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NOMENCLATURE
Nondimensional pressure coefficient

Pressure coefficient at a desired point on the bolster

Pressure coefficient for the hull at the point of attachment

Local stream total static pressure

Local stream pressure on the bolster

Free stream total static pressure

Free stream pressure (approaching the bolster)
Vapor pressure of the fluid

Local stream velocity
Free stream velocity

Tangential velocity at the point of attachment on the parent body

Free stream velocity approaching the bolster

Density of the fluid
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ABSTRACT

Presented here are the results of several investigative
runs of the Douglas Aircraft Company computer program for the
"ealculation of nonlifting potential flow about arbitrary three-
dimensional bodies." This report designates areas where the
program can be used with confidence to predict pressures and
velocities on surface ship hull configurations and, in addition,
offers a concise computer input scheme. By comparison with experi-
ment, it was found that although there are no analytic allowances
in the program for free-surface or boundary layer effects, the
velocity and pressure predictions of the program are quite depend-

able in the forefoot area of a hull.

INTRODUCTION

As the complexity of hull forms increases, so do the problems of con-
ducting flow studies. And yet these investigations such as the determination
of cavitation characteristics, are of mounting importance both in designating
areas of the hull plating where erosion might occur and in determining
accompanying noise which might interfere with the operation of acoustical
detection systems. Sonar domes, having combinations of high aspect ratios
and acute curvatures, harbor sensitive equipment that can ill-afford either
of these flow liabilities.

Problems arise in conducting flow studies at model scale; first, in the
lengthy and expensive task of equipping the model with pressure measuring
or flow visualization devices and, second, in getting reliable measurements
on a scale model. Obviously, a versatile computer program for the calcu-
lation of flow about three-dimensional bodies is a good step toward the
alleviation of the dependence upon model tests. Such a program exists and
was formulated by the Douglas Aircraft Campanyl under the Bureau of Ships
Fundamental Hydromechanics Program, NS 715-102, administered by the David
Taylor Model Basin.

L References are listed on page 7.



This report presents the results of a number of exploratory calculations
with this computer program to test its applicability in predicting pressures
on ship hulls. Other examples of interest can be found in References 2 and 3
pertaining to the axisymmetric and the arbitrary three-dimensional cases.

To determine the extent of the free surface and boundary layer effects,
.a comparison was made between calculated and experimentally measured pres-
sures on a destroyer hull-sonar dome configuration. In the forefoot area
where the boundary layer is thin, the calculated pressures closely approxi-
mated the experimental pressures.

The program was then used to determine the cavitation characteristies
on an aircraft carrier's sonar dome. These results were compared with
snother run of the same hull differing only by itwo. attached bolsters located
above and below the sonar windows. The bolsters were "half-pipes”" in shape,
‘and were to serve as guards during anchor handling. The comparison of the
two runs, while not substantiated by experimental results, is noteworthy in
that it shows the program's handling of relatively small appendages which,
if scaled to model size, would be diminutive. An investigation was also
made to determine whether or not three-dimensional appendages could be
handled independently and their effective influence superimposed on parent
hullss that is, to combine the bare hull pressure distribution with the
pressure distribution obtained on an appendage which is affixed to a flat
plate and placed in a free stream.

Appendix A is presented to aid future users of the Douglas’ Program
in preparing the input and in interpreting the output. For a thorough
coverage of both the theory and the input logic, one should consult Ref-

erence 1.

OUTLINE OF THE COMPUTER PROGRAM

Appendix A will give some insight into the formalities of using the
program. The following description is necessary in understanding the

~method of approach used in the calculations of this report.



Input for the program consists of: a network of point offsets which
geometrically describe the bodyj; specification of unit onset flows; and
some standard convergence criteria. The hody may be completely arbitrary
in shape or have 1, 2, or 3 planes of symmetry. These plans of symmetry
are designated by the use of control cards and only the basic one-half,
one-fourth, or one-eighth portion of the body need be input. The origin of
the coordinate axes must be located on the plane or planes of symmetry.

