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' SUMMARY*

“Experience has shown: that propellers'designed‘fromrthe.
theory of a moderiately loaded propeller are underpitched.

‘An -attempt ‘is made:in the following discussion to trace the
Qiéason for this discrepancy between theory and experience
-and, further, to develop relat;ons from whxch the - addltxonal

p1tch may be approxlmately determxned

"JA$' Introductlon

“In its present state, the theory of the screw

,propeller isg developed on the assumptlon that the boundary

condition which is introduced by the blades may be neglected

~This amounts to replacxng the blades by 11ft1ng lines instead
cof: by lifting surfaces.’ ‘The information on the flow obtaxned

from lifting 11ne theory is 1ncomplete since merely the

.angularity of the f10w is establxshed whereas its curvature

remains undetermxned

- To approxlmately supplement the theory the
boundary ‘condition is introduced 'afterwards. -That is, vortex

"sheets are-introduced for the blades after ‘the angularity has
‘been determined on a basis of lifting line theory. ~Then, thé
- downwash -and - the curvature of the flow may be ascettaxned i
‘at each statlon of the chord length of a blade section fron
'letlng surface ‘theory. ‘However, even this step by step

procedure of correcting for the boundary condition is, compli-
cated. ‘A solution exists only for the curvature of ‘the flow
at the“haff-way point of the section -in the spécial case that
the bound circulation is constant over the .chord length. The

.problem of ‘change of ‘curvature over the chord is left open
~within thxs solution, ‘which is due ‘to Ludwieg and Ginzel -~

2, 31»

‘In spite of these limitations, the existing
theory of the curvature of the propeller flow provides

“ualuable information.. It follows, for instance, that the
-curvature at the half-way point arises essentially from self
“interference. The effect of the other blades, which tend to
‘reduce ‘the flow curvature at the blade under consideration,

“and :also the effect of the free vortex sheets on the curvature

’Refereoces"ate"lilteduon.Page.15

=7




’ .]

o
—T
a

D AN
L)

,
-

‘justifiable.

. e e e s memm e — < iz

aresmall.. Further, ‘the curvature depends on-the radial

'dxstrlbutxon of the bound circulation- and for an: equal
~distribution, on blade outhne.and.advance-coeff;cxent.
”Froh‘these results, it follows ‘that the:nature of the
“curvature of propeller flow 'is eSsentially different . from

that of 'two dimensional cascade flow. The .application of

‘conclusions from cascade flow to propellers, ‘which ‘is

sometimes recommended in 1iterature, is therefore, not

Assumlng for  a moment. that . the downwash ‘is

~known' at each station of the chord ‘would enable 'us to correct
:a thin sectlonjsuch that its propertles,-part%cuiarly the.
pressure distribution and the curve #lift coefficient versus

effective angle of attack", are approximately equal ‘in
curved propgller flow and in straight two-dimensional flow.

“The correction: would :esult'in a distortion of the camber
‘line at each station.. -For practical purposes, the ‘distortion
‘miy be approximated:- by ‘an ‘additional curvature of the camber

line correspondlng to the flow curvature at’ the half -way

point and by ‘an-addjtional angle 6f attack correspondxng to
the change of :the curvature over chord For ‘instance, when
the curvature is smaller at the leading edge‘and'greater-at

"the trailing edge than at the half-way point, :a positive
~angle of attack becomes necessary to correct for the change
-of ‘curvature. Since this change 'is unknown, only the first

correction, viz,; ‘that for the camber is applied in designing

-a propeller.: The neglect of ‘the additional angle of attack
‘is considered ‘to - be the reason for propellers designed on a
‘theoretical basis to be underpitched. '

‘In the following parts of this note, expressions

for: the order of magnitude of the additional angle of attack

are derlyedu No attempt has been made to introduce ‘lifting
surfaces for the bilades.  The considerations are ‘based on-a
simplified lifting surface theory as proposed by Weissinger
[4] .- Combining the correction for the flow curvature as known
from the'LudwiegBGin?el Theory with the correction for ‘the

tahgle of ‘attack 'a better-aop:oximation for the boundary
‘condition may be expected than applying only one of these
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corrections.’ “Future- effort w111 be dxrected towards a rlgorous

r'solutlon of this problem.:

xfBu Slmplltxed lifting surface: theory

‘Weissinger con31ders a thsted plate of finite

tspanc 1n a flow arising from the velocxty of: approach and from

" the bound end free vortex sheets.. 'The problem is to détermine
~the spanwise -distribution of the bound ‘circulation. This "

dlstrxbutloh follows from the boundary conditionpof ‘the relative

~flow, v12, that. the ve10c‘ty component perpendlcular to the

plate be zero. “To simplify this problem ‘the bound vortxclty is.

