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PREFACYE

This memeorandum is not to be constroed ag a
report gince its ounly function is €0 present a smajl
portion of the work performed as parzt of NEL
Problemn L4-4 ip basic NMavy Operations Research.

The memorandum has been prapared in this

toromx berause it is believed that this infornation may

be usefnl io oth=re at NEL and to a few pavsons ox
activities outgide NEL.

ALcknowledgment of assistance given by

g

R. B, Nebrich jr. in selecting and procuring liguid

sarples is gratefvllv made.
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INTRODUCTION

\J,‘.‘n the study of internal waves and associated phenomera,
three methods of aitack have been congidered: theoretical analysis,
model studies, and field experiments The purpoge of this memorandum
ig to discues the reauits of some studies of the properiics of Liguids
with regard to their use in model studies, L This techrical memorandurn
ig intended for use at NEL avd bv a few persons outside the Laboratory,

— The two principal typeg of model studiee made or planned zia:
‘a) a study of the internal wave gystem in a two-laver lquld medel,
due to 2 moving body, (b) the determination of the internal wave making
drag of a body moving in 2 Iwo-layer liquid systemn '» both of these
cases, dimensgional analysis haz been used (o show that the experi~
mental resuliez can be scaled if two dimengionless parametera, (aracng
othe»s), Ap/p’, and Fz - czp" {Apgh, are kept conatant., Here, the
pertinent ligquid properties that must be kpown ave p'. the density
of the lower liguid layer, and Ap, the difference betwoen deraities of
the two liquid lavers, ¥ = Froude sumber, c = govrce ‘or body’
velocity, g = acceleration due to gravity, b = uvppaer lavex thickness.

Thus one of the principle propertizg of the liguide used iu

the model studies is the density of the liquida. The difference ir
density appears explicitly, aad this difference muei be gnite emall
~g.001 gm/ cms’z«. Hence the densities musi be maasured very

accurately, or elee a method that determireg the differenrce in densities
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with adequate accuracy (~5%) had to be developed; the latter was
done,

In scaling an experiment, care must be taken that nothing
peculiar to the model system is contrary (o the hydrodvnamic
behaviour existing in the large scale, Cne such peculiarvity is the
property of interfacial gurface iension. The efiect of this prop=rty
on the velocity of propagation of internal waves has been etudisd (gee
reference 1!. It was decided that interfacial surface tensions of
greater than 1 dyre/cm could not be (nlevated. Detergents were ueed
to suppress interfacial surface tension, Methode were developed to
determine the amount of suppression.

n addition to the above fluid characteristics, there are a
rumber of other fluid properties which had to be ~ousidered in the
choice of a flnid pair. Some have to do wiih presarving the charsctex
of the large scale hydrodypnamic behavier, and some have to do with
propoaed methods of observation

Viscosity should be low enough to make valid the assumption
of inviscid behaviour. The differepce in index of refraction is
important in optical methods for the visualization of internal waves,
as ave clarity avd color. 'The role of diffusion (refecencesd 7, in
model studies has been studied. Thus, moderate immiscibility of
the liquids is desirable, although in general a concommitant of a high
degree of immiscibility is a high interfacial surface tension The

Z




liquids had to be safe, i.e., noa-toxic and non-fOaramable., YThe
fluids bad to be available in large quantities at 2 reasonable prics
(quantities of 500 gal. and 1500 gal. were beiog concidered for the
Jarge model tank’

AP?{’AR.A.TUS

Measuremen: of Ap, o, and pr‘

Several methods of measuring density and density differerce
of the fluids were considered. . One such method that was tried was
the use of 2 commercia! Westphal balatce. The guarantesd zccuracy
of the balance was vol sufficient far the neads of this experirment

This was alsc the case when available commercial pyvenomeicsa
were tried. Beoth aluminum and glass types were used, however each
copfained relatively amau voilumes and ¢(rouble was eacountered from
evagora,tion and in {illing the comtainexs precisely. More vefived
pycnometers and proceduves for naing them are discussed in
reference 9.