The offset points lie in assigned, but not necessarily parallel, rows
and columns on the body. Four adjacent points, while not usually lying in
the same plane, govern the formation of plane quadrilaterals whose size and
normal vectors are the basis for the computations. The concentration of
points in an area should be determined by the shape. Naturally, more points
would be needed to define a surface with a good deal of curvature than would
be needed for a flat or near-flat surface.

There does exist a geometric means of compensating for the effect of
an existing free surface. Since theoretically, the body is to be .submerged
in an unbounded fluid, then to duplicate free surface effects, it would be
necessary to extend the hull into some irregular shape which would create
a flow pattern identical to the wave profile on the hull. The determination
of such an additive shape would be practically impossible. It is far simpler
to mirror the body about the design waterline and establish conditions which
correspond to those at zero Froude number. The hulls investigated in this
study were run with two planes of symmetry: the design waterline, i.e., the
zero Froude number case, and the centerline profile plane.

A flow is designated positive if its direction is from plus to minus
along a coordinate axis. If this flow is input with unit magnitude, a valid
nondimensional pressure coefficient is printed directly in the final out-
put; should the inflow velocity be input with other than unit magnitude, the
print out of the velocities is correct and only the pressure coefficient is
in error.

The nondimensional pressure coefficient served as the most convenient
means for comparison of data and it is important in the calculation of

speeds st which cavitation occurs. Cp may be written,.



P -D

¢ = @ -1 () [1]
P 1/2/0va Vo

local stream total static pressure,

where, P
P,

Il

free stream total static pressure,

o
'W» = free stream velocity,
V = local stream velocity,

density of the fluid.

~

At cavitation inception the local total static pressure is equal to vapor
pressure, DP_, and Vg , the velocity at which cavitation would occur for
a given Cp, may be written
b - 1/2
Vo = . [2]

1 2/0 qp

g CALCULATIONS AND RESULTS

The first computer run had as subject a destroyer sonar dome with
approximately one-hundred input points in the dome area; the remainder of
the ship was represented by widely spaced points. Agreement between the
calculated and experimental data was very poor and presumably a finer
mesh of offset points was needed in order to adequately describe the acute
curvature of the form in the sonar dome area. A second run was made in
which about three-hundred input points described the area previously defined
by only one-hundred, and the remainder of the hull was represented in the
same fashion as the first run.

Figure 1 is a photograph of the destroyer sonar dome and the final
grid of offset points. The locations of the pitot tubes at which the
experimental measurements were made are also shown and numbered from 1
to 56. Figures 2 through 4c show the comparisons of the calculated results
and the experimental data and the good agreement which justifies further
use of the program for similar cases.

To determine how much of the hull must actually be input into the

program, a truncated version of the destroyer hull was run. It included
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the dome and the hull only for the length of the dome. It was found that
this portion, representing only about 30 percent of the length of the ship,
gave calculated data in the forefoot area that compared to the experimental
data equally as well as runs in which the entire ship was -ineluded.

The second subject for calculations was the dome area of an aircraft
carrier. The problem was to find the effect on flow veloecities .in the
forefoot area should bholsters be added above and below the sonar windows
(Figure 5).

Offset points for a shortened version of the aircraft carrier hull
were input into the program. Two runs vwere made and pressure distributions
were obtained for the -hull both with and without the protective bolsters.
The Cp curves for the hull geometry which included the bolster offsets dis-
played fluctuations at the bolster location at every station aft of the
forward perpendicular for the length of the bolsters. Figures 6, 7, and 8
_show the calculated results for both cases, with bolsters and bare hull,
for longitudinal stations at increasing distances from the forward perpen-
dicular. Figure 9 has the plots of the CP curves for both cases along the
waterlines where the pressure coefficients were observed to be consistently
low.

