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Symbols

A wake area

CD wake drag coefficient

CD ' wake point drag coefficient

CD suction pump drag coefficient

CD t.)tal drag coefficient

Cp p:essure coefficient

g distan:e between aft end of main body of BLC
airshiL ani taLl cone, shroud, or annular airfoil

L body length

M stream Mach number

m suction mass flow

i p static pressure

Pt total head pressure

R Reynolds number (U1L/v)

r body radius

U velocity

U velocity parallel to surface in the boundary layer

V'' airship volume

W s  power supplied by suction pump

X axial station measured from nose

ratio of specific heats (1.4)

boundaryayer thi" A A 2 04 3 1
Ve  boundary-layer displacement thickness
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Symbols (Concluded) CNDT

I p density

coordinate normal to and measured outward from the
body surface

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

* boundary-layer momientum thickness

V kinematic viscosity

Subscripts

I refers to free-stream conditions

1 Iw refers to conditions at the wake station

b refers to conditions at surface of body

* 6refers to conditions at outet edge of boundary layer
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AERODYNAMICS LABORATORY

DAVID TAYLOR MODEL RASINiUNITED STATES NAVY
r WASHINGTON, D. C.

WIND-TUNNEL INVESTIGATION OF THE DRAG OF A PROPOSED

BOUNDARY-LAYER-CONTROLLED AIRSHIP

by

Peter 8. Cerret&

SUMARY

An investigation of the drag of a proposed boundary-layer-

controlled airship has been made in the 7- by 10-Foot Transonic

slind Tunn&-l at the David Taylor Model Basin. The tests covered

- a Reynolds maber range of 4,OO0,OO0 to 12,000,000. Included

in the investigation was a limited nurwber of tests of an XZS2G-1

E airship.

Two means of boundary-layer control were tested. Investi-

gations vere made of an annular airfoil and an annular suction

I slot, both located at approximately the 8k-percent station.

The 4raa of tths BC.1 airship is compared with that of the

x7 q t .1 airship. The drag of the annular airfoil configuration

is hAigher than that of the XZS2G-1. For the suction configu-

ration, results indicate that a saving in drag of approximately

20 percent over that of the XZS2-1 could be realized.

INTRODUCTION

t 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 feature. are

attributed by the designer to this airship, the toots reported

COFIDE TIAL



-2- CONFIDENTIAL

herein are primarily to provide experimental verification of

the theoretically anticipatod 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

where boundary-layer separation for this particular configuration

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

replaced by a small annular airfoil which encircles the airship.

The anticipated result in either case is a significant reduction

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

In Reference 1, wind-tunnel tests weore requested and

authorized for a 0.014-scale model of the Goodyear boundary-

layer-control Pi.-hi, to determine its drag characteristics.

Drag measuremnts of a model of the XZS2G-1 airship to serve

as a standard of comparison were also requested in Reference 1.

These tests were conducted in the TMB 7- by 10-Foot Transonic

Wind Tunnel during July, August, and September of 1956.

DE.RRI'TTON OF APPARATUS

Th investigation was conducted in the TMB 7- by 10-Foot

Trunoon9.c Wind 1Tvnnal. The tunnel has a slotted throat and,

at the time of testing, was capable of speeds up to a Mach

"--er of 0.8. The Mach mmber variation in the test region

was tO.005. The free-stream turbulence level as measured

with a hot-wire anemometer varied from 0.01 percent at H a 0.1

to 0.04 perc.o't at N- 0.. Msasurements indicated that the

flow angularity in the test section was within *0.1" 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 approximately

3 feet downstream of the model and was used to measure the
total-head deficit and static pressure in the wake. The general

a-rengt*nt of the wake rake is shown in Figures la and lb.
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 mancaetr t,hes, it was

not possible to use all the tubes in the rake simultaneously.

For this reason only 31 tubes in tbe vertical arm were used.
The 106 tubes in the horizontal arm of the wake were, in reality,
four rakes consolidated iYato one arm. By using A switching

arre-nement it was possible to select the proper rake for the
size of wake to be ueasured. By this method it was possible
to obtain a uinin of 12 total-head readings in the wake for
wake radii varying from 3.5 inches to 20 inches. All yaka

staec cubes were used.

A calibrated Venturi meter was used to determine the
suction flow rate. By measuring the total and static pressure

in th4 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 10-percent station on both

models by a double row of staggered, discrete, conical

CONFIDEMIAL
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rurbulenco-stimulating elmeents, which are clearly visible
in the photograph of Figure 2b. A sublimation technique was

used to check~ the effectiveness of the turbulence stimulator.
The sublimating solution was a mixture of acenapht'sione and
acetone. The solution was dry-sprayed onto the model and the
coating was brushed lightly to remove any large particle*
which might have acctumulated 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. Figure 2b is a photograph of the coating after a run
wam 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 determine the pressure distribution of the
XZS 20 -1.

Both airship models were supported from the wall of the
tunnel by a strut. The XZS2G-l moun~ted on this strut is
Yhowm in Figure la. The strut, which was constrpcted with a
#;mtrical low-speed airfoil section, wag hollow in order to
provide a passageway for air removed tram the boundary layer
by suction. For configurations with no suction, the passage-
vwey was closed off to ptevent undesired back-flow through it.

A visual observation of the flow direction ovetr the

couplete model and the model-strut junction was made by the

standard tuft meth'od. Tufts showed no excessive change of
flow direction on the model In the vicinity of the strut.
The method did indicate, however, that the f lowe separated
several Inches upstream of the suction slot when no suction
was applied to the model. When sufficient suction was applied
to the model the flow was attached well aft of the suction
gap.

CONFIDRNTMA
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MODELS AND TESTS

Tests were performed on two modela, the XZS2G-1 and the

BLC airship. Reynolds numbers for these tests, based on a
body length of 58.8 inches, varied from 4,000,O00 to 12,000,000.

A model of the XZS2G-1 was constructed and tented to

j provide a basis of'comparison for the drag of the proposed

BLC airship. The model was constructed in three sections -

nose, center, and tail. The nose and tail sections were made

'1 of spun aluminum. The center section was constructed with a

fiber glass skin attached to aluminum bracing. The model was

supported from the center section by a strut. A photograph

of the model installed in the tunnel is given in Figure Ia.

Pressure distribution over the model was measured at 43 stations

along a Seneratrix in the horizontal plane of the support but

diametrically opposite. Table I gives the coordinates of the

model for stations corresponding to the location of the static

pressure orifices.

Tests of the XZS2G-1 were made for both natural and tripped

boundary layers. For both conditions the pressure distributions

over the body were recorded and in the case of the tripped

botmdqry layer the velocity distribution in the wake was

recorded.

The tLC airship was constructed in two min sections -

body and tail cone. The body weas constructed in three sub-

sections - nose, center, and aft portions. The tail cone was

attached to the body by means of three uniformly spaced 3/8-

inch rods. These rods were Actuated by a drive mechanism

housed in the body section so that the axial position of the

tail cone could be varied with respect to the body. In this

manner a suction gap of adjustable width was formed between the

body and the tail cone.

CONFIDENTIAL
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In addition, the geoitry of the suction gap 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.

4 - When testing the annular airfoil, an alternate tail cone

was tised in the gap-closed position formiug the basic BLC

airship configuration. This tail cone permitted the actuating

rods to extend through it. Thus, with the airfoil supported

by the rods, it was possible to vary the axial position of the

airfoil by means of 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 section where it was connected to

the piping system associated with a conventional suction ptp.

The air withdrawn from the tunnel flow in this way was eventually

discharged into the atmosphere.
The aft subsection of the body section was easily removable

to provide access to the suction ducting and drive mechanism

which are housed within the body.

Aq In the case of the XZS2G-, the basic BLC airship

model is equipped with 43 static-pressure orifices distributed

0 c1n the Snenratrix in the horizontal plane opposite the

Supporting strut. A sketch of the basic BLC airship configu-

ration and the coordinates associated with each orifice location

are given in Table 2.

Besides the basic BLC configuration, a total of three

other major configurations were tested - the tail cone suction

gap 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

CONFIDENTIAL
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j positions of the appropriate components at which experimental

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.

