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SUMMARY

The existing literature an.t.he mechanism of transition is reviewed. Oscilla- |
tions in the laminar boundary layer are found to be amplified until the disturd-
ance 1s so great as to cause a breakdown of the flow. This breakdown is lnown |

as transition. An analysis ioc made of the drag possibilities by means of
boundary layer control assuming certain conditions of transition Reynolds Number,
: inlet loss, number of slots, blower efficiency and duct losses. The resultse
appear to be highly favorable. However, expericental investigations on this

| matter give conflicting results, showing only small gains, and somctimes losses.
i An analysis of this cdata indicates that there is a lower limit to the quantity
of air which nust be removed at a slot in order to stabilize the laminar flow,

The removal of insufficiont air permits transition to occur. The removal of

excessive amounts of air results in high power costs, with a net drag increase.
With the estimated value of flow coefficient and duct losses equal to half the
dynamic pressure, drag reductions of 50% may be obtained; with twice this flow
coeffizient, the drag saving is reduced to 258. It is recommended, therefore,
that furtlier research be instigated in order to determine what amount of air
must be removed at a slot in order to (1) stabilize the laminar flow, and (2)
recstavlish laminar flow; also further studies on slot design should be made.
The recent work on boundary layer effects on compressibility shock should also

| be continued.
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nui a considerable amount of work has been done on boundary layer removal,
almost all of it has been concerned with improvement of maximum 1ift. Very Iittle
work has been done on reduction of dreg. lhﬁ{;nu 1 gives sone information ona
drag reduction dut this sppears to be principally due to the jet effect of the
discharged air. References 2 and 3, while primarily comcerned with 11ft effects,
also include some dreg data. Few specific applications for drag reduction have
been found. Referense 4 gives results of tests on a glove fitted to one pert of
tle wing of e B-18 tirplene. Tre drog and the nature of the flow was investigated
for verious numbers of slots end volumes of eir flow. laminar f.lov vas mein-
teincd up to sbout 45% chord, thLe reak pressure position.. The power cost was

found to be less than thse reduction in dreg so thtt a net guin was obteined.

Referecce 5 gives the resulte of some Cermen tests on dreg reduction shich also
ehow ¢ net gain. Reference 0 gives scme further tests but a net gein was not

rerlized. \

The body of this paper is divided into three sections: (1) a review of existing
litereture on the mecheniam of trensition end the ceans of boundery lsyer control
for reduction of drag; (2) & theoretical cnalysis to determine the possibilities
of dreg reduction by boundary layer control; (3) esnelysis of existing experi-

mental work on this matter.
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“OF POOR Qua; 11y

TR.UITION a'D ROV ARY W Yain o SLTAOL
a2 orobloz of reduction ol lrcg huz tee.n LrlTowed O oae of elataininc lamiaer
flow az fur 23 possitls oa tku tedy. Thias mmens tha deic of traasition =8 leng

&

£3 20asitl:. Tho uncerstanding ol tie exkhanism of transition has been sdvenced

Uy rosucreh oa tho stadility of the lominur boundery layer,

Stability of lanin~r boundrry layor.--Farly theoretical work by Tollmien and

Schllichtin: (doscribed {n reference 7) on the stability of the leminar boundary
la'mr {ndicated that amnlilication of oscillations was responsible for transition.
Recent oxperimental studiss by Schubauer and Skramstad (reference ?) and

Liormann (references 8 and 9) havc confirmed thi3 explanation. The phenomenon

mry be described briefly as followa.

Jscillntions of some aort nre 2lwas present in the airstream due to sound, sur-

fncn vibrations, ete. In tha laminar laver these vibrations are initially damped

tut 2ftar tho bound»ry lc<yer has srown to a certain thickness, depending upon the
fraguency of the disturbarce, rmplification occurs. The theory indicates that
~ftor furthor thlc‘mn!ng. of th3 bsundary layer, a stabln rezion is reached in
wshich demping once more occurs. llowsver, unlesas the disturbance is initially
var, vesk, the emplifiocation ceuses tho oscillation to reach a magnitude so
rrnat as to ccuse a complets breakdown of the flow before the stable region 1is

reznined. This breekdown area is known a3 the %ransition region.