The principle of superposition was first investigated for the airecraft
carrier hull in ahead motion. It was hoped that the observed pressure fluc-
tuations at the bolsters were caused primarily by the transverse component
of flow across the bolsters, induced by the ashead motion of the hull. It
was found by calculation, however, that the longitudinal velocity component
was far more significant than the transverse component in determining pres-
sures and that this approach to the problem was unsatisfactory for ahead
motion. To further test the principle of superposition, the program was
applied to a simpler case, that of pure transverse flow across the bolsters
as shown in Figure 10. This would correspond to a pure heaving motion of
the hull. The pressure distribution for the bolster shape was obtained by a
Short program calculation for a two-dimensional cross . section of the bolster
affixed to a flat plate and subjected to a uniform free stream. In super-
imposing flows it is assumed that the free stream velocity approaching the

5



bolster in the flat plate.case should be taken equal to the tangential flow
velocity on the bare hull at the points of bolster attachment. On the basis
of this assumption, it is shown in Appendix B .that the total pressure
.coefficient, GP, for the superposition case, may be written

o, = (@) + (%)% (), [3]

When comparisons were made, considerable differences were observed
between the pressure distribution superimposed on the bare hull and the
pressure -distribution obtained when the combined geometry of bolsters and
hull was entered imto the program. Figure 10 shows the bare hull pressure
distribution, the combined hull-bolster distribution, and the result of
superposition. Obviously, the bolster produces a sizeable influence on the
.gtreamline approaching the bolster which results in a reduction of the
velocities in the area adjacent to the bolsters and a_ corresponding increase
in pressures over those of the bare hull in that area. The minimum pressures
predicted by the superposition method appear to be more conservative for
the prediction of cavitation velocities. This method is .also faster and
less expensive and may be used to find the final flow characteristics when
the influence of additive configurations and the flow characteristics of a
parent body are known.

CONCLUSIONS

Good agreement was obtained between pressures found experimentally on
a destroyer dome and the pressures for the same dome calculated by the
Douglas Computer Program. On the basis of this comparison, it is believed
that one can obtain with this program satisfactory predictions of the
pressures or velocities in the forefoot region of other surface ship hulls.

Had pressure measurements been available for points closer to the free
surface and had a comparison been made between the corresponding experi-
mental and caleculated pressures, there would probably have been poorer
agreement. ‘It was feared that even at the depths at which pressures were

measured in the destroyer case, the wave effects would prove the program
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useless for the caleculation of flow about the body. It is concluded, how-
ever, on the basis of the good correlation between the calculated and experi-
mental results in this case, that the combined wawve and viscosity effects
were negligible.

A fair approximation of the influence of an additive .configuration on
the flow field of a bare hull can be made by superimposing onto the pressure
field of the bare hull the pressure distribution of the appendage. This
pressure distribution can be obtained with a machine calculation for a two-
or three-dimensional appendage on a flat plate subjected to transverse
flow; the two-dimensional calculation is possible, as in the bolster case
here, if the appendage is of near uniform cross-section and of sufficient
length to place the ends of the appendage well out of the area of interest.

For regions close to the free surface, where wave effects are important,
and regions further aft on the hull, where viscosity effects are important
and the boundary layer well developed, no conclusions can be drawn from the
present study. An additional study to determine the ﬁscous effect is being
undertaken. Since the program can calculate wvelocities at off-body points,
calculations will be made for a destroyer to compare calculated and measured

velocities in the planes of its propellers.
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APPENDIX A

Explanation of the Input Schemes

The body is represented by a grid of points located in rows and columns
‘on the body. Two consecutive points in one column and two adjacent points
in an adjoining column form pseudo-quadrilaterals the diagonals of which
are crossed and the resultant vector is considered nmormal to the body
surface and of magmitude proportional to the area of the quadrilateral.

By setting the normal velocity equal to zero at the "mull"* point in each
of the quadrilaterals, a host of boundary conditions and hence, simultaneous
equations are formed. The velocity contributions of adjoining elements

to the total calculated velocity at a null point are governed by two formulae,
one of which is considerably more accurate for near points than the other.
The choice of which relation is used is decided by the magnitude of the
ratio of the distance of the point at which the summation is being made to
the centroid of the contributing element and the maximum diagonal of the
element. Therefore it is good practice to keep the inmput point spacing

as uniform as possible, the quadrilateral elements uniform in area, and
consequently, prevent.irregularities from appearing in the calculation.

The input points are entered such that to an observer in the fluid, as
the columns increase to the right, the rows mast increase upward. In short,
if the direction of increasing columns is crossed into the direction of
increasing rows, the resultant is an outward normal to the body.

