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INTRODUCTION. -

2 .

This preliminary report presents the results of tests
on wave pump for flushing of the Palmas Del Mar Marina,

Puerto Rico.

The work was executed under agreement of January 23rd

1973 as a continuation of previous study for the Palmas

Del Mar Company by the NEA Hydraulic Laboratory in Reykjavik.

The tests were performed jointly by NEA Hydraulic La-

boratory (SFS) and the Icelandic Harbour Authority (IHA).

Principal investigator was Res. Eng. Gisli Viggosson,
IHR and the tests were performed by Lab. Eng. Bjérn

Erlendsson and the NEA's Laboratory staff.

Dr. P. Bruun who supervised the test for Palmas Del
Mar Company visited the laboratory on Nov. 28th-29th,
Dec. 27th 1974 and Febr. 4th 1975

SCOPE OF TEST ON WAVE PUMP

The scope of the test is to investigate efficiency

and operation of the wave pump under a varity of wave
conditions and layout of entrance funnel. The map of
locations of the wave pump in the Palmas Del Mar Marina
is shown on sheet no. 1, and the schematic flushing
channel is shown on sheet no. 2.

The main application of the wave pump is for pollution
control, e.g. on‘sea coasts where tidal currents are
weak while wave acinn is present most of the time as

in the case for the Palmas Del Mar Marina.

The wave pump utilize the momentum:of shallow water waves

which develop over a shallow bottom or on a slope and

1s used to create currents.



To improve the el fectivencus-of the wave pump so that
cven smaller waves may become effective wave heights
are begl ed up by concentration of wave energy in the

discharge channel.

The general description of Lhe theory and ftunctlion of the
wave pump 1s given in Appendix , papcr by Prof. P.

Bruun and Res. Lng. G. Viggosson "THiE WAVLE PUMP, APPLI-
CATION IN POLLUTLION CONTROL, published in Procecdings of
Lhe Second International Conferxrence on PU;L and Ocean

Lnginecring undex Arctic Condlitions. August 1973. Iceland.

SUMMARY AND CONCLUS1ON

Lo
The Leut on Llin wave pump can be divided in/the tollowlng

subjecls:

4. Optimalization test of several layout of funnel and
ramp position tor given wave condition.

- Wave heights and discharge flow were measured.

b. Test with variaginé directio; of incident wave.

- Wave heights and discharge flow were measured.

c. Test on uprush by storm waves at bridge, at MSL .

= Visual observation of uprush at bridge by varying

ramp position:’

d. Test on storm tides and uprush at bridge at three foot
above MSL.t

- Visual observation of uprush at bridge by varying
ramp position.

e. Test on wave action at inner entrance of discharge

channel. .

= Wave heights measured 1n channei and marina for
varying ramp position.

f. Preliminary test on thc influence on flow by wind

and waves



= wind velocity and wind generating currents as well

as combined flow by winds and waves were measured.

The main conclusion of the tests can be summarized as

follows:

- a. The most effective layout of the funnel is training wall
o 50 m and entrance width 30 m.

4J The discharged flow is given in table I, which shows
that 1 ft waves give ab. 3 m3/sec but 2 ft waves give

3 . .
5 to 8 m /sec, depending on wave period and ramp position.

e b.When the incident waves deviate about ten degrees from the

e centerline the discharge flow decreases less than ten

) I_— per cent but fifteen degrees deviation however reduces
] the flow about twenty to thirty per cent.

c.When the discharge channel is closed by the ramp under

storm wave condition uprush occur on the bridge. No

—= uprush occur when the opening between the top elevation

d.puring storm tide condition with water level 3 ft above
M.S.L. heavy uprush occur at the bridge although wave

screen of 2 ft was used and the ramp was kept horizontal.

i
: I— of the ramp and the bridge beam is about 2 ft.

i

I e.With 2 ft waves in the discharge channel the area of
| waves higher than 0.5 ft in the marina is observed
within 1 m from the entrance. But when the top ele-
vation of the ramp is at M.S.L. the area of waves higher
than 0.5 £t in the marina is observed within 4 m from

entrance.

The main reason is expected to be the limited fetch and

incorrect loope system. These tests, however, were though

just as preliminary.

I f. The wind current generation did not success in the model.
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The results of the tests show/the wind velocity of

5 knots. do not generate any

current in the

model. Wind of 20 knots generate flow of 0.4 m3/s.

