: v )
_____,.,’f"//) (a) Tail Cone Configuration

—— cm——

8/1: - 0.00“. 0.008. 00012

- 10:89"
0.24" Uh(/// l

’
0.68" >

(db) Tail Cone With Shroud

g/L = 0,007, 0.013,
0.018, 0.022

(¢) Annular Airfoil Configuration
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AERO 914
PSD~200,030
(a) X2S2G-1 Airship Model
]
¥
i PSD-200,031
(b) Boundary-Layer-Control Airship
E Figure 1 ~ Installation of Airship Models in 7- by 10-Foot
Transonic Wind Tunnel
PSD-200,032 16 July 1956
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PSD-200,033
(a) Transition Coating Before Development

PSD'?OO, 03~
(b) Transition Coating After Development

Figure 2 - Boundary-Layer Transition Indication

PSD-200,035 18 July 1956
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Pigure 3 - Sketch of BLC Airship Showing Location of
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Pen and ink changes:
Page 1, Line l4:

Page 13, Line 1:

Change ''20 percent' to ''30 peicent"

Change ''at least 20 percent' to
"approximately 30 percent'

Substitute the following attached material for the corresponding

pages in the Report:

Table 4,

Figure
Figure
Figure
Figure
Figure
Figure

Sy
7,
8a,
12b,
14b,
l4g,

Pages 18 - 21
Pages 26 - 29
Page 31
Page 32
Page 57
Page 62
Page 67
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