A more accurate method of determining the dengity of flaide
{and especially the difference in demgitv of two fluids of almost equal
density’ is the method of bydrestatic weighing, The method involves
weighh\g a boeb while immerged in the one and then {he other of the
two Aliquids‘, A thermally stable bob, wheose weight in v scvum, W

and whose volume, V. are kvown is required, Fox acenracy, the

buovant effect of 2i¢ must he taken intc 2ccount.
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The weight of the bob 2a veouum, W, can e compuated from

(1 W, =X+ [V~

ﬁ‘m‘

g;EVs
»

where X is the weight indicated-by the weighiz reeded fo obfain

halznce, Py ia the density of air, and r:b is the densitv of the {irx our
p .

rage, bxass| weights. To detlormine ¥V, the bob should be weighed
in distilled watex. This correcied weight is

(2 = =P
l_v ww xWT}' aﬁgf—’n

where X is the weight usad. Now

w W

. v W
i :) v o
w

The voluine then becomes

> W, -W .
v w

X~ X )12 -2ay
kB

;«“

4 ¥V =

!

b
:.>pa

w the fluid whose dengity is p, the waizhi in the fuid is

{6 PR £

Similarly, p' far the fluid whnge deraity in greatev than ¢ may

be found
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Lol 1 ¥
fhen Lo =p - p hecomes,

= . 5y i
Aopm Yy e WM, W - WY
Y Y
o
(73 pt - pu Xp X't (1. Pa;
e = I

The factor {1 - fa | can be neglected.
b

The foliowing describes a relatively easy way, which
reguiras little apparatus, of applying the hydrostatic weighing method
to meagure density difference of two liguide as o function of tempera-
ture. Siace the temperatnve range of interest included only typical
room temperature variations, ue effort was made in controlling the
Yguid temperatures. The liqud temperatare was allowed to follow
the room tempsrature and the only effort made was to accurately
measure the regvitipg changes. Thus, these temperamires were at
vasgual intervala,

A glase bob fxom the commercial Wesiphal halanc« ant
wze suspended by a fine wire in a glass cylinder containing the liguid
vader tept. The weight of this bob in the fluid was measured with an
analytical halance The temperature of the liguid was taken with a
g'ass thermomeier, calibrated to » 0. 02°C, hefore and after the

weight reading. 7he iemperature associated with the weight of the
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bob was Zaken 28 the mean of thess Iwo i emperatire readings. Usuallv,

these iwo valies were within 0 17°C, 7The liquid was well stirred with

the thermometer and by moving the bob up asd down. Thie process
wag vepeated as the room temperature chzngoed and thua a seriee of
weight veadings as 3 funclion of tempsrature ior one liquid was found
A smuooil curve was thea drawn through these points. Ses figure 1

This entire provedurce was then vepeated for the secopd
Vguia, which gave 2 second sevies of weight veadings as a function
of temperatirs. A smodth curve was alse fitl=d through these points
Sze figure 2,

Eguation 7 wae then used to cxlenlate the densizy difference
beotwean the twe liguids.  The iate raolated valuep from the cusves in
figuves 1 and 2 ware used in thie egnation, besaunae for a particoiar
calewlztion of depeity differen-e, the values of X and X  bavs ic

W
rorpeagond 9 the same temperatare  These caleviated values of
deosity difference were then plotted in figure 3 28 2 fonction of
temperatare and a smooth curve filted throuwgh thern

a the work deacribad i the previgue saction, it wae
2wikward to depend o2 the reom lemparaiure ¢ Cangse it was more
degirable to hare 1§ sraperalurse control Thereiore, 3t a prescriled

»

temperature, changee i dengiiy difference due to ditferent additiven

for jarexfacial iengion redu: on) and dilferant concentrations of the

game additive io the waier phass could be dete rmined Te ascomplish




this, a cylindrical, constant temperatuce bath assembly which could
acivally be placed within the balance case was emploved. See
figure 4, This assembly, sepporied by a riug stand, is carefully
placed within the balance 80 as not to touch the balance pan or ts
aupports, The consiant tempaerature water for this baith assembiy
was supplied from a commercial tharmostat conizolled source with
built in circulating pump.