"t The BLC airship was also instrumented for boundary-layer

measurements. 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 so tha one rake was

located at the leading edge and one at the trailing edge of

the airfoil. Figure 2a shows the upstream rake and two tail-

cone rakes installed on the basic configuraticn.

All runs of the BLC airship were made with the boundary

layer tripped. For each run, body Stntic-pressure distributions,

boundary-layer profiles, and velocity distributions in the

wake were determined. For runs with suction sufficient data

wero. taken to calculate the suction flow rate.

PSDMUCTIOM OF DATA

The equations used in reducing the data, together with

a bri-f description of the underlying theoretical considerations

dund RApumptions, are given below.

& PRESSUR C017FICIENT

Tip pressure coefficient, Cp, was calculated from measure-

t-nents of body static pressure, Pb' and free-strum static

pressure, p,, in accordance with the following r4lation:

Pb " Pi Pb"- P&

Cp . 1 p3U ." " .

2 2

CONFIDENTIAL
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DRAG COEFFICIENTS

The wake drag coifficient, CD , was determined from a

simplifled form of the integral of Wthe momentum loss over the

wake. The method, essentially, consists of an integration o:

the wake point drag coefficient, CD , over the wake area,
Aw; i.e., D w

DD

CD " w V C' dtw -I --v,* w ""
2 AV WI

where,

Dw P, U, U,

Cs 2-- LP

P p1 j P

± I±.y-I) 21(y-I)-I

t2 2-y tt '

. -' -+0. 6 25  o.625

i / t 1 1
Pt ,' ".,h- p, 1+0.625 -, -062 V,,.)

The suction pump drag coefficient, CD , was determined

from energy balance considerations in whicR the pump work

required to reatore that portion of the boundary layer that

was withdrawn by the suction system to free-stream Lotal 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:

C DE



i

-9-CONFIDENTIAL

(1) That the flow in the boundary layer is o iabaLicaly
rolated to the flow in the free stream, and

(2) Tt the pump isentropically restores the mass,

removed from the boundary layer by the suction system to its

free-stream total-head condition.

Ds  Ws
C a - ~ 2
D s i pu 1

2v'/4 p1U1*V2
2

M- I + lLi(r+t coo ii)dt
V25(y-I)M A P. FtnJ

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

case by integrating the mass flow in the boundary layer from

the body surface outward to a 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 systm. Also, in the actual p~rformance of the suction-

!ltzap-drag ,ealculak.ons, tht flow wap considered incumpressible,
i.e. p/P2 M 1. For purposes of clarification, it is pointed out

that the incremental area element of the suction-pump-drag
integral is equal to 2w(r + t cos n)d(, which, as can be seen

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

the Qurface of a truncated cone under axially symmetric
un-rditions. The integration of the suction-puimp-drag coeffi-

cient was c.rried out with the body radius, r, equal to 7.T4

inches and the angle, n, equal to 27".

CONFI DENTIAL
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The total drag coefficient, CD , is then equal to the sum

of the wake-drag coefficient', Q. , nd the suction-pumpodrag

coefficient, CD0 iiep

CDt m C5 ~

Note that for configurations without suction CD - 0, and

%CDt " D-"

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 XZS20-1 and 493.9 square

inches for the ILC airship.

BOUMfARY-LAYIR CRARACTIRISTICS

The displacement thickness, 5*, and the motum thickness,

0, ware calculated as though the boundary layer were two-

dimensiomal. Heuce,

4u
I dt/

and

I U51 1 U5

It is again pointed out that the fr in the boundary layer

is regarded as incompressible for the purposes of the present

tests. It J- felt that the error introduced by such an

assumption is negligible for the conditions of the present tests.
RESULTS AND DISCUSSION

Drag coefficients determined from wake measurements and

suction-pump-drag coefficients determined from boundary-layer

COw&.4 D M.MU
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measurements are presented in Table 4. Values of boundary-
layer displacement and momentum thickness calculated from

boundary-layer surveys sade upstream of the suction gap are
also included in Table 4. The above values are tabulated for
each test configuration.

The drag coefficients are presented as functions of

"oynolds number in Figures 4 through 6. Drag coefficients for

the XS2G-I and the basic BLC airship appear in Figure 4. The

basic SLC airship has neither suction gap nor annular airfoil
but represents essetially the airship envelope with no append-
ages. The drag coefficiz.-t for the basic W airship is approxi-
matly 50 percent higher than that of the standard airship,

i.e. the XZS2-1.
The variation of drag coefficient with Reyrolds nqber

for the ELC airship with varying mounts of suction is given

-" - in Figure 5. It can be seen that there is # sharp rise in

drag coefficient at a Reynolds nmaber of 10,000,000 in the

case where no suction was appXied to the model, but where a
*suction gap existed, At present no explanation for this

increase can be given. The rise is present for both the cone

and cone-shroud c o nfigzurics.

At the time that sufficient suction was applied to attach
% a flow on the model upstream of the suction Sap, a significant

d*Ir*r^*e in drag was realized. The miniwim suction rate %ed
in these tests was that just necessary to attach the flow.

There is an indication, however, that after initially attaching

the flow the suction rate can be slightly reduced while still
maintaining attached flow. Nevertheless, for the purposes of
tha present tests, minimnu suction rate refers to the condition

required to attach the fwlo initially.

C01IDEINTIAL
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DAta ara also presented for two suction values above the

minimum. It is evident from Figure 5 that no advantage is

gained by applying suction beyond the miniwum amount needed

for initial flow attachment. As the Reynolds number was

increased, the amount of suction required for attachment

increased; 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, howeveL, by placing a shroud on the tail cone. The

shroud also had the effett of reducing the minimum suction

requixid. In this regard, it 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 function- of Reynolds number, the drag data

for both configurations fall on a single curve.

The results of tests with the annular airtoil are presented

in Figure 6. Contrary to expectations, the airfoil did not,

in general, prevent separation on the airship. It is seen that

the drag for this confiRurition is higher than that of the basic

BLI airship. The increased drag can be attributed in part to

#tb additional drag of the airfoil itself.

The results of Figures 4 through 6 are summarized in

Figure 7. In this figure an average of the drag curves for

the model with suction and the minimum 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 percent lower than
that of the XZS2G-l throughout the entire Reynolds number

range of the tests.

The proisure distributions for each test configuration
appear in Figures 8 through 12. Figure 8 presents the pressure

distrioution data for the XZS2G-l for natural transition and

with Itransition 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 1i show the distribution with

varying amounts of suction applied to the cone and cone-shroud

configurations, respectively. In both cases the application

of suction extends the favorable gradient to about the 80-
percent station.

The distribution ft. tests with the annular airfoil are

given in Figure 12. The distribution is essentially the same

as that of the basic BLC body except that there is les pressure

recovery on the aft portion of the airship. This is indicative

of a higher form drag, which, combined with the parasite drag

of the annular airfoil, accounts for the drag behavior shown

in igure 7,

Boundary-layer measurements were taken upstream of the

sucton sap station and the velocity profiles derived from them
are presented in Figures 13 through 16. The curves presented

were calculated from faired data points and, consequently, the

.4 symbols shown represent interpolated values rather than actual

experimental points.
To obtain these curves the measured total-hed distributions

were plotted to an enlarged 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

CONFIDENTIAL
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calulated under the assumption that the bounda-*,-layer flow

is incompressible. The displacement thickness, momentum

thickness, and their ratio were than determined according to

the definitions given in the previous section entitled,

"Reduction of Data."

As stated previously, rakes were also placed on the

suction tail cone and fore anj 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

the airfoil configuration. In the case w. ere suction was

applied, the boundary layer on the tail cone was too thin to

be measured with the rakes that were installed.

