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OBJECT

The fundamental purpose 6f this papser 1s to pre-
sent the results of tests on models of different des-
igns of condenser scoop inlets in such a manner as to
directly aid the designer in the choice and design of
full scale scoops. In order to make the results of
model tests as practical as possible, all data is so
arranged that thé essential variables may be entered
directly in the plots and the best design of scoop

for a particular 1nstallation readlly determined.



INTRODUCTION

It 18 evident that the primary purpose of a scoop
1s to substitute the veiocity power of a moving ship
for the power necessary to operate a pump in forcing
water througﬁ the circulating system. It 1s the func-
tion of a scoop to utilize the velociﬁy power of the
water moving by the hull in the most efficlient manner.
This efficiency maygbe measufed and compared»among dif-
fereht types of,écoops in their varlious abiiities to
provide the necessary quéntity'of water for coolling at
a definite velocity and against a cértain static head
drqp;’ The Eest scoop‘is that one which will‘provide
the greatest volumé of ﬁater against a large statlc
head over the greatest rénge of ship's speed. However,
the best 8COOD fog‘a particular clrculating system cén—
not be determined from scobp characteristics alone but
must‘be the one which best meets the requirements of
the system as a whole. That 1s, 1t must be that scoop
which most nearly approaches the pérformance of a pump
which might be designed for the same purpose. Further-
hore,kthe design of any scoopbshould_nqt defeat its own
purpose by,causing such appendage resistance to be add-
ed‘td the hull that more power 1s neceesary to overcome
this resistance than would be needed to drive the pump.

The authors feel that previous investigations of



condenser scoops, whlile providing valuable information
for a comparison of varlous desligns, do not present
ready material to the deslgner. The results presented
by Powell and Westgate in 1937 give comparative estim-
ates of scoops with no reference to an overboard dis-
charge. Their data is thus of use in comparing per-
formances of scoops aione. The tests of Crawford and
Hall in 1938 while including a discharge, are seriously
limited-by low capacity results and cover such high ship
velocities that they are not generally applicable. Last-
1y, in his investigations, Schmidt used air as a fluid
medium, testing the scoop inlets independently of the
discharge and providing no method of simulating the sta-
tic drop through the entire system. . The authors feel
that alr may not be satisfactorily used in scoop analy-
ses because of the pressure changes at scoop inlet and
discharge which may be affected by the compressibility
of alr, the flow of air thus not simulating the actual
flow of water.

Previous investligators, mentioned above, have made
the outstanding contributions to the information avail-
able on the performance of condenser scoops. Each group
has obtained data to be used for comparing the scoops
tested, and in addition has suggested a method of pres-
enting this data for design purposes. The test methods

of the present authors were developed for a twofold pur-

pose: to check the conclusions reached in previous in-
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vestigations under the same conditions; and to obtain
data which could be directly applied to design as well

as comparison.

METHOD AND APPARATUS

Two distinct test methods were employed. The first
technique was to discharge the flow from the scoops into
a weighing tank. The second method was to construct an
approximate model circulating system. All tests were
conducted using part of the apparatus designed and built
by Powell and Westgate in 1937 and described in their
paper. Some changes were considered necessary.

The duct was lengthened 16 feet in order to increass
the accessibility of the instruments and scoops. Glass
panels were inserted in either side of the duct at the
gcoop so that the flow might be observed and photographed.
These panels were also found essential in determining
the minimum veloclty possible without alr entering the
top of the duct. The Pitot tube used for determining
duct velocity was placed about 4 1/2 feet ahead of the
scoop. This location was considered necessary 1in order
that any turbulence of flow caused by the large Pltot
would not affect the flow at the scoop entrance.

In discharging to the tank, flow from the scoop was
controlled by means of a gate valve in the line. The

system was about 4 feet long, consisting of radiator hose
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and brass tubing sections, 1ts diameter being at no point
less than 2 inches. It is assumed that no orifice ac-
tion occurred in the tubing Jjoints since the overall dif-
ference in dlameters at no point except the gate valve
differed by more than .08 inches.

In dischargling back to the duct, the model system
consisted of the scoop and discharge located about 3 feet
épart with the throttling gate valve 1inserted to offer
resistance to the flow. A Pitot tube was mounted in
brass tubing of the same diameter as the rest of the sys-
tem and equlpped with vanes to straighten any eddies
which might be Qarried back from the injections Veloc-
ities in the system were measured by this Pitot. A 45°
discharge with a 1 1/2 inch 1lip was used throughout the
tests.

The measuring instruments consisted of glass man-
ometers using mercury as a medium. The Pitot measur-
ing flow through the system had a small enough range so
that a carbon tetrachloride manometer could be used.

All manometer connections were carefully adjusted to el-
iminate any danger of alr affecting the readings.