When wind and waves were run simultaneously the flow was

almost the sum of the wind current flow and the wave

current flow when generated separately.

4. MODEL SCALE AND HYDRAULIC.CIMILITUDE

The model scale used in the present

According to Froude’ s Modelling Law

factors apply:

Geometrical scale

Velocity scale 1:(20)1/2 =
Time scale 1:(20)1/2 =
2 —

Area scale 1:20 =
3 _

Volume scale 1:20 =
; 2,5 —
Discharge scale 1:20 =

study is 1:20.

the following scale

1:20
1:4,47
1:4,47
1:400
1:8000
1:1789

The scale 1:40 was used on the tests on wave action at

the inner entrance of the wave pump channel.
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MODEL CONSTRUCTION AND EXPERIMENTAL TECHNIQUES
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The model layout is shown on sheet no. 1. A concrete
wall, 15 cm above the bottom was built around the model
area. The bottom of the model was made of sand with a

2 centimetre ‘thick concrete layer to the final elevation.
All absorbing slopes were made of gravel with stones
approx. 2 cm in diameter, and some absorbing madrasses
were laid on top ©f the gravel. The discharge channel was
made of concrete brick;, 15 cm above the bottom. In
front of the wave generator there was a slope of 1:15.
All lines and measurepoints were painted on the bottom.
The ramp was made of waterproof plywood, with two devices
on either side to adjust the ramp in exact position.

The funnel was made of waterproof plywood in several
sizes. At the outlet of the discharge channel there was
an absorbing rubble mound with the slope of 1:2 and

a few absorbing nets.

To simulate the same energy losses per unit area in the

proper model scale the bottom in the funnel was with

rough concrete surface, -(rough, not finished to

imitate a ripple floor), but the training walls and the
discharge channel - the surface was of concrete, finished,
smooth.

In the model the wave generator produces a regular wave.
The practice accepted for comparison of irregular waves
in the prototype with regular wave in the laboratory is
to set the significant wave height and period in the

prototype equal to the regular wave in the model.

The waves were produced by a pneumatic wave generator.

The wave period is adjusted with thyristor adjustments

and checked with a stop watch. Wave heights were measured
with 6 resistance meters, one in fixed point (X)

(reference point) the five others. for comparison (Y1,2,3,4,5),

sheet no. 3.
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All measurements were calculated and printed out with
a computer, i.e. average X and average Y, standard
deviation, variance and the comparison between the X

meter and one of the five ¥ meters.

A strip chart recorder was used to observe the form of

the waves.

The incident wave was measured in the reference point
marked X on the layout, and the waves measured for com-

parison were measured in the five points marked Y
1,2,3,4,5.

The current meter is of OTT-type, -with an gccuracy ofib%.

6. TEST ON THE INFLUENCE ON FLOW BY WAVES

6.1 Introduction

More than 61 tests were run where wave conditions and
discharge flow was measured.

The test results are summarized in two wayssy in table I
to IITI and sheet no. 4 to 6. Several typical print out
from the wave height analyser are given in sheet no. 9

to 18.

As mentioned under section 2 the scope of the test is to
investigate the efficiency and operation of the wave

pump under a variety of wave conditions and layout of

entrance funnel.

6.2 Layout of funnel

Four layout of funnel were tested.: Most of the tests
were performed with an entrance width of 30 m. The
length of the training wall was 50 m, 60 m and 70 m.
A159 entrance width of 40 m aﬁd 50 m training wall were

tested.
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When the width of the entrance of the funnel 'is 40 m,
the crest of the waves does not turn peripendicular

on the training walls because of too large incident
angle of the wave direction and the training wall.
The waves reflect from the wall causing peripendicular
surge at the wéve direction. This does not happen for

entrance width of 30 m.

The evaluation of the effectiveness of the various length
of training wall with 30 m entrance width are given in

the following table (with the ramp horizontal):

WAVE WAVE L = 50m L = 60 m L = 70 m
HEIGHT PERIOD W = 30 m W = 30m W = 30m
FT SEC TEST Q TEST Q TEST o)

No m3/s No m3/s No m3/s

b 4 35 3,0 38 3,1

1 6 41 3,1 44 2,7

1 8 76 3,3

1 10 47 2,8 50 3,2

2 6 1 6,2 13 4,2 15 5,2
2 8 17 8,0 5 7,5 19 7,2
2 10 58 6,5 9 4,3
3 10 57 545

From the table above it can be concluded that the 50 m
long training wall is most favourable with regard to

discharge flow.