Aerodynamics Laboratory
David Taylor Model Basin
Washington, D. C.
March 1957
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Table 1

XZS2G-1 Airship Coordinates

for Orifice Locations
- I

ose Center TaN

Sta. Sta.-
14.81 54.35... ..... 5 8 .8 " ....

x r Orl -T r

Orifice in inches in Onchi in inches lin inches

1 0o0 23- 3. 6 00 - .680
2 1.C 02 2.1P5 24 3,,002 6. 4)5
3 2.0U3 2..952 25 I 37.002 ; 6.2 o
4 3.003 3.590 26 39.003 6.0525 4.003 4.096 2T 4 o.996 5.792
6 5.016 43516 28 42.999 5.483
7 6.o10 4.855 I9 .998 5.1518 17.017 5.163 30 4 6.492 4..888

9 8.003 5.448 31 47.497 4.691
in 9.001 5.714 32 , 8.502 4.487

11 '10.002 5.948 33 49.500 4.26
12 11.000 6.139 34 50.499 4.038
13 13.007 6.452 35 51.490 3.793
14 15.501 6.705 .36 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 40 56.513 2.151
19 25.006 7.006 41 57.496 1.622
20 26.999 6.961 42 58.495 0.793
21 29.003 6.895 43 58.8 0
22 31.002 6.800

CONFIDENTIAL
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Table 3

Test Configurations

(L , 53.8 inches)

--.......$

FV. g m 0.004, 0008,
0.012, 0.016

(a) Tail Cone Configuration

I 10.89"

0.007t 0.013,
~0.0180 0.022

(c) Annular Airfoil Configuration

CONFIDZNTTAL
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PSD-200,9030

(a) XZS2G-1 Airship Model

PSD-200, 031

(b) Boundary-Layer-Control Airship

Figure 1 -Installation of Airship Models in 7T- by 10-Foot
Transonic Wind Tunnel

PSD-2a 0320 16 July 1956
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PSD-200, 033

(a) Transition Coating Before Development

PSD-200, 034

(b) Transition Coating After Development

Figure 2 - Bovndary-LAyer Transition Indication

20D-200p035 18 July 1956

CONFIDENTIAL



-24 OWIMMTWAL

Orifice

SX

* 31

Fi~r 3 tete of Airhip bmig Loatin o
Forar NwwryLa-4sk

S--..-.-.....

ma 21lar =14 low



- p.:,~ -p'.

~f $.'-x-

K *

A -. *' ,J

I ~
I. I,,

~.8 I *..
* '*. - Ir - r ~

* * *i~, 1
I 

a , ~'

I: ~.<4 ~ -~

'I t

I. I '-'I

,* Ii

-$ * I,

.1. 
~J *.*~

* * <~
I Z'Z ~** '4

I

1~

___________________ -~ **~~*~ * * *):* *~.

Is-

1?

* ~ a

'lb ~

-'4

II'. *.

I I .~.

-4 * . --.--.4-~*-... '0
I- * I

4

'IA 
I I I k

I 
I

* ~1
*1 I

K
V

'C
a-. ~4.



I,,.' 
~-"

~
a ~ I

~4j~ tip

~1 - .. a
a.' :.. ~

Os -; .----.-.- ~ ~

~ r'~ ''

I 4 # 44~**,

- I * I . *...t~
4

a '..;~.

~ I * - . "

' ~

C 4 V
.4 I -. -. .,.

4 . - . I - 4'

''~

-~ -, ~ ~
1 ~ ~ ~-*1 4 '..'i *4A1:'4t*.'

vi

-z ~*a.3 p~I 4- ~7i~:~~ip-. ~

* ' .~ . ii .4
~ I fJ ... .*~

~ ~ ~ f~
1, ~ a ~ (4

- I 3 -
-, - I -~ C I *

4 

5 

.~ 
,'~ *1*~*

p-a p. .~ * 'a p

~* -~-*~

.*

4 - . . I ~' "'

-t * I' JA.C'4 -:1,-,

* S.

* *. ~ 4 ~
*.~q I '44 ~ .4

>;4~.4

; ~ . _ ~.

A- * * U

4-1 4-,

ii .4

_______________

* 4 0

'p

'1 -'
I I
I * I

0,~,,

I I. * 11 4

I - "p.

- '

* t C . - . I ~

/ .4
* 1

i i I ~). -a-i
ti I '.'

~...t _______ I .'. I
444

- .. '4 . .4

4 ~4** '-4

'-I---____



I t:"  -S t i \ ,

t:t

*I I

* 
l 

'. *" . ,

: . ... ...:. ..... .. . .-.

-Ito
* ''.,. *

/ I.I "'* " ".*

/ ,. -* * *'n --. .** .. .,*-

IIV

'SW

Ii'. L1 ..
re 

.
Ii* 

I

, rI ..,

It 

. 3'



! ,- 4 4 ,

II" ' 444

<I i-
4 4m

" -.- . :

.Z.1
- I "V , J



'44

.~S 
-

-i 16

1 4

IIts



44

a..

Ii.. ua*4
a.)

I .: .. ,--

N

,~ iy . I
'.1.* .44'
.4.-' '4 . a , I

4 4

I.
.1 I

LU - I ~'-r q.
~ -.1

I

a I 41

4~? I

I. a .4, ~ )jA~ ~' ~ ILl

II I

a I ~ . -I i 0004 . ,'~;I; I ., I

I.. I 9 . 1Ii . "Vf~

51-A ~
ii 0

I;~ ~ ' ..4 ':'-~'.~ -~ ~ qLL

I -4 *.$

K~Q I
I a'

4 4

*44 '1 a

1 4
.44 4 1'

,~ I' I

4~ ~

a.- a,

. I ~
4 ).~j I

* 44 *AI..

. . 27
P

a 4] 4 ' ii
I ~~~~1~ I *'

44.~ * 4
'.4.

I I

I I
CN' ' .~ '4, '4' 'U



-A.

Ilk

N Iit

. 9 E

* .. ~ 4 'j 9~Z~ ~ - 43

.. ~ 9I. .~.lie



I , I * I 
•" i I ' 1 \- - ' i

..- b" '-" 'A .. . --4 .. - I .... 44 U -
.. _ . .. .-- - __ _-

•1 -U.. . ..1
I '-

4 ---- ____I__-----,----_"
.4 . .. . " ... -t --- --, .. ..

---.... i - i ±.... -

,I _ ' I I

I'II T

a .. . . -* L .. :rzi ~V7<'TTT " ~

7h1P-- -T- * L7 . 1 jTT, ,

IF t*

i--- .. . .- t _. .. . - - -I-., ,I'
, I, ,i _ . ,o -- - --.

A.C

LiLY*L

(I I ,., -jTT77.9 11



I I
-4--- , ,

-j

/7,:; iiffq
---- 4---. -

~ #i __ - -- --
- ~~6~ - - _

_ 2 <6w?; ~v~3IE ~ 4~~4
I . *1

- - -- t----------------------------------------
I I . 6. 2 . 6 i

I . *
II

------------------------------------------------------- -4-
__ * .'2~1 I

9.1 2. . .j .~ .2..- - -. ~- -4-

.1. . ** .. . .6 .6

61

il~ .... . ..-- -~ _- ---- I -~ - - -t- -t.2 * *2--*t~t~**~ I * *"~~'~* * .1.1*.

6-iK 1 K2--t-- - ~7Iz1
~*. . . .. :.K itEIIi77i - 6--

--- - - - - * ~ -v-. -h~- **-i~IL. ~-.
* J* A. ~* + ~ --

I I
) 2 a ~ __I. 

-

-

. -i 

.6.

.- 5,. *6 -~ . I . 2- - - - - .t

II .1I IC, . 'I.6. ..L. ------ -

---- I

I~ . 2 ~I 4,
~

- -~, -

. ****j *-~~-~t -. . . 6 ~ 6 -. * ..

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

-4---- -4-- 1771-f . . -.

------------------------------------------------- rfr~
~~6~ ;~I

- - - - - - -

~-~~-6-- - Ill
... -. - - I L.4I.z 9-.-I -



.. . . .. .. : . ..1 .. . ' : . . i- " - ..L. " . . ! --I. .... ... -' ....

-i  I -
i '  ''"-: "" . .. . '" - ... "

L-J

-A-

' ' . , ' , i / - . -.. r.... .i4i- I ... _.