Conveniently, to avold having an excessively large number of points
in any row or column, the body can be divided into sectiems. The row and
column arrangements are independent from section to sectiom; that is, while
boundary points must be repeated, they may be considered & row of one sec-
tion and a column in the other (Figure 11). Obviously the rows or columns
need not and cannot remain parallel within all sections, and though they

¥ Null point - a point nmear the centroid of the plane quadrilateral element

at which the element induces no velocity in its own plane.
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cammot cross, they may terminate in a single poimt common to both, and hence,
.a triangle rather than a quadrilateral is formed. Under all ciréumstances
the body must be closed. For example, the line of intersection with a
plane of symmetry must be completely composed of line segments which are
gides of defined quadrilaterals or triangles.

Figure 11 shows a sketch of a geometric section. The coordinates
would be entered on the input sheet from the point (1,1) (Column 1,
point 1) to the right and then from (2,1) to the right, etc. The sig-
nificance of the dual position possibilities is: since the N = 3 column
has five points, then the N = 4 column must have five points to close the
body (i.e., perform calculations for the triangular elememt). To do this
the fifth point (h,S) of Column N = 4 is given idemtiecally the coordinates
of point (4,4) or (3,5). The same rule applies for N = 5 except that it
must haye only four points to close the body (again performing calculations
for a triangular element.)¥

As was stated earlier, the direction of flow is -input; and as the
program is set up now, it must be of unit magnitude for the pressure coef-
ficient to have meaning. Also, if the inflow is along one of the coordinate
axes, the flow calculations can be made for inflow along the other two axes
with only a small additiomal amount of computer time.

If the points are judiciously chosen, it is not probable that any
cases will arise in the near future in which the storage -of the computer is
taxed. None of the problems reported here used over 85 percent of the

-memory avallable, yet some ran for as long as four hours.

¥ Note: It is important to notice that there exists a discrepency between
the conventional m-rows, n-columns idea. The mumber columns
N =1, N = 2, etec., are L(M) on the input sheets.



storage capacities are as follows:

Meximum Number of Basic Elementis

Type of Case IBM 704 TBM 7090
Nonsymmetric 800 675
One Symmetry Plane 670 650
Two or Three Symmetry Planes 545 550

Therefore the Effective Number of Elements are:

Type of Case IBM T0L IBM T090
Nonsymmetric 800 675
One Symmetry Plane 1340 1300
Two, Symmetry Planes 2180 2200
Three Symmetry Planes 4360 LLoo

The Maximum Number of Input Points

Type of Case IRM TOk4 IBM 7090
Nonsymmetric 1250 1125
One Symmetry Plane 1540 1300
Two or Three Symmetry Planes 1300 1100

The preparation of the input sheets (Figure 12) should be as follows:

(1) X, Y, z are the coordinates of the point in decimal values. Since
all computations are dimensionless, it is important to check the -consistency
of all offsets. Fach line on the input sheet defines one point and the
values are entered from the left immediately following the sign.

.(2) N, M: N is the number of columns in a section; it is entered
only at the begimming of each section. M is the number of points in each
column and is entered at the first point of each column.

(3) L(X) is merely the point mumber; it is a positive, consecutive,
increasing integer throughout the input.

10



(4) L(N) is the mumber of the section. It is entered only at the
first point of the new section and is .a positive, consecutive, increasing
integer throughout the input.

(5) L(M) is the number of the column; it is entered at the first point
of the columm and is a positive, comsecutive, increasing imbeger throughout
the input, i.e., the series does not begin over at a new section.

Figure 12 is a sample input sheet. Notice that the -83rd imput point
is the begimning of a new section and consequently the beginning of a new
colwmm. N = O means that there are nine columns in the section, M = 8,
that the first columm has eight points in it; L(N) = 2, that it is the
second section and L(M) = 9, that the point is the beginning of the ninth
column (i.e., the first section had eight colums.)

EXPLANATION OF OUTPUT

After only a small percentage of machine time has passed, certain
geometrical properties of the quadrilateral elemenis are printed out
(Figure 13a). This pause in the machine procedure and print out aids the
-checking of input before lengthy, expensive computations take place. If
the null point is outside of the quadrilateral, or if the iterative
procedure does not converge, the integers 1 or 2, respectively, will be
printed in the right-hand margin.