6.3 1Influence of the ramp and length of the ramp

Most of the tests were run with ramp of 9,12 m length.
In accordance with letter by Prof. P. Bruun dated Dec.

12th the length of the ramp was decreased to 6,0 m.

The slope of the ramp is given in degrees horizontally.
The following slopes were run (the slope angle is also

compared with the top elevation of the ramp relatively to

M.S:Lia) s
Top elevation Length of ramp Length of ramp
of the ramp 9,12 m 6,0 m
M.S.L. Slope/degrees Slope/degrees
- 2,5 ft 47" 7,2°
0,0 ft 9,4° 14,5°
+ 1,5 ft 12,0°

The tests’ results do not show any significant differences
between discharge flow and length of the ramp, for various

slopes of the ramp.

The ramp does not increase the discharge flow for higher
waves but controls the discharge and the wave height in
the discharge channel. The wave height 10 m inside

the ramp section is plotted on sheet no. 4 to 6 where
the influence of the ramp position is demonstrated on
the wave height in the discharge channel. The ramp,

however, increases the discharge flow for lowest waves.
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6.4 Test with varying direction of incident.waves

Most of the time the wave enters the entrance of the
funnel with a propagation direction along the center
line. It is assumed that the wave direction does not

deviate from the center line more than 10 degrees.

To evaluate the influence on the varying direction of
incident waves six tests were run with the centexr line
varying from the wave direction.- Test no. 59 to 61

and 62 to 64 in Table I.

When the incident waves deviate about ten degrees from the
center line the discharge flow decreases less than ten

per cent. When the incident waves deviate about

fifteen degrees from the center line the discharge flow

reduces about twenty to thirty per cent.

TEST ON STORM WAVES CONDITION

7.1 Test on uprush by storm waves at the bridge

Test on storm wave conditions was run at M.S.L. with
breaking waves offshore and wave period of 10 sec. The
waves break just in front of the wave generator, producing
secondary waves at the funnel entrance. Under such

wave conditioﬁ the discharged flow was measured about

5 to 6 m3/sed;

These tests were run with the bridge to evaluate the
uprush on the bridge. The bridge was located just

behind the ramp section so the edge of the ramp in the
highest position reach the bridge beam and clos€s the

discharged channel.




e
!

=

/

|

R I =
|

-

[

[V TR S TR W

/

/

L

l

ficg

I

"

[i

-10-

The main dimension of the bridge is as follows:

Width of bridge-: 8 m

Height of bridge floor 8 ft above M.S.L.
Height of bright beam 6 ft above M.S.L.
Height of wave screen 10 £t above M.S.L.

When the discharge channel is closed by the ramp, uprush
on the bridge was observed. When the ramp was horizontal
no uprush was observed.. This was also the case without

the wave screen.

Under such storm condition the ramp can control the wave

height in the channel and also the discharge flow.

7.2 Test on storm tides and uprush at the bridge

Test on storm tide condition was run at water level

3 ft above M.S.L. with breaking waves offshore and wave
period of 10 sec. These tests were also run with the
bridge to evulate the uprushes on the bridge. Under such
wave condition the waves run over the training walls in
the inner part of the funnel disregarding the position
of the ramp.

When the ramp was kept in the highest position and
closing the discharge channel heavy uprushes were ob-

served at the bridge, although the wave screen was used.

Photo no. 2 demonstrates the heavy uprushes when the

discharge channel is closed.

. Photo no. 1 demonstrates the reduction in uprushes when

the ramp is horizontal. This wave condition will be

clearly demonstrated in the moVie.
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8. TEST ON WAVE ACTION AT INNER ENTRANCE OF DISCHARGE CHANNEL
These tests were carried out in model scale 1:40, sheet
no. 7. The scope of these tests was to investigate how
the wave height reduces in the inner harbour, when the
wave propagates into the marina with the vertical drop
in depth of 5 ft from the channel to the marina.