Icportant elemnnts in this picture are the effocts ol pressure gredient and suc-
tion on transition. It has lons been known experimentally that negative preassure

rradiont (ccceleratad flow) is favorable to manintenance of lanminar flow, whersas
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positive pressure gradient (decelerated flow) is unfavorable. Recent German

theoretical work (reference 10) confirms the effect of pressure gradient and l
also shows that suction has a marked stabilizing effect upon the laminar layer.
Pressure discharge has great destabilising effect causing transition to occur |
immediately. Ras (reference 11) has confirmed experimentally the stabilising

effect of suction.

|
: Beundary laver coptrol.—— The actual mechanical features of boundary layer comtrel
f equipment may be considered as composed of inlets, manifolding, ducting', and dis-

' .

; charge slots. The design of the ducting and discharge slots need not be further
' considered here as their design will be based only secondarily om aerodynamic
requirements. Besides, these are wll-'mown and nothing mew is involved.

Very little work has been dcne on the inlet slot design for drag control. In

reference 12 slots are described which were developed by smoke flow observatioms.
Inasmuch ar these tests were necessarily performed at very low velocities the
validity of the results is questionable, Reference 13 gives quantitative results
obtained at higher air speseds, Both ngonneea indicate that the direction of
entry is not critical, (though backward slots tend to be inferior), that the odgu.
should be rounded, and that the inner part of the slot should expand slowly as |
in a diffuser (see Figure 1). Under these circumstances thc pressure in the

imner chazber will be very nesrly the same as the surface static pressure. Poorer
designs may incur a considerable pressure loss, It appears, thouto;!, that for ‘
a good inlet slot, no pressure recovery is to be expected.

\

It is usually necessw.y to use more than one suction slot along the surface and
in order to economixe on ducting, several slots are manifolded. On wing surfaces
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difficulty usually arises, because the surface static pressure is not the same
' at each slot., The chauber pressurc must be sufficiently low to assure that there |
' is no outmard flow at & low pree;aum aslot with resulting breakdown of laminar
i flow. Under these circumstances a slot in a region of relatively high pressure
i

' may have too preat a rate of flow unless throttling is resorted to. In lw

‘ event, the power cost is increased,

|

Compressibility effects.— Rescarch has been instituted recently to determine the
effect of boundary layer upon the shock wave and the resultant drag effects
(reforences 14 - 16). The preliminary .esults indicate that the shock wave
characteristics are different in the presence of a laminar boundary layer than
iwit.h a turbulent layer, thourh which is preferable is not yet known. It has also
‘been found that at high velocities in the region of rapid drag increase boundary
layer removal will allow a higher Mach Number to be reached before the drq
coefficient reaches the sume value. Further work is undoubtedly in progress on

‘both these results.
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e e . -
SRMPOLS
x - position of suction slot
’ o L 4
b 4 distance above surface -’
1 chord length
S wing area
.8 boundary layer thickness
R critical Reynolds mmber, Vx/v
Ry airfoil Reynolds numoer, V1/v
v flight welocity
v: discharge velocity of inducted air
|
| q, q' dynamic pressures
AGE I8
| Vv kinematic viscoeiiy %%%%gu ALITY
! cDx drag coefficient of flat plate at W, \
! |
: CD"- wing drag coefficient with boundary layer control assuming V! 8 V
I
cD5 equivalent drag coefficient for power expenditure of blower,
CDT equivulent total drag, ch + CDB
;z_ Q volume of air inducted per unit time
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c, volume coefficient, /SV

f
C.s voiume coefficient, V&
F internal pressure of wing, referrcd to atmospheric static
A-p pressure lozs in duct
"1 prazauwsr. coeflicient, I/q
K auct lous cuvitic.ent, Ap/q
Ne blower eflicizncy
Subscripts
1, <5 Zp°"°N nunber of suction siot
|
]
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i i L ¥SIS OF POSSIBILITIZS

The enelysis of dreg rsduction possidle witk btoundrry laver removel) is n-cee=-
serily bresed uron several essumntions. The e¢ss.mptions .sed here ore as follows:
l. The law of surfres friction is thet for e flet plate.