The quantities listed in Figure 13a are: the integers N & M, which
are the column and row location of the point to which the element is
associated; the coordinates (X, Y, Z) of the four input points-are used
to form the element; the components (NX, NY, NZ) of the unit normal vector;
the coordinates of the null point in the reference coordinate system; the
common projection distamce, D, of the four input points into the plane.of
the element; the maximm diagonal, T, and the area of the guadrilateral, A.

11



The final output (Figure 13b) is a primt out of:

M, N The identifying integers of the element,
NPX, NPY, NPZ The coordinates of the null point in the reference
coordinate system,

VT Magnitude of the total flow welocity at the null
point,

vIsQ The square of the total flow veloecity,

cpP The nondimensional pressure coefficient,

VX, VY, VZ The components of the total flow velocity at the

null point,
DCX, DCY, DCZ The direction cosines of the total flow velocity

vector,

NX, NY, NZ The components of the unit normal vector,

VN The total normal velocity,

SIG The value of the surface source density on the
element.



APPENDIX B

Formula Derivation for the Superposition of an Appendage
Contribution to an Existing Pressure Field

Bare Hull ( ) P - Dy
C_ ). = —
P'h 1/2 vf

Bolster Alone

() - Py, - Pay
P 1/0p V2
s

Assume 5 o
P - P Vm_ ) =VT
@y b
“ p -Dp = 1/2p V.2 (c)
o* b T p’b

el
o'
1
(el
I

® l/2f [(Cp)b . VVTe + (Cp)h . Vf:l
1/20 Ve [ () + ¥ (C), ]

2
¢ = (cp)h + v . (cp)b
where:
VT
Ve = (Some percentage of inflow velocity)
(-]



1 - Pitot Tube Locations and the Division of the Destroyer Dome Area
into Quadrilateral Surface Elements

Figure
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DOUGLAS AIRCRAFT COMPANY -INC.

COORDINATES OF INPUT POINTS

VI50 SERIES - THREE DIMENSIONAL POTENTIAL FLOW
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Figure 12- Sample of Input Form
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PROGR AM V150 DOUGLAS AIRCRAFT COMPANY
EL SEGUNDO DIVISION
CASE NO. SONAR DOME PRES DISTRIBUTION
N M X X X X NX NP X
Y Y Y Y NY NPY
z z y A z NZ NPZ
1 1 .000000 1.075000 1.075000 . 000000 -.967298 .537080
.000000 -4.315000 -3.920000 . 000000 -+252543 -2.057u475
. 000000 .000000 -2.114000 -2.114000 -+ 023594 -1.053438
2 1.075000 7.813000 7.813000 1.075000 .131078 4.436200
-4, 315000 -3.380000 -3.047000 -3.920000 -.976995 -3.6665u7
. 000000 .000000 ~-2.114000 -2.114000 -. 168224 -1.056995
Figure 13a- Sample of First Output
CASE NO. NEUMANN PROB 3-D 006G0000C 000 A FLOW
N M NPX vT VX DCX NX
NPY VTSQ vY DCY NY
NPZ cp vz DCZ NZ
2 7 10 .099608 1.02913167 -1.02817035 -.99906589 . 04312290
-13.869335 1.05911201 -.0u370775 -. 04247051 -.992176780
-1.056994 -.05911201 -.00820936 - 00797697 -« 12056970
3 1 16.829495 1.01868562 ~1.01864463 -.99995975 . 003436 18
-3.553479 1.03772043 « 00783624 « 00769250 - 14709723
-10.041596 -.03772043 -. 00470637 -.00462304 -.98911603

. L4
Figure 13b- Semple of Second Output

00000C00
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INITIAL DISTRIBUTION

CHEUSHIPS |

3 Tech Lib (Code 210-L)
1 Appl Res (Code 340)
1 Prelim Des (Code 420)
3 Hull Des éc:cde kho)
1 Lab Mgt (Code 320)

CHBUWEPS

1 Library (DLI-3)

CHORR

2 Fluid Dyn Br (Code 438)
1 Library (Code T40)

CDR, USNOTS, Pasadena Ammex

SUPT, USNAVPGSCOL

DIR, ORL

AIMIN, Maritime Admin

mc

SNAME

HD, Dept NAME, MIT

Hydro Lab, CIT

DIR, Iowa Imnst of Hydraulic Res
DIR, St. Anthony Falls Hydraulic Lab
DIR, Davidson lab, SIT