The bath assembly details ave shown in figure 5 The

assembly, conetructed from copper, ~ongists of 2 remcvable inner

eyiinder, ¥, plazed in a double walled outer cylinder, D Thess

two cylinders are geparated by a water jacket, E  The double walled
cylinder, D, carries the moving water {rom the thermastat contreolled
source after passing through the inlet tube, B, down and avround a

: helical shaped baffle and then io the outlet tvbe, € Thermal inau-
lation is provided by rubber tubing, J. by covk, G and by a
removable Plexigias top, A The cvbe, 7 is suspended by avpport
wira, K, ioto the liquid, H, under tesi

Twoe cubes were made for this bath aspembiy. The firet

T

cuhe wag made from fusad quartz Quartz was used 28 a material
becausge of its vary Jow coefficient of thermal expansion

(@€ = 0. 54 x 10 6 f°C. ). This cube which had a volurne of approxi

; mately 8 cubic centimeters wae supported by a 0. 004 inch stainiess

steel wire. A small wire hook was glued to the gquartz cube with

T
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Arxmstrong A-12 epoxy cement. The sacoxd cobe that was used was

s AL

made from aluminum and was approximately 33 cuble certimetare

in volume. This cube was painted with “Laminar x-500" polyurethane

paint for protection from the liguids to be tesied,

The following procedure was used to find density difference

The liguid wder tesi was allowed to come to equilibrium at the i1

desived tempervatuve while huing stirred The Plexiglas top was

put In place and then the assembly was placed inside the balance
cage. The balarce was zeroed and rhe pupport wive cor scted. The
weight of the cube was thexn found, the support wive disconnected,
aud the halance zero rechecked. After removing ihe assemhly from
the halance case, the temperaturs of the ligeid was rechecked. This

rocedns as usually repeated two more times and the mean weight
by ' P g

was uged for calculations The weight of the cabe in 2ir, vsing the
E same support wire., was then found. After finding the mean weigh!

oi the cube in tha second liguid at the same temperature, the density

] difference was calevlated using formula 7.
: Interfacial Tension Measurement
There are many methods available for the measurement of

suriace and interiacial tengion See reforsnces 4, 5, and 6 Siatic

e

values can be abtsined by th= ring method (Du Noily tengiometer),

T R R AN B o 3 T s e A TSI TSN DR

drop weight method capillary height mathod. pendent drop method,

IR ————

vipple method, Seasile drops. filin balances (vertical and herizontal),
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and the maximmum bubhkle pressure method, The first five of these
cau be nazd fox intevfacial tensgions a8 well as for surface tengions
Dvramic values can be obtained by the oscillating jet and ogcillating
drop methods

Boih the ving and the capillary height methods were tried
for measuring interfacial tepsions. However, both of these methbods
produced serious difficulties. These problems will not be discussed
hare.

Tre drop weight meihou(4,5.8 . 28 used most often for
inteviacial tension measaremsnt, This method iz relatively easy
and guick to vae and is capable of geod accuracy. The procedure
congists of formming a drop of the morxe dense liquid into the less
dense phase from the tip of a glass tube  See {igure 6a  The drop
is formed slowly and will finally detach itself {rom the tip and faj}
to the bottom of the container (gee figure 6b'. Knowing the volume
of the drop, the denagity diffierernce between phasss, and cerxtain
~pustanis, the interfacial tensinn may be determined The buref
tube shown in figures 6a and 66 holds the mors dense ligwid and also
provides an easy way of measuring the volume of the drop The
inatart when the drop tears away from the tip provides a repeatable
point io take buret readings. A mean of several drops is taker if each
drop volume is small. The drops must be formed at a very slow rate

Usually a formation time of 5 to 10 minutes is slow enough n

9
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p.-'m;f'\:':e_, a faster rate mnay he uped B rrnsiios

"~

e

if the rate is too large at the insar

ing drop will be too large, Boib the buret stopoock and a fine

wetering valve are used o ohiaiv the proper flow rate, Vibration

and liguid st

be kept to a mivimuom during the lael stages
of drop formation, In crdexy to provide a constant temnperaturs,

the same ath assarably which wae discuses

vged hersg,
The tip muat be cara2qunlly mada o this case, glass was

used ag a material becanse of ite watting charactex: with

respect to tha two liguid phases  As shown in figure &a, the drop

wets the hotiom of the 1D an

A gnod rvight angle edge 2t the tip was ground wifh the ald of a drill

prazs and emory cloth, Aftey griuding the hoito™ sad sides of

tha tip smooth, fhe suiside dlameter at the epd

meagnred very ascnea hesange the value of the radiva muost

be ~ubed iw the caloculations vrement can best ke

lipg microszcode Gr a micrpmeter evepiscs

; & - 2 s
attachment avd microssops, The valume of a gix ¥

%% % 2 - ) | o SSwanl

lue nf the ragdive cnhed, »°, 2oablisn ore to fing

2 P corraciinn facetar, ¢ Thege valvag of I, ranglag Xrom

3 o) S re ot ‘,‘_, o L‘s-'...,_\p

. « . o oo 04 '3 -
welrme and ave rabulated in veference 5 28 a funcotion ol v/




Thus, the interfacial tension iz calculated {rom ihe
inllowing formula:

A

(8} ro Vefio' - o} ,
: *

where [ = Ingerfacial tension ‘dynes/cm),
3
V = Volume of drop cm §;
9:' = p= Demnsily difference between liguids ohtained ixom

hvdrostatic weighing method (gmsa/cm 3;‘:,.

Acceleration due to gravity (@tm/satz};

]
ft

Radiug of tip (cm,

4
i

i = Covrection factar, given ag a function of "‘:_% :

Rezulig and Errors

Many vesulis have been obtained with ligquids such as
bepzena, several plasticizers and imsulaiing oil. Additives to the
water phage have included wetting agente such as Nacomnol NR,
Aervosal OT, sodium hydroxide, Unox, Firewater, aod Alcorox A
few typical results are shown in Table 1. H¥ere the top and bottorn
ligquids ara shown, along with the temperature and the regulting density

differance and interfacial tension. Some of the regults that cap be

L)

plotted are showr in figures 3, 7, and B. [z both {igures 3 and 7
the density diffevence as a function of temperatuve i3 shown while in

figure 7, the interfacial tension is also plotced as a functior of

11
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ternperature, .x figure B, hoth the dennity difference and iha
inteviacial teusion are plotted va. the % of acluie added to the water
phase at 25°0,

Water at wo temperaiures was voed to check the hydrostatic
weighing method. The difierence in density of the water at the two
temperxatures can be jound from tables [rsfevence 10) and compared
wifth the experimentsl vegult A five degree ceniigrade charge
produsces a change iv demsity of approzimately one pazt per thonsand

Thiz procedure was fried twice with the foliowing ragults,

Trial Measured Ap L0 Fromm Tahlan F mrrow
«{gm;’cma".n tgm/ ‘;"?233.1'

i 6O O0eles 0 Buizd 3.3

Z 0. 69102 0.0¢i16 6.8

These errors probably resulted from tempevature
instability. bubbles forming on the cube and support wire, zod
liguid clinging to the wire. Errore due to 2 change in bucyvancy of
tihe 0. 004 ech support wire are below the readability of the balance
{3. 05 mg! if the wirve i3 gubmerged fo the =ame level within ¢ 2 mam.

Each Dgnid will exext 3 downward force on the support
wire due to {ts gurface tepsion, U the difference iv eurface tension

beiween the two ligiids {each measnred againet air) is less than

12
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one dyne per cm. , the resuliing errers will be less than the

veadability of the balanre,

Errors in the drop weight interiacial tension rethod were
mainly dee (e the volume measurement of the drops. For the
smaller drops, a micre syringe could be used to give more accurate
volnme readinge. The apparatus was checked by finding the surface
tension of distilled water agaionst air. A 0. 3% error resulted as
compared with accepted staundard values. The estimated probabie
zrror in the interfaclal temsion measurements of figure 7 is & 3%,
Discussion

The change in density differ=nce between the two liguide
with respect io temperaiure can be relatively large. For exampile,
in figure 7, the slope of the straight line drawn through the poinis
i3 0, 00060 gm per r:m3 per *C, This agrees well with a calculated
value of G, 00061 gins par cm” per *C based on the coefficients of
thermal expavsion of the plasticizer (giver by manwfacturer; and
of pure water [the coefiicient of expansion of the Alcovox solution
wag assnmead t§ be the same ag for pure water ),

Thie means, in practice, that if small initial values of
density Wiference are desired in the model tapks, it may be
necegsary to provide some room tempevaiur2 ¢contrel. If the
tarnperature was lowered, the density difference would also go down
and could actually reach zero, cauvsing inetability and possible

13
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averturning of the iayera, With the low interfacial tersion involved,
amulsification would probably take place,

This wonld not be the only ¢auvse for eraulsions in guch two

laver ayvetemns., As discuased in reference &, Vepontaveous emulsifi-
cation' cam occur. Thia ie rot due to any external agitation. As

cne case was descvribed in the above refevence, .. .. ., i the oil is
placed guietly on fthe watev, the interiacizl region gradually hecomes

1

clendy due (o spontanenusly {crmed emelsion, ' Theege emnadsions
also guiefly “streara® from the interfacial region (sometimes czlled
“"siranding'')., This strandivg has be=p observed exiending downward
irom the Delex 1 plasticizer - Alconox inieriacs in one of the modal

tank experimente Ip three ox fous davs the Alconox layer becamne

unifermly cloudy.