2. The laminar velocity profile is essumed to te pzrrbolie.

Botk of these sssumptions introduce same error tut the results of tte enrlysis

stould te foirly close to the correct velues,

Given certsin initisl conditions such as turbulance of the strear , vibrations,
etc., tr-nasition fram laminer to t:rbulent flow will tend to occur et e certain
Rernolds Number. If e s.ction sl>% is pluced ut this pcint, so that eir is
rerovod just as transition is about to ooccur, tha: the boundary leyer thickm se
will be reduced =nd the flow will continue larinnr, When the thickm ss has
erein incransed to that corresponiing to trensition, enother suction slot egain

reduces tho bdboundnry layver thiek_n—;‘u.

v
il 2 Yy

i
!

/ e — )

[ — T
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- \ -
| The above disgrem illustrates three sets of inteke slots, the first pleced at a
disicnce X corresponding to the critical lieynolce Mumber, Ry & Vvl_ . The bdboundery
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layer in the wake is
profile is indicated

elsewhere to the rear at stream velocity. The dreg coefficient for laminar flow
on & flat plate at Reynolds Musber R may be designated as Cp .

. The wing drag is the

- o

of width 26 , the same as at the firet slot., The welocity
at the right of the figure. The inducted air is discharged

saue as that accumlated up to the first slet and the dreg |

coefficient is then given by

Coy

.cnx.g.,op,z W

To the above drag iiJure must be added the drag equivalent of the power expended

by the blower. This

power cost may be considered in two parts: the power to

restore the stream total jressure to the inducted air, and the power to compensate

for ducting losses.

1 \'l’ q

|NTAKE SLOT
BLOWER
j e

In the literature the internmal wing pressure is referred to the stream statis in

' terms of dynamic presrure, '

cpa L

As stated earlier, experimentally it is found that very little energy is recovered

—— — -
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upon induction of the air, and therefore, Cp is cero or negative. The inlet loss

is given by q-P, or non-dimensionally

Inlet loes =1 - Cp*
The additional pressure loss in the ducting il__;-tmtio. of duct design, length,
otec. obdcnhotnnmm;punu;builm. loss may be given as 4P & Kq.
The pressure added by the blower is Ap. The discharged air then has & dynemis
pressure q' given by

qQ =q- (Q-P) -4p +ap

= ap+ P - 4p

If the air is discharge at stream velocity (as is usually assumed) them, with
Q¢ = q,
ap= q-P+4p

ORIGINAL PAGE IS (2)
or Afs I1=Cp*+E

OF POOR QUALITY

moblmrpo-rnqumdugmnugﬁg where Q 1s the volume of air inducted
per second and np is the blower efficiency. The equivalent drag coefficient is

given by

Coum b8 = HiCali-crr ®

The total drag as the result of application of boundary layer control ia, there-
fore, given by

Cor ® Cow* Cpe W
Figure 2 gives the drag possibilities with boundary layer control, assuming no
duct losses, . @ O. Transition Reymolds Mumber is assumed to be 4 x 105, inlet
loss is equal to q, i.e. Cp = 0, exhaust velocity =« V, rp = .75. The figure

gives the results for 1, 2, 3, 4, 5, 10, and oo number of slots. Contours of

t
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constant C‘ are indicated. Figurc 3 gives the same results for ke .5 and

figure 4 for k= 1. The melhod of computation is given in the Appendix.
Examination of- the fifures inuicate thal for a given Reynolds Number there is a
| minima nuaber of slots required for drag reduction. The use of more slots with
clocer spacing reduces the total drag by recucing the velums requirements. The =
' limiting condition is given by the curve representing an infinite number of slots.
It would appear desirable, therefore, to use as many slots as poseible so as to
reduce the volw:e requiremcnts and thereby reduce the losses and power requirements.