HD, Dept NAME, Univ of Mich

AIMIN, Inst of Nav Arch, Webb

DIR, Inst of Eng Res, Univ of Calif
Electric Boat Div, Groton

NNS & DDC

27



1

Douglas Aireraft Co
Bath Tron Works

Gibbs and Cox

28



*0)) 1jepary seidnoq °II

°d uoyderg ‘Auueq °I

MO} [BUOISUSWIP-001Y], °¢
sisA[BuB |80
-1)8WOYIBN--SO1)STI0)0BIBYD

orwsukpoipAg--siing diyg *g
. sisA[sus
[Bo1)8WeY)BN--UOTING 113
-SIp eansseid--s[iny diyg °I

*[INY © Jo BaI8 J00J0I0)
oy3 ul ajqepuadep oyinb e1w weidoid oyy jo suorjorpeid emsserd
pu® £3100]0A Y} ‘s109]J0 JeAB] AI8punoq Jo 90BJINS-00l) Joj weid
-01d oY} ur seoUBMO[[8 S1ATBUB OU o818 0I0Y) YSNOYI[B 18Y) pUNoy
sBA 91 “quewriedxe Yim uostredwoo Ag *eweyos indur enduoo
9STIOU0D 8 $I19J30 ‘uoryippe ur ‘pus suorpeangyjuoo [[ny diys 808y
-Ins UO $9T1}100[9A puv seinsseld j01peid 09 VOUSPTJUOD YIIM pesn
oq uso weidoid ay) ereym sBoIB soyBuUFISEp Jodes s1y], ,"SeIpoq
[BuolsuswIp-9eay) A18131qI8 INOqE MO[j [8TIuajod uryjrjuou jo uony
~8[no[80,, 8y 10j weifoid sendwoo Ausdwoy 1381011y SB[noq oY)
JO SUNJ SAIIBTF[ISEAUL [BI0ASS JO SISl 8] 018 019y pejuesald

QATAISSVTONN
*sjer ‘soqe) ‘sydesd ‘ syt -d9g ‘1t €961 3120
*Auue( g uoydesg Aq ‘SWITHOUd HUNSSHUJ TINH OL
AVED0Ud YILAIWOD SVTIDN0A FHL A0 XLITIAVIOI'TddV
*9g/| +i0day  ‘uisog [apoy Jojdp] planQ

*0) Yraoay se[dnoq ‘1

*g ueyder§ ‘Auveq |

MOJ} [BUOISUSWIP-801Y], °¢
sisA[sus [80
~1}BWOYI BN --SO1)ST10308IBYD
swwsukpoapAg--siinyg diys °g
sisA[Bue
182 1}BWaY) B --UOIING LY}
-SIp eanssoig--siny diyg °y

“TInY © JOo BaIB }00j010]
oY) ut oJqepuadep &)1nb a8 weidoad eyy jo suorjorpeid sinssaad
pus £310070A 8y ‘s109))e Joke] Arepunoq 1o 90BJINS-081) 10 Weid
-01d 8y} Ul S82UBMO[[B S1IA[BUB OU OI8 ©IOY} YInoyje 18Y) punoy
sBM 91 “Juemriodxe y3m uosuedwos Ag *oweyos ondut ze9ndwoo
8s10u00 B8 S19jJ0 ‘uonippe ul ‘pus suonBinSryuoo [ny diys oow]
-Ins U0 s81}100[dA pus seinsseld jorpeid 01 SOULPHUOO YIIM POST
0q u®o weidoid oy e1oym seers seyBudisep jiodes syl ,,"SAIPOq
[BuorsuaWIp-001y) A18131qI8 JNOGE MO]j [813uajod Suryrjuou jo uor)
-8[no[80,, oy} 10 weidoid tendwoo Lusdwo)) jyeioary sv[dnod oYy
JO sun1 oAI1B3I1SOAUL [BI9ASS JO SINSSI OY) oI oloy pajuasaid

