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SUMMARY

Tests were conducted to determine the amount of
s8alt water spray picked up by a helicopter hovering a short
distance above the sea, The results show that there is
1ittle spray under all operating conditions and, at freezing
temperatures, the effect of any resulting ieing from the
spray should be minor,
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SEA SPRAY SAMPLING TESTS FROM A HOVERING HELICOPTER

1,0 INTRODUCTION

During October and November, 1958, at the request
of the Royal Canadlan Navy, a study of the sea spray condi-
tions experiénced by a hovering helicopter was made off
Halifax harbour, The R.C.N. supplied and operated the aircraft
while N.R.C. personnel conducted the sea spray measurements,

The tests were made over a range of wind and sea
conditions and at various heights above the sea to simulate
conditions that would be encountered on anti-submarine hell-
copter operations.,

2,0 PURPOSE OF THE TESTS

The tests were conducted to determine the size and
amount of water droplets that would be encountered under sesa
spray conditions as well as thelr frequency of occurrence and
vertical extent. From these measurements an assessment of
the type and amount of ice this spray would produce on the
hellcopter under freezing conditions could then be made.

3.0 TEST APPARATUS

3.1 Aircraft

The helicopter used for the trlals was a Slkorsky
ROl 8-3 (Fig. 1), Royal Canadian Navy No. 221.

Leading particulars are as follows:

Main rotor,
Taill rotor,

Fuselage,

diameter 53 ft.

No. of bladss

- diameter

No. of blades

width

" helght

length

3 e
8 ft. 9 dn.
. G

5 ft. 8 in,
9 ft. 6.7 m'
b1 rt. 3 m-;
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Design gross weight 6859 1b.
Engine, Wright R-1300-3
Take-off rating 700 b.h.p. at 24,00 r.p.m.
Normal rating 700 b.h.p. at 2L00 r.p.m.
Engine /main rotor speed ratio 11,318l to 1.000
Engine/tail drive | 1.00 to 1.11

3.2 Droplet Size Measurement

The droplet size was determined by the oiled slide
method as described in Reference 1. The slide used 18 shown
in Pigure 2 in both its exposed and retracted positiong. The
mieroscope and camera mounted in the helicopter (Fig. L) were
the normal apparatus smployed in the Low Temperature Laboratory,
but the light source was modified. A 150-watt tungsten-
filament lamp was used for focussing but an electronic flash
was used for the actual photograph to minimlze the effects of
vibration.

Power was obtained from a 115~v61t, 750=va., L4D0~c/s
inverter on the aircraft.

3.3 Liquid Water Conftent Measurement

The liguid water content was measured by collecting
and weighing a sample of the atmospheric moisture. This was
accomplished by exposing an absorbent cylinder (Fig. 2) to the
spray for a measured time. The cylinder, which was 1/2 inch
in diameter and 2 inches long, was made by building up discs
cut from highly absorbent Linters blotting paper. The cyl~
inders were kept in alir-tight vials when not in use to pre-
vent any evaporation of the collected spray or absorption of
‘atmospheric molsture,

The determination of the liquid water content {des~
cribed in Appendix A) also required a knowledge of the drop-
let size and the air speed over the cylinder,

3. Air Speed Measurement

Because both the direction and magnitude of alr flow
over the sampling cylinders would vary with helicopter weight,
wind speed and location beneath the rotor disc, a non-directional



Page - 3

meens of alr speed measurement was required, To accomplish"'  
this three fixed pltots having angular regponssé charscteris-
tics similar to the cosine curve h = H cos %% a {Fig. 3)

were used, To simplify resgsolution of the resultant air speed
and direction from the pltot readings and to avold negative
pressures on the recorder diaphragm, one of the pitots was
pointed vertically upwards and the other two inclined for-~
ward at 30,5 degrees and 61 degrees (Fig. 2). Only two of
the pltots were necessary to resolve the air speed and dir-
ection and the third was uged as & check. The method of
determining the magnitude and direction of the air flow from
the pitot readings is shown in Appendix A.