Note on optimum discharge velocity.=- In the usual ' -eatments on boundary layer |
control it is assumed that the air is discharged at stream wolocity. This is

done for convenience as it elim nates momentum questions. However, with a blower
© efficiency of less than unity, this is not the optimm conditiom.

The momentum condition givee

aD,, = pQ(V-V)
| vhere V' i3 the discharge velocity, or
|}
AC°“= 2Cq (" %)

The corrected energy equation gives

cacc T T T Tpevisegloarel T |
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| Tre tolal drag incremsnt is therefore

tiie derivative cqual

or

charge to stream velocity 1s equal to the blower efficiency.

| With high blower efficiency this effect is smull, Lut with low blower efficiencies

dACE

ACDT = ACDW B ACDB

- cof2 (- %)+ & [(¥)"- ) (5)

| When V' g V, equation (5) reduces to zoro., The optimum is obtained by setting

to zero

' The optimum discharge velocity is therefore obtained when the ratio of dis~

it becomes important ospecially with large volume coefficients,
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AGALYSIS OF EAPERIMENTAL WORK

Existing experimental results give conflicting results on the reduction of drag
by bouudary l:uyer control. Some writers profess to heve been successful, where-

es others have not been. The -revious asnalysis, as presented in figures 1 to 3,

1dicates thut successful results stould be obtained if the velue of Cq is kept

% annll. Some further enelysis is therefore indicated.

The publishad reports seldom give the individuel slot rressure requirements and
give no d-ta on the bound-ry leyer thickness. The volume coefficient for the
individual slots is, however, reported. This informetion cen be used to ap-

-r.ise the bound:ry leyer condition at the first slot.

C - Q Qi Ca,

= e T e —— -

e ay define = = = =2
A5~ V& vi é S/

wow if Xy is the position of the first suction slot; uand if it is assumed thet

the t-under; leyer hns the srme chirrecteristics as for a flet plete; and again

csgumin nerubolic velocity distribution:

5§ _ 550
&y \[-R-n‘
Then C. = Ca
-Qs 5/}, K.
= Ca VR, (6)

§50 x,/1
Io this manner the volume iatuka tt the first slot of the various experiments

mcy be pluced upon ¢ cormon basis, the boundery leyer thickness S.

In refere.ce 4 are descrited fiisht tests uron & -‘love fitted on the B-13 air-

~leae. The meximum tvst Hernolds Nuxber, F; = 30 x 10%; 11/1 - .20; CQI max.

= ..0C04, This gives CQ& = .309, Nine suction slots from x = .201 to .60 1

A ovn]

ORIGINAL PAGE IS
OF POOR QUALITY

BUEING AIRCRAFT COrtv A,
t ) . “.




— e e e —— = — - e

were fitted but laminar flow could not bo maintained beyond the fifth slot, cor-
 responding to the peak pressure point, Vibration difficulties were encountered :
lwhich produced cracks in the airfoil surfaces. An attempt to utilize more slots
by halving the spacing was unsuccessful, no laminar flow being obtained. How-
ever, with nine slote, at the optimum eonaitign/a"iotal drag reduction, after
allowance for blower power, was obtained equal to Ach' = =.00023, The drag re-

| sults were not obtained by wake measurements, but computed from ‘surface measure-

;ments of pressure distribution, transition point, and velocity patterm. The

|

Img,nitudes of the results are, therefore, questionable,

In reference 5 are described wind tunnel tests on an airfoil. The tests were

made on single slots and combinations at several angles of attack., R = 1.6 106;