QUIAISSVTONN
*sjoa ‘so[qe) ‘sydeid ‘snypr *dgg ‘ur g9l 1900
*Auue( g ueydess Aq ‘SNATAOYd FUNSSTUJ TI0H OL
AVIDOUd YHLAJWOO SVIHN0A FHL 40 XLITIGVOr1ddVv
‘98/| +10day  ‘uisng |apoy i0]4p] piApQg

*0) eIy sednoq °I[

*d ueyderg ‘Auueq °1

MOJj TBUOISUBWIP-00IY], °g
s1sA[8UB [8O
~118WOYIBN--SO1}STI910BIBYD

orwsufpoapAg--s(ny digg °3
s1sA[Bus
[BoTIBWOY)BN--UOTINq L1}

-81p amssead--siny diys °1

*[INY ® JO BaIB J00j8I0)
oYy ur ejqepuedep ejnb eaw weiSoxd oyy jo suorjorpeid einssead
pue £310070A oy} ‘s100]j0 JoAB[ L1epunoq 10 608BJINS-001) 10j Weid
-01d oY) ut seousmo[[e s1A[BUB OU 018 830y} YINOYI[B 98BY) PUNO}
seM 1 “yusmiiedxs Y31m uostedwoo Ag *eweyos jndur zepndwoo
9s12u0d ¥ $193j0 ‘uonIppe ul ‘pus suorysindyuoo [[ny diys eow)
-Ins uo So1}100[eA puB seinsseld jo1peid 0] SOUSPTIUOD YIIM pesn
oq ueo weidoid oyj aleym swvoIB sojBUFISOp J10dea SIY], . °SoIpoq
[euotsuamIp-ae1y) A1811qI8 Jnoqs mo[j [8r3usjod SurjI[uou jo uon
-8[no[8o,, oy 10j weidoid 1eyndwos Auedwo)) yvioaty se[Sno( oYy
JO Sund 9AIBIIISOAUL [BIOASS JO SI[NSOI OY) oI8 940y pajueseld

QIIAISSVIONN
*sje1 ‘so[qe) ‘sydeid saqpr deg ‘it *g96T 100
*Auue( g uoydess Aq ‘SWHTHOUd TUNSSTUA TTINH OL
AVEH0Ud ¥ILNdWOO SYTHN0d THL 40 XLITIEVOITddY
‘98/| #1oday ‘uisng |apoy Joj4p] piapQ

*0) ysI0ary sednoq ‘I

*d uoydesrg ‘Auueq °I

MO[J [BUOISUBWIP-80IY], ‘g
sisA[eus [80
~138WOY) BN --SO1)S116J0BIVYD

otwsuApoipAg--s(iny diyg g
sisA[sus
180 1)BWOY} B --UuOIING LT}
-SIp ainsseig--sT[ny digs ‘T

*[InY ® JO BoIB 100}0I0)
oY) ul o[qepuedep e3Inb e18 weiJoid oYy jo suorjorperd emsseid
pus £310070A Y ‘s1008)}0 JoAB] AIepunoq 10 80BJINS-00J) 10 WBLT
-01d oy} ur seousmo[[8 S1IA[BUB OU o8 ©IPY] YFNOY)[8 J8Y3 punoy
88 91 “quowriedxe Y3m uostsduoo Ag *eweyos ndur sepnduioo
9810U0D B $I10jj0 ‘uonIpp® ur ‘pus suorsingyuoo [[ny diys oo8j
-INS U0 S[3100[0A puv seinsseid jo1peid 01 8oULPIUOD YIIM pesn
aq uso weiSoid oYy eteym sveiB sejeudisop jlodex SIYY, , °S6Ipoq
[BUOISUSWIP-001Y) A1813IqI8 INOQqB MO [Brusjod JuryyIuou jo uony
-8[no[8o,, oYy 10} weidoid iendwoo Ausdwo) jyvIoaTy s8[SnoQ oY)
JO SUNJI 6ATIBI1)SEAUT [BISASS JO SISOl Y} 918 210y pejuesely