. assumed to he concentrated at the one-quarter point of the. chord
”length Further, the boundary - condition is satlsfled only at '

one specxfled station of the chord length which is chosen -at -the
three-quarter point of the chord.. ‘The 1ust1f;catlon for these

“simplifieationsiand a éomparison between results from the
‘gimplified theory and from experiments in the case of plan forms
-.dre:'giv_en" in [5].

In the case of propelleér design, the problem is
reversed since the bound circulation is known (from lifting line
theory), .and -the twist is to be determined. such that the bound
circulation-is generated - Applying Welss1nger s method at any

‘radius of the propeller, one obtains the angle of dttack of 'a

flat plate,af, relative to the velocity of’ approach with which
angle the required lift coefficient is produced within the
propeller flow. The velocity of approach is that which does not

- -inklude .any ;nduced velocjities, i.e. the velocity V*"in

. Figure 1.

. Let (w,) be the sum of the velocity components
perpendicular to V* which are ‘induced at (0.75¢) from the bound
and free vortices.. Then, the boundary condition is satlsfied

'at_¢0:75e) if the plate is glven the following angle -of attack

--<‘1"r>v. W= (V) = (W VY + (¥n/V*)§

‘Assumxng ‘that the gradxent of ‘the lift-angle curve of ‘the
‘section ‘at the radlus under consideration equals that of a flat




-velocxty components is perpendicular to V at station (0.25¢),
- .see Figure 1., it develops that the part of ¢! which -arises
'iromﬁthe'free vortex ‘sheets is approximately represented by.

4
plate, ' is xdent;cal with the angle of attack of ‘the line
of ‘zero -lift of ‘the "section. Therefore, the .angle of ‘attack

‘of theé' chord - 11ne of the section relative to V* equals (a'-ao),
- see Figure 2. For a pitch correct;on, we' are 1§terelted ‘in. the
-angle of attack of the chord linr relatxve/resu

tant relative

“velocity V. ~This angle equals.

(2) ‘ha=a'-(ag+a;) .
In this relatlon, ¢o and ‘a;. are known quantities. -‘In order
to ascertain o', the components perpendicular to Vv* of the

"velocities are determxned whxch are induced at- (0.75c) both
- from the free vortex sheets and from the bound vortices of
the propelier.: S ' oo ‘

(a) Veloclty components 1nduced from the - free -vortex sheets.
Slnce ‘the bound vortex is assumed to be sxtuated ‘at the
one- quarter point,c/4, a dlscontlnulty of ‘the tangent1a1

- component occurs at this: Paxnt¢.rhe tangent1al component ‘is

zero in front of this point and equals L behind. The.axlal
component varies cgntlnuously ovér the chord length. This

~variation is appreciable and can not be neglected in these
“c0n31derat10ns ‘'The radial component does not enter cgncf the
'lflow xn the tangentlal plane is considered.

Let . (wa)ﬂ 25u'be the axial component of the’ 1nduced veloc;ty

at (0.25c), which is known fqpm lifting line theory, ‘and ('a)o 75
that at (0. 75c) Then,

h =, (wa )0,. 7':5: / ( wa )0:0- 25

‘which’ numer1cally is between 1 and 2. Assuming optimum flow,

ive., that the resultant of the axial and tangential 'induced

(5) (Wn/V*)gdaj S
, , ' 1 + cos-zai(’%-l)

The-diffieufty in'applyiqg this relatioq lies in making .a




Figure 1.

V,;Figu'r.e -2, Def.lm. tion of .'ang.les
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*;ufficiéntly accurate determinafi6n5of5h; ‘The.integration
‘over the Helical vortex sheets to ascertain (wa)dfis is

performed in the Appendix, ‘the numerical evaluation of the
integrals, however, reqdires an appreciable amourit of ‘time.

