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(57) Abstract: A heat exchanging device (100) is presented.
The heat exchanging device includes an inlet header (102)
configured to receive a working fluid. Further, the heat ex-
changing device includes at least one coil segment (104) hav-
ing a first end and a second end, where the first end of the at
least one coil segment is coupled to the inlet header and con-
figured to receive the working fluid from the inlet header. In
addition, the heat exchanging device includes an outlet header
(106) coupled to the second end of the at least one coil seg-
ment and configured to receive the working fluid from the at
least one coil segment. Also, the heat exchanging device in-
cludes at least one propeller (108) disposed proximate to the
at least one coil segment and configured to propel subsea wa-
ter across the at least one coil segment to control a temperat-
ure of the working fluid in the outlet header.
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SYSTEM AND METHOD FOR CONTROLLING
TEMPERATURE OF A WORKING FLUID

BACKGROUND

{8861] Embodiments of the present disclosure relate generally to a subsca heat
cxchanger, and more particularly to 8 system and method for conirolling temperature

of a process or working fluid in subsea equipment.

198621  Typically, one or more products, such as oil, natural gas, or a combination
of the two are extracted from subsea wells and processed on an ocean bed. Further,
these products may be used as working fluids for one or more applications. However,
the products that arc extracted from the subsea wells may have a very bigh
temperature, and processing these products at this high temperature is challenging. In

one example, the temperature of these products may be I a range from about 80

)

egrees to about 200 degrees. Thus, it is important to control the temperature of the

products priot to processing the products on the ocean bed.

{8083] 1o conventional sysioms, one or more heat exchangers may be used
vnderwater to regulate or control the temperature of the products that are extracted
from the subsea wells. These heat exchangers may leverage subsea water 1o cool
these products. Typically, the subsea water may have a temperatore that is refatively
lower than the temperature of the prodacts.  Alsoe, the subsea water may have high
heat capacity that aids in controlling or absorbing heat from the products. However,
these heat exchangers depend opon natural or free convection of the subses water to
cool the products.  Also, as the temperature of these products is very high, a large
amount of heat needs to be dissipated from the prodacts. Henee, dissipating heat from
these products calls for the use of heat exchangers with a large heat transfor arca. In
addition, as these heat exchangers rely upon natural or free convection with its
inherent low heat transfer coefficient, the size tends to be further increased. As a

result, these large heat exchangers are very expensive to manufacture. In addition,
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these heat exchangers tend to be bulky and are difficult to move to a4 location on the

ocean bed or seabed.
BRIEF DESCRIPTION

[8864] In accordance with aspects of the present disclosore, a heat exchanging
device 1s presented. The beat exchanging device includes an inlet header contfigured
te receive a working fluid. Further, the heat exchanging device includes at lcast one
coil segment having a first end and a second end, where the first end of the at least
one coil segment 1s coupled to the inlet header and configired to receive the working
fivid from the inlet header. In addition, the heat exchanging device includes an outlet
header coupled to the second end of the at least one coil segment and configured to
receive the working fluid from the at least one coil segment.  Also, the heat
cxchanging device includes at least one propeller disposed proximate to the at east
one cotl segment and configured to propel subses water across the at least one coil

segment to control a temperature of the working fluid in the outlet header.

&

[80638]  In accordance with firther aspects of the present disclosure, a method for
controlling a temperatupe of a working fhud is presented.  The method mchides
directing, by at lcast onc coil segment, working fluid from an inlet beader to an outlet
header i 2 heat exchanging device. Also, the method includes determining, by a
control onit, a temperature of the working fluid in the outlet header. Further, the
method includes propelling, by at least one propeller, subsea water across the at least

one coil segment to controd the temperatare of the working fluid in the outlet header,

{8606] To accordance with another aspect of the present disclosure, a sysiem is
presented. The systern inchudes 2o indet header. Also, the system includes an outlet
header. Further, the system inchides a plurality of coil segments disposed between
the inlet header and the outlet header and configured to direct working fhid from the
mlet header to the outlet header. In addition, the system includes a plurality of
propellers disposed proximate 1o the plarality of coil segments and configured to
propel subsea water across the phurality of coil segments to control a temperature of

the working fluid in the outlet header.

o
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DRAWINGS

{B087]  These and other feanures, aspects, and advantages of the present invention
will become better umderstood when the following detailed deseription is read with
reference to the accompanying drawings in which like characters represent hike parts

throughout the drawings, wherein:

[8008] FIG. 1 15 @ diagramomatical represemtation of one cmbodiment of a heat

exchanging device, in accordance with aspects of the present disclosure;

9869 F1G. 2 is a diagrammatical representation of another embodiment of a beat

exchanging device, in accordance with aspects of the present diselosure;

[8818] FIG. 3 is a diagrammatical representation of a propeller disposed in 2

nozzle, tn accordance with aspects of the present disclosure;

[8611]  FlGs. 4-7 are diagrammatical representations of different embodiments of a
coil segment for use in a heat exchanging device, in accordance with aspects of the

present disclosure; and

{8812]  FI1G. 8 is a flow chart illustrating a method for controlling tomperature of a

working fluid, in accordance with aspects of the present disclosure.
DETAILED DESCRIPTION

16633]  As will be described in detail hereinafter, various cmbodiments of
excmplary systems and methods for controlling temperatare of a working fluid are
presented. By employing the methods and the various embodiments of the system

described hereinafier, the working {luid may be cooled at a very low cost.

[#814]  Turning now to the drawings and referring to FIG. 1, a disgrammatical
representation of & heat exchanging device 100, in accordance with aspects of the
present disclosure, is depicted. The heat exchanging device 100 may be used for
anderwater apphications to control a temperature of a working fluid that is extracted
from subsea wells. In one example, the working fluid may include well products,

such as gas, hiquids, and/or water. In another example, the working fhaid may be any
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coolant that is used to cool components, such as a motor in subsea equipment. The
working fluid may have a temperature that is in a range from about 80 degrees to
about 200 degrees. As will be appreciated, processing or using the working fluid at
these high temperatures may be a challenging task. In accordance with aspects of the
present disclosure, the heat exchanging device 100 may be employed to control the

temperature of the working fluid.

18615]  To a presently contemplated configuration, the heat exchanging device 100
may fnclude an inlet header 102, one or more coil segments 104, an outlet header 106,
one or more propellers 108, and a control it 110, In one embodiment, the one or
more coil segments 104 may be disposed between the inlet header 102 and the outlet
header 106. In the embodiment of FIG. 1, four coil segments 104 arg positioned
hetween the inlet header 102 and the outlet header 106, Each of the coil segments
104 may include a first end 112 and 2 second end 114, The first ends 112 of the coil
segments 104 may be coupled to the inlet header 102, while the second ends 114 of
the coil segments 104 may be coupled to the outlet header 106, 1t may be noted that
the coil segments 104 may include a bundle of coils that are arranged in one or more
determined patterns. These patterns will be described in greater detail with respect to
F1Gs. 4-7. Also, the inlet header 102 and the outlet header 106 may be referred to as
channels that are used for circulating the working fluid through the bundle of coils n
the coil segments 104, It may be noted that the heat exchanging device 100 may have
any number of coil segments, and is not limited to the number of coil segments shown

n FIG. 1,

18016]  As depicted in FIG. 1, the mlet header 102 may be configured to receive
the working thad from an external unit (not shown). The received working fluid may
be distributed equally through ecach of the coil segments 104, The working fluid may
be channeled through cach of the coil segments 134 and collected by the outict header
106. Further, the outlet header 106 may be configured to route the collected working
fluid back to the external unit. In one embodiment, the external unit may include one
or more componenis, such as a subseca motor or a compressor in subsea equipment

(not shown).
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{86171  In conventional systems, heat exchangers emiploy natural or free convection
of the subsea water to transfer heat from the working fluid to the subsca water.
However, these heat exchangers are large in size as they rely on natural or free
convection of the subsea water to cool the working fluid.  Also, the conventional
systems entail use of a greater number of heat exchangers for dissipating the heat
from the working floid. Moreover, these large heat exchangers are very expensive (o

manufacture and difficult to move 10 a location on the ocean bed or seabed.

[8018]  To overcome the above shortcomings, in one exemplary embodiment, the
heat exchanging device 100 may employ the one or more propellers 108 to force the
flow of the subsea water across the coil segments 104, rather than relying on the
natural or free convection of the subsea water. This forced flow of the subsca water
may enbance the external heat transfer, thus increasing the transfer of heat from the
working fhuid to the scawater, and thereby aid n controlling the temperature of the

working fhaid.