The tests were performed by wave period of 8 sec and
wave height of 2 ft in the channel behind the ramp
section. A

Three tests were run with three positions of the ramp:
0°, 7,2° and 14,5°. The results of the tests are shown
schematic on sheet no. 8 where the area of wave8; higher
than 0.5 ft is shown for each test.

9. PRELIMINARY TESTS ON THE INFLUENCE ON FLOW

BY WINDS AND WAVES

9.1 Introduction

The normal case will be that wind and wave currents
occur simultaneously. The wind does not generate wind
waves only but also surface currents and pile up the
M.S.L. at the funnel entrance higher than at the

harbour entrance due to lower depth. The wind will also

lower the M.S.L. in the marina at the end of the discharge

channel due to wind shear stress in the inner harbour.

From the previous test on wave action in the outer
harbour it was recognized that the waves caused current
out of the entrance to the inner harbour due to the
form of the coast and the small rubble mound at the

north side of the entrance.
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All the factors mentioned above will increase the in-

fluence of the wind to cause currents through the harbour.

The local wind is in normal case 5 to 20 knots. Ex-
perience has shown that the surface cﬁrrents are about
three per cent of the wind in 10 m height.

The pile up by the wind at the entrance of the funnel is

at the range of one centimeter.

This report does not include theoretical calculation of
the influence on the flow by the wind in the discharge

channel.

In order to run the model tests the wind current as well
as the wave current model laws must be publiéhed. As
these model laws are not the same, one is faced by the
situation of having to produce the correct wind current
model first and then produce the wave and wind model;

It is however assumed that the waves do not alter thé

basic wind current model law.

The theory for calculation of the wind scale factor

used in this preliminary test refers to two papers:-
Modelling of Wind Driven Currents in a Laboratory",
University of Florida, Coastal Eng. Dept. Gainesville; and
by Gervitsen, F.: Surface Wind Stress over Water as
related to Wave Action", De Ingenieur Bouw-en Water

bouw Kunde, 1963.

The model wind scale factor is given by

3 1 F 1/2
cn = (S L. (12 n/a’

where
{ = model scale 1:20
EC = ratio between friction shear stress in prototype

and model estimated to 1,3.:
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h = depth of water in model = 7,5 cm

a =

The

height of wind funnel above water = 50 cm

above equation gives

1
QU =5,8

From this follows that the wind velocity in the model

was

9.2

The

and

in the range 0,4 to.1,7 m/sec.

Model construction of wind-tunnel and experi-

mental technique

wind-tunnel, see phbto no. 3 was made of wood

waterproof plywood. The tunnel was covering the

model from the wave generator to the ramp section. The

roof of the tunnel was 0,5 m above the water level. To

obtain the right wind profile an air distributor was

used. The air-blower was of centrifugal type with a

capacity of 30.000 m3/h. The experimental techniques and

measurements were carried out in the same manner as in

the

model without the wind-tunnel with an addition of three

aero-meters which were located 3 meters from the inlet

of the air-stream. They were 1 m apart and 0,2 meters

below the roof.

9.3

The
The

and

Wind current generation results of model test

wind current generation in the model did not succeed.
main reason is expected to be ‘due to limitad fetch

incorrect loop-system. The tests were, however, just

preliminary.

In the following table the test results are given.
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Current generation Wind Wave Wave . Discharxge

velocity height period flow

knots £t sec m3/sec
Wind only 5 - 0.0
20 0.4
31 2.2
Wave only 1 6 3.1
8 8.0
Wind and waves 20 1 6 3.4
30 1 6 3.9
20 2 8 8.4
30 2 8 9.0

The results of the tests show that wind velocity of

5 knots do not generate any current in the model. Wind
velocity of 20 knots generates 0.4 m3/sec in the dis-

charge channel. When wind and waves were run simultaneously
the flow is almost the sum of the wind current flow and

the wave current flow when generated separately.
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TABLE I

RESULT OF MODEL TEST
TRAINING WALL 50 M AND FUNNEL- ENTRANCE 30 M

|
]

| (43 ¢ L pnp 1 a2

|
|

.