JUIJISSVTONN
*sjoI ‘seiqe) ‘sydead “snipr *dgg ‘11 *g96T 100
*Auue( -g ueyders Aq ‘SNATHOYd FUNSSAUJ TIAH O
AVIDOUd YHLALWOO SVIHN0d FHL A0 ALITIAVOrlddv
98/ 4t0day  ruisng |apoy 10[4p] plAnQ




*0)) yyeIOMY se[dnoq °II

*d ueydesg ‘Auueq I

MOJ [BUOTSUBWIP-00IY], °¢
sysA[BuB |80
~118WAY)B--SO1IS11030BIBYO

otusuApoapAg--s[iny diyg °g
sisA[sus
[8o19BWeY)BN--UOTING 11}

-Sip eansseig--siiny digg °T

*[iNY B JO BaIB J00J0I0)
oYy ur o[qepuedep ojinb e weidosd oY) jo suorjorpeid enssead
pue £3100]0A oY) ‘sj00]je IeAB] A18punoq o 8d8jins-esl 10j weid
-0ad ey) ur seousmo[[8 s1L[BUE OU OI8 8I0Y} YINOY)|8 18Y) puUNo]
g8 1 “Juownzedxe Y uostedwos Ag *eweyos jndur endwon
9S10U0O 8 $10JJ0 ‘uonIpps ul ‘pue suoljeinSyyuoco [[ny diys 80w

-InS U0 SeNI00[eA pus seinsseid 301pead 07 80UEPYUOD YIIM posn
oq usd weidoid ay) eloym swors sejsuisep jdodes sIyl, ,°selpoq
[euolsuawIp-001y) A18N1qI8 JNOqe MO[) [8Tuejod FuryIjuou Jo uor}
-e[no[eo,, oYy 103 weifoid rendwoo Auedwo)) 3ys1011y sBISnod oY)
JO suni oA17B31ISOAUT [BISASS JO S)INSAI BY) 818 010y pojusseld

QIATAISSYTONN
*sjor ‘sejqe) ‘sydesd “saqqr -dgg ‘ur *g96T 100
*Auue( *g ueydess Aq ‘SWATAOHI AYNSSHAU T1INH OL
AVED0Ud YEALNdWOD SVTIHN0A JHL 40 ALITIAVOr1ddV
'98/| oday  ‘uispg |apoy 10]4o plang

*0)) YBIITY sevidnod °II

g ueyde)g ‘Auueq °[

MO} [euUOISUBWIP-001Y], °¢
s[sA[suB 80
~1JBWOY)BN~-SOIST18)0BIBYD

orwsukpospAg--sTiny diys g
s1sA[sus
18O} BWOY) By --UOTING L1}
-8Ip eansseig--s(ny diys. °T

*{IY @ jO BoIe J00}0I0)
oY) ur o[qepuedep ej1nb ore weiSoxd ey) jo suorgorperd eanssead
pus £3100[0A oY3 ‘S100)j0 IoAB] AIBpPUNOQ 10 ©OBJINS-001) 0] WBIT
-01d oy Ul SeduUBMO[[8 S1IA[BUB OU o8 8i0Y) YInoy)je 18Y) punoj
s8M 91 “yuowriedxe s uostredwos Ag eweyos jndur Jepndwod
©S10U0D B S10Jj0 ‘UoT}IppP® Ul ‘pus suoyBINSuoo [y diys 008

-INS U0 S81}100[oA pus seansseld }o1peid 0] 9OUSPHUCD YIIM pesn
oq usd weiSoid ay) eteym seveiw sejeudisep jioder siyl, ,,serpoq
[euolsusmIp-00y) A18191qI8 JNOq8 MO]] [eluerod JuryjI[uou jo uor}
-8[no[80,, oy} 10j weidoid temdwoo Ausdwo) yvI0a1y SB[Tnod eyy
JO suni oA1IBIISEAUT [BISASS JO SISOl oY} 18 oloy pojusselg

AAIAISSYIONA
*sje1 ‘se[qe) ‘sydesd “sniqr °dgg ‘11 *g96T 300
*Auue( *g uoyders Aq ‘SKITH0dd FYASSTYL TTAH OL
AVIH0Ud ALAdNOD SYTON0A FHL A0 ALITIAVOrTddv
"98/| #ioday  ‘uisng |3poy io|4oL plaoQ