*I I I I

. , : •. .. * * ,~** • ,*

. , - • . : L I I W

.W 2 ' ' 1

* .--" , t---4----...-- ...

-1 A I

-- i : ' .... * I . .. I i WI

L z ; , ,' " ' .. .. ' .. ..'. ; .. -{! *: ,! - . ..

It

-IF ' .-.-- ~ L I ... . .. - - i -- -i- zJ
r r . f.l.I - . ... .

H id

--i ~~~~.. . .. .... . .. . .... .. , . . .."... . .. f-
. -. I .. . .t . .i i .. . .i ' I _... . -- I

- I : 3 I
-,,--,-,- ----- .... il- L -r - --- i ' -.- ;

I1 . ; ..I ,' - I I , - - .. ..: " - .. . .. * .. !

-- -, I i. .. . . .. - .. ' ... - -.. . . . . .. ...

I.A

. . . , ''I * -. ... ..

.1 - ! -; - - , - - -,. -.- I

I ...."I .." " " , ' , .-; , ; ,, " ' .i . , " , -I " ', -,I - -,I- - .. .. .- - - - - - -- - ...- - -. .. ..--. - -.- - ......... ---------------, : - --- --
- 1-A. 4"" -" K ,' ' ' " " - __ ..

l. 9 ( -• ".. . . . . . -•.I -. I. . .,.----- ,, + . . -t I , [ , I . ..I ..



: . . . . . -. - -. . 4 - . • . .". . 2 * " - . 2 -I 
.I I . . , ,,, T .:, , ,

i: i : " .. '" *"," . ii.. . . . .. .... , ' , , - ~ I,'. , , ...

- . . : ,. . . . ..... ....- .i • .:.. .. .. . ..4 . .'' 
' 1 

I

9aI 9 J_ VC ./c
- - - - ' . i . I ~ I I I~

- - -
I I

".3 
3 . .1. .'. ... 2 .

I

.2.

i -4 4 f BH

r*j * 

j-d42 -4

I"* I I -I1-I !

* SV

S: . . . . .........

,.

) , ."*' " " . . " ' "I " ,: . I .. .,' " . .: .. . . : .f.. . ..
" I I I ., ; .

I I' L_ i ' _ 
.. . I .. --" !- I '- -.... ., -i 4' + .-. . .. ... ............"-* j. , I

.. . .1 _ 

.

,- ' 
.. 

6 

, 

-.

• .

-,
I I"=. . .

4 . . . . . . TI .
" i . I- - - - - - - - - - - - - -------------------------------------

S, .;I . ... .. . . .

I j. _ --
I. 

_ i'hiij -4--I-- '
" I ," I ; , ;



- -

. I

.-. a . a , . . .. .... .... ... . -- -2... ......

. 2". iI

K .. ' ".-.- " "1 ... I'- + - - --.. ... . - ----- "- "

a *' : .
+ 

-k -l
I : i, ;... . .i ' aI ..LI 

* 2 2: ,:, 
. F T

, . .aa . .
. - . ."*. ...- t..1 .1 *- -

| I"

• I ..., -.. ,- . .. -- -.

-.- -' -....-- 
--....L ..

' 1 . -. ' • .i , i :,,

, 
, 

-q-- -- t - -- - ' --
a.

-! ---

.. .. . . .4....-a " * ; ' a to Ia " . . ! . . . - - .-- wt ", -" -..-... ;"
I *

* I , , a, -.L -" . - S.. . ' I

- -. ... . . . . .. ".-".a-.- --!- .-. L -a a ,a I I. a ._i ll. a
I a.I*I 

I . " "a .

- - i - -•- ~~ - - . -1" 4. " I .. "Ia" 
-'

i i . ' " a ' , I W

a ,a"a.a'.. . .. . a a"aa .
4 
ar "aa a l a a a a a a a a a a .a

"
a a aa. a a .. a. .. - - a , - i I i ' S-i .J . . ..l ' l i .. .~ - i . . -, .. + ' - " I

ii . ..ai '1 I. - . j . . - . "- . a .j.aa..... . ..!
- j.; 2 . .. . -.. .L• I . : 4 2'

a~ , . ' !' , , ,t , - +.2->. T " I -:-i ... ,:2 +2 a* . . ..- .; -- . i . .... ...
-"a a I I ,a ' - '

, 
, a,

- ' , ~ . .. l - - " " " ", t 'ara• - •a

a II, 
•' 

",- - . .. , ".. .,. .... -;

a 
, 

-_-
al 

T



. I -i _ " 1 --
-

..! 1 ! ".' ' . I ... I ' :

I I

.- nrv .. 4 .. ;.. ... .-..-'

I II Il,

- I I 

-

!' 

'

. . . . ... . . .. i .. . .. -' """. . .. . ,..

-*' .. ..- i .I ..

2 

I 

I

- -+ .r. .I !.

i f ! .;7' .--
! r,

, , , " ". I -T

.. ... . . .. .. t t,,- -t.

•' 1 I 

-1-

. .. +... ..... . - . . ._ -"' -,"I

I I

i
I - i -- ' -

a * i * ._ ' • * i 
..

* 2 * 
1

- K ! * * -' - - I .. ........ ...- -.~ . .~ .. . .. .. . . . 4. - 2 .
.... ------------------------ 

--- "

-- .
, * l" I 

' . .

I 

. _

. . .. . J -- - ' --' - -r .. 
. .r . . . " - -

.
t!

T - ,! -i-r..........

.__'.L'_. : _, ... -- - - -'f - - .. . ..... .. .- - -

I I ' I ' '



- -- :

77I _

.. ..._ _ ._, _._. . . . _.
-; -I, # -: i -- -i

* I I -

FI

-I ' I,.d----.. .. ... . -- . ... ,"., ...... I
I - - t_ ,• t

"I" - , ? J... - _ l --' - _

... ... *~~*~4. ~L

"'_"'!"'-iT - - -- 4

.1 .. . - I -, . l .... . " - "- - -

Itt

.. . ' --t -- - 4

. , ' -ii-'*' I , I

- 4--- - -

E -- "" !, , !

.. 4....'

,!L

.... ., : - - -
- * i , . "L -

Id

.i t .'--

i - .1 
- - -

, _ I . , ' ' If_
-2-'- -- 1-'.

I I -I- - a'



-'YC-I --

-4 i - -~ -

* 1.11 1-"-
;. 9. -l-" -- - "-I" - -

I .---- -- --- "- -

. .. .. !:,

1.- --._ _

*'1.I
,i i I

- It ..... ' S i

, ,-. .. .f

-. •-. - -

'-S i.. . .I

" . • . I. t__ I T ' ij: .
, - __ ", - -... . -~ . -4 I

I--- T V" --..... -,--~

I. . . ' .

' I [i :
:_.1 ..... . , -S . " -'- :

" .. IIi

LJ.. .. -

I' - - - -"



I 
I '12

F -+- I

* t--i-~-*----~- ' I
-- i-- -1~ ~ - S - - -

(41 I 1
-- 

- .2

' 
;j, ~:

I '1

4-*~--'-~ -4- Ii 
21

.5. 
..- ,.. I

* 
. a "7~Ii

4 tI:i~:zz' I
0/ 60 9~O '2~0'~~ ~ 

r --I

-- 
I .. S.. - - - - -

-I.- +~I.EjVIE :: --. : 1'] I.117 ii:1- -v I...V: ta

- - ------.---.-------

*-+- ~-----:r.:~: 
1L~:

I I

-
- - - - -

-4- . a. .~'...4. 1________ 1 .4... .1..i-I- ..L. ___ ___ -i-* ..~~5L+zt±it1 4
B

I, 
a -

~1*~~~~ -

I I

- -~

.9 
4

a a ~1'
-4- iL±

~'. '77 -~ *inj~ .~ ; ' -{ -v .~- t*a * ~* .. a.,

-~ b..U....aaaa aLlaaa

-~- - - -...-- i--;. 1-

-1- -.- I * a

a 3,

- -- v--- -~ r- -1~

__ ___ 
4 .4 ...j. .~

.1 a-

- -~- i~r

I
- -I-

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

.1 .4 -

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

-~ .
1--~-. ~~Lj { a

Kt I 
., .