:xh/l = 423 Cq“ = ,0004 (slot 4 only) and CQ" = 0002 (slots 4 and 6). These
:values were at minimum total drag. This gives CQB = 142 and ,071, respectively.
AFor slot 4 only at CQL = .0002, ACpy = -.0006 and at Cq = .0004, Acbr = =.0009;
‘for slots 4 and 6, ch. = .0002, ACDI = =.0009. In both cases Cp was approximately
'l=0,4, surface pressure coefficient -,32, Somewhat larger drag savings were

|accomplished with more slots and combinations.
|

In reference 6 are presented further wind tunnel tests on a model with 15 slots,
'The report presents results using only 3ix slots; one presumes the selected six
'gave the optimum distribution. However, no reduction in total drag was obtained.
‘The author ascribes this to the high Reynolds number and states that the slots
were too far apart. Ry = 3.2 x 10% x)/1 = L0753 Cyy oy, = 00055, This glves
C = .655, a figure much larger than in the two preceding references. Because
!t.he slots were not close enough, very large quantities of air were exhausted be-

}fore the wing drag was reduced. The power cost was so high, because of the large

v
|
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'quux‘.t.itic;; of air handlec, that the total drag was increased by Aci’l‘ = 0007,

The tests described in reference 3 were made primarily for lift increase, but
;measure::ent.s were also made at low lift coefficients. Only two slots were used,
|the first one beirg tested in two positions 11/1 = 0.30 and 0.45, and the second
‘one at %5/1 = 0.75. At the forward position at low volume coefficients apparently
:all the air was inducted at the first slot. By = 1.9 x 106; 31/1 < 0.303
(v 1" .0020; thenefore,c\‘b = .915. No measurements were made at 1ift coefficients
less than 0.4 at this voluue coefficicnt but the total drag was increased by .0035.
Fer the olher pusition te:ts were modc at two Reymolds Nunbers, At Ry =z 1.9 x 1063
xy/3 = 0uh55 Cyy = WOC0L; C (= 21505 aCpy = 00L, 3t By =6 x 105, x3/1 w 0.45;
$ 1

'C"l - 000673 C g bdi33 ACDT = .003. The value of CQ‘ &t B = 1.9 x 10

guestiorable beciure at higher volume coefricients, (‘;l = .00067, the same as at
bigher feynolus Muber. I this correction is assumed cﬂs is found to be .250

instcad of .150.
ORIGINAL PAGE IS

The above results may be cumnarized as follows: OF POOR QUALITY
|
|
I

C‘,‘5 CDT n CL Extent of Laminar Flow
i 0071 "om l 0 ?

071 -, 0009 2 0 ?

.089 -,00023 9 o2 To peak pressure point, .45 1
f 142 ) -,0009 1 0 ?
| 0150 ? ! \

oL43 .003 2 0 . ?

«655 0007 6 0 At least .91

.915 0035 2 A ?

It 1s evident that for small values of C; drag reduction is possible. However,

“§
at too small a value it is not poosible to maintain laminar flow against tho

————————
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pressure gradient. Tils is reasonable because adverse pressure gradient is de-

|

stabilizing and suction is stabilizing, There is some point at which balance
is achieved. With the :neager amount of data on hand, it may be assumed that
, this value is, say, C‘\‘6

for the laninar boundary layer, this value of Cq s corresponds to y/a- 42, The

= 150, Assuwiing a parabolic velocity distribution

; value of C. g = 2/3 revrescnts complete removal of the boundary layer, !

Theoretical and experimental investigations of the distribution across the boundary
layer of the amplitude of the oscillations (reforence 7) indicate that the peak

!Valne is reached at approxinately y/a = 0.2, No disturbance exists at y/s = 0.7,
iat which point a phase shift occurs, the oscillations beyond this poimt being 180°
out of rhase with the oscillatlions close to the surface. At y/5§= .42 the oscil-

lation amplitude is approximately half the maximwn. If the volume of the inducted

‘air is too small, the large amplitude disturbances are not removed and transition
|
is not delayed appreciably. The removal of this highly disturbed air is there-

|

;tore necessary to preserve the laminar flow.

