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My invention relates to marine heat ex 
change apparatus, for example, stealin COin 
densers, and it has for an object to provide 

- - - 6. 

an innproved system for circulating condens 
ing water in consequence of movement of the 
ship so that an installation may be more ef 
fective in operation and reduction in Weight 
and space requirements may be effected. 
A further object of my invention is to 

provide heat exchange apparatus, such as 
condensers, having water circulating systems 
wherein circulation of water is effected by 
movement of the ship and it has for an object 
to provide a system of such design and char 
acter that it converts velocity energy of enter 
ing water into pressure energy for overcom 
ing resistance to flow in the apparatus. 
More particularly, it is an object of my in 

vention to provide a system having an inlet 
conduit provided with a passage which di 
verges in the direction of flow to effect veloc ity-pressure conversion of Water flowing 
through the passage and to provide an over 

...) 

board discharge whose exit area is larger 
, than the entrant area of the inlet conduit SO 
as to render static head resulting from ve 
coming resistance to flow. 
A frther object of my invention is to pro 

vide a system having the entrant end of its 
conduit arranged substantially flush with the 
ship's hull surface so as to avoid the require 
ment for a lip projecting beyond the hull 
surface. 

It is a further object of my invention to 
provide a water circulating system for a 
marine condenser wherein the inlet conduit 
is provided with a divergent entrant end por 
tion having guide vanes extending in the di 
rection of flow. , 
These and other objects are effected by my 

invention, as will be apparent from the fol 
lowing description and claims taken in con 
nection with the accompanying drawings, 
forming a part of this application, in which: 

Figs. 1 to 9, inclusive, are diagrammatic 
views illustrative of Scoop and inlet conduit principles; 

Figs. 10, 11, 12 and 13 are detail sectional 
views showing inlet conduit divergent por 

in Fig. 15; 

locity-pressure conversion available for over 

tions constructed in accordance with my in vention; 
Fig. 14 is an end view of the apparatus shown in Fig. 11; 
Fig. 15 is a side elevation of apparatus em 

bodying my invention and showing ship's 
structure in longitudinal section; 

Fig. 16 is a plan view of apparatus shown 
Fig. 17 is a plan view, somewhat similar 

to Fig.16, but showing a modified form of Water circulating apparatus: 
Fig. 18 is a side elevation of apparatus 

Sonewhat similar to that shown in Fig. 17; 
Fig. 19 is a detail view of the condenser inlet conduit employed with Figs. 17 and 18 

and shown partly in section; 
Fig. 20 is an elevational view of the inlet 

conduit divergent entrant portion as it ap 
Rs viewed from a point outside the ship; 
and . . . . 
Fig.21 is a sectional view taken along the 

line XXI-XXI of Fig. 19. 
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This application is a continuation in part 
of my application, Serial No. 382,456, filed 
July 31, 1929 and assigned to the Westing 
house Electric and Manufacturing Company. 
Scoop systems have for years been utilized 

densers; however, Such systems, as have here 
tofore been employed, are not as effective as 
they might be and they are unduly large and 
frequently necessitate an undue amount of 
Inification or alteration of the ship's struc le. 

The Ordinary Scoop system depends upon 
the creation of static head in an impact nian 
ner due to the relative velocity of the ship 
With respect to the water at the entrant end 
in order to effect flow through the system, and 
velocity of water through the entrant end is 
yery much less than the velocity of approach, 
it being understood that substantially zero 
static head would occur if the velocity of flow equaled the velocity of approach. 
On the other hand, my improved wa 
ter circulating system does not depend on 
impact or ordinary scoop operation, as is evi 
denced by the fact that the water velocity 
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for circulating water through marine con 
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the most efficient condition occurs when the 

95 

100 



() 

20 

2 
through the entrant end may be equal to or 
greater than the velocity of approach, but 
rather upon making at least a part of the inlet 
portion divergent and having the exit area. 
of the overboard discharge portion larger 
than the entrant area of the divergent por 
tion so that velocity of water entering the 
divergent portion is converted into pressure 
or static head which is available for over 
coming resistance to flow in the system. 

Before describing my improved water cir 
culating system in detail, a theoretical dis 
cussion is presented in order to bring out 
more clearly the reasons for and the advan 
tages of providing an inlet conduit having a 
divergent portion. As a result of examining 
the designs of Scoops employed in marine 
practice, more particularly, naval vessels, it 
occurred to me that such scoops were not as 
effective as they might be as the passages were 
not formed for converting the velocity of 
approach into static pressure, they being ar 
ranged to operate more on the impact prin 
ciple, that is, the static head to overcome re 

25 

40 

50 

sistance was created at the inlet. 
Ordinary scoops depend for their operation 

upon a well-known principle of hydraulics, 
illustrated by a bent glass tube inserted in 
a moving stream of water, as in Fig. 1. It 
will be found, as shown in all works on 
physics, that the water will rise in the tube to 
a height of h feet as explained by the re 
lationship: 

V2 
h 2g 

in which V is the velocity of the streamin feet 
per second and g is the acceleration of grav 
ity in feet per second per second. 
Even neglecting friction, it is obvious that, 

if some of the water were permitted to escape 
from the tube, the height to which it rises 
would be reduced because the force of impact 
On the end of the tube would be less than that 
indicated by the above formula. Before tak 
ing up in detail the point last referred to, it 
is Well to consider certain mathematical as 
pects of a divergent tube. A Venturi meter 
is a familiar piece of apparatus and the con 
version of velocity into pressure therein takes 
place by the slowing up of the stream in the 
diverging portion of the tube. If W is the 
velocity at the entrance to a diverging tube as 
in Fig. 2, and the inlet area is A, and the 
area at the enlarged section is As, then, for 
continuity of flow, the velocity at the section 
As will be 

60 

A1 V, 
V 

The head built up due to the slowing up of 
the liquid in a diverging tube is generally 
represented by the formula: - 

tube. in the above theory 
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in which W, is the velocity at the enlarged sec 
tion. Hence, for the section A, the head be 
COGS: - 

2g 2g VA2 V2 3) 
Now the quantity of fluid entering the small 

70 

end of the diverging tube will be W.A. and 
its kinetic energy will be 

V2 
2g 

where at is the weight per cubic foot. 
the eficiency, as a fraction of the available ve 

A V1D 

locity head at the inlet which is converted 
into static pressure at the enlarged end of 
the tube will be: 

TV (i. wA.V. S. 2g VA 1-(i. 2 -72 A2 

That is, the static eficiency is dependent only 
UA1 V S. - g 

upon the ratio of the areas of the diverging 
of the diverging 

tube, it is assumed that the flow through the 
tube is such that the velocity through the in 
let, or Sinail end, is equal to the veiccity of 

E= 

approach of the stream. As already pointed 
oil it is necessary to slow up the stream grad 
ually in order to convert velocity head into 
pressilie head. in the case of a parallel tube, 
such as shown in Fig. 1, with no flow through 
the inlet of the tube, the method by which 
this slowing up and conversion of velocity 

Hence, 

s 5 

s 

s 

head into pressure head takes place is illus 
trated in Fig. 3. The approaching stream is 
divided and deflected around the end of the 
tube, leaving a cone-shape mass of fluid ahead , 

This conical mass of of the tube entrance. 
fluid is really in effect a diverging tube, the 
entrance area of which is zero and the other 
end, the area A1. As the ratio of areas is in 
finity, the velocity at the large end of the 
zone will be zero, and the equation for the di 
verging tube reduces to: 

- , Vi’ 
2g 

Now, if, instead of the bent tube of Fig. 1, we 
had a condition where some of the water 
were permitted to escape from the tube, the 
height to which the water would rise in the 
tube, Would of course, be decreased, and, 
under these conditions, we can conceive of the 
flow around the inlet as being illustrated in 
Fig. 4, in which the central column of the 
approaching Water is of such an area that it 
will pass just the amount of water at the ve 
locity of approach as is being taken out of the 
tube. The area of this column now becomes 
A in the general formula and the entrance 
area of the tube, As. Thus we see that for 
any condition of flow through the parallel 

5 
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tube, the static head available is still repre 
sented by the formula: 

5 
It is obvious that, if the flow through the tube 
were such that the velocity through the inlet 
were equal to the velocity of approach. the 
static head available would become Zero, 
and also for any other flow condition, neg 
lecting friction, the static head available is 

i equal to the head corresponding to the ve 
locity of approach minus the velocity head in 
the tube." From what has been said, it is now 

is a special case of a diverging tube where the 
area ratio 

;. . . . . . A2 

20 is unity at normal capacity. 
In Fig. 5, is shown a comparison of diverg 

: In this fig ing tubes of various area ratios. 
ure and throughout this specification, what is 
termed the “normal capacity” of the tube or 

£5 scoop is the volume corresponding to the in 
let area of the tube multiplied by the velocity 
of approach, that is, the velocity of water 
past the ship. In the case of the parallel 
tube, the static head decreases as the quantity 

80 passed increases, until, as previously seen 
from the formula, the static head becomes 
Zero when the velocity through the tube is 
equal to the velocity of approach, that is, at 
normal capacity. 

25 In Fig. 5, is shown a diverging tube with 
an area ratio of four, in which the velocity 
parallel tube for any given inlet velocity. 
Consequently, the static head available with 
this tube, neglecting friction, at normal ca 
pacity is practically 94 per cent of the velocity 
of approach, and the static head does not fall 
to zero until four times the normal volume is 

45 with an area ratio of sixteen, the static head 
does not become zero until sixteen times the 
normal volume is passing. If the area ratio 
were made infinity, neglecting friction and 
assuming that the tube were immersed in a 
liquid at infinite pressure, the capacity of any 
diverging tube would become infinite. Of 
course, owing to friction, this is impossible. 
I have found, however, by tests that diverg 
ing tubes do pass more than the normal ca 
pacity when the back pressure is reduced. 
At first thought, it would appear that it is 

impossible to have more than the normal ca 
pacity, that is, that corresponding to the 
velocity of approach, since apparently, if this 
were so, it would necessitate an efficiency of 
over 100 per cent, which is impossible. This 
is not true, however, as the action which takes 
place is illustrated in Fig. 6, as verified by ob 
serving the stream lines around the inlet of 
diverging scoops. . . . . . - e. 
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quite obvious that the parallel tube is simply 
avaliable, resulting in a further decrease of 

- mal capacity. 
head at the enlarged end is is that of the 

reached. In the case of the diverging tube RTO - - - - - o 
delivered; in other words, the maximum use 

As the diverging tube must necessarily con 
vert the velocity head into static pressure 
due to the slowing-up of the liquid, if the 
pressure at the discharge end, or large end, 
of the tube is reduced below that correspond 
ing to the static pressure resulting from the 
slowing-up of the liquid, it is obvious that the 
static pressure at the inlet of the tube must 
decrease an amount sufficient to maintain 
this difference of pressure. Consequently, as 
the pressure at the inlet decreases below that 

O 

75 

of the surrounding medium, there is a con 
vergent flow to the inlet, as indicated in Fig. 
6, and an increase in the velocity through the 
inlet, with a further increase in static head 80 

pressure at the inlet and so on, until the fric 
tion losses establish equilibrium. Under 
these conditions, the energy available is no 
longer represented by the tube inlet area, but 
rather by an area which is larger than the 
tube inlet, in the ratio of the actual volume 
to the normal volume and consequently, the 
efficiency under this condition is the actual 
volume times the static head at the tube dis 
charge divided by the actual volume times the 
velocity head of approach. This again must 
necessarily be so because it is observed that 
the mathematical relation for the static ef 
ficiency of the diverging tube depends only . 
upon the ratio of the area. In the case of a 
straight diverging tube without an elbow at 

85 
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the inlet end, the actual volume passed with 
Zero back pressure at the delivery end of the 
tube has been found to exceed twice the nor 
When an ordinary scoop or my improved 

system is employed for supplying water to 
condensers, it is necessary to have sufficient 
static pressure to overcome the resistance of . 
the condenser tubes, the losses in the water 
boxes, and pipe friction. Consequently, what 
we are interseted in is to obtain the highest 
roduct of static head times volume of water 

ful work which the system is capable of per- 0. 
forming. In the case of the parallel-tube 
scoop, we can find the volume corresponding 
to the maximum work by differentiating the 
equation for useful work with respect to velocity through the tube and equating this 
to zero and solving for the value of V in 
terms of W. Thus: 

'04 V2(Y-V) 
- 2g 20 

and dW 
-- 72- 2 dV, V, 3V, O 

O V, i.25 V.2-ys 
and the maximum work becomes 

uAV 1 N2 Wmar-EF (1-()) 
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In other words, the maximum efficiency 
which is possible with a parallel or ordinary 

10 

20 

friction, and also the scoops are cut off at an 

scoop, neglecting friction and other losses, 
is 38.6 per cent and the quantity of water 
is roughly 58 per cent of the normal. - 

Since the maximum efficiency of the diverg 
ing type inlet conduit occurs at normal 
capacity, it is obvious that the exposed or 
entrant area thereof external to the hull may 
e unuch less than that of a parallel-tube type 

As commonly constructed, the par 
allel-tube type or ordinary scoops which have 
been employed in the past cannot, of course, 
approach the theoretical maximum static 
eficiency, owing to the fact that there is 
angle, necessitating a turning of the stream 
in order to enter the Scoop. - 

it would seem quite natural that Water 
passing the ship at velocities of thirty to 
forty feet per second would not be able to 
make a sudden twenty or thirty-degree 
change of direction, with the result that the 
water would enter the scoop more or less as 
shown in Fig. 7. One would expect, as in 
Fig. 7, that violent eddies would be set up 
in the forward entrance area of the scoop 

30 

35 

as experiments have shown. 

and that only the exposed area of the lip 
would be effective in “picking up' the water. 
However, while this is what would ordinarily 
be expected, the actual case is quite different, 
What actually happens is illustrated in 

Fig. 8, which represents the stream lines as 
disclosed by experiment. The water enters 
the forward edge of the parallel-tube type 

lip, instead of 
scoop, and, contrary to all expectations, the 

“picking up' the water, 
actually has water coming out of it. 
amount of flow out of and around the lip 
of the scoop depends upon the resistance to 
flow which the scoop is called upon to Over 
come. However, the surprising fact is that 

45 
even with the discharge of the scoop open 
the full bore of the pipe, there is still a small 
amount of outflow around the edge of the lip. 
As already pointed out, it is necessary that 

the overboard discharge exit area shall be 
larger than the inlet area if any advantage 

50 
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inlet, conduit passage. Referring to Fig. 9, 
assume a diverging tube a having its dis 
charge end connected by a portion b of indef 
inite cross section, which, in turn, is con 
nected to either of the converging tubesc, ce. 
The convergency of c, is such that the dis 
charge area A is equal to the inlet area A of 
the diverging tube a, in which case, it will 
be apparent that the entrance and discharge 
velocities must be equal to obtain flow and 
that velocity-pressure conversion taking 
place in the tube a is neutralized by pressure 
velocity conversion in the tube c.. There 
fore, where the discharge area A is equal 
to the inlet area A, no advantage is gained 

inlet area of the 

l,862,282 

by the divergency and a more efficient ar 
rangement would be to have a tube of uniform 
flow area, A or A, from the inlet to the dis 
charge. Instead of having a converging 
tubec, which has a discharge area equal to 
the inlet area, assume that a converging tube 
ce is used having a discharge area. A which 
is larger than the inlet area A. If the area 
A is projected on the diverging tube, it will 
be at the position Ba, that is, the portion of 
the diverging tube a which is effective to pro 
vide static head available for overcoming 
resistance is that portion between the inlet 
area A and the area Be, which is equal to the 
discharge area. A. 
that divergency of the inlet tube a, is of no 

Hence, it will be seen 

advantage unless the discharge area of the 
discharge tube is greater than the inlet area. 
and that irrespective of the extent of diver 
gency of the inlet conduit only that portion 
between the inlet and a point where the area 
is equal to the discharge area is effective for 
producing static head which is available in 
overcoming resistance. It is to be under 
stood that Fig. 9 is merely diagrammatic. 
In practice, the area. A may be relatively 
much larger than shown. 
From the foregoing theoretical discuss 

sion, it will be apparent that the maximum 
efficiency of the parallel-tube type or ordi 
nary Scoop occurs when the velocity in the 
pipe is very Substantially less than the 

O 
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velocity of approach, whereas the maximum 
efficiency of the system having an inlet con 
duit provided with a divergent passage con 
structed and arranged to convert velocity into 
pressure and to render at least a portion of 
Such pressure available for overcoming flow 

The resistance occurs when the inlet or entrant 
velocity is equal to the velocity of approach 
and the inlet or entrant velocity may exceed 
the velocity of approach; and, for equal vol 
umes of water, the divergent type inlet con 

i00 

05 

duit need also have only a fraction of the 
Scoop type and it consequently offers pro 
portionately less resistance to propulsion of 

parallel tube or ordinary 110 

the ship and even less resistance where it 
- - does not protrude beyond the ship's hull. 

is to be gained from providing a diverging Further, because of the higher static head 
available for overcoming resistance, the inlet 
and discharge pipes may be made smaller, 
reducing the weight of contained water, as 
Well as that of the pipes and valves. Also, 
because of the higher possible water velocity 
through the condenser tubes, the condensing 
surface may be reduced giving a further re 
duction in Weight and space. For example, 
the savings in weight in the case of a light 
cruiser of 110,000 shaft horsepower would 
be in the neighborhood of fifty-two tons. 
Aside from these advantages in reduction of 

115 
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space and weight, my improved circulating . 
system also has the advantage of minimizing 30 
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the alteration or modification of the ship's 
structure to provide for the system. 

Referring now to improved circulating 
systems more in detail, I show, in Fig. 10, 

5 an inlet conduit having a divergent portion 
which is formed in accordance with my inven 
tion. As shown, 10 represents the shell or 
skin of a ship and 11 the inner bottom, the several ship's frames extending transversely 

10 between the inner botton and the shell being 
indicated at 12. The inlet conduit has an 
entrant portion 13 shown arranged parallel 
to the ship's hull and having an entrant or 
inlet end 13a, a body portion 14 and a curved 

15 portion 15 extending inwardly through the 
ship's hull and arranged to be connected to 
the condenser. In order to minimize eddying 
of the water in passing through the curved 
portion 15, a suitable curved guide vane or 

eo splitter 16 is disposed in the curved portion 
... 15. 

It will, therefore, be apparent that the 
form of passage shown in Fig. 10 increases 
in flow area from the inlet or entrant end 13.a. 

25 in the direction of the curved portion 15 so 
as to provide for conversion of velocity into 
pressure, the direction of motion of the ship 
being indicated by the arrow. While the 
form of inlet conduit shown in Fig. 10 is ef 

so fective it is not so desirable because of the 
large amount of structure which is exposed 
beyond the ship's hull, and, furthermore, be 
cause of excessive modification or cutting of 
ship's frames 12, it being obvious, of course, 

85 that weakening of the ship's structure is to 
be avoided if possible. - 

In Figs. 11 to 14, inclusive, I show forms 
of inlet conduits which may be more readily. 
embodied in a ship's structure than the form 

a shown in Fig. 10. Referring specifically to 
Fig. 11, I show a modified form of inlet con 
duit of the divergent type having less of its 
structure exposed outside of the ship's hull. 

. As shown, the entrance or inlet 20 is disposed 
4s 3ontiguous to the hull structure while the 

curved portion 21 is located closer to the in 
let than is the curved portion of Fig. 10. The 
remaining or body portion 22 of the inlet 
conduit is inclined rearwardly, the arrow in 

sodicating the direction of passage of the ship. 
As before, the flow area increases from the 
inlet 20 toward the condenser. This form of 
inlet conduit is more practical than that 
shown in Fig. 10 in that less alteration of the 

56 framing 12 is necessary and the entrant end 
portion does not protrude so far beyond the 
ship's hull. 
To avoid eddies, the curved portion 21 is 

preferably provided with a guide vane or 
60 splitter 23. In this embodiment some of the 

ship's frame 12, one for example, are neces 
sarily modified to accommodate the installa 

; : ... tion of the inlet conduit. In order to protect - - - 
portion 45 of the inlet conduit means, at 39, the entrant end portion from obstructions in 

65 the water, guards 24 are preferably secured 

5 

to the hull on each side of the entrant end 
portion, which guards project in a forward 
direction beyond the entrance 20 and are 
faired into the hull structure, in order that 
obstructions may be fended off. 

In Fig. 12, I show a further form of inlet 
conduit of the divergent type wherein a di 
verging body portion 30 is arranged almost 
normal with respect to the ship's hull. The 
entrant portion 31 is slanted outwardly and 
i"earwardly and guide vanes, or splitters, 32, 
are provided so as to turn the water almost 
90° without substantial eddy or shock losses. 
This construction is more desirable than any 
of the others so far described in that the least 
alteration of ship's structure is required, none 
of the frames 12 being cut or modified. 

In Fig. 13, I show a construction which is 
quite similar to that shown in Fig. 12. How 
ever, in this embodiment, a plurality of cor 
ner blades or splitters 38 are provided to give 
the water the required degree of curvature 
at the bevelled entrance, the corner blades 38 
being located at the inlet or entrant end of 
the divergent passage and the inlet entrant 
end being inclined substantially at 45° with 
respect to the hull's surface. 

It will, therefore, be apparent that the sev 
eral forms of divergent inlet conduits shown 
in Figs. 10 to 14, inclusive, as well as other 
forms hereinafter more fully described, all 
embody the basic idea of providing for in 
creased flow area between the inlet and the 
condenser so as to convert velocity into pres 
sure to provide static head for overcoming 
resistance to flow. Also, as heretofore point 
ed out, particularly in connection with Fig. 
9, it is necessary that the discharge area of 
the overboard discharge conduit, associated 
with any of these forms of inlet passages, 
must be larger than the entrant area in order that divergency may be usefully employed to 
obtain static head available for overcoming 
resistance. . . 

Referring now to Figs. 15 and 16, I show 
the complete assembly of a condenser in a 
ship's structure together with means for sup 
plying circulating water to the condenser 
which includes inlet conduit means, at 39, con 
structed in accordance with my invention, 
and outlet conduit means, at 40, related to the 
inlet conduit means, as hereinafter pointed 
out. In these figures, turbine elements 41 are 
shown mounted upon and exhausting to an 
underneath condenser 42. The condenser 42 
is provided with inlet water box or boxes 43, 
forming a part of the inlet conduit means, at 
39, and an outlet water box or boxes 44, form 
ing a part of the outlet conduit means, at 40. 
The direction of movement of the ship is in 
dicated by the arrow, in Fig. 15. 
Due to movement of the ship relative to 

water, water enters the divergent entrant 
having an inlet or entrant end 46, the di 
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vergent portion increasing in flow area to 
ward the condenser. The inlet, conduit means 
is also constructed and arranged so that only 
a very small portion thereof extends beyond 
the hull shell 10 so as to offer a minimum 
amount of resistance. In addition, the body 
portion 48 of the divergent portion 45 is so 
inclined with respect to the inner bottom 11 
and the shell 10 that it may be located be 
tween adjacent ship's frames 12, no modifi 
cation or cutting away of any of the ship's 
frames being required. With the body por 
tion 48 arranged at such an angle of inclina 
tion as to permit of its passage through the 
hull between adjacent frames, the entrant 
or inlet portion of the divergent conduit 
member 45 is curved forwardly and it is 
provided with suitable guide vanes or split 
ters 49 so as to give the Water the required 

:9-degree of turning with a minimum of shock 
and eddy losses. Preferably, guards 51 are 
arranged relatively to the inlet 46 in a man 
ner similar to those shown in Figs. 11 and 
14. . . 

25. The inlet conduit means, at 39, also in 
cludes a conduit section 52 connecting the di 
vergent element 45 and the inlet water boxes. 
43, the section 52 being provided with a pro 
peller pump. 53 and a shut-off valve 54, the 

33 pump being of relatively small capacity for 

supplying water to the condenser when the 
ship is not moving or moving at low speed. 
Then again, the pump finds utility as an 

gauxiliary making the divergent inlet con 
duit and pump useful for low-speed ships, 
with the result that the pumping capacity is 
reduced to the extent of the head provided by 
the divergent portion. Furthermore, this 
different temperature conditions. For ex 
ample, in northern waters, with the combined 
divergent portion and pump, the portion may 
be sufficient to provide a head giving flow 

43. adequate to effect condensation; and, in 
tropical waters, where a greater flow of cir 
culating, water would be necessary to effect 
condensation, the greater flow is provided 
for by operating the pump and the scoop to 

...gether. - 

a pump is peculiarly adaptable to the present 
invention and the propeller may be arranged 

t 

modification of the conduit. Also, while 
some energy loss is necessarily encountered 
in passing water through a pump when the 
latter is idling, this loss is not a serious detri. 

S. ment where a pump of the propeller type is 
used, particularly as the propeller leaves 
substantial flow area and the blades may be 
efficiently designed to act as turbine ele 

- ments to be operated by the stream. 
. . . . The discharge conduit means, at 40, in ad 

standby or auxiliary purposes, that is, for. 

combined arrangement is useful in meeting 

As hereinafter pointed out, the pump is 
preferably of the propeller type in that such 

in the inlet conduit without any substantial 

portions providing for installation of the 
inlet conduit means with minimum alteration 

of direction parallel to the hull surface. As 13. 
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dition to the outlet box 44, includes the over. 
board discharge conduit or conduits 55 hav 
ing stop valve or valves 56, the conduit or 
conduits 55 passing through the inner bot 
tom 11 and the shell 10. As heretofore point 
ed out, it is necessary that the exit or dis 
charge area of the overboard discharge con 
duit shall be greater than the inlet or entrant 

70 

area of the divergent portion of the inlet 
conduit means, if any advantage is to be had 75. 
from divergency so far as providing static 
head to overconne flow resistance is concerned. 
in Figs. 15 and 16, the relation of larger exit 
area than inlet or entrant area is provided for 
by using, with a single divergent portion 45, 8 
two discharge conduits 55. If one overboard 
discharge conduit is provided, this larger 
discharge area is taken care of by making the 
discharge or exit end larger. 

in Fig. 17, I show an installation some- 85. 
what similar to Fig. 16 in that single inlet 
conduit means, at 59, is employed having a 
divergent portion and inlet water boxes 61, 
water passing from the latter through tubes 
in the usualway and discharging into the 
outlet water boxes 62 of the overboard dis 
charge conduit means, at 63, The inlet and 
overboard discharge conduit means are pro 
vided, respectively, with shut-off valves. 64 and 
65. As heretofore pointed out, the increase 
in overboard discharge area, with an arrange 
ment such as shown in Fig. 17, is taken care of 
by the provision of the plurality of over 

o 

board discharge conduits. 
Fig. 18, show an embodiment of my 

invention wherein the condenser is provided 
with inlet conduit means, at 59a, and outlet 
conduit means, at 63a, which may have, re 
spectively, a single inlet or entrant area and 
a single exit or diseharge area, the discharge 
area of the overboard discharge, con 
duit means, at 63a, being sufficiently 
larger than the inlet or entrant area of 

in Fig 

the diverging conduit means 60 to provide, 
due to velocity-pressure conversion, static 3 
head available for overcoming flow resistance. 
The iniet conduit means 59 and 59a, shown 

in Figs. 17 and 18, is shown more in detail in 
Figs. 19 and 20, such conduit means including 
a forward divergent portion 60 connected by 
a rearward portion 66 to the water box or 
water boxes. The divergent portion. 60 has 
a diverging passage whose flow area increases 
from area D plus E at the inlet or entrant 
end 67 in the direction of flow and toward the 
condenser. It will be seen that the divergent 
portion 60 is curved outwardly and for 
wardly, the rearward portion 66 being also 
similarly curved, and the curvature of these 

of the ship's structure, while providing for 
the normal flow area at the inlet having its 
axis extending with a substantial component 
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shown in Figs. 18 and 19, the inlet end 67 of 
the divergent portion is substantially flush 
with the outer plating or shell 10 of the ship's 
structure. In order to minimize losses due 
to eddying in consequence of the stream pass 
ing through the curved portion of the inlet 
conduit means, the diverging or entrant por 
tion 60 is preferably provided with a curved 
vane 68 extending in the direction of flow. 

10 Referring to Fig. 19, it will be seen that 
the rearward portion 66 of the inlet conduit 
means extends through the inner bottom 11 
and is connected to the divergent portion 60 
by means of a suitable joint 70. The diverg 

lient portion preferably has a flange 69 con 
nected to the outer plating 10, the body por 
tion of the section 60 passing through a suit 
able opening provided in the outer shell struc 
ture. The inner section at 66 is shown as: 

20 being provided with a flange 72 fitting against 
the inner bottom 11. .. 
The joint 70 between the forward diverging 

portion 60 and the rearward conduit section 
66 provides adjustment to suit variations in 

2. spacing that may exist for any reason be 
tween the inner and outer plating of the ship 
or possible variation in lengths and relative 
positions of the forward section 60 and the 
rearward conduit section 66. 

80. The discharge end portion of the rearward 
conduit section 66 is curved to provide for 
any easy turn of water and to facilitate con 
nection thereof with respect to the condenser 
inlet water box. In addition, this curvature 

85 facilitates accommodation of a propeller 
pump, the propeller pump including a pro 
peller 75 arranged in the conduit 66 and con 
nected to a drive shaft 76 fitting a bearing 
provided by the central sleeve 77 carried by 

46: the conduit section 66 and extending out 
wardly through the conduit wall at the top 
of the curved or elbow section thereof. A 
turbine 77 and reduction gearing 78 connect 
ing the turbine to the shaft 76 are housed and 
Supported by suitable structure forming a 
duit and the pump, as well as the prime mover 
for driving the latter, constitute a unitary 
type of construction wherein the pump and its 
driving means are supported by the conduit. 
As already pointed out, the divergent por 

tion 60 of F. 17, 18, 19 and 20 is not pro 
vided with a projection or lip protruding 
beyond the outer plating of the ship and 
heretofore regarded as necessary, and neces 
sary with scoops of the usual type. I find, 
from experience, that a projection or lip is 
not necessary with my improved circulating 
system, for I do not depend upon impact or 
the development of static head at the en 
trance, as with the usual scoop, but I depend upon divergence to bring about velocity-pres 
sure conversion to provide the necessary static 
head. As pointed out, the maximum effi ciency of my improved diverging inlet por 

part of the inlet conduit so that the inlet con 

tion, so far as providing static head is con 
cerned, occurs when the velocity through the 
inlet is equal to the velocity of approach. 
This condition corresponds to the condition 
where the static head is zero when a scoop of 
the parallel tube type, which is dependent 
upon impact, is employed. Therefore, I do 
not depend upon a pressure at the inlet end 
of my inlet conduit means stiflicient to over 
come resistance, but upon a pressure condi 
tion created in the diverging passage die to 
conversion of velocity into pressure; and it 
is only necessary that the water shall enter 
at a suitable velocity. As a matter of fact, 
it may enter at a pressure at the inlet area. 

75. 

80. 
less than the water pressure in the adjacent 
sea at the same depth. 
As heretofore pointed out, with my lim 

proved form of apparatus, as soon as flow is 
initiated, the divergency takes care of veloc 
ity-pressure conversion and tends to main 
tain predetermined pressure differences be-, 
tween the inlet and the effective discharge 
area of the divergent portion, the velocity 
through the inlet of the scoop increasing 
until due largely to friction, an equilibrium 
condition is brought about. Therefore, as 
velocity of water entering the inlet or entrant 
area is important, and not pressure, the re 
quired pressure being later provided by ve 
locity-pressure conversion brought about by 
the divergency of the passage, the provision 
of an impact or catcher element is unneces 
sary and is, of course, to be omitted if pos 
sible. The pressure or static head at the 
normal inlet area required to overcome flow 
resistance not being essential with my im 
proved inlet conduit means, such pressure 
may be lower than the surrounding pressure, 
and there is a tendency for flow of water to 
be initiated through the inlet conduit means 
when the ship starts in motion, as there is not 
only friction of the outside water against 
water at the inlet end, but also a tendency 
for the water to adhere to the forward wall. 
Hence, when the ship starts, flow is initiated 
through the inlet conduit means and the char 
acteristic of divergency brings about pres 
sure-velocity conversion, which, depending 
upon the overboard discharge being larger 

85. 

90. 

953 

100 

105 

O 

5 
than the inlet area, is capable of providing 
the available static head for overcoming con 
denser, water box and piping resistance to 
flow. 
With respect to divergency of the inlet con 

duit means, the optimum angle of divergence 
of the divergent portion is preferably ap 

20 

proximately 10° for a circular cross-section, 
while, for a passage of square or rectangular 
cross-section, the optimum angle of diverg 
ence is preferably approximately 8°. It 
will, therefore, be apparent that, with the 

25 

embodiments shown in Figs. 18, 19 and 20, 
wherein the cross-section changes from a rec 
tangle to a circle, very effective conversion ... s r. 

its VF 
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of velocity into pressure can be obtained by 
using an angle of divergence between 8 and 
10°. Greater or lesser angles of divergence 
may be employed. However, as the angle of 

5 divergence is increased, the apparatus be 
comes less effective until, with a divergence 
of about 30°, the effect thereof, is practically 
nil. Below 8°, conversion of velocity into 
pressure can be had, but, as the divergence 

10 becomes smaller, the divergent portion of the 
inlet conduit means must be increased in 
length. Increase in length may be impracti 
cable because of structural limitations of the 
ship, and, in addition, is objectionable on 

25 account of increased friction loss. 
From the foregoing, it will be apparent 

that I have devised a condensing water cir 
culating system for a marine condenser 
wherein a scoop of the ordinary type is not 

20 employed and wherein the inlet conduit 
means has a divergent portion and the over 
board discharge conduit means has its exit 
area sufficiently larger than the inlet or en 
trant area of the inlet conduit means so that 

26 conversion of velocity of water into pressure 
in the divergent passage provides static head 
available for overcoming resistance to flow. 
As my inlet conduit means does not depend 
upon impact or the building up of static head 

80 at the inlet, as is the case with the ordinary 
scoop, such head being secured by conversion 
of velocity into pressure in the diverging 
passage, it is unnecessary to provide a pro 
truding lip or protrusion beyond the skin of 

35 the ship. Furthermore, as the diverging 
type of inlet conduit means constitutes an 
efficient means for securing the necessary 
static head and as such head may be provided 
with water entering the scoop inlet at the 

40 velocity of approach, or in excess thereof, it 
will be apparent that the piping or conduits 
may be made relatively smaller than hereto 
fore and may be arranged to fit better exist 
ing ship stricture, whereby alteration of the 

45 ship's structure may be minimized. Also, as 
the circulating system is more efficient in se 
curing circulation, the system as a whole may 
be made relatively smaller and lighter, or the 
condenser may be made smaller and lighter 

50 as a higher head may be provided to secure 
higher water velocity in the condenser tubes. 
While I have shown my invention in sev 

eral forms, it will be obvious to those skilled 
in the art that it is not so limited, but is sus 

55 ceptible of various other changes and modifi 
cations, without departing from the Spirit 
thereof, and I desire, therefore, that only 
such limitations shall be placed thereupon as 
are inaposed by the prior art or as are specifi 

60 cally set forth in the appended claims. 
What I claim is: 
1. The combination with a ship's con 

denser, of means for circulating water 
through the condenser by movement of the 

65 ship relative to water and including inlet and 
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discharge conduit means, said inlet conduit 
means having its after end portion connect 
ing with the condenser and including the in 
let water box of the latter and having its 
forward end portion communicating with 
the exterior of the ship's hull, said forward 
end portion providing an entrance for Water 
and said inlet conduit means so increasing 
in flow area, in the direction of flow of the 
water as to effect velocity-pressure conver 
sion of the water passing through the inlet 
conduit, said discharge conduit having its 
entrant end portion connecting with the con 
denser and its exit end portion communi 
cating with the exterior of the ship's hull 
and the exit area of said discharge conduit 
means being larger than the entrant area 
of said inlet conduit means to provide the 
static head, resulting from velocity-pressure 
conversion in the inlet conduit means, avail 
able for overcoming resistance to flow. 

2. The combination with a ship's con 
denser, of means for circulating water 
through the condenser by movement of the 
ship relative to water and including inlet and 
discharge conduit means, said inlet conduit 
means having its after end portion connect 
ing with the condenser and including the in 
let water box of the latter and having its for 
Ward end portion communicating with the 
exterior of the ship's hull, said forward end 
portion providing an entrance for water and 
said inlet conduit means having at least a 
portion diverging in the direction of flow of 
the water so as to effect velocity-pressure con 
version of the water passing through the in 
let conduit means, said discharge conduit 
means having its entrant end portion con 
necting with the condenser and its exit end 
communicating with the exterior of the 
ship's hull and the exit area of the discharge 
conduit means being larger than the entrant 
area of the divergent portion of the inlet 
conduit means to provide static head, result 
ing from velocity-pressure conversion in the 
divergent portion of the inlet conduit means, 
available for overcoming resistance to flow. 

3. The combination as claimed in claim 2 
wherein the entrant end of the inlet conduit 
means is arranged substantially flush with 
the external surface of the ship's hull. 

4. The combination as claimed in claim 2 
wherein the angle of divergence of the di 
vergent portion is approximately 9°. 

5. The combination as claimed in claim 2 
wherein the entrant end of the inlet conduit 
means protrudes externally of the outer sur 
face of the ship's hull. - 

6. The combination as claimed in claim 2. 
wherein the entrant end portion of the inlet 
conduit means is provided with guide vane 
means extending in the direction of flow. 

7. The combination as claimed in claim 2 
wherein the entrant end portion is curved 
outwardly and forwardly and is provided 

75 
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with guide vane means extending in the di 
rection of flow. 

8. The combination with a ship's con 
denser, of means for circulating water 
through the condenser and comprising an in 
let conduit communicating with the con 
denser and having its inlet end opening ex 
ternally of the ship's hull to provide a water 
entrance, the inlet end portion of said con 

10 duit diverging in a down-stream direction to 
provide for velocity-pressure conversion of 
entering water, and guide vane means ar 

a ranged in the inlet end portion of said con 
duit. . ... ." ' 

15 
a ship having a hull structure which includes 
an inner bottom and a shell together with a 
plurality of longitudinally spaced frame 
members extending transversely of the hull 
structure between the inner bottom and the 
shell, of means for circulating water through 
the condenser including inlet conduit means 
having an entrant portion opening external 
ly of the hull structure and the axis of the 
entrant area having substantial extent in the 
direction of motion of the ship, the inlet con 
duit means being curved so as to extend from 
the outer shell to the inner bottom through 
the single space defined by a pair of adjacent 

20 

25 

30 
water through the curved portion. 

10. The combination with a condenser for 
a ship having a hull structure which in 
cludes an inner bottom and a shell together 35 with a plurality of longitudinally spaced 
frame members extending transversely of the 
hull structure between the inner bottom and 

9. The combination with a condenser for 

frame members, and means for guiding the 

9 

the shell, of means for circulating water 
through the condenser including inlet con 
duit means having its entrant portion open 
ing exteriorly of the shell and the axis of 
the entrant area, having a substantial extent 
in the direction of the motion of the ship, the 
inlet conduit means being curved so as to ex 
tend from the shell inwardly through the 
single space defined by a pair of adjacent 
frame members, said conduit means increas 
ing in flow area in a direction from the en 
trant end towards the condenser to provide 
for velocity-pressure conversion of enter 
ing water. . . . . 
In testimony whereof, I have hereunto sub- 80 

scribed my name this 22nd day of Dec., 1931. 
HENRY F. SCHMIDT. 

f 

r s 

the shell, of means for circulating water 
through the condenser including inlet con 

40 duit means having an entrant portion open 
ing externally of the hull structure and the 
axis of the entrant area having substantial 
extent in the direction of motion of the ship, 
the inlet conduit means being curved so as 

5 to extend from the shell to the inner bottom. 

adjacent frame members, and means for guid 
ing the water through the curved portion, 
said conduit means increasing in flow-area in 

: a direction from the entrance toward the con 
denser to provide for velocity-pressure con 
version of entering water. 

11. A water-circulating system for ships 
condensers embodying inlet conduit means 
having a curved inlet portion, the flow-area 
of the inlet conduit means increasing in the 
direction of flow so as to effect a velocity 
pressure conversion of the water passing 
through the system, and guide vane means 

anged in the curved portion. . . 
12. The combination with a condenser for 

a ship having a hull structure which in 
cludes a shell and a series of equi-distantly 
spaced, transversely-extending frame mem 
bers disposed contiguous to the interior of 

9. 

through the single space defined by a pair of 
0. 
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