U- -.--------------------

-I -1.- i 4 F 1--

- - - . -
- - -



i4 i

17,

. I *f. .. .t . . . * _ '_ F " "."'
VI*V T. "I '-i- I I

" F171 .V-I

lo.

. .. . --- -- F H .. .. . . . aI .. .. .ft 4~ ~-"- - " -

-I- t"f

4-7

- . -. - - --- ..... . . ..-

' tiu f i I ' , ,,

; I ,

-y - - .. . . - - . . . . .. I- " . L...- - -
*t. ft, ft ;ti i j Iv L

' : * t! - ' " *.. ..I. . I" 1 I.. + --
i i I I ft.

SI 
I

, F 
ft. . ': I p,,g o 4i ' .

* . . :i.f~ ,; f t t ± t t [LIt" .. -±"' -" !"- .... It'

• -! -ft " f't -. . tlr I ft.. "--...

. 1 - " ft... .. . ... ..Iftfti . .. . .; . .. . .... ."" .

•- - -, -. ---- ' * , - - 2 -.

, ...:I- ft , ,- *1*.. .... .. "' - -

" I , ' I"I ". !f -'

i - -r

- I-

" . 1 , " ° ' . . . ... i " ' !L
ft. . .. I ft ii .i

- *. .1 ..,, . , i, '  ,. ft f .. .

,f ... ..i+. ... ...
... - -4+ --

ft-- -ft .'. .
ft f I- - - .~ftt. a- .



Il A
,I . * , I t ,~* * -.. -r - - - - 2

* i,' " " " ' ! i
." . ...- - I. -*4 = .. i.... ;. 4"-

. ,I

L

, I j ,'* o/
6O O' s* "to vo' '- u

- .: " 1-r-

-1 -4-- -I

... . . * ... . J.... . :
: I I II -

, ! , .

. .... Li ,- ..

4 '4

- A 

.I

t 41

, . " - .

i_ - .. ." -. . _

- ; - ... b

" 1 "1 I 1
. .. . . T""_- --" '.4 .....

* . 4 -[W

j...L -, , .. 4 .4.. * . i , " "I W i ~ F

- -4-* .. . " I 4 . .

i . .' "4,-.1r "
• - 1 "'" .4. -" - I . .. L..4

*, . . . , , t
,' : r. i" ""-'-:.. _, -4 . .. U .4..

-[ _i.I I'
,,.- -- - - ,

, , .. o

- , ~ - - 4--+ - -- --

* . ' : - I-- --~(- - -v- - -
I I,' j

4 $.-. I l _ .I I
- - -- -- -

, ..

I ; i i I



- - !---I-

17 T

- -- 1 - -

Ir- H +

31 .

*d . I

I I - - ~ V I -. *

.. 4 .. ~. L..+ .- .l .

- - - - - -~ - - - rr*7

IV 1



T: 1.'

' - f .... .. I
"'" " . .i. ... . . . . , - - - - -- . - .,-

j i ,iL *24

-t : i . ~ *

.1::,l -

'; i I I . :

•~~~ ..... ". ... ..._.

.. ... ;T -" .. . .. " - 4

' , I I 'I i
" .-- '. " .;-.. . ... ....

_ _ 
ILI .,

I-~~I 1J

, - *•. .. I

J I ff

$ *po.

i.. -. rl, ll ' I .. , -.. . w §.... ...... ti ;1  '1t .' " '1j t $"

-1" - b-- -'

, 
W * !i

-. l

I it 1:

.. .. . .. i , , i ". . ...... ..., ,.I'
" I " * i *,I* j

, ... 4•' ,

'. . .. .. . - " -. . * ' " -. ih ' .. -

- ___, ___ Fi • -.

....... . . ....T AI *.. I

*1"- I * i I ' __ I ~ * ~ ~ .. i~ ~
1

* ... . . 4. I. -

.* .' . . . .... . • I r.
1 * . . . . **"

. "2 I
-i - --- " ~ _ _, . . . ....

, , ... .....- - --- - ------ - --4-T , -

I . .

I I ,

- --. **. - ±_J~ .j-: *: ... jz. U p" I t



.J~*L~Ij I F-14-14

-.
~4 

R. 4f~ Y -

-F .1
L 17 t.

I. 

IT

*4 A



j~IIf
• I '':.. '- -~i .. I -,:

OI ' '~ - --

-0-- -F v;4 j

il.l--i--i. - "L..i:- *

-J I ! .1 h

-'f : "I ..... . j .' "+- - '~
* 4'

-. . . - -- 1 .. I .T,
t .1 ..

'.L1 7{~ !r

... * .' ". .

.I ? : ; ' i . -. ] ,

F FL

, I i' " ° ... . .. .
,I'I ' I:I "

- ----- -- - -. "-

9L

"'1. -. .LL.

F - ! t .. -I-j . . ... *T ... - - - .
, I [I ,, I - -

I ) "j .. .. * -"-
*'.*-----t-.---,,.----- - ..L. - - - - j.,

I I ,- I I . -,

....I .. ,I-

- T- - ""I• '.
- - T 'f ' '

I; . .' I . -L

S! i , I , : _ ,

- i [ , ] ,, , I... . . , - '-

-, , 'I- - ,

- .i I . .



* I I t*1 I -I-
-. --.- -- r~ -t-- - - - - -I: I . ~ I

~ 4.-
, .1 :i: :t:

.1' I I I 1:1:4:
i~!I 4-----I.I I *1~

iT7 -. -

4 .. '..--. .---. &- -

I I I ~I r1--4 - -. I-..

*1 iiI 1 1 . -~1~- - - -~ -
.11. ~1~

} ~T TV1 ~
21

- - ~ i~E 1E;'i
1.1 ~

- -t- - - -I.- ~

.- .. ~-. -i
I II I I.:-.,.1 - K ~ V.2-4

-- I. . . I Id

., -J . ii. . -, *;*j -~ .*4~ Mi - 1~--i ~., , *. * >i~i.:{5sj2.~.tr~t ~. - -

-~ I .1 . - ..a... -- - - - * .&4.~ q~
p. 1 ..Ii

- -i- ~I~ 71A.<1, - 12
-~ . . . I

1. .1*L. 4...F, *~-I- ~1~ - ~.1~.-- -i--i ~4- --.. ..-- *- -~

. . . -~-

I . .. .1 -L...J..

I- - - .-z-4-~4- --

_ * . . . . .

ii I I I
I

-~ ~ P Azzz.zzi±z'±±iii±fiI~i~::i::1:
I . I 4. ~. -I-



j0 ' o le , *

S.7.
,Y 0 ...... " "" .:. :.~...j . .

"" " l't r' / .• . - . -. .t- .. t - -

' I "

U-11

-,J- , ./ " 6"/ . ; o: ' "~~o' r f*o: ;7 "" J . ... O" " 0 "- ""
" . 7g . . l * - . *. ..I . ... '

. ... .-. i- -' .'- - , - - --r -:I . .. .I , , .-4-

- I. . . . . -. . . . a ,. - ... ... . . . .* I I _, ' '"i ' - . - . . .., " I. _ . x . -I. ..L ..

li " - i : . I '

,:1

' . ... , • . ... .., -, . " -I. .o . - 4 - "- - -

I . .,': ;. -1 i--V '2

. . . . . . . . . . . . . . . ' .. . ...- . ..
i l . ,'.; , "i. i"I 

, ,i .' :"., 
'

3-- . _i , , , I , I -- ,-.... Z .- ' ~. . ..... . J,--. - -,r -I-

4L

S ... .. . _! .
4 L i w I l __.! I zI z+.. . .. .... ..

-' - ! -. i ': J , ,
- ° -! *l I i , * 1

t 1" . .. .i~ -- . ....
.... .. , ,i I. - 1------------------------------ 

' ** ' 
. ] .I, ","' -. . . . . .: -- . .