”To obtain a simple approxlmatlon a propeller with 1nf1n1te1y
-many blades is considered.” In this case, the free vortex

system may be resolved, at any radius, into a semi - 1nf1n1té
row of ring vortices, which are perpendicular to the axis,

"~ .and 'into straight vortices of semi-infinite length, which are

parallel to the axis. The axiai‘velocity.compohent-is generated

'vonly by the ring vortjces. To determine its increase - ovér the
jcho;d.length &N xntegratlon over the velocxty fields of ‘the
. ring vortices is necessary.’ Thls integration is easier ‘than
- for- ‘helical vortex-sheets but ‘is still laborious. ‘However, -for
‘the inflew, it is known, that the fxeld of a semi- infinite row
-of ring vortices is identical with that of an axis- symmetrxcal
~distribution of 'sinks over the disc. Further, the velocity

potential of a sink-disc is in compdeté analogy with the

. gravitational potentiél of a solid disc the latter being known

from text books.
The scheme of a sink-disc enables us to approximately

‘ determlne the dependence of - the axial component of the induced

'veiocxty on position for the flow in front of the disc, ‘To

obtain information on the ftow behind, the tentatlve ‘assumption

is made that the rate of increase of the axJal component ‘is
symmetrlcal abqut the disc. .This assumption complies with the

general character of the axial component, viz.,’ ‘continuous
increase from zero far in front to a value in the ultlmate ‘wake

‘which 1&.tw1ce the value at the disc.

On a basis of this assumption, it develops from the veloclty
pot;ntlal of a sink d1sc that

[___!___- ‘$iN0+ el cosQ]
Madv. 25 Maly. g5
where
"X

(6)  tano-iTnp T




and where

o
L
™
@‘
e

[}

N
=R

0w
425%.

o

~

~
alg

.T

“q<R

—_—
'(wﬂ)o .28

]

e

1]
H=
o~

+
e
———,
e by
e

Within these éxpressiqns, q represents the distance from the
origin to the point of reference and 6 the angle between q and

‘the axis (spherical coordinates). The functions P,; which

depend on cos @, are the Legendre polynomials and the prime

‘means the derivative relative to 0.

For x = 0,7, the function h is represented on Figure '3 on

‘a basis of 6. The underlying-calculations.dd not take into

account the~depeqdence of‘(wagc ¥son radius, therefore, they are
sufficiently accurate only at one certain radius.” Including :the

dependence 'into the considerations causes considerable additional

:numerical. work which does not seem justifiable for these approxi-

“mations.:

‘(b) ‘Velocity components induced from the bound vartex lines.

The bound vortex linhes are assumed to be straight lines which
are situated in a plane, i.e., effects from rake and skew back
of the blades are nég‘lectedyFﬁrthery the sections are ‘assumed

.gituated on straight lines instead of on circular arcs.

According to simplified lifting surface theory, the' indiuced

‘velocities are calculated at (0.75c), the position of the:bound
‘vortices being at (OQQSC)B’"For such configuration the ‘integral
by 'Biot-Savart yieldé'the results that (see Figure ‘4)
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Figure 3. .The function h for x=0.7
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Figure 4. Effect of bound vortex lines at station P = 0.75¢
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®

'sect10n is approxxmated by Bi’

~ (E) = (xo0 cos gﬁ-_ﬁ.?QS-Bi)? + (¥o('®in.p- ¥$~+‘G§?9ihvﬁi)f.

W1th1n these and .the . follow1ng expressxons, thelpitcheangle of .a

The component of W whxch 18 pgtpendxcular to V# is .obtained :from

h the followxng rela§1onsu;‘

V¥

1'1) - (-w.) .(cos X sin Bj - cos v cas B;) |
\vefp AV -

;208 .)‘,z : ﬁ sin Bls1n m ’

' - 8in(p,Xo) {%

c U
o X gos:u - cos ‘Bi sin .y
cos y= . ' ‘ ;

£

sin(pP+Xo).

X

int:odueing theﬂegpress;on for.(w/ygsb.one,obtains"

- - , , 1
.17;' f¥n\ - sih Bi Ei'sinuﬁ - X eos.éi'cogd%) g G(xo) dxg
AN LD b 2 r D h ‘ ) (p/R)

In these relatxons, .the peéifioh of a bouha .vortex . line is
fxxed by the angle i (Figure 4). The.: formula gives. the 1nduced

nvelocxty at the three- quarter poxnt P at any radxus x of .a -blade

whxch is in. the pos1t1on po= 9g from any ‘6ther -bound vortex

.lxne in posxtxon T ‘That .is, for b= 90
of the hlade follows The mutual lnductxons are obtained .when

”1ntroduc1ng the . proper values of u for .the . rest ‘of. -the- blades.