[B8619]  As depicted in FIG. 1, cach of the propellers 108 may be disposed
proximate to a corresponding coil segment 104, In one embodiment, these propellers
108 may be operated at a fixed speed. Further, the propellers 108 may be configured
to propel the subsea water across the coil segments 104. More particolarly, the subsea
water may be forced to flow across the coil segments 104, This forced flow of the
subsea water i turn aids in transferring the heat from the working flnd that is

flowing within the coil segments 104 1o the strrounding seawater.

[6628]  Fuorthermore, the control umit 110 may be configured to regulate the flow of
subsea water across the coil segments 104, More particularly, the conirol unit 110
may be configured to activate or deactivate one or more propellers 108 so as 1o

regulate the flow of subsea water across the coll segments 104,

196211  n accordance with aspects of the present disclosure, the control unit 116
may be configured 1o regulate the flow of the subsea water across the coil segments
104 based on the temperature of the working fluid in the outlet header 106, I may be
desirabic to maintain the tomperature of the working fluid within a determined

temperature range. The determined tomperature range may have an upper bound and
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a lower bound, in one cxample. Accordingly, in one embodiment, the control unit

110 may inclede a first sensor 116 and a processing subunit 118, The first sensor 116
may be operatively coupled to the outlet header 106 and configured to determine the
temperature of the working fluid at a determined location in the outlet header 106, In
one embodiment, the determined location may be a location in the outlet header 106,
where the working fluid exits the outlet header 106, Further, the first sensor 116 may

be configured to commumicate the determined temperature to the processing subunit

113,

{8022  Moreover, in accordance with aspects of the present disclosure, the
processing subunit 118 may be configored to determine a nomber of propeliers 108 o
be activated and/or deactivaied based on the temperature of the working fluid in the
cutlet header 106, In particular, the processing subunit 118 may be configured o
determine the mumber of propeliers 108 to be activated and/or deactivated based on an
amount of heat to be dissipated from the working floid. To that end, in one
cmbodiment, the processing subunit 118 may be configured to determine if the
temperature received from the first sensor 116 Hes outside the determined temperature
range. 1§ 1t is determined that the temperature of the working fhiid received from the
first sensor 116 les outside the determined temperature range, the processing subunit
118 may be configured to activate or deactivate a determined number of propellers
108. In one example, if the received temperature is greater than the upper bound of
the determined temperature range, the processing subunit 118 may be configured to
activate a first subset of the propeliers 108, In a similar fashion, if the received
temperature is fess than the lower bound of the determined temperature range, the
processing subunit 118 may be configured to deactivate a second subset of the
propeliers 108, In ene embodiment, the processing subunit 118 may be configured to
activate or deactivate the one or more propellers 108 by communicating & first control

signal to a corresponding propeller,

[8823]  In accordance with further aspects of the present disclosure, the processing
subunit 118 may be configured {o activate or deactivate the propellers 108 based on a
temperature of the subsea water. Particularly, if the tenperature of the subsea water is

greater than the temperature of the working fluid then propelling this subsea water

6
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across the coil segments 104 may further increase the temperature of the working
fluid. Thus, it may also be desirable to activate or deactivate the propeliers 108 based

upon the temperature of the subsea water.

18024]  Accordingly, in one cmbodiment, the control unit 110 may nclide a
second sensor 120 configured to determine the temperature of the subsca water. In
one embodiment, the second sensor 120 may be disposed in the subsea water.
Further, the sccond sensor 120 may be configured (o communicate the terperature of
the subsca water to the precessing subunit 118, The processing subunit 118 may be
configured to compare the temperature of the subsea water with the temperature of the
working fluid. Further, the processing subunit 118 may be configured to transmit a
second control signal to one or more propeliers 108 to activate a subset of propellers
108 if the temperature of the subsea water is less than the temperature of the working
fhid i the ocutlet header 106, Otherwise, the processing subumit 118 may be
configured to tramsmit a third countrol signal to onc or more propellers 108 to
deactivate the subset of propellers 108, In one embodiment, the processing subunit
118 may be configured to sclect the number of propellers 108 to be activated or
deactivated based on a difference between the temperature of the subsea water and the

temperature of the working fluid.

8025])  Thus, by emploving the one or more propeliers 108 and the control unit
110, the heat exchanging device 100 may effectively coutrol the temperature of the
working fluid.  Also, the size and cost of manufacturing the heat exchanging device
100 may be sobstantially reduced as the heat exchanging device 100 is configured to
rely on the force flow of the subsea water across the coil segments 104 to dissipate

heat or control the temperatore of the working fhad.

8026] Referring to FIG. 2, = diagraromatical representation of  another
embodiment of a heat exchanging device 200, mn accordance with another aspect of
the present disclosure, is depicted. In the embodiment of FIG. 2, the heat cxchanging
device 200 includes coll segments 202 that are serially comnected to cach other.
Particularly, in the embodiment of FIG. 2, each of the coil segments 202 may have

corresponding inlet and cutlet headers. An outlet header of one coil segment 202 may

~3
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be operatively coupled to an inlet header of an adjacent coil segment 202, More
specifically, an mlet header 204 of s first coil segment 206 may be configured to
receive a working fluid from an external unit (not shown). Further, the received
working fluid may be divected through the first coil segment 206. The outlet header
208 of the first coil segment 206 may be configured to collect the working fhud from
the first coil segment 206 and route the working fluid to an inlet header 210 of a
second cotl segment 212, In a similar manner, the working fluid may be routed from
the second coil segment 212 to a third coil segment 214 and further to a fourth coil
segment 216 via respective inlet and outlet headers. The working fluid may be
cellected by an outlet header 218 of the fourth or last coil segment 216, Further, the
outlet header 218 of the fourth coil segment 216 may be configured to route the
working fhud to the external unit. It may be noted that the coil segments 202 may be
arranged in a varicty of configurations, and the arrangement is not limited to the
arrangements shown in F1Gs. | and 2. In addition, a control unit 226 may be coupled
to propellers 228 and configured to regulate the flow of subsea water across the coil
segments 202, The conirol unit 226 may include a first sensor 220, 8 processing

subunit 222, and a second sensor 224,

180271 In this embodiment, the first sensor 220 of the control unit 226 may be
coupled to the outlet header 218 of the fourth coil segment 216, 1t may be noted that
the first sensor 220 may be representative of the first sensor 116 of FIG. 1. Also, the
processing subunit 222 and the second sensor 224 may be representative of the
processing subunit 118 and the sccond semsor 120, respectively.  In addition,

propeliers 228 may be representative of the propellers 108 of FIG. 1

[8628] Reforring to FIG. 3, a diagrammatical representation 300 of a propeller
disposed in a nozzle configired for use in the heat exchanging devices 100, 200, i
accordance with aspects of the present disclosure, is depicted. Reference numeral 302
may be representative of one of the propellers 108 of FIG. 1. In accordance with
exemplary aspects of the present disclosure, the propeller 302 may be enclosed by a
nozzie 336. The nozzle 306 may be configured to aid in directing the flow of the
subsca water towards a coil segment 304. The propeller 302 surrounded by the nozzle

306 may be used to propel the subsea water across a corresponding coil segment 304
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such that the subsea water may absorb the heat from the working fluid m the coil
segment 304, This transfer of heat from the working fluid may aid in redocing the
temperature of the working fluid. With the jnclusion of the nozzle 306, the flow of
subsea water may be further streamlined towards the coil segment 304, This in turn
mmproves the efficiency of the propeller 302, Also, overall efficiency of a heat
exchanging device, such as the heat exchanging device 100 may be improved. It may
be noted that the coll segment 304 may be representative of one of the coil segments

104 m FI1G. 1.

{B8028]  As depicted in FIG. 3, the nozzle 306 may include an inlet 308 and an
gutlet 310, The inlet 308 may be provided along a bottom surface of the nozzle 306,
while the outlet 316 may be provided along a top surface of the nozzle 306, The top
surface of the nozzie 306 may be representative of a surface of the nozzle 306 that s
disposed closer to the cotl segment 304, while the bottom swrface may be
opresentative of a surface of the nozzle 306 that is disposed away from the coil
segment 304, Also, an aperture of the outlet 310 of the nozzle may be smaller than an

aperture of the inlet 308 of the nozzle 306, in one embodiment.

[6638] Reforring to FiGs. 4-7, diagrammatical representations of different
embodiments of 2 coil segment configured for use in the heat exchanging devices 100,
200 of FiGs. 1-2, in accordance with aspects of the present disclosure, are depicted.
In F1G. 4, reference numeral 400 may be representative of one coil segment, such as
the coil segment 104 of FIG. 1. The coil segment 400 may inclade a helix bundle of
coils 402 that may be coupled between an inlet header and an outlet header of the heat
exchanging device 100, Particularly, this helix bundie of coils 402 may have a first
end that is coupled to the inlet header and a second end that is coupled to the outle

header of the heat exchanging device 100.