e e
|

|

.F

|

\

o=

|

A

\

LSS = | - | - |

TEST Wave WAVE RAMP RAMP Q REMARKS
No PERIOD HEIGHT LENGTH SLOPE m /sec
£t sec m degree
35 4 1 0° 3.0
36 4 1 9.12 4.7° 3.7
37 4 1 " 9.4° 3.0
41 6 1 0° 3s4d
42 6 i 9.12 4.7° 3.3
43 6 1 " 9.4° 2.5
65 6 1 6.0 7.2° 3.2
66 6 1 . 14.0° 3.3
76 8 1 0° 3.3
69 8 1 6.0 7:2° 32
70 8 1 Y 14.0° 3.1
47 10 1 0° 2.8
48 10 1 9.12 4.7° 2.8
49 10 1 " 9.4° 1.6
1 6 2 0° 6.2
2 6 2 9.12 4.7° 6.4
3 6 2 " 9.4° 4.8
4 6 2 " 12.0° 2«3
67 6 2 6.0 7.2° 5.1
68 6 2 " 14.0° 4.1
17 8 2 0° 8.0
18 8 2 9.12 9.4° 4.5
74 8 2 6.0 Tw” 7.4
72 8 2 " 14.0° 5.0
57 10 3 0° 5:.5
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TABLE II
RESULT OF MODEL TESTS TRAINING WALL 50 M
- AND FUNNEL ENTRANCE 30 M
TEST T H RAMP RAMP Q - REMARKS
LENGTH SCOPE

No sec ft - m degree m3/s
59 6 2 0° 6,2 5°) Varying
60 6 2 0° 10° direction
61 6 2 0° 4.8 15° of

incident
62 8 2 0° 7.2 5°) wave
63 8 2 0° 7.3 10° in relation to
64 8 2 0° 5.7 15° the center line
33 6 2 0° 5.1 Rough sand
34 6 2 9.12 9.4° 3.1 Bottom in funnel
29 6 2 0° 4.8 Resistance in
30 8 2 0° 6.7 return flow
27 6 2 0° 6.5 Funnel entrance
28 6 2 9.12 9.4° 3.7 40 m
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TABLE II
RESULTS OF MODEL TEST
TRAINING WALL 60 M AND FUNNEL ENTRANCE 30 M
TEST T H RAMP RAMP Q REMARKS
LENGTH SCOPE

No sec ft m degree m”/s
38 4 X 0° 3.
39 4 1 9.42 4.7° 3.9
40 4 1 " 9.4° 1.4
44 6 4 0° 2.7
45 6 1 9.12 4.7° 3.0
46 6 1 " 9.4° 2.9
50 10 1 0° 3.2
51 10 1 9.12 4.7° 2.8
52 10 1 " 9.4° 2.2
13 6 2 0° 4.2
14 6 2 9.42 9.4° 3.6
5 8 2 0° 7.5
6 8 2 9.12 4.7° 75
7 8 2 " 9.4° 6.4

8 8 2 12.0° 5.2
58 10
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TABLE IIZI

RESULT OF MODEL TEST

TRAINING WALL 70 W AND FUNNEL ENTRANCE 30 M

TEST T ‘H RAMP RAMP Q
LENGTH SCOPE
3
No sec ft m degree m /s
15 6 2 0° 5.2
16 6 2 9.12 -~ 9.4° 3.7
19 8 2 0° 7.2
20 8 2 9.12 9.4° 4.5
9 10 2 0° 4.3
10 10 2 9.12 4.7° 3.9
11 10 2 9.4° 2.8
12 10 2 12.0° 1.6
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WAVE PUMP

TABLE V

il e
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WAVE PUMP

.
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TABLE VI
esT No 4T |
Wave period /0 _sec /faf‘f'yfe
Wave height ! rr "
Length of funnel K- e
width 30 " "
Height of ramp O DEeREESL
Discharge in channel 2,8 m’/sec "
Wind b m/ " "
1uo0e X 163 X 152 X 139+ X 107
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WAVE PUMP

TEST NO.454¥

Wave period

TABLE VIII

Wave height

Length of funnel

Width "

Height of ramp

Discharge in channel

Wind
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WAVE PUMP

TEST No.?’