The ragelting interfacial tensions were guite covstant with
respect to temperature ag shown in figure 7, 1

Some revigions wounld be in order {or futare work  Petter 1
velume measurament of the gmall drops could ezsily be done by
nging a micro svringe,

Another method thai has not been ried as yoi would emable
ove (o find both dennity difference and interfacial tepsion "simul -
tanecnsly" T this method, the drop weight procedurs wou'd be

? aged ap nsual except that the drop after datachment would be caught

. and weighed on a pan suepended in the pecond fiuid. In this ranper 1

14




the drop would gerve as a "bob' and the dengity diffierence of the

two liguids cou'd be computed simply by dividing this weight of the

drop (ia the second fiuid) by the velurne of the drop.

Tabla 1 - 'i'_vpical Density Diiference (pi p) and nterfacial Tensicn
1) Results, 1. Benzene

: Z, Puva wafler
3, GPF233 Plasticizer
4. "Adipol, " Di-iso-butyl Adipate Plasticizer
5. "Delex 1, Di-Buté/aEthyl .Adipate
Plasticizer
6, 1.0% by weight NaOH soclution
7. 1.0% by volume "Unox" selution
8. 10% by wolume “Unox" solution
9. 1.0% "Firewater" soluticn
10. 0.1% by weight Naconncl NR seclution
Top Bottom Temp, Density Difference interfacial Tension
Liquid Liquid {*C) {gms/ cm? {dypes /cm)

i 2 1.0 0. 1181 23.6

3 2 23.8 G, 0767 22. 4

4 2 24.7 0. 0501 20.5

5 2 230 0. 0041 14 4

5 7 25.0 0. 06064 5.0

b 5 8 25.0 0. 0144 2.2
5 9 25.0 0. 0056 5.6
5 10 21.9 0. 0040 3.2

P——

15

]
i
?




RAERFERENCES

Hudimac, A, A, . "Tuterpal Waves with Suriace Tensgion. !
(Proposed NEL Repovi)

Hudimacz, A A., “"The Riffwslion of Bointe in 2 Stratified Floid. ¢
NEL TM - 495, 25 Sepiember 196]

Hudimae, A, A , Ravment, B. B., and Smith, R. K., "The
Problem of Diffusion in Hydrodynamic Modela of Stratified
Fluids. " (Proposed Scientiiic Paper!

Harking, Willlam D, "The Physica! Chemistry of Burfaca
Films. " Reinhold Publishing Corp , MNew York; 1952

Adam, Neil Hensington, "The Fhysics apd Chemiairy of
Surfaces," Oxford Univ, Presg, London; Third Edition, 1346

Davieg, J. T,, Rideal, K E X , "ntevfaciszl Phenomena '
Lecademic Press Tne,, New York; 1961

Doolittle, A. K.. "The Techuology of Solvenie and Plasticizers "
Wiley, New York; 1954, p 904-929

“pModern Plastics. ' Encyclopedia, Tssue for 1960, New York

Plagtics Catalogue Corp . New York

tDyacigion Measvrvement and Calibration. ' U S. Natiomal
BRurean of Standarde, Handbook 77 -~ Vel i, 1963
10, "Handhook of Chemistry and Physice. " 29th Ed. , Chemica)

Rubber Pub, Co.,, Clevsland; 1945




!
i
&
:
¢

'

LiST OF FIGURES
i. ¥Xp (Weight of Bob in "Delex 1" Plasticizer’ ve. Temperature,
2. Xw (Weizht of Bob i 0. 10% by Weight Nacconol NR Sclution]
ve, Temperatura,

3, Deneity Difference Between 0. 10% by Weight Nacconol NR é

Solution ard "Deleax 1" Plasticizer. |
4, Dansity Difference Apparatus, b
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8. Depsity Difference and Interfacial Tension va, % Alconox by