If it is assumed that a value of CQ 5 = .150 is sufficient for the purpose of
stabilizing the flow, then a lower feasible limit is set., This value can be i
It.raru',lat,ed into C; and Cp values as before and is indicated in figures 2 to 4 by |

{the dashed curve,

o
|
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ORIGINAL PAGE I8

| ReadzwnCH _COMMSNDA OF POOR QUALITY

' From the preceding discussion, it is now evident that some further research is

l necessary before drag reduction by boundary layer control can he attempted with

. any rcal hone of success, Specific work must be undertaken to provide the

l mquired information in the following categories: (1) the method of stabiliszing
the boundary layer so as to maintain laminar flow, (2) the method of reestab-
lishing laminar flow when turbulence has arisen, and (3) further investigations
on the design of intake slots.

' Stabilizing the laminar flow. - The problem of stabilizing the laminar flow may
be considered in two parta, The first part is the consideration of the amount

; of air that must be withdravn in order to maintain stability. The experimental
results indicate that there is some minimum quantity, apparently an amount

 sufficiently larje so as to include the region in which the oscillations have

" .eached their maximum amplitude. wWhile this quantity has been tentatively set

at C, 5" .150 (or about 29% of the boundary layer), the exact value is not known

and further specific research 1s necessary to determine this quantity exactly.

The second part of this problem is the spacing of the slots, Can the first slot

and each succeeding slot be placea at the position where transition is just about

. to sccur? Or is it necessary to place the slots somewhat ahead of this point,

" and, i1 so, how ouch?

Reestablishmen® of 1 r flow. = Another problem closely allied to the above
' is the reestablishment of laminar flow after the boundary layer has become
turbulent. How much of the turbulent layer must be removed for this purpose?

It would secm recasonable to assume that the entire removal of the turbulemt
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boundary layer is necessary to establish laminar flow, No definite information
exists on this matter, however, and experiment may indicate a smaller or larger
amcunt to be required. Specific research should be instituted to secure the

answer to this question,

-

Design of intake slots. - Existing information on design of intake slots for
drag redyction is very meager. The ideal slot will not produce a disturbance

in tho external flow and will reduce iho inlet loss to a minimum value. There
is some question as to the flow conditions in the slot under these circumstances,
It has been suggested that it is necessary for transition to occur just within
the entry so that the intemal flow is turbulent, This again is a matter
requiring complete investigation.

The above research should preferably be performed in a wind tunnel which is
Quite free of turbulence, such as the Bureau of Standards, the NACA, or the
experimental tunnel at GAlLCIT. While some of this information could be
obtained here, the question of spacing requires turbulent free air, perhaps
flight tests.

Compressibility. - The research now in progress on the influence of the boundary
layer on the nature of the shock wave snouid be continued. The celay of the
critical region by moans of boundary layer control also requires further investi-

gation. This inforastion is invaluable in order to appraise the possible gains

| at high lMach Numbers,
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APPENDIX

( < @CTATIONAL METHOD

If th2 puretolic velocity distridbution is uesured for the bouniary layer, the

retio of locul to streom veliocit: s given by

Y ooy (7)
7 =-0-%

The quantity of 1.ir flowing -er unit tire in the strip detween the surface end

v cdist'nce y above the surfuce is ; iven by

Q= fvdv

or in coefficient form

_ Q@ _ s
Cag® Vs ’f, 6?
= (3 (-54) (®)
e rore-tum .oss ner unit time in this spuce is given by
M= e v
° s
v -0 o0 H ] 2
The drag is given by
§ 2
D« M| =gpVS

end t.e romertum thickness is given by

M 2
6";';;..’,—58

24th taundury lusyer control a certein emount of uwir, CQS' ie removed st a slot

ccrrespoandias to ¢ .iayer of width y. The momentum loss in the remeining boundary

luyer ‘s given ty
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Furtrer dornastream there ex!ests - "sw btoundery layer with a thickness greater

t*aa that ncmally created in the distence from the slot, beceuse of theé presence
of the urremoved boundary lnyer. It is esswred thet immedietely after the slot
t'e unremoved ir is rearrrnged into u parabolic veloncity distribution having

n ner thickaess &' but with the same momentum 2s thot reprasented by equation (10).