The pressures from the three pitots were recorded
by a continuous trace photographic recorder. The helicopter
cabin pressure was used as the static pressure and dampers
were supplied to compensate for pulsationsg in the pitot linses.

The calibration of thils recorder is given in
Reference 2.

3.5 Sampling Boom

To obtain the spray distribution pattern beneath
the rotor disc it was intended, K tc take samples at three radlsal
locations, 1/ltR, 1/2R and 3/ILR, but because of flexure and
vibration problems in the original test boom its over-all
1jngth was reduced and samples were taken only at 1/4R and
1/2R.

The sampling head contalning the pitots, oiled
slide and absorbent cylinders (Fig. 2 and 5) was mounted at
the end of the boom which was made of a 2-inch diameter
aluminum tube, 15 ft. long. The boom was mounted in rollers-
across the helicopter at the centre line of the rear cabin -
windows (station 175) (Fig. 1). Sampling was made on the .
port side of the helicopter but for all positions some por-
tion of the boom projected through the starboard window .
(Fig, 6 and 7). The samples were vemoved by fully retract-.
ing the boom so that the sampling head was just within the:
fuselage. For transporting to and from the test site the
boom was centralized so that it extended ) ft. 8 in. on '
either side of the fuselage. RRu

No structural modifications to the helicoPtG?gge?avfﬁf
necessary to mount the equipment since use was made of € o
Seat clamps and floor bolts exclusively for this PUTP9§?
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3.6 Qther Rguipment

Ja6,1 A float and string apparatus was used for height
measurements because the helicopter was not equipped with a
suitable altimeter. All heights quoted in the results are
the distance from the cabin floor to the water surface.

3.6.2 Smoke floats were used as a reference to assist

the pilot in keeping the helicopter stationary and headed
intoe the wind.

.0 TEST PROCEDURE

L.1 Preliminary Tests

A few short preliminary flights were made tec check
the operating and vibration charscteristics of the boom and
the recording apparatus and to assess the effect that the
equipment and the operatorst movements would have on the hand-
ling of the helicopter,

ll.2 Sampling Tests

Spray sampling btests were carried out whenever
suitable conditions existed. Flights were made in wind
speeds up to the helicopteris operating limit of about
2.].0 MePelis

On the sampling runs, the helicopter was flown from

the base to a suitable location a few miles out to sea, A
smoke float was dropped and the pilot hovered the helicopter
into the wind at 10 ft. above the sea, Droplet samples were
taken and photographed, and absorbent cylinders were exposed
for measured times at both 1/2R and 1/4R positions. Air
speed measurements from the pitots were made whenever the
abesorbent cylinders were exposed., This procedure was then
repeated at 10-ft., intervals higher until no more spray was
encountered. ‘

The wind speed was taken as issued by the meteoro-~
logical office on take-off and landing, and checked by the
aircraft indicator,

The Beaufort sea state was purely a visual estimate
based on the observations of the pilots and operators,

_ After each flight the absorbent cylinders were
welighed to determine the amount of wabter picked up, and the
droplet photographs and pressure rscorder traces were developed
for later analysis. '
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5,0 RESULTS OF TESTS

5.1 Preliminary Performance Tests

Before the test flights the all-up welght of the
aircraft was found to be approximately T7L00 1b. (including
the weights of the helicopter, fuel, sampling equipment,
two pilots, and three operators).

During the first few f{lights the apparatus and
technique were thoroughly tested with the following results:

(1} The sampling boom operated smoothly and was frece
of vibration at all operating positions.

(2) Nelther the apparatus installed in the cabin nor
the movements of the operators during a test had
any effect on the handling of the helicopter.

{(3) Pressure dampers were reguired in the pitot lines
to the air speed recorder because of the pulses
from the rotor.