Weight for "Delex 1" Plasticizer and Alconox Solutions, 1

17




! T
6.685 |- -
6.680 |- _T
v
P
<
x
o
a
x
6.675 | o
INTERPOLATED VALUES
TEMP.(°C) | Xp (GRAMS)
18.5 6.6670
19.0 6 6691
20.0 6.6734
21.0 6.6776
22.0 6 6819
6.670 230 6. 6861 T
E
!
i
. L l | | |
18 19 20 21 22 23 24 25

i TEMPERATURE,(°C)

‘ Xp (WEIGHT OF BOB IN “DELEX |” PLASTICIZER)
g VS, TEMPERATURE

FIG. |




e e mme e e Ot

€ Did

IYNLVYEIAWIL 'SA(NOILNTIOS YN TTONODDVWN
1HOIIM A8 % 01'0 NI 808 40 L1HOI13M)MX

D ‘3UNLVHIINI L
s2 ¥2 €2 22 F 02 6! 8l
_ T T _ I _ e
— — 6599
$299°9 0°€2
S199°9 022
$099 ‘9 012
G6S9°9 002
98599 06l
= €859°9 s 8l — 0999
(SAVE9)Mx | (9,)dn3lL
S3NTIVA G31VIOdHILNI
k. — 1999
L — 2999
— —{€99°'9
| | K | | |

(SWvY9D) Mx




0.005

I ) | I ¥ - 1 1

~

L4

=

O

N

V)

P

<«

1 4

L

w :

2

w 0.003— —

@ :

w

[T 1

l: ]

(@]

> :

: |

9 ¥

Zz i

w ]

: |
§

0.002 — —
?
£
i
|4
e 1 ! | l | |
17 18 19 20 | 22 23 24

TEMPERATURE ()
DENSITY DIFFERENCE BETWEEN 0.10 % BY WEIGHT
NACCONOL NR SOLUTION AND “DELEX 1" PLASTICIZER

FIG. 3

-
~ ~p——;

P —




A9 WISSY
HLvg

124N0S
d31VYM
LVISONWY3IHL




1
{
1

G 9Ol3
(37vDS 111Nd) AN8GNW3SSY HLIVE 3™NLIVY3IdA3L LNVLISNOD
9
).O.M?k.p..
)
? H :
| s
1
3
a 3
- ) 4

e




THERMOMETER

FINE
METERING
VALVE

3y ALCONOX
J- SOLUTION







DENSITY DIFFERENCE, 4p (GRAMS/CM?)

=
0
N
0
0010} z
>
e
Z
o
N
z
w
-
= |
x
0
0.009 |— g
[+ 4
w
.—
z
a4
i3
e INTERFACIAL TENSION 0 st
vS. TEMPERATURE "
" = Iy
(o} a —r
o9
0.007 | I | l | | 0.8
20 21 22 23 24 25 26 27

DENSITY DIFFERENCE
VS. TEMPERATURE

TEMPERATURE, (°C)

“DELEX |” PLASTICIZER AND APPROXIMATELY
0.77 % BY WEIGHT ALCONOX SOLUTION:

FIG. 7




8 Old

3,62 1¥v SNOILNT0S XONODTV ANV ¥3Z'D11SVvTd I X3130, 404
lHO13M AB XONODV % w
0l 6 8 L 9 S ¥ £ g I 0 |

! S000
$0 T T T T T T T I i 1
pc) ,ﬂ
ol Tlllllllll 7 |
r g |
F 4 1
ke B — 9000
Sl P,
7
o2 Z
¥
o LHOI3M AB XONODTIV % SA -
zZs2pH (W27 S3NAQ) NOISN3IL TVIDV4HILNI .480‘0 ]
m ]
- 4
iy > o
Z sef < ~{8000 I
7 m j
- ” 2
m m
Z Ov— _u.\ b4
w \ o)
o 7 m
Z cpl ” —6000 &
C) il o)
< r 5 z
Z 0SS o
» s 3
o - z
z SSH ” —o100 &
~ > 4 ~—
s/
09 a\\ LHDI3M A8 XONODIV % SA 97
\\
7
S9t~- e ~ 1100
7
: 7
rd
oL~ -
3 P
\\
rd
«t - | | | | 1 | 2100