.For Lnstance. for a'3- blgded propellet, the angles .are d ., 210

|

the . self .interference.




‘the rrght signs . follow from the : formula.

11

o,
and .y = 330, respectively. The total: 1nduct10n at P 1s,

.then, the sum of the 1nd1v1dual 1nduct10ns rn which : summatlon

(c) Addrtronal Prtch

The formulas (5) to (7) permit an approxlmate determlnatlon
of the" quantlty @', equation (1), when Bl'and al are known from
lifting line .theory.. The rntegral which .occurs in(7) is
calculated by numerical rntegratxon for each of the blades.

HIt follows then.from (1), (2) and (5) that:

(8) Aa‘v(_) +oap 1C0StBy RTD) - g
V*'p 1,4co»e§’[§_ (.2.-1)

“The angle aq depends essentlally on . the camber llne of the .section.

For the a=1 camber llne -

a70. 12¢p (radrans)

and for a crrcular arc camber. line
' a =0, 13cL (radlans)

Both of these .numerical values .are taken from. (6] .
W1th the expressxon (8) for Aa the addxtlonal prtch becomes

(9) A(P/Dy = f2n(Bir Aa) - 4
D T tan By
t Mo (tan B;+ —L——-)'

ngj

Aa being . introduced in radians.

SC. Numerical results ,

From reasons mentroned before the .accuracy of  this
approxrmate theory is not. sufflcrent to determine  the dependence

.of the addltxonal pxtch .on radxus .The followrng numerlcal
;calculatlons are performed at the radrus x=0. 7 For thrs radins,
.an .average of the additional pxtch A(P/D) 18 obtarned whlch is in

satlsfactory agreement thh test . results.
.Two .different propellers are considered. of which  the .design

:condltxons, the type of c1rculat10n dlstrlbutlonp the type of
.camber line and the expanded blade area. ratlo are lrsted in .the
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* .. following .table.

!
.g ; {No. Desxgn Condxtlons .c4r¢ulat;on " Camber.Line .
I % °T“ z ‘| EAR | }sttrxbutxon | o

1 .301|...465 6. .91 Non- optxmum a=0.8 -
2 .0268 f“5°Q: 4 | .82 Non- optlmum .a=1

.

In". the des1gn of these propellers,.allowance has been made . for
the curvatu'e qf the flow at the half way p int of .a sectxon as ~
known from [1] to [3] ; Wxth thxs allowancéﬁ test results showed

a lack .of pitch whxch is glven xn the last lxne of the followxng :
table The addxtxonal p;tch ‘has. been determlned as £ollows:

EQUAIION — . . .NO. 1-' - N@s2

.Bi | 2.0 4.6
‘aj (radian) §. Liftifg line theory . ..0647  ..0639
ey o . .1180° -, 108
) S (6) | 77,5 74.2
_ h o Fig.: 3 1.249 . 1,308
T (W V), , ‘ (7) | L0082 . .0072
. G (radian) T (6) .01601‘ -.@126
.Aq:(tedlaﬁ) : (8) , ' m152 . 0196
o/0 :

A g/g / - (9) | ‘ 3.8 ‘5.2
A(PADY  ofo Test 3.2 4.9

“P/D |

D.: ..Conclusions

Comparxson of the last two lines shows .that .the average of
§ . the add1t10nal pitch as determined by s1mpllf1ed letlng surface
' theory is allghtly greater than . follows from tést data.in order
. to .meet .the de51gn COﬂdlthﬂSo Slnce these dlfferences :may -.be
explaxned by . the apprOxxmatxons xntroduoed .the . result enables
.us to- conclude that the lack of pltch of lifting lxne theory
atxses from the boundary condlt;on at the blades which is not
satxsfxed w1th1n this theory.’ The. allowence for the . curvature
of the. flow at . the half way poxnt of a sect&on is 1nsu£f1c1ent
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- to approx;mately satxsfy the cond;t;on In -addition, an angle

.of attagk must be xntrbduced to obtarn a SUfflcxent approx;matlon.
HWith these two correctlons for the boundery ¢ondxtron, lifting

'Mlxne theory provrdes a relxable bas;s for. the desxgn of a

propeller' However, a r;gorous letlng surfaee theory is de-
4sxrable to. accurately determrne the necessary drstortron of
;the camber lrne both at each statron of the chord and at each
.radxus of the propeller."