' '. . i " " " " I i . -I
I" I I, I i.. . . --' a . . ' ijiZ .,

*. . .. .. - . .....
I i ll I 21 I I .

1iI i . -

--- I -.- * - - I

- / . . , ..



-1-17

I+ 4

~7 7

F '*I'-

A 7-

I-2



----- . - i
[. 

.
_ 

i t

F j1-. .4------..

- ----

',o 
r

I v

.l 

1 _112.v

4: -, I I i 
! I

iT

- I .
* 

I-T

4 -, il - 3 -- 
...

171~~~~4 -- 4 :':"

- -

I I NI

LI 

I

i I~ 1. - , -
°-, .- 

--. 

I"L, .I 1If;

L i,, - --,  

-! - -

-~1 1 -- -~ t-
J...... -.-

.. a - ,-' 
'' 

'

: , I.)I



tf w l

* Ir
-- i 

:L .
f "

:I 
T 

-

* . ., 

,1 . ...... ... .. 4-t!

II 
. .

.I.-i 1 i

I , .,~ ... j_ .... " I.

-j . . I * .i . I I 1 ,

• 
2 . . -i .. . . . I I ".: - - - --

'I 
,_ * . * .2" t. ."_ 'I -:

-' , -, - - - ... -". :.-_

,,- -, ..z: - L", - ""

..

I. I 
I H ', ,

'I , ," . .

.... -: 
:.--: +... .. F- I ...-. -

Tor

*6 *t 

o 
r 14-**--

II Et

!1I 
-I -,- I I o- - -. i. ..- ...

*1 .
•I_ __ - :

IIi ., I ' - ;- *

"-, .. , i -__4-

II

f , I ,. -- I" -- 4 -"
* I I ",I
4 

: .. . . . .. t. .. 2i ... .. *

I i 4

Iv



*J I

0 o

-F 7

I I *

* ~4 H I -!-

- ~ ~~ *-~.i

I~ Oman=I

*I.*~.. ~~ t I 9

I ________



I~K- [. ' ~

* .±.~. 71 ..

~ -- I I II I
I- -I II I '-t~.

**. I r -
I ~, ~1

-~ i-'-b---7 1 7 i: ....... -

-4-..--- --

'2i' 4~ I4.oi4~f;~!~~7{ j7f7~~7 7~ ~:I
* I

* .1 i *1 1.-i _
I I I I. __ I..'.

~
I I 

-... ,.'~.... -
-I. . -~ :t.-i -- -* ~fj . vTh77± I, *

I i * I*~ *1
- ~-1--- - -- it - - - - - -

~

lull. I -4-- ~ :.. T ~Y7I<T7f _ - JIZI

___ I

I £ I

I I . *

-I-i- --- r-il-tTvI-~r~Th -*-:- I

-I--f if
1.,I ~-I I I II

~ . II
- i - - -

[ I .1 ~j,
1

,i

7r1 -I-i-i-i- - -~

I . 4-I .i~.si.A'. -7+7 --lit-,
-~- ~ -

I *

I I'

4.b...L4..i..11 - - -1-
I I I - - I

* * r -- i--- -
ii 11

+ ~11111i1~1v-h- - _*. -

- .,II _

~1~~j __ __ .1
.-*-.--..--j---1-----t---i.- Ii

~1 I . II
1 ~ - -. -~

I I *~' :1
I I !I;* :1 ~ .z~z;z
I ~ I . I I I 1

I . * .!. ~ .
* -. -I -- -. * -- t- -- 4-.- 1 -4-----

I . - I I :i

A



.i t-_j II' !" . :-

-t - -- -- .---

,.I ---4 . .. - - - !

• '" " If" - t " ' ', -" " - / I I

-i- - ,.2 ..... - "-I. . -1 , I ..

I ! i! I !
_ . . I} " ii I

. .! *.. ... ... . ..
.... . . i"! .. .4

• Ii '

r...,Z -

- - -:- -_... ...... . ....- >. _ K' IA '

, , I i
.,, .~ • . , , i'

A *.... .... .. _I..;... . .

, .I . I

-. - I. ,

:I L: ' ' I[
/.. .

• C. .

I " ' " t 2- " "---'-....t-- .......I

"1 - "L' *-.4r," _.. ' . . .. .. ~...... ~
I i I I''

_. t FI II i I , !,



Y 

-A

17 1 
.. Ll 71

-. 4.-- 

.T 
-4

- 7J

r. 71 -hF 
TT~

............ - 4

...............................

p.7-



I: .I

-rAa.

* ~ ~ ~ ~ ~ ~ _4 ._____+j + rt .. 1 J.

-~Z Z * 4

I ~ . ....: lip

14 
I_--~ -t- -



- ~~- 

- - - - -

TT. T' I r -rr--T :.-J

(V rr,;i /

l-J ~~~~ 
~-4 -J-'II~I_ 4 . L

l171

*~171-

.14I

I. I "-Is.

0: 
7

1-IT:-A:

Jx&i.-L
*VIP

T7' f



t7 I-

owl I

7 I 
.

I* 
4-1

. .L -3- +

*Ll -4



!.. W; T~.

IL

L. I. A -

qA J I-

I J__

--
qt

T-11



4 ---4-----*--~--------i------ -I I -. I * !~II a-t I I I ___ ~ - I

Lto~~ ~ ! ~ I *~

.. . a.... - --

..I-... ~---~--.. -- --- - -.-..-. - -- - - -

I 
.I

j ~ I I I
F. I ~ -' -

iii ~
I. -I' ------- ,. . I

-~ ~- I - -- ~ .~- .3

1 4

I a aI IaaI 3 a a.

. . - .L. --'--l---4-*'*-*:~~ -4... - 3. i L

3 -.

.~ '.3 :-.

-- -Li.~...4 I

- . 3

1 
.3

- -- -.- --- a- --
-[ ~ U ~ E -- 1. 3

- a,
,~.3

p.-. 
at

II 
-a--

a a I j a

'--4----- 4. -1 - 3 '-~---t-- aI - .L. ..i..

-

'a)

* '-a

a ~K L 4' a...........-. 
* a 'F,3 . . ILvl7zv 

. TT -

7 a I
3 4 

-1 3 a

ag -~ -, -.---------------- 4-

* 
* 4:I Ija. - - .3)-- Ia 

- .

a -
. - a

a ~1 
.~

ILL 
-

a I
I.-. ~ 3 I *-..
a 

I *~ 

a 
'

-a., a 3 a p I I..



V ~

4 . . .

-- *-- ~ --

~

* IIIIIII7;;:;7I:;;~:;.;.
- -- ~ --

U, ____

* S

* * 3 4

- ~ ~ - - - - .~ ..L
V. .

U

I-.

* I
~

.4 *1*

~. 3.4.,, -

* K

- --- -,-- ,-- ---- -- -U--- -

.4
*8

'c:,, ~*

It.
* I -I .. .4

* .7 -.

~-+: .: **4~

* I r 4
- - - - - -- --- - ~ - - -4-

.7':'>
- - -- - --. -*. .-- - -- -. -. - - - -- L~ .4- - -

* . I

J~',i~> ~

I7HK!7771 7X1
4



!;II
~

Iti I 
. -

1 . ~

:-h-~~-4- -.-. .- - - -.. - -. - -.-- .4--- 
. -

f ,. - ~ H
I,

. * I.

~ I 
-

-

*....* 
I.'

I-.. 
-1--

..~-.A....It% 
i~,I.

I I . .4 L ..J..

__ __ I~7II.I -- -

K ~ 
.4..

i.t
.. . .

[ .. I __

Ii i i-Ill
h

a

~-------

-~ ~ ~

r~ ~LKK -

7-.-414.. - - - I
I. - - ~- ~-

ft
j .t - ~..

I



S'a

................... ..................

I L-- - '~ ~ ~ I''- ° ¢.-: . -. ", ...IL. ." ..L....... .. ' -

.. . -i- - a t

... 
I--€I

* a. .. i... . . ' " -

* . , ' . i . *. j . .I a

... ,*... 
. . . ........ ... 'I.... . . .4.. -

a . .

a -- - -- --- ~ - -. - - - - - - - - --.. I - -.... ..
a. " -.4". 

" 
-• "-

.... 
_ 

4 ..... .

-. .. 
. .-" '- " 1 -.. . ' r " •

I ! I
"I. .. .' " a" ,.. . . .

"1- I - . - - ' ' " ' ; - . ,•

, I . ; I.

I . a a,

i 
i 

p



A1 
t.-fz --4Zi44

T~ J

'44

[44

tl..- 4

~11

- . - -I-. . - .-

I.i.



I, , ,. ,- I
I

- ---- . ....-
, .. .. . .. . . -- --

c - - . I aI 
- 

' !

' ' ' a L -
I ,-!I .IL.- .. . . . . J. -

, , - - I . .v I..~ a

, .
, ... .,... . L. .-. , . ..

I 
. , 'aLL. *.... 

.....-.--

F.-* 
' *. I -,l

a.... ~I, .21 1K
.. . , . . . . I. .. .a ,

La- 
.- 4

. . .. "" 
I I ;. 0

I I : " "aI . .
, " . 4. . . . . . .

.. 
.. , , .~ . _, -I  a . . . . .a ... . , . . . ,i . a j, ...i

-- -.- - -"- ----- t -i--
---- - ...... . .4- '

. aI , I I a "

• 
" -- - -" - -+

a,'-. 
. .. ... 

.I 
l " 

.1

' ... 
. °." 

.. a. -a - - - l- -- I ------------------------.

'a. ,. ,.a, .
. . - - - -- 

- s .. .- - "1 - - - -" -' .. .

' 

I ' I I1 " I . "-

• a 4
. .... ; 

.



- - - -- -4---4-

- - 4- 4

ICI

...4 14 -.

ai 4

1: - - ---- K

iit



W4~ I ~ I -,----------------2 2* I T~1 t
I II -a--...-

III . I, .i. a ... a 2 a
- - ~. .2....L.. -.

-I--. - - -- -

2~ .9 * -. I *

a a

'a... * .~. .-...... a.1- I .** . . I
-- -. .- .... J. 9-. .-- - - - - - - .4 ...-.-t I ~0 J~A~

2.~ I I I

V - -- lYLE' - -- - .- -~ ~--a

-. * a a-

-V. F . - ..*

/;

.L4

a . ., . a

--------------------------------------------------------------------------------------------------------. -
-. -~ IrT

9 .4..
a .2 9 a

I . a. -*I
- .. 2

2 I

Iaa ... - -;-~a-!-
* '3.. ~t. V I

- a..

a , a -~

Cl ia~'. -I-
* N . -I - 4 I.. ~ . 4I --

-- - - - - - - - - - .. L.t: S

I a A. II*

-j I . -

-- 4-

t 4a _ - ~ *I- -~-

a -

-. ~.---------,.- .- --

a

- _ 44.4
'. .; .~

- - - a. . - - -- - .4.. .~ - _

'2~~xzi~ t.t. a

a . a .~ .4 T iii
'. a I t I

t .-.....- ~ 1 a

L - a I I

I a . . 9 I-~4 .. d..~

a-I. I

-*-- ~ '~-----------------------------------------------------------------------------------J ii a .,..

- -V
a a.J' ii I

I I 'ii . .~. a



-r -- -~- -.

'4 ..- - - .. . -. -.. -. - .- -~ I .1

i~. 555,5 j. -- ~ . 55
-- ~ .5~ --I . . I

4 2. I I 'A.- *~*~*~ r
s I S I -. - - . -.

S... -, I...-
3.!~. ii 4 ..

I: . -1-- **.*~!* 4..'

..L. .3.
- 4 ~*.: i~*1*---~-**.-- ,.

~

T7. ~
---------------- ~-----~ . I * 5 1... . .. 1*5 . . S

.3 .~ -.-------------------- .4
S '.4 4 :1:i~i. 2

4 I.
b.

.4 . . . . *4 * ~1.. 4 4 I,4, 4 -. ~. *- j*--+- ~ *1~*~i
~- - - -

4 * 5 4

I. * ~ ~

S.'' -------------------------------------------------. i.I.-

- I 
'~.

-- ~'. __ 4 I I

II - - - - .- -. 4-- ----- 6--

.c. . . 4 . 6,-i 4 I

S 5
- - -- - -..-. -- -- - - --. 4- - 4- -.5- I-r

-t *ru

I s I -t
:4 5. 4

- - - - -- - ~ w S - - - - - ~J-..

S L~.'

- 3 55 5,.
I- .5'

+ -l.-~-.

4 .
S . *.. a. . .3.

- -5.~ - S -

- ~1~
.~. -4...IIi~#IfI- ~ ,.jj zI~I: j +j~~2-~

- -- - - ---

~1~~

- -- . - . -~ -I
C. 4 .

- -- - .-- - -- -v------------------------------------------------------ . *1-* ..~f . 4 %. 4 . 4

-.LI - -- --------------------- - - - 4 4 54. . *.. * .L. .3

S Is
.4 3 .. ~... *... .. -6 5

--- 1-- 'II



M.. 1A

-HAI

2141

-- 4--

-~~~~T I ---- . -



A -- -. ., - - ..r . .. .. . . ,

I - -'-r

* I - I ,

'. '  -a .. . . .."
-~ 42! t -,

- , I 2 2 • I

4 l 1 2 2

-r ,

' . .. .. .I .. .

a . ' ' - ,a ,,t

-- I I -

- ,'I , -i..4

- * , a

-. . . ...... . . . . . ..".. .-. -

- - " - -.. . - -

'1- - - - ,* - - . -t I"4

'/ I ' 4 ' '

'a I'

I -



JZE1 4r -~ --. . . I I ii.- . - - - - - - .~
* I. II.. -o _ 4. zzL.~J

* III * . . .

.1 -. . . . I I

- - - --. - - - - -~ - - - - - -I *. r
~

* ,
- . . - . . 4 .. ~ I I ..

I * *. I .... I _

* . . .4 .... *.. -. 4-
- -.. '~. I

S~ -. - I *

-. - - - 2 .L ~ I -4- it.:>...............
I II

e

* -I

- .4 .4 4

- 1J. ~

* . .4... ... Ii I

4.. I ii *1.

2L4ZiL. - - - - - - : -.-.-.4-.4-.-.4-.~~ .4..

I I I I.

117 - - - T7T~ -- ~L.

- I I
- .. - - - -- - - - - -, . - ...4. -4- -4 4*

I,

- -. - - - -- - - - - - - - - b. - - -

4 . .4 .* ~.j.. 1... I -. ,. - - -

- - - - -

- - - -- -- - - - - - . ,. . .. .4. ...~.......L....
- - - - - -- HI--.

4 I

4 ii

1.±1v >Jj
- .. ,-. I~

4 . I

- .1. *I

- - ~. .4 I, -I-



III I - - - - -

-~Ii ''I i I ill I I---------------------------------------
~i I I i ***1~-~~*~*

I * N '.1 .

=1* i i *~ I I.] *~J .. ..

.. . -, .

p. Ia

I'll I .1

I ' I---I..-.
7J7~ - K-.- -

-1 - I ------------------------------------------------------ * '- -A ~
I 1.tJ

-. * ~ F-"

a, a ~

j 'Iy4~: ~L~L t7f-f.--7%--.
..1

_ -I---

~~~~1~~ _ I
~* I I

'I. I
~ 4 .- I----1.--. - - - - -I ~..i I i.. -..1 ..

~ ~ I I
-. -. -- L ~ .. . I --- ---. .- ~ - -. - -. - -' -

-. ~ .- a

I .. ~.~j:+..'ii::±+iF+dii474.4.~. ----- ,-.-----------vKI - - - -I

- -K. f - - - -

- ----t '-I

- 'I

II
, h-* 4-j---:7t-'-I - - - ft- -.

4

.~4. - -

- I *

I * * II , . . I



pi !1t7777 7I77-_ ; . .. .... .. .. ... .
- - ----------- ~ . +'

•I= ._ .. . .... , .I.. .-

LIE - I. ! : I
• 'F -I il -

.4 I . . . :..

" 4' .. i. . . . .' -

'K ~ .I IFI4 ... .. ..- ' ' '":7 7+::L].2 ..

• ' . . . .,. .t.. 1 -

I . . , ,,, . .. ' ,

i~

'I . .. _ " . . .+ " "I. .."

I I
o- .. . L ... .o

.
I,

...................................... . ...
g + ' I 1 . I .

l.l I -

- . . .... I .vJ * ~ .

,L__ .. .. .. .

I ...

-.---- . - - - - - .- .- - a4 .. .. .. . .. .. -

"" I , II I

S. . . . . .. ..

.... ...... 7 1 -i -h :
Lt •7A o~7 -t-. --.§...I.,.+.+:



.. .... .... iI j .1

*

- " - i . ... ' . . . .. . .'1

41 I7 T i

41 4:

. .....".... . -
+-

I . ... ;. -'-'

..... ...... 

i'

•i t ", T . T : 4": . ... -,

~~4~ -- - - - - - - -/

!V
. .ii-

I



-~ --- -

-- - - -. 4-

... .* .2

4 iii
* _ uzizzirzrz........-....j .. I

* . .....

*1- - -.i-V- . * -, -~ * ' I

-~- .- J..

............................................

- .

t S I .4

4 I . **±-**~-~**~ ..

.~ S. I
t ~. ~ ~

-- 1 . . .1..

- .- 4.1 ~

.1 . .. .~. .2
- 4

- -.. - - -. 4-. -

4 ,..

-4., 4 ,I~

4 I ~ -'

-4

I.. .
~~-.~.~-.:::t-t

t. . . 4 .J 2.
''I

- I 4

- - -..- - - -4-

1 ~. .4.

* .~

H:t-. 2-.
II..

- .4 -,

I II
- - - - -~ .- -- - - ~ - - - - *' -'- - 1~

4..

* j. _ 4'

- --- -- ~- m~ .. S. III

'-I . .

t-1 .~ 4g 44. I
T . .

I 4L
. . . . . . .4

I

I
____



I I-, ' t 1 ...
- t .... ~- I "- .....

"11 "- --- "

..; I....

! ,
..-........-.--.....-- -- f"--"-----

I 
.

-J -I-- - T - " " -" ' ; - -

n ' t

I .14 t_
...... .I ! . .

I' .......................I .,-.. ]

{ I

| , . .. 14 '- - ' .-

ii 
.- . -.

I I

-- . . .. .. q ..,



* 
. .- .i_ 

. . . ..

F1I 

I - - " .----

" -
i

* I,. 
1 -

.. 

.*

• 

I.

.. 

. . ...

1. 

--

* .. 

. . I ... .. .

1. 
..

1 . . . ; .. I .

- --- . 1... 
.... 

..

, -

-

T I
J~ 

...
4.~ 

~ ±.. 

-

.o.

.. .. 

1. -- 
- ! | +- 

.77, 
4

- -

,...- - 4--

, 

F ... 
, . j....

I. ....
S. 

= - .-
.

, q 4 : H. 
o --

I-

.4 .
.

j 

1.-. 
.L

4k 1 
.

' .. 
.:i.~. 

--4 ---';" -" - - - -

• 

I ' I 

..... 

. "-

6 t L...L_

* 
* 1| 

i i

I I I



tI? ' J -.. ... ... "... . " ... '-.,j1 . ....
1 

. j .

V' - - ...-.r.. ......... 4-- -- ~- -~ .

p J ..- ...... . . ,-- I .. .. ...... --

-, . , , ,
8 8 1 -

t T T.. .. " .... ' j : I:;

i .. i v ,.. . . . * ... . . .

* ... .. ." 'I I ,~
, . . . . .4. . . .. 1 ,. . -.-

~ I

~1... .. ... .. . . .. " . .." i ....

I~ 11 "4.. .. -4.

- -.. .. .. . . ... .. ... - - - - - - - - - "J," "-i- - - - - I"
' -" " .* I * t i :

... . . .. .!.- " .. " * . .

,. 8 , . ". . , . I j. . - . .

i ... . . ..... .. '+ ...... '

., ' ; ';' -i ! , .



8 ...

I ,,I

.1.
----I

ttl

---------------------------------------------------------------...... L
.

-- -......-. T H L .. ,Ij

- - - .. . .- - - - - - - - - - - -

*Lj"

;1 e 1

-, , . ,I

I

i J

I.. A. .
ii 

_

- -774



i"I! -l"-- - , .

- - - - - - - - - - - ------ ;- I .. -- -. --

" -" .. .. . .. -" -I"" 
" ."

-. 
-• .-!

'-.. L a a1

•. - i ""- r- "-~ :.

-b -I

i I. . '1 .. .. - -

-. ,. . .;... . a.,. .

a L, L ;

-; . T , j.
* a -. .. . I" "-a. . .. r

; - -• - - -' --L ' . .
, l i

* *' .. a 'a -. ... i i. .. . -a

a v--i

. .. .. . .. .. ~ -'.. . .. I

*- ...... a I

. . .,.. .. .. - I,

I "

II

II' " "

LI :



II "I T

II

[~ I,.

- -1 

---- - A

~4 r



IJ' I

+ 7

*; - ... .

S.. ... . . .. .I -

I17

L

i . .~~ . . .. . .! 4-

It-

-A: ' + .. . ..

- . | . Z

. --... . .. -, .. .

a 0

Ftr

- I

_ _ . , a;

. .. .. . . . *+ .. . . . . . ,.

- A.

II " . . . .. . . .. " ' i A" A

I I . .. . . . t ..

I .L.. . . .-

* .. . . . .. . .. .

' 7 1 1.--. ;'+ . ......

I A I.

I I I

.. .. - -- - . T.. .. . ."t - -
A 4_ •.,-- ,4 *

I .i

- i
I - I -~-' '

V17tK; "r- ...
A A I ~



--
.

1.
. . .

-
-----------------.

i. 
......

- I :....... - .
1-

- ~-~-

- . . ..
- ~- -~- .-

* **I........I. I .4.

I I 
I *.

*..............- 

.. - L. .~. .*..

- ..~s-. - - --- ~---4-. - - - - -

'V

-

I

.....

'I' * I I I

......................
- I

- - T. 
7 771447
-

-
.

I

-- 

~ 4 ~
L4T 

-I4~ ~

1--I--

* .~. .L

, J .. * I I~~*

--------------------------------------------------I. I 
I

.1

-. ..~4 . ~ 
-

-
* _ __

'I -~ I

4- - - -- -
-

.. fr ~. 4. ~.1..
.L.

4 . * .
,.

~- ~.L-----------

7177V I .
1-*

- .7-. 
*~ ~ **. 2

-I...-

-

~...

-. 

-~ - -
-~ Ci

1"

-

* -'---: ~

--- - - --- - - ~.
- -4- --........................

I...

- . . ~ a - * - a. 2.. ..L :1;
* I 

I



9*

A - -4-

*.........-..-~t -i J~: iIii.i..i,.
- - -' -4~ - - -

'1 ~
- ---. ___ __.- -~ . *-i ~..

. . - .. _ '.1

*1-* -- 9 I .1.
. . I 9 _ _

71

9 4 .

-

*. *.*. .4 ..

- -~ ~

-. ~ v

1111

H,-. . . _

N

I _ *~

.4 *1

I,

04 - I.. ~

V . .. - , .

I
.. t

. . .1 1 . I

j - - I __

L -4 r
-----------------------------------------

. I

-~....1 -... 4..... -I.

I .

* -. .~..L
---------------------------------------------------------------------

I .

4' - + Al 41±I
I . - . - - -



ItI

CONFIDENTIAL
1I

ERRATA

* to

AERO REPORT 914

by

Peter A. Cerreta

March 1957

." ' I

for

:9'7i~mCONFI;:NTI.'L
517A A 5



CONFI[N JIAl

Pen and ink changes:
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Table 4, Pages 18 21
Figure 5, Pages 26 - 29
Figure 7, Page 31
Figure 8a, Page 32
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