(IL) The recorder and microscope operated efficiently
and were not greatly affected by vibraticns,

5«2 Spray Sampling Runs

The test data of the sampling runs are shown in
Table I and the results are surmarized along with the test
conditions in Table II., The tests were conducted over a
rangs of wind speeds from 5 to l;0 m.p.h. and sea states
estimated from 1 to 6 on the Beaufort Scals.

Because the amount of spray encountered on all
tests was small, the experimental errors could be relatively
large, and therefore the numerical results should be used
only gualitatively as follows:

(1) The liquid water content of the sea spray was
small under all operating conditions (less than

Ool'g'fﬁa/mé) °

(2) Figure 8 shows that the droplet size spectrum was
very wide with dropnlet diamebters ranging from ten
to several hundred microns, On most runs about
80 percent of the drops were less than 50 microns, ..
but these small drops comprised less than 2 percent. -



of the liguid water., Most of the total water
volume was contained in a few very large drops;
thus the droplet median volume diametera were
large.,

(3) The intensity of the spray decreased rapidly with
increasing height. Figure 9 shows that there was
very little spray above 30 ft. for the helicopter
used.

(i) The greatest amount of spray was found with the
calmest conditions (winds less than 15 m.p.h.,
sea state less than 2).

5.3 Specific Gravity of Sea Water

The specific gravity of sea water in the Halifax
area as determined by the Naval Research Establishment is
between 1.020 and 1.026,

6,0 DISCUSSION

Because of the small amount of spray encountered
1t was necessary to expose both the absorbent cylinder and
the oiled slide for much longer perilods than expected (5 to
8 minutes and about 1 minute, respectively). Consequently
thers was likely some evaporation, particularly of the smaller
droplets from the oiled slide. These small droplets were of
no importance in the calculations, however, as was shown 1n
Mgure 8,

There is little correlation betwesn the noted wind
speeds and the wind speeds corresponding to the observed sea
~state conditions in the Reaufort Scale (Table IIT), This is
because the tests were performed in fairly close proximity to
land and usually with off-shore winds, while the Beaufort
Scale requires 150 miles of fetch to be applicable.

The tesbts indicate that there were two sources of
spray: natural spray blown from the wave crests by the wind,
and spray picked up by the rotor downwash. At low wind
speeds, where there was little natural spray, the downwash
whipped up the water causing blowing spray extending from
about 1/2R to 1 1/2R all around the helicopter. The spray
samples under these conditions consisted of a fairly large
number of droplets less than 350 microns in diameter. At
high wind speeds, however, when the sea was choppy, most of
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the downwash tended to expend its energy in calming the sea in
a large circle (3 or l|R) around the ailrcraft which resulted in
the production of less induced spray and likely also reduced
the amount of natural spray. Samplses taken under higher wind
gpeed conditions contained just a few drops ranging up to

700 microns in diameter.

If the sea spray was to be encountered under severe
freezing temperatures it would cause icing on the rotors simi-
lar to that produced under only light cloud icing conditions
with slightly greater extent and more runback due to the larger
drops. These ice accretions should not be sufficient to cause
appreciable losgs of performance except affer quite long ex-
posures (probably not less than 1/2 hour).

Because of the low freezing point of salt water
{(27.5°F) and the large droplets, guite low ambient temperatures
would be required for the droplets to freeze completely on the
rotors. At only moderate freezing temperatures the large drops
would likely be blown off the rotor before they were cooled
gsufficlently to freeze., Meteorological data show that, except
in the extreme north, the minimum January mean temperature over
the Atlantic Ocean is about +10°F. Therefore, encounters with
extremely low temperabtures would likely be rare,

Spray was picked up on the pilotis windshield on
nost flights below 20 ft. and, under freezing conditions, the
resulting ice could impair vision in a fairly short time,
particularly on the Sikorsky and other helicopters with rela-
tively small windshield glass areas.