TABLE

IX

Wave period {__sec ) .__.._ﬁ;'_'?:g?:.t@/"‘
Wave height 2 _Fr -
Length of funnel S0 M "
Width . 3 " ' e
Height of ramp V.2 DEecEET
Discharge in channel . & m’/sec "
Wind ~ m/ " "
350 X 308 X 2Uls X 203 X dtes x
3y0e Y UG7e Y 381“° Y 366 Y 25Ue Y
309 X 298¢ X 2U5e X 239« X 315 X
323 Y U772« Y 36U Y 350 Y 266 Y
315+ X 299« X 250 X 225 X 297+ X
307« Y u69e ¥ 375 Y 355e Y 280 Y
304 X 289 X 270 X 222 X 304 X
288 Y U557« Y 367 VY 367 Y 279 Yy
307 X 302+ X 256+ X 226 X 301 X
. 283 Y U600 Y 368e¢ Y 379e Y 298 Y
323 X 295 X 259 X 225+ X 30U« X
293+ Y Uu6be Yy 379« Y 391 Y 317 Y
33U X 282 X 232 X 228e X 3080 X
295+ Y u68e Yy 370« Y 370 Y 307 Y
335¢ .X 29U+ X 245+ X 235+ X 317« X
295¢ Y uG2se Y 369« Y 3u2e Y 2830 Y
329+ X 295+ X 259+ X 236+ X 299+ X
319+ Y uGte Y 3U5¢ Y 355¢ Y 261 Y
325+ X 307« X 263 X 226 X 309 X
286 Y u69e Yy 359 .Y 373 Y 280+ Y
32050MX 296+90MX 252+ 30MX 23050MX 30660MX
302+.90MY 1 U6SeUOMYZ 36770MY3 36Ue30MYHY 282¢50MY
Vv v v \ : \%
12450 X 6188 X 12490 X 509U X US+60 X
35366 VY 2138 Y 10779 Y 21329 Y U028 ¥
2283 % 393 ¥ -~3T7U6 ¥ I R TR TR —-2656 ¥
N S 0 0 )|
1116 X 787 X 1118 X 711 X 675 X
18«81 VY LebB2 V¥ 1038 Y 1UebB0 VY 2001 Y
BeT78 X 2°99 ¥ 612 ¥ 738 ¥ 5¢15 X
3029 <+ U6S5ell + 3677 =+ AGUe] = 2825 +
320+5= 2969= 252+ 3= 230e5= 3066=
095 X 1957 % 1eUdb6 % 158 % 092 =
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WAVE PUMP

" TABLE X

I' TEST No.F#&Q
Wave period __gﬁsec fr_or_fol‘\y/ae
l T Wave height Z FT. "
5 Length of funnel So M "
wldth " "n 1]
i Height of ramp 7.5 _DESLFES "
I Discharge in_channel 5.0 sec "
T wind ' u "
l,;_ 282 X 338« X 236 X 253+ X 324
360 Y 383« Y 267« Y 2u1e Y 231
g 295+ X 324 X 303 X 256+ X 320
I 376+ Y 363« Y 293e Y 250 Y 227
] 307 X 2U6e X 305+ X 261 X 328+
= 377« Y 363 Y 271 Y 236 Y 211
I&* 313 X 338 X 315 X 277« X 303
U 370 Y 386 Y 283« Y 268 Y 197
el 316 X 316 X 327« X 303 X 205
i = 3250, X 301 X 3U0e X 286 X 288
367 Y 398+« Y 276 Y 274 Y 2110
IT  299 X 303 X 304 X 283 X 270
S 360 Y 386 Y 268 Y 273 Y 215
I 3oue X 300 X 301+ X 290 X 277
ff‘ 381 Y 3g6e Y 250 Y 2Ube Y 2U5e
li;.‘—' 3ude X 323® & o "a52e X 282+ X 291
i 376 Y 32 Y 20696 Y 227 Y 229
e, 27U X 326+ X 298+ X 295 X 320¢
Ihg‘ 313 Y 388 VY 282 Y 2UBe Y 215
o 305.90MX 31150MX 2981 0MX 278+60MX 302+20M
mv._i 36usuoMy | 38170MY% 571.00MY3 255+60MY 4 213+80M
Voo v . v v v
uiue32 X 72539 X 996+99 X 28u27 X h2729
38027 Y 11823 Y 19156 Y w2116 Y 21818
23082 XN ,. 4 10950 ¥ 18922 ¥ 17993 X% -58¢°138
30 S N SO S0
2035 X 2693 X 3158 X 1686 X 20067
1950 Y 1087 ¥ 138U Y 2052 Y 1Ue77
1549 % 10°U6 ¥ 1376 o 1341 W 763
364l 3817 + 271 + 2556 + 21088
305°9= ‘ 314%= 2gg8e1= 278°6= 302e2=
119 x% 1e22 * 092 * 072
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WAVE PUMP
S N°‘76 | TABLE XI
]” Wave period 8 sec w;9"’é°t':7/°e
— Wave height b =T "
m[ Length of funnel - So ™ "
]l Width " 30 " 5 "
. Height of ramp O DEFEALLES "
lﬂ Discharge in channel 3.3 m’/sec "
| - wind _ m/ 1" : "
2 _Al
m 166« X 150 X - 150 X 156« X 150 X
B 120 Yy 101e Yy 165« y 237+ y 188« ¥
A - 163 X 151« X 151 X 156+ X 150« X
m-. © 120. Y 101e Y 163+ Y 235« y 190 ¥
- 162« X 169 X 150+ X 158« X 155« X
| 120« Y 98« ¥ 16U Y 234 Y 196 Y
Iﬁ 162 X 153 X 156 X 153+ X 148« X
i 122 Y 100° Yy 155« Y 228+ Y 196+ Y
] 155+ X 160¢ X 1506 X 152+ X 152 X
m" 1230 ¥ 103 vy 1546 Y 233 Y 2000y
- 15U« X 165« X 151« X 149« X 149« X
1J 136 Y 104 y 158y 234 Y 197 oY
T 149« Xx 162¢ X 157 X 1UBe X 1490 X
34 120 vy 103 vy 155¢ .y 233e¢ Y 199+ Y
150 X 161 X 159 X 151 X L1 9e X
o 122y 102 Y 156 et Vi 236°. Y it 99y
\ 161 X 159, X 158 X © 151 Xl S150 X
0 123e Y 101y 1580 y 238e Yy 1966 Y 1
- 166« X 1580 :%° © 160 X 155" X 105 e X
n o121y 101 Y 158 y . 2ug. y 19Ty
“29°020.000MX  156¢80.000MX 15U*60.000MX. 152+90000MX 1U9+70000MX
123°10000MY7 101+40000MY2 158+60000My3 235°60000MY4 195+80000MYS
l:.}_» v v v v , " '
3351111 X 31¢51111 X 15¢15556 X 1076667 X 667778 X
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l;iu.msa@ Y 8008889 W —1Q0ego222 ¥ 3495556 % ~0°51111 &
ok 3 0 ) D " T et
Ig 073888 X 5¢613U8 X 389301 Xx° 3e28126 X 2*58uU1u x
S 4e7u810 vy 171270 VY 400555 Y- Se1467U Yy 3.88158 Y
IA 378887 ¥ 2eBUULTIO X 325918 ¥ 198886 ¥ Oe71U92
I Cot23e1 2 101U = " 158e6 = 2356 + 195+8 +
= 159e.2= 15608= 15U« 6= 152e9= 149¢7=
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NEA HYDRAULIC LABORATORY s 13.2'78 GV/BE/HO.
REYKJAVIK,ICELAND Tnr. 44
PALMAS DEL MAR MARINA, PUERTO RICO ORS -4
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WAVE PUMP LAYOUT OF MODEL STUDY,SCALE [:20|Fnr. 12453
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DWG-MODEL , SCALE 1:50
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NEA HYDRAULIC LABORATORY )

REYKJAVIK, ICELAND

PALMAsmARlNA PUERTO RICO

TEST ON WAVE PUMP
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MEA HYDRAULIC LABORATORY

| REYKJAVIK, ICELAND -

PALMAS DEL MAR MARINA,PUERTO RICO
TEST ON WAVE PUMP
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NEA HYDRAULIC LABORATORY

13.2 '75 GV/BE/HO

REYKJAVIK , ICELAND

Tnr. 43

PALMAS DEL MAR MARINA, PUERTO RICO

ORS-4

WAVE PUMP  LAYOUT OF MODEL STUDY, SCALE I: 40

Fnr. 12452 ]
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TEST ON WAVE ACTION AT THE INNE
ENTRANCE OF WAVE PUMP CHANNEL
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NEA HYDRAULIC LABORATORY 13.2 '75 GV/BE/H
REYKJAVIK, ICELAND ' Tnr. 45
PALMAS DEL MAR MARINA,PUERTO RICO ORS- 4
WAVE PUMP, MODEL STUDY, SCALE 1:40 Fnr. 12454
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