Originally, a Venturl meter was used in place of the
small Pitot, but it was found that too much throttling
actlion occurred and serious limitation of capacity res-
ulted. The system in its final form presented very
little resistance with the gate valve full open. Pipe
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bends and rubber hose were used to connect the varlous
units.

Water was drawn through a discharge valve from a
standpipe with the head maintailned constant at 26 feet
4 inches. The duct velocity was controlled by means of
the above valve. It is certain that this method of
controlling duct velocity introduces no error in the
readings because of the great distance from the valve
to the scoop. The standpipe was supplied by a 24,000

G. P. M. pump. ( For sketch see Crawford and Hall,

Thesis, 1938.)
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CHECK ON PREVIOUS RESULTS

The two separate methods of testling result in two
completely different éets of readings. The tank test
data are useful in checking the results of previous in-
vestigations on the same scoops and are 1ncluded for
that reason alone. As has been noted, this method
glves no quantitative results‘that may be applied to
system design since the discharge 1s lacking. However,
the information obtained and tabulated is of value in
comparing the scoops on an arbitrary basls.

The form in which the 1937 data was presented pre-
vents its comparison with either the 1938 resdlts or
the authbrs'. For the two scoops which may be com-
pared, thevl938 conclusiohs were that the cépacity of
#3 18 slightly greater than #1 and that the static
heads developed in #3 were greater than those in #1.
This is true 1h general for the range of duct velocl-
ties over which their investigations were made, but
becomes decreasingly valld as the“velocity in the duct
decreases.

Because of the velocity ranges covered, #1 is the
only scoop for which results may be quantitatively com-
pared. The agreement on the same data 1s none too
good. For a gilven duct velocity, the two trials should
check on the value of (h ss - h sd) for the corresponding

system velocity and capacity. As an example, referring
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to figure #17 in Crawford and Hall, at a duct velocity
of 18.3 ft/sec and a system velocity of 6.88 ft/sec,
the (h ss - h 8d) value is 1.02 ft of'HQO. Interpol-
ating the authors'kresults at the same velocitlies re-
sults in an (h ss - h sd) value of approximately .40

ft of HoO. This is a disparity of about 50% in a fig-
ure that should not be greater than 20% in error allow-
ing for experimental accuracy within 10% for both fig-
ures.

In contrast, however, the capacities of the scoop
are in .very close agreement, both being about 300 in3/sec.
The trend remains consistent throughout the two sets of
data. The prevalling disagreement between theytwo re-
sults is in the value of (h ss - h sd). In explanation
of this difference it is noted that the 1938 authors
take no account of the difference in height between the
two stétic measurements, duct and scoop, in applying in-
strument corrections to thelr readings. Inasmuch as
the static pressure in the duct 1s without meaning un-
less referred to that in the scoop, this correction must
be applied. From the photograph of the apparatus used
by the 1938 authors it is evident that since the manom-
eters were located above the points of measurement, thils
differential in height should be subtracted from the h ss
readings. For scoop #1 this height is 5 1/2 inches of
Ho0 or .46 ft of HpO. Applying the correction would
leave a disparity in the two values of only .16 ft of HoO



or agreement within 15%.
The authors suggest that in applylng these previous

data thils correction bs made.
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MEZTHOD OF PRESENTING DATA

The second method of obtaining data by use of a
model system appears to the authors to be the most log-
ical and easlest means of comparing scoop performance
and of gaining deslgn informatlon. It is on the basils
of tests made on model scoop systems that the conclus-
ions of thlis paper are reached.

| In previous tests, the data and results have been
presented 1in such a manner that application to design
involved a number of theoretical compuiations. Schmidt
‘plotted his data against a parameter which he terms
"bercent of normal capacity", where "normal capacity" is
dependent on the velocity of approach of the water to the
‘8CO0p. Professor Burtner extended this method so that
it might be applied to flush scoops. Use of this par- .
ameter involves an integration of the boundary layer vel-
ocities over a theoretical section of approach to deter-
miﬁe the veloclity of approach. Such a method was used
by Crawford and Hall.

As to the basic assumption of "normal capacity'", the
authors found from visual examination of the flow, that
streamlines for different scoops vary, and that the blan-
ket assumption can not be made that constant approach con-
ditions exist for all scoops. The parameter thus 1s pure-
ly érbitrary and another method of presenting results

should be employed.



The above criticlism 1s not intended to be destruc-
tive but shows what the authors wished to avoid in order
to present results in the most practical form for design.
Instead of using "normal capacity" and auxiliary press-
ure and veloclty relations, the data were reduced to the
three basic varlables, the capacity of the scoop, the
static head loss across the condenser system and the
speed of the ship. The use of speed as a variable de-
pénds on a direct proportionality between conditions in
the duct and those surrounding an actual ship in motion.