Any ice deposited on the fuselage; expoged controls
and linkages, engine air intakes, etc.,, would ageln require
considerable time for build-up before causing any difficulties,

A helicopter equipped with windshield anti-icing and a
rotor de-icing system designed for cloud icing conditions should
have no difficulty with ice picked up from sea spray. The ice
on the unprotected portions of the helicopter would be very
1ight and would cause little difficulty other than a slight in-
crease In weight. -

An unprotected helicopbter could avoid most of the
spray lce conditions by increasing the hovering height Sllghtly
whenever icing was encountered, :
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If a larger and heavier helicopter were used the
intensity and vertical extent of the spray encountered would
likely be somewhat greater because of the higher downwash
velocity,

7.0 CONCLUSIONS AND RECOMMENDATIONS

Tel Salt water spray picked up by a helicopter hovering
a short distance above the sea will be of light intensity, and
any resulting icing condition on the rotors and fuselage will
be minor except after prolonged exposures., A standard rotor
de~icing system should handle the ice with little difficulty.

7ol - Windshleld icing 1s expected to be the major prob-
lem and some form of anti~icing system is recommended.

Ta3 Unprotected helicopters can avoild most of the icing
hazard by hovering slightly higher. For the Sikorsky HOLS-3,
30 or 35 ft. would be sufficient to avoid the severest spray
condition.,
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TABLE I

Table I
LR-249
RESULTS OF SAMPLING TESTS
p—
Absorbent Cylinder Teats 0lied Slide Toats
Flight Boom WelgEE T Tima - AIr fiow No. of median Liquid
Number Poaltlion Water Expoaed over sampls dropa rgi.;:: volume Water
Collected min, velo- Angle in diametar Content
gm. clty from sample microns microns 3
m.p.h. | Vertical gm. /ms
A<y | 1/4R Yo7 b2 | 33.s 23.5° - - 1 .03
B~1 1/2r .08 i1/2 21 80 - - « 0l
B=2 1/4R et L 1/2 22 86 - - assymed 025
B-3 1/2R .0 5 27 62 - - ? largs .02
B-ly 1/4R + 05 5 25 78 - - «02
B=5 1/2R .02 5 27.5 67 - - .01
B=6 1/4R - 03 5 as 74 - - | L0l
c-1 1/2R .10 g 19 hs 207 300 230 .06
¢-2 1/LRr .07 4 11 U7 33 3ho 230 +07
c-3 1/2R .07 g 28 L3 103 210 160 .03
G-l 1/4R <05 7 11.5 53 5 50 50 =05
c-5 1/2% no droplets 0
Cc~6 1/4R no droplets ]
Del 1/2R .06 7 27 . 75 10 120 120 .02
D-2 1/LR .05 7 1/6 25 50 10 680 680 . 02
D=3 1/2R +03 81/ 2745 69 2 380 380 201
Dy 1/4R no droplets 0
D-5 1/2R » 06 6 1/2 l 32 l 63 1 2ho 2o .01
D-6 1/4R no droplets 0
E-1 1/2R .07 51/2 22 36 k98 320 220 .03
-2 1/4R +06 5 - - iy 100 100 -
B-3 1/2R S0 ) 27.5 29 134 2o 120 .01
Bl 1/LR « Oly. 6 6.5 32 128 320 210 < 0é
E-5 1/2R .02 6 1/2 2l 26 132 160 o £ 01
-6 1/4R few small draoplets 0
B-7 1/2R no dropleta o
F-1 1/2% L0l 6 15 53 L6 220 220 .03
P2 1/hR £ 05 6 1/2 11.5 52 72 320 a20 .06
F-3 1/2R .05 61/2 25.5 39 115 100 90 .02
Pl 1 /LR few small droplets trace
Fug 1/2R few small droplets trace
F-6 1/2R no dropleta 0
G-1 1/2R Ol 7 22 33 211 610 heo .01
G=-2 1/4R .03 7 1.5 Ly 53 510 510 .02
@-3 1/2R .03 6 1/2 31 35 119 300 300 .01
G-l l/J.LR no droplets 0
G-5 i/2R no droplets o}
-6 1/4R no dropleta o