[8831]  Moveover, in the example depicted i FIG. 5, a coil segment 500 may
include a bundle of vertical pipes or coils 5302, Similarly, as depicted in FIG. 6, a coil
segment 600 may include a horizontal inline bundle of coils 602, Furthermore, in

FIG. 7, a coll segment 700 may include a horizontal staggered bundle of coils 702
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{88321 Reforring to FIG. 8, a flow chart illustrating a method 800 for controlling a
temperatare of a working fhid, m accordance with aspects of the present disclosure,
is depicted. For case of understanding, the method 860 is described with reference to
the components of FIG. 1. The method begins at step 802, where the working flaid
may be divected from the inlet header 102 to the outlet header 106, The one or more
cotl segments 104 may be used o channel or direct the working fluid from the inlet
header 102 1o the outlet header 106, Particularly, the inlet header 102 may receive the
working fluid from the external unit (not shown) and the working fhud may be
distributed equally to the coil segments 104, Thereafter, the outlet header 106 may
collect the working fluid from the one or more coil segments 104 and route the

working fhid to the external unit.

188331  Subscquently, at step 804, the tenperature of the working fluid in the outlet
header 106 may be determined. To that end, the control unit 110 may be configured
o determine the tomperature of the working floid in the outlet beader 106
Particularly, the control unit 110 may include the fivst sensor 116 that is coupled 1o
the outlet header 106, The first sensor 116 may be configured to determine the
temperature of the working fluid in the outlet header 106, Further, the determined
temperature of the working fluid may be communicated to the processing subunit 118

in the control unit £10.

{8034]  Tn addition, at step 806, the subsea water may be propelled across the one
ot more coil segments 104 to control the temperature of the working fluid in the outlet
header 106. To that end, the one or more propellers 108 may be used to propel the
subsca water across the coil segments 104, Specifically, the processing subunit 118
may be configured o activate or deactivate the one or more propellers 108 to regulate
the flow of subsea water across the coil segments 104, In one example, if the
temperatare of the working floid is greater than an upper bound of a determined
temperature range, the processing subumit 118 may be configured to activate the one
or more propellers so as to lower the temperatore of the working fhiid to lie within the
determined torperature range. Similarly, if the temperature of the working fluid is
less than a lower bound of the determined temperature range, the processing subunit

118 may be contfigured to deactivate one or more propellers so as to decrease the

to
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amount of heat removed by the heat exchanging device 100 and thus reducing the
temperatare of the working fleid o the outlet header 136, In one embodiment, the
processing subunit 118 may be configured to select the mumber of propelicrs 108 to be
activated or deactivated based on the amount of heat to be dissipated from the

working fhuid.

[6638]  The various embodiments of the system and method aid in controlling the
temperature of the working fluid. Also, as the heat exchanging device employs the
propeliers, the size and number of the heat exchanging devices used to cool a working
fluid may be substantially reduced. This in turn helps to simplify the transport and
mstallation of the heat exchanging device at a desired location.  Also, the

manufacturing cost of the heat exchanging device may be substantially reduced.

[8636]  While only certain features of the invention have been illustrated and
described berein, many modifications and changes will occur to those skilied in the
art. [t is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.

ti
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CLAIMS:
i. A heat exchanging device, comprising:
an inlet header configured to receive a working fluid;

at least one coil segment having a fust end and a second end, wherein the first
end of the at least one cotl segment is coupled to the inlet header and configured to

receive the working fluid from the inlet header;

an outlet header coupled to the second end of the at least one cotl segment and

configured to receive the working fluid from the at least one coil segment; and

at least one propeller disposed proximate to the at least one coil segment and
configured to propel subsea water across the at least one coll segment to control a

tenmperature of the working fluid in the outlet header.

2 The heat exchanging device of claim 1, further comprising a control
vnit operatively coupled to the at least one propeller and configured to activate or
deactivate the at lgast one propeller to regolate flow of the subsea water across the at

ieast one coil sogment.

3. The heat cxchanging device of claim 2, wherein the control ueit

COMPrises:

a first sensor operatively coupled to the outlet header and configured to

determine the termaperature of the working fluid in the cutlet header; and

a processing subunit electrically coupled to the first sensor and configured to
communicate a first control signal to the at least one propeller when the temperature

of the working fluid in the outlet header is cutside a determined temperature range.

12
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4. The heat exchanging device of claim 3, wherein the processing subunit
is configured to commumnicate the {irst control signal to the at least one propelier to

activate or deactivate the at least one propeller.

5. The heat exchanging device of claim 3, wherein the control unit further
comprises a second sensor operatively coupled to the processing subumit and

configured to determine a temperature of the subsea water,

5. The heat exchanging device of claim 5, wherein the processing subumit

1s configured to:

compare the temperature of the subsea water with the temperature of the

working fluid in the outlet header; and

communicate a second control signal to the at least one propeller to activate
the at least onc propelicr when the lemperature of the subsca water is less than the

temperature of the working fluid in the outlet header.

7

7. The beat exchanging device of claim 6, whercin the processing subunit
1s configured to wansmut a thivd control signal to the at least one propeller 1o
deactivate the at least one propeller when the temperature of the subsea water is

greater than the temperature of the working fluid in the outlet header.

g. The heat exchanging device of claim i, wherein the outlet header is
configured to supply the working fluid received from the at least one coil segment to

an external device.

9. The heat exchanging device of claim 1, further comprising a nozzle
enclosing the at least one propelier and configured to streamline a flow of the subsea

water towards the at least one coil segment,
0. A method for controlling a temperature of a working fhud, comprising:

directing, by at least one coil segment, working fluid from an inlet header to

an outlet header in a heat exchanging device;
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determiming, by a control unit, a temperature of the working fluid in the outle

header; and

propelling, by at least one propeller, subsca water across the at least one coil

segment to control the temperature of the working fluid in the outlet header.

11, The method of claim 10, further comprising activating, by the conirol
unit, the at least one propeller when the detormined temperature of the working fluid

m the outlet header 1s outside a determined temperature range.
12. The method of claim 10, further comprising:
deternrining, by the control unit, a temperature of the subsea water;

comparing the temperature of the subsea water with the temperature of the

working fiuid io the outlet beader; and

activating the at least one propeler when the temperature of the subsca water

15 less than the temperature of the working thiid in the outlet header.

13, The method of claim 12, forther comprising deactivating the at least
one propeller when the temperatore of the subsea water is greater than the temperatire

of the working fluid i the outlet header.
14, The method of claim 10, further comprising:
encapsulating a nozzle around the at least one propeller; and

directing, by the nozzle, flow of the subsea water towards the at least one coil

segment.
15, A system, comprising:
an miet header;

an outlet header;

14
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a plorality of coil segments disposed between the indet header and the outlet
header and configured to direct a working fluid from the mlet header to the outlet

header; and

a plurality of propellers disposed proximate to the plurality of coil segments
and configured to propel subsea water across the plurality of col segments so as to

control a temperature of the working fluid in the outlet header,

16, The system of claim 15, further comprising a control unit operatively
coupled to the plurality of propellers and configured to activate or deactivate each of
the phurality of propellers to regulate a flow of the subsca water across the plurality of

cotl segments.

pr—
~

The system of claim 13, wherein the control unit comprises:

a first sensor operatively coupled to the outlet header and configured o
determine the temperature of the working flnd at a determined location in the outlet

header; and

a processing subumit electrically coupled to the first sensor and the plorality of
propellers and configuired to activate or deactivate one or more propellers in the

phurality of propeilers based on the determined temperature of the working fluid.

18.  The system of claim 17, wherein the control unit further comprises a
second scusor operatively coupled to the processing subunit and contigured to

determine a temperature of the subsea water.

19, The system of clatm 18, wherein the processing subumit is configured
to:

compare the temperature of the subsea water with the temperature of the

working fhuid in the outlet header; and

activate one or more propellers in the plurality of propellers when the
temperatare of the subsea water is less than the temperature of the working fluid in

the outlet beader.
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20.  The system of ¢laim 19, wherein the processing subumit is configured
to deactivate one or more propellers in the plorality of propellers when the
temperature of the subsea water is greater than the teraperature of the working fluid in

the outlet header.

21 The system of claim 15, further comprising a phurality of nozzles,
wherein cach of the phwality of nozzles encloses a corresponding propeller and is
configured to direct the flow of the subsea water towards at lcast one coil segment of

the plurality of coil segments.

t6
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