The essential determinant of dimensional proportion-
ality between ﬁodel scoops tested and full scale scoops
as installed on board shlip, is that the veloclity distri-
butions in the boundary 1ayeré of both model and full
size installations are identical. That i1s, to the scale
of each, the percent of total velocities must be the same
at the same distance from the scoop entrance into the
gstream flow. In order to show that the velocity dis-
tribution in the test duct employed was consistent with
full size condltions, a ﬁraverse of the duct was made and
the data plotted along with the data taken 1in traverses
of a ship's actual boundary layer. (Schmidt and Cox,
A.S.N.E., vol 43, 1931, pp 435 - 466.) This plot app-

. ears on the followlng page.

To bring the duct traverse velocitles into the range

of the ship velocities a proportionality factor of 10 was



— T S - O
s T T T T

H

[ B . MR B ! o : o : | T T TS RS AR _ N t i H
oo b b s i g AAYM AY3A. 0L TN WOX S IONVASIAiTTINA % . ke B o b
! L : A R o b S : Lo ! ! i i ; . 1 ! H . i o o B .
o0l 06 L. T i lh : - 09 . . a¢ : ; | e O 1 (<1 N ! e OO
r ' K A b e I ; i i ! | o ” i _ | ‘
| . L o . f . i H ! H (- . _ |
: . e “ S e i SIS0 NN SRS SRS SRS SOREE RIS SURNE NS NEUSS I
1 | T I e | o “ i RENP PR N DTS N Dt | |
N o e ] _ ol
a | , | S 0 |
R FRREE RS SR A s Ement Sanent e S T T - dmee - il Shn R

120"
AN
40




15

employed. The contours of the plot show that for any
velocity between 24 and 32 knots the same curve applies
'for both duct and ship. That is, for that portion of
the boundary layer into which a scoop will project, the
same veloclity distribution will obtain over the scoop
eﬁtrande whether the scoop 1s a model or full scale.
This agréement justifies the use of model data direct-
ly for full scale design.

A general survey of plotted results indicates that
the data were consistent and uniform. The curves falr
remarkably well and the trend is in agreement with an
actual system model tested on board ship. ( See fig.27,
A.8.N.E. 1931, p 454.)



DISCUSSION OF RESULTS.

" The data as presented in the curves of static head
vs. capacity givé some interesting information as to
the performance of the various scoops. The results
of scoop # 1 and #3 appear quite similar , as might be
expected. The detrimental effect of the 1lip 1is seen
from the lower heads produced in scoop # 3 at equal.
capacities and speeds as # 1. This difference 1s
more noticeable at higher ship velocity ranges. For
both these scoops the developed head varies relatively
little with flow, and appears to be malnly dependent
upon ship velocity.

On the other hand scoop # 4 shows a much steeper
curve and the initial heads developed at no flow are
higher than 1in either # 3 or # 1. However due to
‘the greater slope of the curve the head value soon
drops below the # 1 and # 3 values as the capacity
increases.

Scoop # 5 develops considerably higher heads at
low capacities than any of the other scoops. At the
higher capacities the curves turn downward and there
is a sharp decrease in head. Thue it would appear

that for insallations at low speeds and high heads
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scoop # 5, or some similar design, would be best, while
at high speed # 1 gives the best performance.

In drawing conclusions from these plots a number
of facts must be stipulated. The size of the scoop
may be altered without changing the head developed. The
nev capacity would be proportional to the model capacity
by the ratio of the scoop areas. Thus the plots give
actual performance up to approximately 12 knots, with-
out the use of any proportionality factor. However
as soon as velocitlies or heads above the plotted ranges

are consldered, a sultable A must be applied to the

data. - Here again the capaclty range may be changed by
changing the scoop size and correcting the plotted or
derived values, but the velocity and head values may

be converted only by the Law of Similitude. (See Cal-
culations for the relations.) Essentially then, the
head and velocity ranges must be considered first,
while the capacity can be adjusted later. This final
ad justment will determine the size of scoop and inject-
ion line.

The curves of ship speed vs. capacity at a larger
scale exemplify this argument. Data taken directly
from the original curves were converted to the ranges
required for high speed vessels. The capacities are

for a 28 inch scoop and injection. The curves repre-
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sent only partrof the original data and therefore the
comparison between scoops is not the same as for the
original curves. At the highest veloclities a 20° scoop
with a small lip gives the highest capacity. In the
middle #elbcity range a flush 20° scoop glves the best
results, and at the lowest velocities the 90° scoop
shows up best. Scoop number 4 gives an entirely
different shaped curve thanvthe others. The capacity
becomes very high in the'medium velocity range but also
drops off very much at low speeds, and therefore would
be considered impractical.

Before concluding a discussion of performance, a
few words should be sald on scoop efficiency. The terms

used in the following argument are:i

Q@ capacity

P pressure drop through system

PS ~head developed in scoop

v ship velocity

R resistance which the scoop adds to hull resistance.
e pump efficiency

cp propulsive coefficient of vessel

b
The ratio of Horse Power developed in the scoop

to the H.,P. added to the necessary ship driving power
becomes QP/RV , which is a measure of scoop efficiency.
The ratio of H.P. necessary for a circulatlng pump

to the S.H.P. added to the main unit becomes:
_QP . _c
ROV

®p



2.2

If this value is less than 1.0 , use of a pump
- 1s indicated; if 1t i1c greater than 1.0 , theoretically
& scoop should be fitted. However certain economic
considerations of space, welght, and cost would reduce
the critical point to a slightly lower value than 1.0 .
The percent of H.P. saved by adding a scoop to a
regular pump circulating system would become :
@y /e, = RV/c

Agaln the economlc factors would dictate the critical

P (100)

value which determines the utility of the scoop.

From these last considerations we find that the data
avallable 1s not really sufficient for initial desipgn.
The circulating pump Horse Power of modern high vacuum
installations 1is in the vicinity of 1 % of the main unit
S.H.P., and therefore has some importance in the main unit
design. Therefore, to be able to analyze fully the
problem before the designer, it 1s necessary to know the
appendage resistance of the scoop at various velocitles
of the hull and at various circulating water capacities.
A scoop for a given vessel should be able to supvly the
requlred amount of circulating water at each given ship
speed and also fulfill the external resistance specifi-

cations. The curves give information for the first
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proposition, but the data for the second problem
is at present lacking.
However, an examination of the photographs
taken of all avalilable scoops, 1including those not
tested, will glve some indication of the under water

performance that may be expected.
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PHOTOGRAPHS

In order to photograph the flow, ailr was introduced
into the duct ahead of the scoop through a perforated

tube. This tube was not in use during test runs.

Scoop number 1

( 20°- no 1ip )

This photograph shows smooth flow from the duct into
the scoop entrance with a slight outflow towards the end
of the scoop opening. There is very little eddying and
the flow i1s essentially unbroken. The indication would

be that the scoop offers relatively little external res-

istance.
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Scoop number 2

This is a 20° scoop with a slight lip and equip-
ped with strainer plates. Because of the previous

poor performance of this scoop it was not tested.

The photograph shows smooth flow into the forward
part of the scoop but slight eddying at the lip pro-
Jection and a small amount of water spllling over the
sides and bottom. This spilling may be reduced by
increased capacity in the scoop. The indlication 1is
that this scoop would give more eddy resistance than

scoop number 1l.



Scoop number 3

This is a 20° scoop with a medium 1lip.

The photograph shows falrly smooth flow into the
forward part of the scoop opening but a slight down-
ward flow and considerable eddying at the 1llp. The
indication 1s that the scoop would have more eddy re-

sistance than number 2.
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Scoop number 4

This is a 32° scoop with a large lip projection.

The photograph shows clearly the effect of too ab-
rupt a slope at the scoop inlet. The water, instead of
turning smoothly into the forward part of the entrance,
flows by until it hits the 1lip. This flow past the for-
ward part of the opening 1s clearly seen by the formation
of large stationary air bubbles at the initial entrance,
indicating stagnant water due to too abrupt a slope of
the scoop. This may explain the poor performance of
scoop number 4. There 18 excessive eddying with water
spilling over the sldes and bottom of the 1lip. The in-
dication is that this scoop would give the most eddy re-

sistance of any tested.
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Scoop number 5.

This is a 90° scoop with turning vanes and fairwater.

1

The photograph shows water spllling over the sides
and bottom of the scoop entrance. This may be decreased
by increased capaclity. A fairwater at the baek of the
scoop prevents any serious eddying, and it may be con-
cluded that eddy resistance 1s slight. Due to the 1in-
creased surface there will be a slightly greater frilc-

tional resistance.
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Sample. Design

It has previously been stated that the results
of thié thesis would be recorded in such a.form as
to aid the designer directly in his design of condenser
scoops. The curves complled by the authors can be
used‘in.tWO.ways. ,

a.. To find the desired size of gscoop for a.given
scoop type so. as to satisfy given condenser requirements
of a ship.

b. Given a type and size of scoop , to.predict its
performance on the actual. ship.

There are two methods of solving for scoop size
for a given power installation. Method I. - Use the
plots of system capacity vs..shlp speed for a gilven
scoop. type ( 28" injection line , A = 12.9 ) and correct
the size of scoop for desired capacity. Method II,.-
Use.plots of static head drop across the system vs.
capaclity for a given type scoop. Assume any A which
will.bring the speed of the model 1into thé range of
the plots, or better. assume & A which will bring the
speed of the model onto one of the constant. speed. cont-

ours.
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Sample calculations for a.given set of speci-
fications are shown below for a flush 202 scoop and
a.90° gscoop with vanes, To predict the performance:
of a given scoop 1s merely the reverse procedure. of

the methods given above. The symbols used. are:.

A = Linear proportion. between ship and model.
V® = Model speed.

¥ = Ship speed.

Q° = Model. capacity.

Q : = Ship capcity.

A° = Model.scoop area.
A. = Ship scoop area.
Calculations:.
Designer's data.. - Shig speed = 30 knots
Req'd. cap.= 30,000 GFPM.
Head. loss = 18 ft. water

If a flush 20° scoop is desired -

Method I. Using the plot of system capaclity vs. shilp
speed (constant head) for scoop # 1, enter at 18 ft.
and 30 knots and read 59,000 GPM with.a 28" injection.

Capacity per unit area = 000 = 30,000
: n;4 (28)%~ w/4 (d)%

a = %f30,000759,000 (28) = 20,0 inches.

Method II. Using the plot of statlc head drop across
the system vs. system capaclty (constant speed) for scoop
# 1, Assume a AN =9

/A=3 , V/N° =/A =3, V° =10 knots.

H = A H® , H° = 18/9 = 2 ft. of water.
Enter plot at 10 knots (interpolate) and 2 ft. static

drop and read 435 in®/sec.
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Since.:the model scoop area.= 3.7 1in® , Q°/A° = 117 in®/sec.
Q/A _varies as ¥/ A and therefore: Q/A. = 351 in%/sec.

Q (GPM) = 3o,ooc6> (231) in®/sec.
0

A = 30,000 (231) = 328 square inches = w d%®/4
351 (60)

d = 20.4 1inches.

If a:90° scoop with vanes 1s desired -

Method I. Enter the plot of system capaclity vs.
speed (constant head) for scoop # 5. at.30 knots and
18 ft. and read off 47,000 GPM.,

d = v 30,000/47,000 (28) = 22,3 inches
Method II. Use the plot of static head drop across
the system vs. capacity for scoop # 5. Instead of
assuning any A , let.us use a A which will bring us
on a line in the plot so as to avoid interpolation. Let
us use the 12,7 knot line.
30/12.7, = V/V® = /A =2.3 , AN =5.58
H/H® = A , H° = 18/5.58 = 3.24 ft. of water
Enter plot with 3.24 ft. and 12.7 knots and obtain
470 in®/sec. /TN Q°/A° = /A = 127 (2.36) = 299

A = 30,000 (231) = 385 square inches
299 (60)

/ &/ (385)

P
|

22.3 1inches.

I
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It seems better to assume a A which will give
a.value of speed which 1s . plotted, when using Method
II. , so.as to avold any interpolation.

From. the diameters of injection line determined
from the above calculations , it may be seen that the
20° scoop will give a lighter system and use slightly
less space. However since the difference 1s slight,
it would be wise to try the available and reguired
circulating water 'capacityv and heads at. lowver
non-service- speeds in: order to see which.scoop will
be serviceable over the greatest shilp speed range.

The one other ma jor consideration is that of
external. resistance of the scoops.. It may be
assumed that the 90° scoop will have the.greater
appendage resistance. Therefore, unless the speed
ranges differ very greatly, a 20.5 inch dlameter
flush scoop and injection line would be used for

this vessel.
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SCOOP CONDENSER DESIGN NOMOGRAMS.

These charts were developed on a theoretical basis
as an ald to the design and prediction of scoop cond-
enser systems. The explanation of assumptions and
equations is given below.

Terminology:
Q = . cubic ft./sec. flow through system

Ah = P = static pressure drop through systen

V = ship velocity in knots.
a = scoop area in square inches.
K1 = Constant of the condenser and piping.
K2 = Constant of the scoop and discharge.
Basic Equations:
a=k a/F P =K, (Vov)®
v= Q/a
Note :
Dimensional constants are omitted in these
equations.
Plotted Equations:
I. 6, =/K, II. 6, = Ky 6,
1+ Ky K,
I1I. /P o= eV Q=06,aV

where el 1s a parameter governing pressure drop and

e2 1s a parameter governing capacity.
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Ranges:

These charts are computed for use over the same
ranges as the data found during these tests. The same
Law of Similitude conversions may be applied to these
charts for other changes.

Density Correction:

The scales are calculated for use with salt water

conditions.. For use with water of other density, the

following correction factors should be used:
r = 1bs./cubic feet

ro = 64, = salt water
P(r/reo) = P ( r/64) = P corrected.
Q/r/re = Q /r/64 = Q corrected.

If these factors are applied the system and scoop
constants will be the same as for salt water.
Determination of Constants:

The constants are determined by running test data
through the chart system and coming out with the constant
values. For design purpose the calculated head loss and
required capacity and given ship speed may be used 1in the

same manner.
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RECOMMENDATIONS

The authors recommend:

that the system of presentation of data used 1n thils
paper be used in further investigations with the ex-
ception that Q/a instead of Q be plotted against ship
speed to facilitate the calculatlons;

that tests be made on different model scoops of vary-
ing size to determine the exactness with which the

Law of Similitude may be applled;

that complete tests be made on the appendage reslstance
of scoop and discharge systems at varying shlip speeds

and varying rates of flow;

that tests similar to those employed by the authors be
used with varying types of overboard dlscharge.
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Symbols

Ship Velocity (units as given)
System Capacity (units as given)
Pressure drop through system - ft of Ho0

Pressure drop through syétem -
in of Hg=-in of H2O

Velocity head in duct -
in of Hg=in of Hx0

Velocity head in system -
"~ in of CCly-in of HxO

Static head in duct referred to atmos-
pheric pressure - ft of Hp0

Static head in scoop referred to atmos-~
pheric pressure - ft of Ho0

Velocity in system - ft/sec

Ratio of linear dimensions of full-slze
system to model.

Scoop cross sectional area - 1n



Inches
from top
of flume

S O O R O ST IR ST VR R R

1/2
3/4

1/4
1/2
3/4

1/4
1/2
3/4

1/4
1/2
3/4

Traverse of Flume

13.0
13.5
14,7
14.9
15.5
15.7
16.0
16.1
16.2
16.4
16.6
16.7
16.8
16.8
16.8

ey o
12.7 11.0
13.2 11.9
14.0 12.5
14.1 12.9
14,6 13.1

14.7 13.2
14.9 13.5
15.2 13,6
153 13.8
15.4 13.9
15.5 14.0
15.5 14.1
15.7 14,2
15.7 14.2
15.7 14.2

9.7
10.4
10.9
11.1
11.3
11.8
12.0
12.2
12.4
12.7
12.7
12.8
12.9
12.9
12.7

471



Scoop Number 1 - Discharge to tank

\'2 Q h sd h ss Vs
ft/sec ind/seec  ft HpO £t Ho0 ft/sec
18.40 398 1.88 2,03 8.98
18.40 346 1.88 2.20 7.80
18.40 297 1,88 2.25 6.69
18.30 160 1.88 2.37 3.60
18.30 0 2.10 2,37 .00
17.10 372 1.60 1.76 8.39
17.10 322 1.60 1.82 T+26
17.10 278 1.55 2,04 627
17.10 154 1.71 2,09 3,47
17.10 0 1.82 2,20 »00
15,80 297 1.33 1.58 6.70
15.80 258 1.33 1.64 5.82
15.80 143 1.33 1.64 3.22
15.80 0 1. 1.70 .00
15.60 326 1.22 .27 7435
15.60 286 1,22 1.38 6.45
15.60 248 1.22 1.48 5.59
15.60 138 1.22 1.53 3.11
15.60 0 1,22 1.53 .00
14.00 309 1.06 1,17 6.96
14,00 274 1.06 1.17 6.18
14.00 236 1.06 1.33 5.32
14.00 134 1.06 1.38 3,02

14.00 o 1l.22 l.44 .00



Scoop Number 3 =~ Discharge to tank

' Q h sd h ss V s

ft/sec ind/sec - ft Hp0 £t HyO ft/sec
19,10 404 2.00 2.21 9.10
19.10 356 2.00 2.52 8.02
18.90 304 2.00 2.57 5¢49
18.70 165 2.11 2.43 3.72
18.70 (6] 2.22 2.59 .00
18.00 378 1.62 1.88 8.53
17.80 330 1.62 1.94 T 45
17.80 286 1.62 2.10 6.44
17.80 145 1.62 2,10 3.27
17.80 0 1.62 2.10 «00
16.05 346 1.34 1.45 7.80
16.05 299 1.29 1.50 6.T4
16.05 260 1.34 1.55 5.86
16.05 133 1.34 1.50 3,00
16.05 0 1.51 33 .00
15.20 329 1.13 1.28 T.42
15.20 293 1.18 1.39 6.60
15.20 255 1.24 1.50 5.75
15.20 135 1.24 1,61 3,04
15.20 (0] 1.24 1.67 +«00
14.15 316 1.15 1l.12 Tel2
14.25 279 1.08 1.23 6.29
14,25 218 1.08 1.53 4,91
14.25 127 1.08 1.45 2.87
14,25 0 1.13 1.50 .00



ft/sec

19.50
19.60
19.60
19.60
19.50

18.40
18.20
18.30
18.30
18.20

16.65
16.60
16.65
16.65
16.65

15.80
15.80
15.80
15.80
15.40

14.50
14,50
14 .50
14.50
14.50

Scoop Number 4

Q
1n’/sec

415
355
302
169

o

386
333
283
141

o

343
300
260
142

0

328
286
250
136

o)

303
269
236
132

o

- Discharge to tank

h sd
ft H20

2.12
2.25
2.18
2.23
2.45

1.86
1.86
1.81
1.96
2.01

h ss

£t Hy0

1.63
1.85
2.22
2.43
2.71

1.42
l.52
1.63
2,01
2.38

1.08
1.18
1.23
1.83
1.96

.87
1.02
1.18
1.46
1.63

JTH
.87
.92
1.18
1l.42

50
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Scoop Number 5 =~ Discharge to tank
v Q h sd h ss V s
ft/sec  in’/sec  ft HpO Tt Hy0 ft/sec

17.80 384 1.77 1.37 8.66
17.80 348 1.77 1.81 7.85
17.80 307 1.77 2.25 6.92
17.80 181 1.77 2.91 4,08
17.80 0 2.09 3.51 .00
16.70 367 1.55 1.%2 8.28
16.70 329 - 1.55 1.65 T4l
16.70 296 1.55 2.14 6.68
16.70 170 1.60 2.91 3.85
16,70 0 1.82 3¢23 .00
15.60 340 1.33 1.05 7 .66
15,60 307 1.33 1.37 6.92
15.60 273 1.33 1.71 6.16
15.60 159 1.33 2.36 5459
15.60 0 1.3 2.63 .00
14.95 325 1.16 .92 Te33
14.95 290 1.22 l.27 6.55
14.95 266 1.22 1.59 6.00
14.95 152 1.22 2.03 3.43
14.95 0 1.22 2.52 .00
14.00 306 1.00 ‘ STT 6.90
14,00 279 1.00 1.05 6.30
14.00 247 1.00 1.52 5.57
14.00 145 1.00 1.92 3.27
14,00 0 1l.22 2.14 .00
13.00 284 .89 .61 6.41
135.00 260 .89 .83 5.87
135.00 230 .89 l.11 5.19
13.00 134 .89 1.49 3.02

135.00 0 .89 1.71 .00



Scoop Number 1 = Discharge to flume

H vs Ps v Q P
in cCl, in Hg ft/sec  in’/sec  ft HpO

35.9 3.10 20.60 455 3.26
28.5 3430 20.50 394 3,47
21.5 3.55 20.50 334 3.73
6.9 3.65 20.50 193 3.84
.1 4,30 20,70 0 4,52
31.3 2.80 19.10 417 2.94
24,8 3.00 19.10 363 5.15
18.0 3.10 19.10 301 3.26
5.8 3.10 19.10 165 3426
.1 3.60 19.10 0 3.78
25.7 2.30 17.25 370 2.42
20.5 2.40 17.25 324 2.52
15.0 2.50 17.20 272 2.63
4.9 2.60 17.25 153 2.73
.1 3.00 17.25 0 3.15
23.2 2.10 16.30 349 2.21
18.2 2,20 16.35 303 2.31
13.4 2.30 16.35 255 2.42
4,3 2.45 16.35 144 2.57
.1 2,70 16.35 0 2.84
20.2 1.80 15.20 322 1.89
16.0 1.90 15.20 282 2,00
11.9 2,00 15.20 239 2.10
3.9 2.00 15.20 138 2.10

o1l 2.35 15.20 0 2.47
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Scoop Number 3 - Discharge to flume

H vs Ps v Q P
in CCly in Hg ft/sec in’/sec ft H,0

36.4 3.10 20,60 444 3.26
28.6 3430 20.50 389 347
20,8 3.40 20.50 329 3.57
6.1 3.50 20.50 174 3.68
o1 4,10 20.35 0 4,30
30.5 2.65 18.60 402 2.78
24.3 2.75 18.60 356 2.89
17.8 2.80 18.60 303 2.94
5.2 3.00 18.60 160 3.15
.1l 3.40 18.60 0 3457
25.2 2.10 16.70 363 2,21
20.0 2.25 16.85 322 2.36
14.5 2.40 16.85 274 2.52
4.4 2.50 16.85 146 2,63
1 2.90 16.85 0 3.05
22,9 1.90 15.80 343 2.00
17.9 2.05 15.90 305 2.15
13.2 2.10 16.00 261 2.21
3.8 2.20 15.80 155 2.31
ol 2.60 16.00 o 2.73
19.9 1. 14.95 322 1.79
15.8 1.75 14,85 286 1.84
11.5 1.85 14.95 243 1.95
3.4 1.90 14.95 127 2,00
.1 2.30 14.95 0 2. 42
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Scoop Number 4 - Discharge to flume

H vs P s A Q P
in ¢ccly in Hg  ft/sec  ind/sec  ft H20

32.8 2.35 19.80 449 2.47
19.5 2.60 19.70 316 2.73
6.3 3.25 19.80 174 3441
o1 4,40 19.60 0o 4,62
29.1 2.10 18.50 406 2.20
22.4 2.25 18.50 343 2.36
17.0 2.35 18.50 293 2.47
Se4t 2.90 18.40 159 3.04
.1 3.75 18.40 0 3.94
24.1 1.70 16.70 359 1.78
18.8 1.80 16.85 310 1.89
14,1 1.95 16.85 266 2.04
4,6 2.30 16.75 145 2.42
o1 3.20 16.70 0 3.36
22.0 1.55 15.90 339 1.63
17.4 1.65 15.80 297 1.73
12.9 1.75 15.90 254 1.84
7.9 1.95 15.90 197 2.05
1 2.80 15.90 0o 2.94
19.7 1.30 14,95 318 1.37
15.0 1.40 14,95 275 1.47
11.2 1.50 14,95 236 1.58
3.9 1.85 14,95 132 1.95
ol 2.40 14,95 0 2.52
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CALCULATIONS

I.
A summary of the general equations and constants

used in the conversion of test data. to plotted and

noted data.

Velocity =-
Pitot tube measurement. Mercury manometer with water
above.both mercury legs.
Vv=v2gh = /(64.4)(13.6 - 1.0) h/12
= 8,22/ n ft./sec.

Pitot tube measurements. 0014 manometer with water
above both:CClh legs. Instead of calculating thils
velocity head and computing a discharge coeffliclent,
the manometer readings were plotted directly against
the timed discharge into a tank. (See callbration curves.)
Quantities -

These were read directly from the calibration curves
in cubic inches per second.

Pressure Drop through the Sygtem -~

Two static tubes were located at the injection and

discharge. A mercury manometer with water above both

mercury legs was used.

P = h (13-?2 - 1.0) ft. of water
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Velocity in Scoop -

The quantity found from the calibration curve
was divided by the scoop cross-sectlonal area to gilve
the average veloclty through the injection and the sys-

tem, The area for all scoops wWas 3.7 square inches.

v, = Q/(3.7)(12) ft./sec.
Static Head in duct -

A mercury manometer was connected to the static
tube of a pitot tube located in the center of the duct.
There was water above the closed leg of the manometer,
and a head of 7;7 inches of water in the leg open to
the atmosphere. The pitot position was 26 inches above
the median height of the mercury, which was at a scale
reading of 9.1 1nches,

(n,- hy)(13.6) + (7.7)(1.0) = (9.1 = hy) + 26 + hy

hSd = 13.6 hl - 12,6 h2 - 27.4 ft. of water.
12

A further correction to the value of hSd was
necessary to refer it to conditions at the scoop static
tube. This was done by subtracting the height of the
scoop static tube above the pitot tube from the value

of hS in feet of water.

a



G2

Static head in scoop -

A mercury manometer ﬁith water in the closed leg
and 6.5 inches of water in the open leg was connected
to the static tube of the injection. The median mercury
positiqn was located at the 5.4 inch scale reading.

(n)= hy)(13.6) + (6.5)(1.0) = (5.4 < hy) + h_ + h g

where hc 1s the height of the static tube above the medlian

mercury position.

Scoop # 1. h, = 34.5 inches
hog = 13.6 hy - 12.6 h, - 33.4 ft. of water
12
Scoop #. 3. h, = 35.0 inches
hsd = 13.6 h1 - 12.6 h2 - 33,9 -
12
Scoop # 4. hc = 35.5 inches
12
Scoop # 5. | h, = 34,5 inches
12

Constants =

1 knot = 6080.3/3600 = 1.685 ft./sec.
1 GPM = 231/60 = 3.85 cubic inches/ sec.
Specific gravity of water = 1.0 (62.4 1lbs./cu.ft.)
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II.
Considerations of proportionality factors .

In order to make the data determined from these
tests on model scoops applicuble to full size shlps,
Froude's Law , or the Law of Similitude, was applled
to the test data. It was found that a A of 12.9 gives
a 28 inch diameter injection line, which 1s of the order
of magnitude used on fast vessels. The ship speed and
pressure drop through the system also are brought into
usable ranges by this A . The relations are as
follow:

( v°,Q°,H°,a® are test da?a, v,Q,H,a, are ship
data.

A = ratio of linear dimensions of model and full glze
SCOODp.

V=ve/AN =V° (3.59)

Q=q A2 = (600) Q°

H=H° A = H° (12.9)

o/a = (@°/a° ) (AZ2/N%) =Q°/a° (3.59)
This last relation 1s actually a velocity relation

and the factor agrees with the ship velocity conversion.
Any other A may be applied to the test data to bring
the ranges into sultable magnitude for the particular

use in conslderatlion.
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