o 1




TABLE IX

SUMMARY OF RESULTS

Table T
LR-2li5

I

[ g —

: ; 1/2 Radius 1/ Radius
Hoverlng|Beaufort] Wind | F1t,.| Droplet {L.W.C.[FL1%,| Droplet [ L.W.C.
Height Sea Speed Mediag ' 3' Mediap 3
ot State m.p.h. No. | Vol.Dia.|gm. /m7|No. Vol.Dia.| gm. /m:
microns microns
20 11/2 10 - - |a-l - .03
10 i 20-30 | B=1 - Lol | B-2 - . 025
20 i 20-30| B-3 - .02 | Bl - .02
30 I 20-30 | B-~5 - .01 {B-6 - .01
10 11/2 |12-15| ¢-1 230 .06 |C-2 290 .07
20 11/2 |12-15{ c-3 160 .03 | C=l 50 .05
30 1 1/2 |12-15| C¢~5 0 0o |c-6 0 0
10-15 6 25-L0 | D-1 120 .02 | D=2 680 .02
2025 6 25-ho| p-3 380 .01 | D=L 0 0
30-35 6 25-ho| D-5 2o .01 | D=6 0 0
10 1 5-15| E-1 220 .03 | E=2 100 -
20 1 5-15 | 5-3 120 01 | B-l 230 . 06
30 1 5=15 | E=5 140 .01 | E-6 0 0
Lo 1 5151 B-7 0 0 - - -
10 21/2 |12-18§ p-1 220 .03 [ P-2 320 . 06
20 21/2 |12-181| 7-3 90 .02 | F=lL trace trace
30 21/2 |12-18| P-5 | trace trace| - - -
50 21/2 |12-18]| F-6 0 0 - - -
10 3 15-20 | G=1 20 .01 | G-2 510 .02
20 3 15-20| -3 | 300 .01 | 6=L 0 0
30 3 15-20| ¢-5 0 0 |G~6 0 0




Table ITI

LR-2l9
TABLE ITI
BEAUFORT SCALE OF THE STATE OF THE SEA
(From Reference 3)
sl
| wind Probable Probable
speed | Beaufort Appsarance of the Sea Mean Max,
Knots Height of Height of
Waves(ft.) Waves(ft.)
00 -0 Sea like a mirror - -
02 1 Scale-like ripples with-
out crests 1/l 1/h
05 2 Small wavelets; glassy
ereats do not break 0.5 1
09 3 Large wavelets; crests
break, foam glassy; per-
haps scattered white
horses 2 3
13 b Small waves; fairly fre-
quent white horses 3.5 5
19 5 Many white horses; chance
of some spray 6 8.5
2l 6 Large waves; white crests
everywhere; probably some
spray 9.5 13
30 7 Sea heaps up; white foam
begins to be blown in
streaks along the direc-
tion of the wind; spin-
.drift begins 13.5 19
37 8 Moderately high waves;
well-marked streaks of
foam along the wind;
edges of crests break
into spindrift 18 25
etc.,
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FIG.6 PORT SIDE EXTENSION OF BOOM AT 1/2 R. POSITION

FI6.7 STARBOARD EXTENSION OF BOOM IN FULLY RETRACTED POSITION
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APPENDIX A
METHODS OF CALCULATION
A.l.0 LIST OF SYMBOLS
a , Droplet diameter . microns
D Absorbent cylinder diameter inches
B Collection efficlency
hl’h29h3 Velocity heads of the 3 L
pitots 1n¢ﬂ20
| Resultant veloclity head
from pitot readings in.H20
K Droplet deposgition parameter
£ Absorbent cylinder length inches
m Liguid water content gmn/m%
Specific gravity of sea
water
Ty Time .of exposure seconds
Vm Air wvelocity MsPohs
W Weight of water picked wup
by absorbent cylinder OMa
Q7500507 Yaw angles of the 3 pitots '
n Alr viscosity 1b. /ft. sec.
Pq Air density slugs/ft.>

& Droplet deposition pareameter
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A.2.0 DETERMINATION OF AIR SPEED AND DIRECTION FROM PITOT
READINGS

The rssponse of the pltots
is known to be approximately

h = H cos(%% a)s. Therefore, consid~
ering any two of the pitots and the
appropriate angle relationship
(Fig. A=-1)
0
h1 = H coa(%T al) ena(l)
- 90
h3 H GOS(EI (13} ooo(g)
- o]
and (},1 + (1.3 61 009(3) Fig’ A1
: + a,= 61--1f h or h,# 0
h cos(go,a ) ! 3 1 2
3 l — ET 1 — [¢]
* » H“ - . (].1+ G.g"‘" 30.5
3 cos 90(61—a ) 1f by > h3
[ 1 az= 0= 30.6°
also
cos(go‘a ) e~ A= 30.5°
= ef 1 1 "2 - } 1f h. < h
ALY - - o 1 3
cos{90 BTﬁl) a3+ a5~ 30.5
_ cos(%% al)
sin(%% al)

h , ,
1 90
e . H_; = cotan(gl— (11)

and H = hy sec(%% al)
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From the known values of h, and h3 the resultant head and
angles can be found and hence the air speed and direction
can be delerminsd.

A'more convenlent means of resolving the piltot
readings 1s by a graphical method. The magnitudes are plotted
to scale bup all angles are expanded by the ratio %%; 1.0

the magnitudes are plotted at 0° (vertical), L5° and 90°
{Figs A=2)e Perpendiculars

are then drawn from the end o - .. ﬁ(ﬁ?
of each of the vectors and hlkj HA
the Intersection of any two P
of these perpendlculars de- .20 : A h,
finas the end of ths re- BT 1 ‘
sultant vector H. It can X
be zeen that equations 1,
2 and 3 are then satisfied. e} 5O

oft

Py

Figo A"’Z

Because of the approximations in the plitot response
and experimental inaccuracles, the pltot readings give three
different solutions for H {points A, B and C, Fig. A-2). The
graphical method quickly glves thsese solutlons and makes
avaraging the simple process of finding the median of the
triangle defined by the three points.

As3.0 DETERMINATION OF LIQUID WATER CONTENT BY ABSORBENT
CYLINDER METHOD

A.3.1 Appropriaste Formula

; .
m = 2:47(107) W g s eeollt)
ET, VD * 45
for D = ‘%a‘ in.

£ = 2 in.
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5
m = 3a447(107) W gma/ﬁg ees (D)
ETe VmS

£e3e2 Determination of Collection Efficilency

In Reference li, Langmuir and Blodgett present
values of E plotted as a function of a parameter K for &
series of values of parameter ¢ where:

2 .
a-v
K= 1031 X 10_9 TLT)}E nao(é)
2
el DV
and ﬁ = 18,3 a m - soe(7)

. If 1t is assumed that the air temperature is 50°F,
barometric pressure i1s 760 mm. Hg, and the altitude 1s sea
level, then:

1,173 x 107> 1b. /ft. sec,

b =
b, = 0,00242 slugs/ft.>

and D= % in,

then K = 2,235 x 1074 ¢? v aee(8)

end g = l.57 v | sss(9)

For convenience equation (8) is plotted on the laft
half of Flgure 10 for a number of values of d, while the right
hand side presents values of E as a function of ¥ and T

{uging equation(9)to convert from ¢ to V. )s Thus knowing the

velocity and droplet size, the collection efficiency; E; can
be evaluated directly from this figure, :



"JOUTW &g DPThoYs Lvads eyy woay PFuro] SuypgTnsed
Luw Jo 3oelFe st ‘eeanywaediieq SulzeelI 4w fpue

*JIoum eq pTRoUs Lpads oy woaJ Fupol BulqTnssa
fur yo 39erre ouy “seanjeaedueq Buyzosedi e ‘pum