rat {s, s

then § = _g_(l_*)!_ g'("*)‘ (11)

e b urdary luyer develons ulong o flut nlate, with the perebolic l+-w es followe:

§ = s.so\[%_!.

nn: tre thickness &' is equivelent to & reductina of locel surface Feynolds :umber

‘o &8 valua Hx', then
R, _ X _ (ﬁ)x (12)
R, X é

Using y § es pcrametsr, C‘-5 ccn be computed as ¢ function of Rx' /Rx using equa-

.ions .:), (1i/, eud (12). This function is presented in figure §.

low if © ving is to be operated et & design vuilue F,, tre minimum numder of slots

s

req.ired is t'e integer in the rrtic .“-l/Rx. If 1t is decided to use n slots tlre

required velue of R', is given by

' R,- R Ry
Re= R 25 qomiaL Ty
R QU
or _8:. = |- E\/_.R.—l—-_—[ OFrw (138) -
n

end from figure 4 the raquired vslue of CQS ray te determined.
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The total number of slots is 2 n, cllowing for hotl surf: ces and tre totel volume

coefficient is thersfore

CQ =2n Cq"%
5
x

—= (14)
VR, Ry

The equivelent drag coefficient for the power expended by the dblower is by
equation (3)

Co,‘-‘ ﬁl"Cq (“Cv"")
which assumes the discherge velocity to be equal to flight velocity. Figures L.
to & were constructed by assuming the inlet loass to be equel to q, 1.8, Cp = O,

and using duct loss coefficients of X - O, .5, end 1., with Np o 0.75.

!

leace ;7 mevseoloae”

CHECK R . APPENDIX “enersl
R T i
e e R BOEING AIRCRAFT COMPANY D-7620
g; L i & u i ., SEATI.E WASHINGTON ae BT
T|CONTRACT NO. |

NEW

o (0 htae T



Flo,
TON | race 2
los -

BOEING AIRCRAFT COMPANY

o

DATE

] _ L sama

REVISED

L 4-4-

»

NAIMAN

CONTRACT NO.

|
_mp -
. Yy -
- i >
'x -
i “_C_” « ! M

TENOISIAIA P77 O 0L SHILTIWTYTim BIE NN




k
]
i

|
1
i
1
l

GENIERA\,.
762
T

1 6 § ( q S v . | 4 ) 1
¢é% 19 s ¢ ”mm 3 '
L A A :
| . ey
' _ | |4 = ”
A R . _* _,.N”.m I
| | b !
} | ! ~ : !
| |
N R r |
| 1 ! (il =3 aw_OJ 13na m
M . _ ?..rv

——

i e 1/ e L 4 ..>1>tquw> LSOWHX3 €
: | |1 ®V= sso .pwaz,.-m
” [ o_.ﬁ.vi NY NOILISNWAL -
I

=t —_—— - — —

SNV UawnsSsy 4

fne{iqt- f

B U Y O A ¢ T | T
“ S et SRR
LN | J < |
- b = Y =
NG I H & Iz [
N L L I I 4 N
— ] N I | e s
S i e
N _ | B
| | | . _
= _\\.\“ H /L ——— e 1 e b L
IR / | X
| A | N =
(8! Fovd) Liwn|, b ” n
UIMOT A3LVWILST L1 e ] I &
: . SR B j | b
, ! . ' d €
- B E \K. F“ m _ m M 4
AR dinau R —— ]
: H ! . H m < v
| Lol . i ; z
lnr.l e e 1 e == L I.IIJrU 3
,l:.|!+‘ s e = et e 1 —en J.— ——— . - — l'l.lu —3- .1 9
' - : N |
»a i £101s 40 "oN. | T ..:r n8anl Y
R | . _Ffilt, S
- —t .4. — ll—l Yllu == e =t =t s ——t———t——1

Letctwl ON 4w




	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf



