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NOTATION

Expanded area

D2
Propeller disc area (= z i )

X
Drag coefficient of the nozzle (= ————)
p n2D4

; Propeller diameter

Minimum inside diameter of nozzle
Nozzle inlet area

Nozzle outlet area

Nozzle area at minimum nozzle diameter

Pitch

Torque coefficient <= ¢ )
p n2 D3

2z O

NN D S8

T
Thrust coefficient of a propeller in open water ( )
2 4
pn“D
Tn
Thrust coefficient of nozzle (= )
pn2 D4
T"
Thrust coefficient of nozzle | =
f v2s
2
Ty
Thrust coefficient of propeller in a nozzle (=
P n2 D4

T +T
Thrust coefficient of a propeller-nozzle combination <= P )
pn2D*

Nozzle length

VLength-diameter ratio of a nozzle

Power delivered to propeller
Revolutions per unit time

Torque

Inside surface area of nozzle (= I D)
Thrust of propeller in open water

Thrust, effective
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)

Thrust of nozzle

Thrust of propeller operating in a nozzle
Advance velocity

Drag of nozzle at velocity V

Tow rope pull

Number of blades
Angle of zero lift

Efficiency improvement factor of propeller-nozzle combination

(=)

Propeller efficiency in open water

Efficiency of propeller operating in nozzle

Efficiency of propeller-nozzle combination

14
Advance coefficient ( = -—-—)
nD

Density of water

27 Qn
Power loading coefficient | = mQ
p aD?
L oys
2 4
T
Loading coefficient of propeller operating without nozzle | =
L V2
2
TP
Loading coefficient of propeller operating in nozzle RiP—
P 4
—yr___
2 4
TP +T,
Loading coefficient of a propeller-nozzle combination [=
2 y2 7 D?
2 )

Distance from the leading edge of the nozzle to the location
of its minimum inside diameter (i.e., to the location of
propeller inside nozzle)

Quality factor

iii




LIST OF FIGURES

Figure 1 — Nozzles Tested at the TsAGI Model Basin ..................... et e n e s
F'igure 2 — Expanded Blade Areas of Propellers Tested in Nozzles at TsAGI ..............

Figure 3 — Characteristics of a Propeller-Nozzle Combination in Open Water
(Nozzle 5, Propeller 109) ......cccoovieiiiieee ettt e e

Figure 4 — Relationship between the Nozzle Thrust Coefficient K3, for
Various Nozzles and Loading Coefficient o, for Propeller in
NOZZLO oo e ettt ettt sttt et ees

Figure 5 — Relationship between the Loading Coefficient of a Propeller in a
Nozzle o and the Loading Coefficient of a Propeller without
Nozzle B g

Figure 6 — Relationship between the Efficiency Improvement Factor ¢ of a
Propeller-Nozzle Combination and the Loading Coefficient of the
Combination a;) B n T T

Figure 7 — Efficiency Improvement Factor € for Propellers with Pitch
Ratios H/D = 1.0 and H/D = 1.5 oot eetee e e

Figure 8 — Relationship between the Efficiency Imptovement Factor € of a
Propeller-Nozzle Combination and the Power Loading Coefficient
Figure 9 — Thrust per Horsepower for Tugs at Bollard Pull with and

WILROUL NOZZEOS ... oot e ee e et e e e ee e reesneaessssss s eseien

Figure 10 — Results of Tests for the Tug ‘‘Izhorets’’ with and without
8 NOZZIE (e e

iv

11



ABSTRACT

This report presents in condensed form the results of experimental
investigation of three- and four-bladed propellers in nozzles. The experiments
included nine nozzles of different form and various length-diameter ratios.
Propellers having different pitch- and disc-area ratios were used. The
diameter of propellers was 200 mm. The results of the experiments are
presented in form of performance characteristics curves. Several additional
graphs on full-scale comparison and a discussion on the merits of propeller-

nozzle combinations are also given.

Several experimental investigations of propeller-nozzle combinations have been carried
out in the Soviet Union. Of great practical interest are the investigations carried out at the
Model Basin of TsAGI (Central Aero-Hydrodynamic Institute).1s2

The experiments included nine nozzles having the shape shown in Figure 1.

The minimum inside diameter of each investigated nozzle was 208 mm. The length-
diameter ratio I/D_ was equal to 0.5, 0.66, and 1.0.

The inlet area ratio of the nozzles F, /Fp varied from 1.0 to 1.39 and the outlet area
ratio FO/Fp from 1.0 to 1.33.

The investigations of the nozzles were carried out with and without propellers. The
diameter of the propellers D was 200 mm; the pitch ratio /#/D was 1.0 and 1.5; the disc-area
ratio 4/4; was 0.5 to 1.0; and the number of blades z was 3 and 4. The expanded area ratios
of propellers are given in Figure 2.

The main results of experimental investigations of the propeller-nozzle combination
in open water are presented. Figure 3 shows the experimental characteristics of the
propeller-nozzle combination as a function of the advance coefficient A. For comparison,
the performance curves (K, and 5) for same propeller in open water have been plotted on the

same diagram. The drag coefficient of the nozzle was determined by the formula

X

pnzD4

C. =

xn

where X is the drag, corresponding to the velocity V. The variation of the coefficient C,
with respect to A is given by the broken curve in the lower portion of the diagram.
We see from the diagram that the character of variation of the thrust coefficient of the

nozzle

lReferem:es are listed on page 6.



with respect to A, and the thrust coefficient of the propeller-nozzle combination

. Tp+ r,

t(p+n) =
P pn? D4

is quite analogous to the variation of the thrust coefficient of the propeller in open water,

K,. The maximum thrust generated by the nozzle is achieved at zero speed of advance and

in several cases is almost equal to the thrust of a propeller in the nozzle. The zero thrust

of the nozzle usually occurs at a small positive or zero thrust of the propeller. As was shown
by the results of the experiments, the forces occurring on the nozzle are determined by its
advance velocity V and by the magnitude of the velocity circulation produced by the operating
propeller. For a constant location of the propeller with respect to the nozzle length, both
parameters indicated are characterized by the loading coefficient of the propeller in the

P
angle of attack of the flow entering the ring-shaped nozzle section. For the same values

nozzle, o?. The loading coefficient a;), all other conditions being the same, determines the
of o;, the angle of attack will increase with increasing a, (i.e., angle located between direc-
tion of zero lift force of the nozzle profile and its axis). With an increase of the angle ag,
the thrust generated by the nozzle increases.

Figure 4 presents the variation of the thrust coefficient of different nozzles referred

to the surface S = » D [ and velocity head of the entering flow

Kin =
p V2

2

x S

as a function of the propeller loading coefficient a;.

Examining the various curves in this diagram, we can draw the following conclusions:

1. The thrust coefficient K’ for all nozzles depends on the loading coefficient o;) and

increases with an increase of the a;.

2. With an increase of the ratio F'O/Fp, for a constant value of the inlet opening, the
thrust coefficient K increases (nozzles 3, 5, and 8); the effect of the variation of the nozzle
inlet Fi/Fp is smaller than that of FO/FP.

3. When the length diameter ratio I/D_ increases, the coefficient K, decreases.

The phenomenon of unloading of a propeller in a nozzle related to an increase of the
flow velocity at the propeller disc was corroborated fully by the data of the experiments. The
variation of the loading coefficient of a propeller in a nozzle, a;, in relation to the loading

coefficient of a propeller operating without a nozzle, Tp is presented in Figure 5.



For the propellers with varying values of A/A4;, but having the same pitch ratio
H/D = 1.5, all the experimental points fall on one straight line; the only exception is propeller
113 having the pitch ratio H/D = 1.0. As follows from Figure 5, o; is always smaller than o
for all propellers. The experimental results show that an increase of the ratio ¥ O/Fp has an
unloading effect on the propeller because the velocity behind the propeller (in the slipstream)
decreases. Varying the nozzle inlet opening Fi/Fp has practically no effect on the action of
a propeller.

When evaluating the performance of various types of nozzle assembly, it must be
remembered that the thrust generated by the nozzle is accompanied by the change of the pro-
peller characteristics. Hence, in general, the use of a nozzle may give either positive or
negative results. For this reason, the correct notion on the advantages of utilizing a nozzle
may be formed only from examining the overall characteristics of the whole system.

The experiments carried out by TsAGI allow to establish approximate lower limits of
propeller loading 5 for which the nozzle installation increases the efficiency.

To solve this problem, we analyze the case of nozzle installation for an existing
propeller. Or, in other words, we compare the characteristics of the same propeller with and
without a nozzle for constant value of propeller loading and for constant power.

Tp+n

The dependence of the efficiéncy improvement factor € = P on the loading
/]
p

coefficient of the combination o;M =0, is presented in Figure 6.

From this diagram it follows that for all the nozzles tested the efficiency of the
propeller-nozzle combination is higher than the efficiency of a propeller without a nozzle, for
the values of % starting from 0p 2 1.5 to 2.0. For very high propeller loadings (ap > 30), the
maximum value of € for certain nozzles (i.e., 3 and 9) ranged as high as 1.6; i.e., the value
of Np4n W8S 60 percent higher than the value for 7.

It is important to note that for propellers with high pitch ratio, the advantages of a
nozzle begin to appear at lower propeller loadings.

This is entirely confirmed by the diagram given in Figure 7. Here, for the propeller
with H/D = 1.5, the magnitude of M ptn is larger than 7, starting from op = 0.75, whereas for
the propeller with H/D = 1.0, the gain in efficiency is obtained only for o, > 2.0 The lesser
gain in efficiency of the propeller with H/D = 1.0 may be explained by the fact that for equal
values of Ty the efficiency of propellers with smaller values of H/D is higher than the effi-
ciency of propellers with larger values of H/D.

The results of tests at TsAGI concerning the determining of the advantage of nozzle
installation for constant power are shown in Figure 8. On the ordinate axis are plotted values

of the efficiency improvement factor

’
o p+n np+n

Up n

€ =




and on the absissa the values of the power loading coefficient

For such a comparison, the application of the nozzle shows the smaller positive effect
in efficiency. The smallest effect gives nozzle 5 with propeller 113 (H/D = 1.0).

The experimental investigations have shown that the installation of the nozzle on an
existing propeller without increasing the values of H/D may result not only in an increase,
but also can lead to a decrease of thrust of the propeller-nozzle combination, as compared to
a propeller operating without a nozzle. For propellers with H/D = 1.5, the installation of
a nozzle gives an increase of thrust for the propeller-nozzle combination for small values of A
without going over to the other values of H/D.

From the diagram in Figure 8 it may be concluded that for a constant power, the nozzle
installation is advantageous for values of o; > 5 to 8. The results of experimental investiga-
tions at TsAGI agree entirely with the full-scale trial results of propellers operating in nozzles.

The operation of ships equipped with nozzles confirms the great effectiveness of such
an installation for heavily loaded propellers. In particular, the propulsive characteristics of
tugs (tow boats) may be increased from 25 to 45 percent by the use of a nozzle.

In Figure 9 are shown the results of tests at bollard pull condition for propellers with
and without nozzles for a numbe of soviet and foreign tugs.

Here the tow rope pull force Z, equal in this case to the total effective thrust of the
propeller T, is related to the power delivered to a propeller Np. The variation of the value
Z/Np is given 1s a function of the loading of the hydraulic section NP/FP (FP =nD?/4 =
area of propeller disc). The curves of constant values of coefficient { plotted on the diagram,
represent the ratio of the actual propulsive thrust force T, to the thrust of an ideal propeller
in a nozzle at bollard pull. The solid curves refer to tugs with nozzles and the broken curves
to tugs without nozzles. As can be seen from the diagram, for the bollard pull operation of
propeller-nozzle combination the increase in thrust attains about 50 percent. To illustrate
the useful effect of the nozzle with respect to speed, the results of tests performed on the

tow boat ‘‘Izhorets’’ are presented in Figure 10. This figure shows the curves of the variation

VA
of the towline force per unit of the indicated power N (kg/hp) with and without a nozzle as
i
function of speed. All curves are for the constant value of loading Ni/Fp = 130 hp/m% As can
be seen from Figure 10, the nozzle guarantees the gain in propulsion even at comparatively
high speeds. However, with increasing speed the efficiency of nozzle decreases.
Space limitation precludes the detailed analysis of the problems related to the design

of nozzles and to the determination of the characteristics of a propeller operating in a nozzle.



We refer the reader to special textbooks on this matter; e.g., Basin A.M., ‘‘Practical Guidance
for Designing the Propeller-Nozzle Combinations and Calculation of Propulsive Characteristics
of Tow Boats.’’ Here we limit ourselves to a few recommendations with respect to the selec-
tion of the basic nozzle parameters and to the general instructions for calculating a propeller
operating in a nozzle.

The main design parameters of a nozzle are:

The outlet coefficient FO/FP.
The inlet coefficient F‘./F'p.

Length-diameter ratio 7/D,.

In the foregoing it has been mentioned that the increase in F_/F » of the nozzle is
advantageous. However, we should not forget that an excessive increase in F o/Fp might
lead to flow separation in the after portion of the nozzle and, consequently, reduce the
efficiency of the nozzle. According to the available experimental data, the value of the
outlet coefficient FO/FP should be chosen within the limits 1.0 to 1.10. The inlet coefficient
Fi/Fp, which depends on the outlet coefficient and practical nozzle designs, is within the
range of 1.30 to 1.65.

The length-diameter ratio 7/D, should not be taken higher than 0.7. The length of the
forward portion of the nozzle (from the leading edge to the propeller plane) should not exceed
0.35 D,. The propeller should be placed at the narrowest section of the nozzle with a minimum
clearance between the tip of the propeller blade and the inside of the nozzle. In practice, the
magnitude of this clearance generally ranges from 5 to 10 mm. The shape of the nozzle profile
should be designed so that the direction of the zero lift force of the profile includes as large
an angle a_ as possible with the axis of the nozzle. The design of a propeller for the opera-
tion in a nozzle is made in the usual manner with the aid of E.E. Papmel’s diagrams. The
only difference, however, consists of the introduction of corrections for the increase of the
axial velocity in a propeller disc (negative wake flow) and the alteration of the loading
distribution on the blade tips.

In conclusion, the main advantages obtainable from the application of nozzles to the
screw propellers, which result from the foregoing theoretical and experimental analysis, will
be enumerated:

1. The efficiency of a propeller-nozzle combination with large loading coefficients
(orp > 1.5 to 2.0) is always higher than the efficiency of a propeller alone.
2. The thrust developed by the propeller-nozzle combination is greater than the thrust

of propeller alone, especially for large values of slip.

3. With a suitable form of nozzle, the suction force in the ship-propeller combination is
practically eliminated.



4. A screw propeller, mounted in a nozzle with a sufficiently small blade tip clearance,
will have almost no tip losses, since the nozzle will prevent the pressure equalization be-
tween the suction and pressure sides in the vicinity of the blade tips.

5. Nozzles improve substantially the operation of a propeller in waves and, hence, assure
smoother engine operation.

6. The use of nozzles considerably reduces the chances of propeller breakage and elimi-
nates entirely the chances of fouling of cables on a propeller.

REFERENCES

1. Maseev, M.B., ‘‘Issledovanie vzaimodeistvia koltsevoi nasadki i grebnogo vinta,”
Transactions TsAGI No. 590 (1946). ‘

9. Vesolovskii, M.1., *‘O vzaimodeistvii grebnogo vinta i koltsevoi nasadki,’’ Transactions
TsAGI No. 590 (1946).



Q—f
1T = e
- e I
S o3 Ty 23| 1|3
oRF——F73 E3TT:
~ . 2 [
S ql- | | Ql | A
1L |l
b 16137 —4 b 12200 ——d e 1137 —
Ne6 N8 7a N8 NS

N*?

:206 ——*1
e
i
12
{
16 _J

1
1

225

3

I
L

= =
4
!
265

fo—stue08 —

YL_D".

L 1-197 — jo 12137

Figure 1 — Nozzles Tested at the TsAGI Model Basin

4)24+0,5

100

Propeller No 108

- \'
}.:o —.— Propeller No 109 & 113

— ——-~ Propeller No 110

Figure 2 — Expanded Blade Areas of Propellers Tested in Nozzles at TsAGI



Y ) ! |
. } 1
1 %:o.a
N
07N, - FEE
. t AL
2 e =S
.g kS L.l .
« OFf > Prop N°109, Nozzle WN*5
[T N
o N [
(%] < 1 |
[+ —
2 K = T
E t Pnlp‘
N, Ke = [
o5 A tp! F:T'TJ"
- N t\_)\
g Kt(p+n) \\ <
o.l.ﬁ‘—"-*:- N
o Ky o A\
7 §r<to NTR T
A N
N N RN
03 N N n
% NERX 7
Kin A N i
b N RN
* RAN N N
1 Z. n.J
o.zlo,{, 17 n
i d \
04 N > o \\ M
o'* - \
n\,’ rd _ 1o
0.’ '_'r //I J < \ i } L“
0T A n " NEA BT
b 1
o1 ! T L33
i -
N amnm ERSEREEE [T
0] 0210I 0% TS5 06707708+ 0,94-1,0--1,1.01,2 ] 1,316 [ 1,5 1A
-q0e - I EEEEEERARERCTEEENERA G

Figure 3.~ Characteristics of a Propeller-Nozzle Combination in
Open Water (Nozzle 5, Propeller 109)




. Stream
Mean Line from Propeller

‘\
N
=
‘O

Line of zero lift

SO
l" | ‘:
Nozzle Axis _ ====y.h |
Tl I
T ! T
} I\ 11,
. ]
0.9 bt -
Tz
A
0.8 o‘l) — 1 0 Y|
R ' § y
Nozzle N°3 o,=+5°12
Nozzle N?5 of,= +1°15’ /1A
0.7 Nozzle N%6 of,~-4°30" 1T T \{% 7
Nozzle N8 of,«-1°42'}" i ARy
Nozzle N®9 o =-2°33’ i’} 00 1
V.
0.6 v Q/ 1 1|
i /4
F4 ¥4
\
4
04 D)
\\.'//) ,/
A L,
03 VALY
vl
V.
yay
0.2 / v
€.
// A 1 =03
l,
0.1 o
0 ' - : -
1.0 2.0 30 40 5.0 6.0 G,

Figure 4 — Relationship between the Nozzle Thrust Coefficient K, for
Various Nozzles and Loading Coefficient o’p for
Propeller in Nozzle



1.5
o Propeller 108 A;ﬂ
g Propeller j0g |for n = | rps -
e ® Propeller 110 £ .03
b & Propeller |13 t P X
4 Propeller |13, n = 16 rps "d
T T
: |
/" Q
Alal
0.5
A
0
0,5 1,0 1.5
6,

Figure 5 — Relationship between the Loading Coefficient u:. 2 Fropeller
in a Nozzle ¢ and the Loading Coefficient of a Propeller
without Nozzle oy

t 1 ] H .3 L
I -—IA._'." ) I _;‘-W“inr“ 1
‘.8 HHAH :;—1"",3?‘3'
) 1 ﬂw*:‘r;"# l il —+
1 AT UL REERENYEREE
L‘i’.'{“" AT _’Til‘ il f’{f‘t#
1,5 N T = FRAERNRS T T
faass 7t geadrets
) d r R
14 v s {4 .N:f:f'—
=
,J - - H _———’ l‘__‘
A | = = L
ta £/ A N;%}’ Nozzles No
V. [ ]
yayay ;1—*’ 2,3,4,5,6,8,9
1,2 | with Propeller
n Y, No 110
H/D = 1.5
,Q’
Vi
1.0l
9% 5 10 15 20 25 B 6;,.:C,

Figure 6 — Relationship between the Efficiency Improvement Factor
of a Propeller-Nozzle Combination and the Loading Coefficient

. . . ’
of the Combination 9p4n =9

10



rt»—l 1 ' \X‘-; :TYUTH;;‘/D"'S'
+++-+ ‘,rope . 7T t 4
" 1 X ] H Y :’ 1
I ‘ HH
i
ir_ ;l,j]bd,o 1
o N!“ |
- Nozzle No 5
¢
1 =0.3
1

: -
0 15 20 25 30 35 Op =0

Figure 7 — Efficiency Improvement Factor e for Propellers with
Pitch Ratios H/D = 1.0 and H/D = 1.5

.
© P[opeller No 110
Y zle N?J
T Ives(é[t-0,3
—T 1
1.2 - N‘-'J
l
1
8
"’ ¢ Propener No ‘,!?——
‘ ~(A(D:40)
wo § 10 15 20 25 GL

Figure 8 — Relationship between the Efficiency Improvement Factor ¢ of a
Propeller-Nozzle Combination and the Power Loading Coefficient o

11



with nozzle ——

Tests at bollard pull
without nozzle —-0—-

N l

Lenpravda

[ '

L1 i

Cutter No 423

Pﬁ“ ﬁth guardrail
‘Blinkensee, ~¥ - and nozzle
Piatigorsk Mlé: i£~::::_-_-_-.:.-__
| n .‘.i l _\ n v Ee q:
— Cherviachek Udarn ik 1zhoretspe30 Voike IGaz‘okhoyw
[} | .1 | | 1 l
5 1 | i 1 | | g
0 20 40 60 80 100 120 %0 160 180 200 220 240 260 280 300
— N [F
p/Tp

Figure 9 — Thrust per Horsepower for Tugs at Bollard Pull with
and without Nozzles

-
o
O 50q2
[
. 5 Tow rope pull:]
=
= 40 c (a) with nozzle
£ T (b) without nozzle
© — . .
o 30— £ c) gain in percent
3 < <\) 9
- 10
2 28 N
g f ANAX
S nd ANAN
10 = \\
0 00 ! 2 3 4 S

Velocity V in m/sec

Figure 10 — Results of Tests for the Tug ‘‘Izhorets’’ with and
without a Nozzle

12



Copies

10

INITIAL DISTRIBUTION

CHBUSHIPS
3 Tech Info Br(Code 335)
1 Tech Asst (Code 106)
1 Ship Noise Measurement
and Reduction (Code 345)
Prelim Des (Code 420)
Prelim Des (Code 421)
Mach, Sci, and Res (Code 436)
Prop, Shaft, and Bearing Br (Code 644)

Pt b N et

CNO
2 0P 922-G3
2 0P 923-M4

CHONR, Fluid Dynamics Br (Code 438)
CHBUWEPS, Library (Code DL 1-31)
CDR, USNOL

DIR, USNRL

ASTIA

0TS, TID

0 in C, PGSCOL, Webb

Dir, Exper Nav Tank, Dept
NAME, Univ of Michigan

Dir, Inst of Engin Res, Univ of
California

Dir, Davidson Lab, SIT

Electric Boat Div, General Dynamics Corp
Gibbs and Cox, Inc

Bethlehem Steel Co, Shipbldg Div

Bath Iron Works Corp

NNS and DD Co

New York Shipbldg Corp

Dravo Corp, Pittsburgh

Head, Dept NAME, MIT

SNAME

Mr. Vito L. Russo, Chief, Div of Ship Design,
Maritime Admin

13












*A 11seg ‘AuyoeuoysN °III
V'@ “fewny) °1

‘T°A ‘Aesojog °]

8980) [0pOW--00uBWIo}Io g
~(eurrep) siejjedord °g
61809 [opoN

--90UBWI0}I0 J--50]2ZON °3
suorjeorddy--s0]2zo0N °1

*ueAld os[s ee suonjBUIqEOD ©[zzZou-Ie[[edoid jo sjew oY)

UO UOISSNOSIp @ puv uoslIedwoo o8as-[[n] uo sydeid ysuolIppY

[8d0A0g *SOAIND SOIIS1I9)08IBYO @ouUvWIOMed JO Wi0) Ul pejues

-0ad ose sjueuedxe oY) Jo s)Meel oY ‘ww 00F svm siejjedoid

JO lejewelp O], °‘Pesn 0iem SO[j8l BOIB-OSIpP puv -yid jueie)

-Jip 3urasy sieqjedoag °so1j8l J0jemsIp-4)Fue] SNOLIBA pu® Wioj

JUeJ1e)JIp JO §O[ZZ0U SUIN popnioul sjuewmiiedxe oyJ, °se[zzou

ur sie[jedosd peps[q-ino} pus -eexy) Jo uoleIIIseAUl [WjUSW
-1zedxe jJo sj[nEed oY) wio) pesuepuod ur sjuesed jodes siy],

AQALIISSYTONN *sjed ‘*snft
-dgy ‘A1 °T96T BN “AuyoeuoysN °A°g Aq perlpd A[reotuyoey,
pus peje[sueay “yewnyp *V°d pue AeAo[og T'A Aq ‘3IE-T10¢ *dd
18¥%61) 110I1YZ1A(Q @Au[eqsio)| :WOoJj pejs[susly ‘(moosop) ALNL
-LLSNI OINVNXJOYAXH-O4HV TVULNTID FHL LV SHTZZON

NI SHI'TTHd0dd 40 SNOLLYDILLSHANI TVININIHIdXH
<Z0€ uonp|suni) “‘uisog [9poy JojAp | piApQg

*A [1seg ‘AuyoeuoyeN °III
'v'@ “ysunyd ‘I

‘T'A ‘Aesoog ]

§980] |@pPO--00UBULI0JI0
--(eurrep) saejjedosg °g
£758) [9poj

--eouBWIOj10 J--60[ZZON ‘3
suorjeodrjddy--sejzzoN ‘1

*ueAld os[e 018 suolBUIqWOD O]zzZou-ie[[edoid Jo sjuIow oYy

UO UOISSRISIpP 8 pus uos1sduiod o[vos-1[n) uo sydeid ywuorippe

[8i0A6g °SOAIND SOIIE116708IBYD 0OuUBWIOJIed JO WI0) Ul pejues

-01d esw sjuewriedxe oyj jo symsea oyl ‘ww 00 svm siejjedoid

JO 1ejoweIp O], °POsn elem SOIB1 BOIB-OSIP pus -y 1d juels]

-J1p 8uiaey siefjedosg °sOI8I J6j0WBIP-Y}Fue] SNOLIBA pUs WIO)

JuQ16}JIp JO SO]ZZOU 8uUlu pepnoul sjuewliedxe eq], °se[zzou

ur sie[jedoid pepeq-inoj pue -eeJy) Jo uoIBIIseAUl [WjUSW
-12edxe jo sj[nsed oy} wioj pesuepuod uy sjueseid uodes siyg,

AAIAISSYTONN *sjea ‘sayt
+dgy ‘A1 1961 18y “AuyoeuoysN "A°g Aq peripy Apeotuyoe,
puw pejs|suei] ‘yewny) 'y'd Pu® AeA0I0S °I°A Aq ‘3rg—T0¢ "dd
{8¥61) 110314z1AQ @AueqeIoy :woyj pejs[susl], ‘(moosoK) ALNL
-LLSNI DINVNAXQOYAAXH-O¥HV TVELNAD AHL LV SATZZON

NI SHITTAd0dd 40 SNOILVDILSAANI TVININ HAIXH
*Z0€ uop|Sudi] ‘uisog |apoy i0)4D| piApQg

*A [ised ‘AuyoouoyeN °III
'v'a “euny) 11

‘I'A ‘AeAoog |

8150 [OPON--00UBUI0JI0 J
--(eutnaspy) saeedosg ‘g
8150} [9poN

--@0UBWI0}I0 J--S0[ZZ0N ‘G
suoryeorddy--so[zzo0N ‘1

*ueAld oS8 e SUOIIBUIqUOD 8]zZou-le[jedoid jo sjuew oY)

U0 UOISSNIS[p ¥ pus uosiisdwoo e[soas-[[n) uo sydeid suonIppe

[8I0A8G °SOAIND SO1)S118708IBYO oUBWIOJIed Jo WIO) U pejues

-01d oav sjuewmpzedxe oY) Jo sjnses oy ‘ww (0F sem sie[jedod

Jo lojowelp OYJ, °POsn 81em £0[)83 BeI8-OSIp pus -yojid Jueis)

-J1p 3uiavy saefjedolJ °S013%8I JejewBIP-3FuS] SNOLIBA PUB WIO)

JUeJOJJIp JO S8[ZZOU QUIU pepn|oul sjuemwuiedxe oy], °se[zzou

ut siejjedoad pepe[q-inoj pue -eeiy} jo uorjeSijseAur [ejuew
-1iedxe Jo sj[nse1 eyj wio) pesuepuod ur sjuesexd jiodes siyL

QdIISSYTONND *sje1 ‘sn[qt
-dgy ‘A1 *T98T 18]y AuyoeuoxsN "A°¢ Aq peyipg A[[eotuyde]
pus pejBjsuBi, ‘Yswny) *y°( Pus AeA0J0S I°A Aq ‘GIE—T0€ +dd
\8¥61) 11e1yz1a(J eAujaqeioy] :wolj pers[susl], ‘(m0os0p) ALAL
-LLSNI DINVNAQOYAXH-04HV TVULNID THL LV SHTZZON

NI SHI'TTAdOYd 40 SNOLLVOILSIANI TVININIYIIXHA
*Z0€ uolip[supi] ‘uisog |apoy loj4p ) piapg

“A 11s8g ‘AuyoeuoyeN “°II
'v'q ‘yewnyd °II

‘T'A ‘Aeaojos ‘]

§150) [opO--00uBWI0JI0J
--(eursepy) siejjedoag °g
€150} [0pol

--90UBWI0JI0 J--SO[ZZON °§
suorjedrddy--sejzzoN ‘1

‘ueAld OS[e @8 SUOIIBUIqWOD O]zzZou-Ie[[edoid jo sjIew oY)y

uo uoIEsNOsIp ¥ pus uosiredwod o[vas-[[nj uo sydead [euoNIIppe

[840A0g °S0AIND 8O1IS1I0108BIBYO @dusBwWIojied JO WO} Ul pRIUSS

-01d ese sjuowriedxe oy} Jo s3nse1 oy ‘wuw (0 sva sie[jedoid

JO iejewerp Y], 'POSN elem SOI78J 8eI8-OSIp pus -yxid jues)

-J1p Suraey sie[jedoig -soryel Jejewelp-y1Fue] SNOLIBA pUB ULIO)

JU8I0}JIP JO §0]ZZOU SUIU Pepn[oul sjuswiledxe oy) ‘se[zzou

ug siejjedoid peps[q-ano} pus -eeIy) Jo UOCIIBII}EVAUL [GjUSW
-1aedxe Jo sj[nses ey} wioj pesuepuod ur syuesexd jodes siyy,

AHIJISSVTONN *sje1 ‘-smyt
-dgy ‘Al ‘1961 3B AuyoeuoxeN A'g Aq peyipd A[[eoruyoer
pue pete|susL “{ewny) "y Pus AeAOI0S I'A Aq ‘GIE-10¢ *dd
18%61) 1[0I1421AQ 0AU0qRIOY WOl PeYB[SUBLY ‘(MOOSOW) HLAL
-ILSNI DINVNAJOYAXH-04dV TVULNID FHL LV SUTZZON

NI S4ATTAd0dd 40 SNOILVDLLSAANI TV.ININIYIIXH
*Z0€ uoyp|suni] “-uisog |dpoy Jojio | pianq







S S Sy s M L, b A

103 S S Iy o I e

*A [1seq ‘AugoeuoysN °III
'v'q ‘ysunygd 11

‘T'A ‘Aesrojog °]

§980) [0pON--eousmiojIe g
—-(eurrep) sierjedorg ‘g
§159] [opo

--90UBWI0JI0 J--S0[2Z0N °3
suorjeorjddy--sejzzoN °I

*ueAId Os[¥ o8 SUOIBUIqWOD 8[zzou-le[jedoid jo sjIew oYy
uo uoIssNosIp ¥ pus uosredwod e[8ds-[[nj uo sydesd yeuonyIppe
[830A6G °S6AIND EOTIF10)0VIBYD @ouUBWIOjled Jo wio) Ul pejues
-0ad o1 sjuemiedxe oY) Jo s)Mses oy, ‘wu (0 s¥m sie[jedoid
Jo 10jewsIp O], ‘Pesn 610M SOI}81 BeI8-OSIp pus -yid jueie]
-J1p Suiaey siejjedo1g ‘w0178l JOjEWBIP-YIFUS] SNOLIBA PUB WIOJ
qUeJej1p JO §0[ZZOU eulu pepn[oul syuewlledxe eq], ‘seo[zzou
ur sae[[edoad pepe[q-inoj pus -0a1Y3 JO UOIIBII}SEAUL [BIUGW
-1aedxe Jo sj[nsea oy} wioj pesuepuod ur sjuesead jodel sIyL

QAIJISSYTONN *sjod ‘*sn[[t
-dgy ‘Al °T96T 18)y “AuyoouoyeN "A°€ Aq perlpd A[[soruyoe
pue pere[susl “YsWAYD V' PUB AACI0S T'A £q ‘gTE~T0¢ "dd
(8¥61) 1eYZ1A( oAujoqeioy] :wioy pers[suel], ‘(00so) ALAL
“LLSNI DINVNAQOYAXH-0¥4V TVHAINTID HHL LV SHTZZON

NI SHATTEd0dd 40 SNOLLYDILSIANI TV LNANI YT dXH
*Z0€ uoHD|SuDI] -uisSDg |apoy 0]4p | PiAdQg

*A [1seg ‘AuyoeuoysN °III
'v'q ‘ysunyd ‘I

‘T'A ‘AeAo[0S [

59507 [0 pON--eousuLIojio
--(eurrey) siejjedoag ‘g
§950) [9pON

--oouBWIojI0 J--50[ZZON *§
suorjeorjddy--sejzzoN °T

‘ueAid Os[e 08 SUOIJBUIqWOD 6[zzou-10][edoad Jo sjuew ey

U0 uoISSNOSIp ¥ pue uosrisdwod o[vss-[[n) uo sydeid [vuoIIppe

[B30A8g °*SOAIND §OI)S140308IBYD ©OUBWIIOIed JO WIO] Ul poIUSS

-e1d ess syuewpledxe oy3 Jo synsol oyJ, ‘ww 00F S¥m sie[jedoid

Jo lejeweIp oy, °POSh 01em S0I181 BeI8-OSIp pue -§1d Jueie)

-Jip 3uiasy siejjedold °sOI}81 J0joWBIP-YIFUS] SNOLILA PUB WIO)

Jue18jjIp JO §O[ZZOU Ouru pepn[oul sjuewizedxe ey], °sejzzou

ur siejjedoad pepe[q-ino} puw -eely) jo uoljedIjseAul [ejuew
-1iedxe Jo sj[nsel oY) wioj pesuepuod ur syuesexd podea sy

QH1AISSVTONN sjol “smyyt
-dgy ‘Al "T961 38]y -AuyoeuoysN °A°g Aq peripd A[reoruyoe],
puB pejs[susiL “Y8WNYD "V*d Pu® AeACI0S T°A 4q ‘BIg~T0¢ dd
18%61) 1[e31yZIAQ oAu[equio)y :woyj pejs[suui], ‘(m00s0N) JLAL
~ILSNI OINVNAQOYAXH-O¥4dV TVULNID THL LV SHTZZON
NI SYATTAd0dd A0 SNOILVOILLSAANI TV INANIHAJXH

°Z0€ uoyp|suni] “‘uisng |apoy lojipj piang

*A [1sed ‘AuyoeuoyeN “III
'v-a “sumyd CIf

‘T'A ‘Aerojog ']

59807 [0pPON--eousBuIOjIe
--(eursspy) saeredoig ‘g
§780) [9pO

--90UBWIOJI0 J--SO[ZZON °F
suorysorjddy--se[zzoN ‘1

*ueAld 0S8 018 SUOIJBUIqUOD O[zZou-Je[[edoid jo sjuew oY)y

U0 UOISSNOsIp 8 pus uosnredwoo o[sos-[[n} uo sydead [vuonIpps

[8i38A8S °SOAIND SI1)S1IG)OBIBYO 80UBWIONEd JO WIO) Ul pejues

-0ad o18 sjuewniedxe oY) Jo synses oy, ‘ww (0F sem siejjedod

JO 10jewBIp OYJ, 'POSN @10 SOIJBI BAIY-OSIp pus -yajid Juelo]

-J1p Burawy siefjedoig °sO1781 JejeweIpP-§IBuUS| SNOLIBA pUB ULIO)

JueiejjIp JO SO[ZZOu euru pepn[oul sjuowniedxe oy, °sejzzou

ur siejjedoad pepw]q-inoj pus -eesy} Jo UC1IBBI)SEAUl [BIUSW
-1iedxe jo sj[nse1 eyj wioj pesuepuod ur sjueseid jodes siyJ,

QIIIISSV TONI sjel ‘sny[t
+dgT ‘A1 *T96T a8y “AuyoeuoysN °A°g Aq perpd A[[eoruyoe],
pus pejeisusiL, ‘ysuny) "y'd PuB A0A00S ‘I°A Aq ‘5Tg—10¢ "dd
18¥%61) 1[9114Z1A(Q @AU[eqBIOY] :WOIj Peje[susl], ‘{(moosop) ALNL
-LISNI OINVNXAOYAXH-O4AV TVYINAD FHIL LV SATZZON

NI SHATTHId0dd 40 SNOLLVOLLSTANI TVININ A IXH
*Z0€ uoyp|suni] ‘uisog |dpoy i0]|4p | piApQg

“A [iseg ‘AugoeuoysN °III
V@ “ysunyd °11

‘I'A ‘Aerofog ]

§950) [9pON--eousBuULIO)Ied
--(eursly) siejjedorg ‘g
§159) [0poi

--0UBULI0J10 J--50]ZZON ‘G
suorjeoijddy--se]zz0N ‘I

-ueA1d os[e e1e suoljBUIqUOD e[zzou-ie[[edoid Jo syIewW oY)

U0 uorSSNISIp ¥ pus uoswedwod o[vds-[[nj uo syded [euoyIpps

[830A0G °£OAIND $01)S1I0)0VIVYO @oUBWIO}Ied JO WI0) Ul pejues

-01d ore sjuemuiedxe 6Y) Jo sIMSe oy, ww 00F s¥m siejedosd

Jo J@jewerp 8YJ, ‘POSn 0i1em SOI)8l BOIB-OSIp pus -ya31d Jueie)

-31p Surasy siejjedo1d °soljul JejewsIp-Y13us| SNOLIBA pue ulio}

JUeI0}JIP JO S0]ZZOU Suru pepnoul sjuewiiedxe oyJ, °se[zzou

ut sie[jedoid pepsIq-Inoj pus -eex) jo uoreBIISEAUl [BIUSW
-uedxe Jo sj[nse1 oy} wioj pesuepucd ui sjuesexd jodes sy

QALAISSY TONN *sjea ‘*smyyt
-dgy ‘A1 °T96T 18]y °‘Auyoeuo)sN "A°¢ Aq p1PE Kpeotuyoe],
pus petsisuviL, ‘Yewnyd ‘y°d Pue AeA0[0S T'A 4q ‘gre-10¢ "dd
(8¥61) 1[0MYZIAQ eAujoquioy] :wol pejsisusiy, (soosol) HLAL
“LLSNI DINVNAQOHYAXH-0¥IY TVIINID IHL LV SATZZON

NI SHATTAd0dd 40 SNOLLVDILSIANI TVININIHIIXT
*Z0€ uoijo|suni] -uispg |dpoy I0]Ap | PiAnQ







*A [1seg ‘AugosuoyeN °III
V'@ ‘qsuny) Cff

‘T°A ‘Aosojog °]

8180] [@pO--eouBmWIojI0 g
--(eurrey) siejjedoig ‘g
81809 [opo
--90UBWI0}I0J--50[2ZON ‘G
suoryedrjddy--se[zzoN ‘I

*ueAld os[8 e suoljeuIquod ofzzou-ie[[edoid jo sjuew ey)

U0 UOISSNOSIP 8 pus uoswsdwod o[8os-[[n) uo sydeid [suonippe

[8d0A8g *SOAIND SOTIS1I0}0BIBYD 8oUBWIO}IOd JOo ulo) Ui pejues

-01d eJe sjuewiedxe oy} Jo synsel oy, ‘ww 00 s8M sie[jedoid

JO 1ejeweIp OYJ], °‘pPOsn eiom SOIj8l BOIB-OSIpP pus -yojid jueie}

-Jip Buiasy siefjedoig °soryei 19jemweIp-y1due| SNOIBA PUB WIO)

JUeie}jIp JO §0]ZzOu eulu pepnjdur sjuomnzedxe oyJ °se[zzou

ur siejjedosd pepe[q-inoj pus -eoxy) Jo uorjedi)seAul [sjuew
-11edxe jJo sj[nsea eg) uiioj p puoo uy §% id uodes s1qJ,

ad1dISSVTONN *sjed ‘*smqyy
-dgy ‘AT *T96T 18]y ‘Auyoeuoyey °A°g £q portpd A[[eoluyoe],
pus pere|susiy, ‘yswny) "y d PuUs AGAO[0S I'A Aq ‘rg-T0¢ "dd
(8¥61) 110314Z1AQ oAufeqeioy :woi) pejs[susl], ‘(soosoN) FLAL
-LISNI DINVNAQOUAXH-04AY TVIINIO AHL LV S3TZZON

NI SHATTId0¥d 40 SNOILYOLLSAANI TV INAWI ¥4I dXH
*Z0€ uolip|suni] “‘uisog |d9poW i0]4p ) p1AnQg

*A 11seg ‘AugoeuoysN °III
V'@ “eunyd 1

‘T'A ‘Aesojos °1

§150) [opON--eouBwLIO}ied
--(ourrey) siejfedoag °g
8150} [OpoN

--@0UBWI0}10 J--SO|ZZON °§
suorjeoriddy--sejzzoN °1

*ueAIS 08[8 88 SUOCIJBUIqWOD o[zZou-ie[[edoid jo sjlIew oY)

Uo UOISSNOSIP ¥ puv uosriedwod o[8os-[[n) uo sydeid (vuonipps

[839A6S ‘SOAIND SOIPE110108IBYD 80UBWIONGd JO WI0) UT POJuOs

-01d oxs sjuewmiedxe oY) Jo synse1 oy ‘ww 00F s8M siojjedosd

Jo lejewulp oY, "POSn 01oM SO1781 BOIB-OSIP puw -yojid juese)

-Jip 8uiasy sie[jedoag °solyea 10jewBIp-§1FuUe] SNOLIEA pue uLIO)

JU8I8JJIP JO SO[ZZOU SUIU pepnjoul sjuewliedxe ey], ‘se]zzou

ur saejjedoid pepe[q-inoj pus -eeyy Jo uo1BI)SEAULl [BIUGW
-11edxe Jo sj[nse1 ey) wioj pesuepuod ui sjuesexd jodes sy

AALIISSYTONN "sje1 “'saqt
~dgyT ‘A1 °T96T i8]\ ‘AuyoeuoxsN °A°g Aq peyipy A([eoruyoe],
pus pojs[susiL “yewnyd y-d pus AeAo[os T'A Aq ‘gTe—10€ "dd
T8%61) 11071YZ1AQ Aueqeioy :woij persisuel], ‘(modsoN) HLNL
“LLSNI DINVNAJOYAXAH-04dV TVHINID THL LV SHTZZON

NI SHATTEdOUd 40 SNOILLVOILLSHANI TV ININHTIXH
°Z0€ uolip|suni] ‘uispg [apoy 0]4D}] piADQ

“A 1iseg ‘AugoeuoysN “II
'V°a ‘yewnyd °II

‘T'A ‘Aeaojog ‘T

8150) [0pO--eouBWIO}Ie J
--(eurasp) siejedoag °g
§1503 [opol

--00UBUI0JI0 J--50[ZZON ‘G
suorjeorddy--se[zzoN ‘T

*ueAld os[8 08 suOIIBUIqWOD ©]Z%Z0u-I9[jedoid Jo sjuew oY)

Uo uoISsnOSIp ¥ pus uosriedwoo o[vos-[[n) uo sydeid [wvuonIpps

[810A0g °SOAIND SO1IS1IS}0VIVYD OdUBWIO}Ed Jo WI0) Ul pojues

-e1d ess sjuewiedxe oyj Jo synse1 oy], -ww (0F s¥m siejjedoid

Jo JejewnIp OY], °POSn elem SOIJ81 BOIB-OSIp Puv -yaid queio)

-J1p Buraey siejjedoag °so1ea JojewsvIp-yi3ue] SNOLIBA pue Wio}

JUe10jJIp JOo SO0[ZZOU OuIu pepn[our sjuewiiedxe eyJ, °sejzzou

ur siefjedoad pepsq-inoj pue -ee1y) Jo uoryediseAur [sjuew
-ldedxe jo sj[nsel ey} wioj pesuepuod ur sjuesead jaodax siy]

AAIJISSY TONN *sjoa ¢*sny[t
+dgr ‘A1 1967 38y AuyoeuoxeN "A°g Aq peripd Aqeotuyoe],
pus pejB|sUsLL “yemny) ‘Y- PuUe AeA010S ‘I'A Aq ‘gTg-10€ “dd
(8%61) 11031yZ1AQ oAujequioy :wolj pejs|susly, (mooso) HLAL
-ILSNI DINYNAJOYAXH-Q¥AV TVHINED THL LV STTZZON

NI SHATTAd0dd 40 SNOILVOILSHANI TV ININIHAdXT
*Z0€ uolp|suni] ‘-uisog [dpoW 40jLp | piAnQ