§HOT3TPpUO0D Bupgeadedo Ti{e Jepun Lwads 51132TT BT edeuya EUOT3TpUOd Buissaedo Tte Jepun Leads eT32IT adety
3¥UYl MOUS BINEEI SUL *©O6 o) SA0GE SOURSTD J40US 48] MOUE BYTnFed U] *BOS &} OAOQR BOUBLIETD JJ0YUE
® Furgescy gejdosyTey ® Lq dn pexofd Leads JIeqem v Sulsencoy ge3dooTTey ® Aq dn peord Lwads Je3wAM
1188 JO AUNOWE 6U] SUTULIOI6D 0] POjonplos edem v4E8] 3TeS JO junous ey} sUTLLIe]eD C3 Pelonpuod odeM E4E9]

6TZ~UT ouN °II , m.:m...mq oHH *II
VD 'paBaqEd I *SETI 0T + "d QT  *456T suUnr “pIvqard *v'D ‘vep ‘preaqmn "I *SBTJ 0T + *d QT *6S6T oUnr  “pIeqQE) ‘¥H
- q *HALAOOITEH DNIMAAOH V HOUA SISHL DNITINVS AVHIS VIS

O —— HELIODTTHH DNINGAOH V KOUA SISHI DINTIINYE Z¥MJS VIS Jooy ‘BuTeT *Z
fpade seg °T *BUTIeeUTIUL TBOTURUSEH 4vade wog *T *HutIseulBul TBOTUBYDPIN
JO WOLSTATO *®PBUB) ‘TToUNC) YoJwosel THUOTIEN Jo UOTSTATQ  "BPRUE) ‘TFOUROD UYodmesey TRUCTIEN
TVIINEQIZN0D . G~ DHN TYITNAQTANGD 6lfe-a1 pell
*JIOUTH 84 Prhous Leads eys woaJ FUTOT BupqInEed "IOUTW o PTROYE Lpads ey woay FuroT Bulgrased
4dde Jo gooyye eug ‘seangededusn Fupresal qa ‘puw Luas go goszye euy *seaniwdeduwsy BurzeedJ jw ‘puw
FUOTaTpuce Jurgededo TTw Jepun Lwads eT34¥[ ST 6deuyy sUOT3TPUCD Butywaedo Tiw epun Leads eT44TT BT oleuy
38UY MOUE EQTNESd BYJ "BOS BY) BAOQE @OUBLEIP JIOYS %47l MOUE S7TNEed €Ul °wes oY1 oA0qQs OOURLETP 3J0US
- ¥ Fupgesoy aeqdootied ® L£q dun pexord Leads Joeqmm ® Furdenoy zezdovrrey ® Lgq dn peXold feads aoyma
FT88 JO JUNOWE BT SUTLIG]ED Of DOIONPUOD BIOM EAEB] 1T®8 JO quUnowm ef} SUTILIES) 04 PelInpUod edoM E468]

shg-ul ouN *II mﬁnmq DEK *II
‘YD ‘pawqqrb T *EFTE OT + °d QT  "6G6T sunp *pPIBAGT) *V*H VD ‘pawqqin "I *SETT OT + *d T "65AT eUnP *pIBAGED *VeH
"HILIO 0TI DNTHEAOH V WOHd SISHL HNITIHVS AVHIS vas THELICOTTAN DNIUAAOH V MOEZ SISHT DNITIWVS AVELS VAS

aogoq ‘Burol ‘z Jogoy fFuTor e
feady weg °T . *SUTISOUTIUT T8 IFUBHOON deads wog "1 *ButaeeuTiuy TEOTUBYOSH
30 UOTBTATI *¥pEUB) 'TT0oUNC) UsaIwseey TBUOTIBN JO UOLSTAR(J °*¥PBUB) “ITOUNOD UOJIBOESY TEUOFL BN
TYILNA(LANGD 6tz=uT pun TVIENETIEN0D &t~y oul