A

..APPENDIX

%

>ﬁigprhus,expression<forw(wéid'75

The .axial component of the Lndnced velocxty (wa)wi7sfollows,

at any . radrus, from the ;ntegral by Blot Savart when 1ntegrat1ng
Iover a symmetr1c31 system of z helrcal vortex sheets, see[7]

These sheets orxgrnate at « (0’25c) and go to 1nf1n1ty. The. axxpl
“component of the velocxty lnduced by- these sheets is determxned
. at the point' (0 750) of a sectxon at .radius. xsr/R whrch poxnt is
.srtuated on one of the. vortex. sheets .

~It develops,.then, .that . the ratxo h'('a)o 751(wa)0 28 is represented
~by.. the follow;ng express 1on

he 14 ——
‘(Fa/¥)0. 25
(W /v )0 ‘ belng known from llft1ng line . theoty and I being
5o 5 } _ ]
defined by L ,[}%‘ cos(¢ +C) l] dz
1 z -b - X0 :

I’” gth}%’%%; [1(-,’%,) (o)”’@"“*c) <C""B‘°)]-}
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By .thae".sum .of . the inner. xntegrals, the:effect .of ..a system.of .z

«symmetrxcal vortex lznes ‘of . redlus xo at the threerquanter

: poxnt of the sect;on at radxus x xs represented.: By the outer
,integral the ;ntegrat;on over all the vortex lines .is performed
”and the effect of . the vortex sheets at the three quarter point

xs obtaxned
A numerxcal evaluation of the. Lnner 1ntegra1 is ‘made

.somewhat difficult Aif m=1. -and . Qso ‘For thxs comblnatlon of
';varlables,.the 1ntegrend has .a sxngularxty when x=xo
.which necessxtates to’. 1ntroduce an inductxon factor ~as.digs

:cussed in - [7]

List.of Mainﬁsimbéks

T o ‘ thrust .
.D=2R ' L FrOpeller‘diametef-.
P pitch’ )
. nuhber of biades
¢ . o chord Length of .pny section
x=r/R. non- d1mens1onal radial co-ordinate
Xp : non~d1mensxonal .radius of ‘the hub
v ' speed of .advance
Wa o ; axial component of induced velocxty
Wt tangentLaI component of .induced: velocxty
.n revolut;ons per second
A=v/mnD" .advgnce.coe£f1c1ent
tQT’ -Z' ;' _ ‘thrust loading coefficient
- pR v :
2z .
cL ' ': lift coefficient of any section -
r ‘ . ‘circulation
.d%r/nbY" non-dimeheionai circulation
o a . angle of attack
Qo .angle between . chord line and zero. let 11ne

of any section




B T e T TR A e R,

. K B . .
U B N B N L N o R A S SN s

'Gxnzel
:txlbutan on the Camber Correctxon ?actos " Admxralty
.Research Laboratory, Teddxngton, R2/G/HY/7/1, 1951

“$ubsonnc SPeeds for WLngs havxng Arbxtrary Plan Form.!
JLR9 921, 1948 s

15

'REFERENCES

nLudw1eg and’ G;nzel, On the Theory of 3crews thh w;de Blades.
.Aerodynamxsche Versuchsanstalt, Goettxngen, Rep

Influence of Blade $hape and of Cchulatxon st-,

Gxnzel Theory of . the Broad- bladed P;opeller Admlralty

‘Research Laboratory, Teddxngton, R3/G/HY/7/1, 1952

5We1ss1nger, Ihe Llft Dlstrxbutxan of . gwept back Wxngs" ZWB,
Forschungsbericht .No. 1554, 1943 Translation. in NACA ™,

1120, 1947

DeYoung and Harper, Theoretxcal $ymmetrxc §pan Loadlng at
NACA,

Abbott, Doenhoff and Stxvers,

~Rep 824, 1945

.Lerbs, Moderately Loaded Pnopelle:s with a Flnxte Number of
”Blades and .an. Arbxtrary p;strxbution of erculatxon QASNAuE

(,

60!, 1952

ﬁ*/A/OB 1944

,'§_q‘mmar.y.‘_o f'.iAi_?r.'feil‘": Data;',’ NACA,




——

Copies

Rl 2 = R e e s s e e L . : . -
5 TR L e .. st G4
R : : R

16 -

INYLTEAL' DISTRIBUTION

‘ .Chxef ‘Bureau .of thps, Technlcal betaty _
“Code (312), for distribution:

-5 Technlcal LLbrary A
1 Clvilxan QOnsultant to the Chlef (Code 106) ‘
1 Prellmlnary Design: (Code a21) '
ot Propellers and Shafting. (Code 554) "
'Chxef of Naval Research Fluld Mechanxcs Branch,
.Code 438 '

. Ordnance .Research Laboratcry, Pénnsylvanla State
-.College, Unlversxty Park, Pennsylvanla

Naval Ordnance Test StatLOn, Pasadena Annex,
.Pasadenag Callfornxa S i :
Superlntendent, Admzralty Experlment Works, ‘Haslar,:
,Gosport, Hants, England [

Superxntendent, Shlp vaxsxon, Natxonal Physical
wLaboratory, Teddlngton, dedlesex, England

D;rector, Nethexlands SCheepsbouwkundxg Procfstatxon,
Wagenlngen, Holland , :

,glrector, Hamburg Model Bas;n Berllner Tor 21,
Hambnrg, Germany ,
Dxrectorg,Statens'Skeppsmodéltanken,'Tyhnlty Trondheim,

T TR ¥ ; .

mNorway .
Director, Canal de Exper;enceas HLdrodlnam1cas,,El Pardo, |
;Madrzd °pa1n '
. Directdr;, Vasca Nazionale Perle Esperlenze, .Via:..Della
.Vasca Navale 89, Roma .- SEDE, Italy
Experlmental Towxng Tank, Stevens Institute of
lTechnology, Attn: Prof Korvxn Kroukovsky, ‘711 Hudson
MStteet Hoboken, ‘New . Tersey ' _
Dxrector, Instxtute for Schxffbau, Beriiner.Tormzlf

.Hamburg, Germany

Head Department .of Naval Archxtecture and Marine Engi-
nee:xng, Massachusetts Inst;tute of Technology.
vCambrldge 39 Massachusetts B




S

T e

o 85

e

(S

INTTIAL DISTRIBUTION (CONTINUED)

British Shipbuilding Research Association,
Chesterfield Gardens, Curzon St, London W1, England
Prof., L.C, Burrill, Department of Naval Architecture,
Kings College, University of Durham, Newcastle upon
Tyne, BEngland ~

Karlstads Mekaniska Werkstad, Kristinehamn, Sweden
Dr. H.A. Schade, Director of Engineering Research,
College of Engineering, University of California,
Berkeley, California :

- Dr. K.H. Schoenherr, Dean, Faculty of Engineering,

University of Notre Dame, Notre Dame, Indiana

, '« Horn, Laehr St 28, Berlin-Zehlendorf,
Germany .
Prof, Dr. H. Amtsberg, Technical University, Berlin,
Germany :

Candaian Joint Staff, 1700 Massachusetts Avenue, N.W.,
Washington 6, D.C. = .

British Joint Services Mission (Navy Staff), P.0. Box
165, Benjamin Franklin Station, Washington, D.C.




HM UUSWION ‘sqiery . |

- "YU - seowmg
Aoyl - 10i%]
Arepunog - (eulrsy)

seps|q o[jedoag g
Kwoyy - udtseq

- (ouursy) swefjedory °3
yrd

B ?Eu-zv seffedord °1

‘peutuielsp

Aeoysurxoadde oq Aew y21d [9uonIpps og) YoIgm WOy SUOIIW[EL

dofeaep 0} ‘1oyqjmn; ‘pus eousliodxe pus Ax0ey; weomjeq Louedeso

-SIp 8IY} 30 UOSBOI OY) O8N 0) UOISSNISIP FUIMO][0] oY) Ul epew

st 1dweys uy ‘peydjidiopun o ojjedosd pepwo] Ajeyerepou % jo
Aoy cy) woij peudisep sio[jedoad jey) umoys S8y eouenedxy

QATAISSVIONN *sjo1 ‘ofqey ‘*syy *poul
d JT 1t *ggeT Areniqed *sqier] *M°H Aq ‘1DAAIT AOVIHUNS

cz_,r._s WO¥J DNISI¥Y NOILOFVYOD HOIId 4F'114d0Ud
*5¥6 dey ‘utswg (opoy 0iAe ] "M PrAs

*J"M UUWEIOH ‘Sque] . °f

- *jI] - seowyng ¥
K0y ], - 1048]
Arepunog - (eutrep)

sepv|q Jojjedosg °g
Awey] - uSiseq

- (ounawy) ssefjedosg °3
yord

< (eutrep) swoqredorg °1

‘poutuInep

Aeyemrxoidde oq Asm yoq1d [vEONIpps o) YOIYM WOY SUOIIE[SI

dojeaep 0} “leqymj ‘pus eousliedxe pus L10eq) Wemteq Kouedesw

-8Ip SIY) 0] UOSEE] OY) 8IEM 0] UCISENISIP Burmojlo] oqy Ul opew

sr jdweye vy ‘peydnidiepun o iejedoxd pepwo] A[eywiepou ¥ O
K0y) oy} woy poulBisep siejjedoxd jey) umoys Fey eouelsedxy

GHEIJISSVTIONN *sjai ‘ojqwy 8By *ToMy
'd 21 ‘Tt *QQel Arenaqed 81y *H°H £Aq ‘LOAJJLY FOVIUNS
wE.EE KOY¥A DNISI¥V NOLLOFHNOD HOLId ¥ITTAL0dd

*3¥%6 7dey ‘urweg [opop 1iAe] A pPlAeq

"d'M uwwwiey ‘sqie] °]

-*Jr] - seovyng °F
Al00yq T, - 10A%8]
Arepunog - (eurtupy)

sepe[q io[jedoig °g
Awoyy - udiseq

- (eunrvy) sieqredoad g
Y1

< (ourrey) ssoqedord T

*pouIwIeep

Arejsuixoxdde eq Ksw yoj1d [vuOIIppE OY) YOTyM WOIJ SUOI}B[6I

dojeadp 07 ‘1ey3n) ‘pue edusliedxe puw L10ey; ueemjeq Aouedelo

-STp STY) JOJ UOEBVSI 8Y) 808Y) O) UOISENOSIP JuIMO][0] oY) Ul apvw

sI (dweyye uy “poyojidiepun o ejjedoad pepvo] Ajejsiopou ® jo
Kwooyy oy wozy poulisop sie]jedoad y8y; umoys svy eoueniedxy

QAIJISSYIONN *sjea ‘erqey **s¥y Jour
d )1 ‘1t gGeT Amenaqey sqie] "M°H Aq ‘1DFJAT TOVIUNS

ONILAIT WG ONISTAV NOLLOHYYO0D HOLId 4ATIZd0dd
°g¥6 1doy -urswyg jepol (A8 *M P1ARQ

g’ WewmIoY ‘aqier] . °1

Y] - seovymg ¥
Axey[ - 108}
Arepunog - (eutrep)

sepw|q sefjedozgd ‘g
Aoy, - udiseg

- (eutrep) sweqredorg °z
qrd

- ?.:.25 swqredolg - °1

‘peutmanep
 Areysuirxoxdds eq Awm qogid [suonIppe oYy oA WO SUOTIEIEL.
; dojeaep 03 ‘10q1m] ‘pus edueuedxe puv A0ey) Wemioq Aouwdeso
-8Ip £1q; J0] UOEE6I oy] 908X} O] UOISSNISIP FuIMO[[o] oy} ul opwur
sf ydweye uy “peyosrdiepun o sejjedoxd pepwo] A[eyesepow ¥ Jo
Aoy oy; woy peultsep siefjedoxd juy) umoys 83y eouensedxy

QAIAISSVIONN *sjoz ‘ojqw sy ‘[our
d A1 ' -9geT Azenaqey - *sqie] “M°H Aq ‘LOFAAT IOVIHENS

cz_.r:q NOUA DNISINV NOILOH¥HO0D HOLId ¥ATTAJOUd
*3%6 1doy ‘urwwg [epop W[Av] *A PrASQ




ST T R R ————————— et O T R

G TR

SRR S ot ek

"M Twvwle] ‘squer . °

- *Yr] - seowyng 3
Aoy, - 10is]
Arepunog - (eurrsy)

sepu|q sefjedoig °g
Aweyy - udiseqg

- (eutre) saeqredoag 3
LEe |

: (ourrep) saeqredoag T

‘peutuerep

A1eysurxoadde oq Asw yojid [euoryIppe oY1 YOIYM WOI). SUOTIR|SL

dojeaep 07 ‘10y3ing ‘pus edsuenedxe pue Aiosy; ueemjeq Aouwdelo

-SIp STY) 10} UOS¥eJ By} 80N 0) UOCISSNISIP JUIMO][O] oY) UI epew

st ydweyy® uy ‘peymidiopun exe 1ejjedoad pepwoy K(eyeiepow ¥ Jo
.h..oaﬁ ey woyj peudisep sie]jedoxd juy) umoys svYy eouelsedxy

QATAISSVIONN *sjel ‘o[qey **s8y [our
d .7 ‘0 -ggeT Arvniqeq ‘sqie] "M°H Aq ‘1LOFIIH FOVINUNS

025.&3 WOAJ DNISIFY NOLLOTJIOD HOLId ¥ITT1Ad0dd
*g¥6 dey “ursvg [epoy 2[Ae] "M PIAv(

d' M WIvmIey ‘sqae’] . °]

- ‘YU - sedsymg °§
A100Y ], - 1048]
Arepunog - (eutrep)

sepelq Jojjedoig ‘g
Awey ] - uSiseg

- (eunrsy) seryedorg °3
@1d

C e Aonﬂazv siofjedoag °1

°pouruINep

- freyemixoidde oq Aww gogid euon)Ippe o) YOTYA WO SUOIS{el

dojesep 07 ‘10y1an} ‘pue eoueuedxs puv K0eq; weemieq Aouvdes

-SIp STy} JO] UOSBOI O) 00UX) 03 UOISSNIRIP JuIMO[[0] Ou; Ul opwur

8t 1dumepye wy °pegondiepun ox seyjedosd pepwoy Ajomiopow ¥ Jo
K100y) oy) woyj peudisep ciejledoad =) umoys sen souetiedxy

QATAISSVIONN *sjel ‘ejqe; ‘*eByy “jour
«d 21 ‘0 °gg8T Awniqey ‘sqrer] *m°H Aq ‘10T JAAT AOVAUNS
ONILAYT NOMJ DNISIZV NOILOFHUOO HOLId 4d'11ad0odd

*5%6 1dey ‘urswg (opop 1[ke], "M PYAYQ

HM UUBWIOH ‘Squer] . °

- "PY] - sedvjmg °§
K00y ], - 1048}
Arepunog - (outzep)

sepziq zefjedoig °g
AweyJ - uSiseq

- (ourrwy) saejjedory °z -

yrd
< (ewtawy) sweqjedoad °1

‘peutuijep

Krogeuixoadde eq Asw yojid 15UONTPPE OF) YOIYM UIO1j SUOIIBIea

dojeaep 0} ‘iegym) ‘pue eouelzedxe pue Awey; ueemjeq Aouedero

-SIp §TY) JO] UOSEBAI oY} 80%X) 0) UOTSSNOSIP JuIMO[[O] oY) Ul epsm

s jdweye uy -peydxidiepun oxw iejjedosd pepwor A[ejeiepow 8 jo
K00yy oY) woiy peulisep siefjedord jeyy umogs sey eoustredxy

AdaIJISSYIONN *sjea ‘o[qey **sJyy *out
«d 4T ‘U °ggeT Areniqeq ‘sqie] M'H Aq ‘10T JAE IOVIUNS

ONILAIT KOYJA DNISI¥V NOLLOFHYOD HOLId HATIAI0Nd
*g¥6 "dey rurssg [Opojy 0JAv], ‘M PlARQ

AR Tweuiel ‘sqaer] . °]

NI - sedwyng °§
Awooyy - 1048]
Axepunog - (eutrep)

sepuiq Je[jedo1g °g
Aweyg, - uSrseq

- {ouwwpy) swqedorg °z
I

< (ourreyy) saeqredorg - °T

*pourunep
A1eyeuirxoidds eq Aww goyrd [sunnyIppe o) YOIYM MOY SUOTIS[eS.

: doteaep 0} ‘xoqim; ‘puv eouenedxe puw L1eq; weemjeq Lovedao

-&1p SIY) JO] UOSVI 9y} 8O¥N 07 UOIESNISTP Furmo[jo] o) ul epew
st jdwmeyw uy . "peydidiepun o serjedoad pepwor Kjeyeiepow ® Jo
Axey) oy; moy) peultsep sieljedoad ey umoys sey eoustsedxy

QITAISSVIONN *sje1 ‘o[qw **a8y “pour
*d 1 ‘r *9g6T Arvniqeg -S@e] MH Aq ‘LOAJLII AOVIAUNS

cE.ES NOUJ DNISI¥V NOILOT¥NOD HOLId ¥AT1ad0dd
*3¥6 dey ‘umweq [epop DAL *M PrARQ

B s TT0

SARRETE,

-




