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(57) Abrege/Abstract:

A cooling system (100) for a gas turbine engine (10) control system (99) Is provided. The cooling system (100) includes an inlet
portion (117) coupled in fluild communication with a source of cooling fluid, the inlet portion configured to channel cooling fluid from
the cooling fluid source to the control system to facilitate cooling the control system, and an outlet portion (119) configured to
channel cooling fluid from the control system to one of the cooling fluid source and a reservoir, and a differential pressure sensor
(152) In flow communication with the Inlet portion and the outlet portion, the differential pressure sensor configured to sense
whether a pressure difference exists within the inlet and outlet portions.
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METHODS AND APPARATUS FOR TESTING GAS
TURBINE ENGINES

ABSTRACT OF THE DISCLOSURE

A cooling system (100) for a gas turbine engine (10) control system (99) is provided.
The cooling system (100) includes an inlet portion (117) coupled in fluid
communication with a source of cooling fluid, the inlet portion configured to channel
cooling fluid from the cooling fluid source to the control system to facilitate cooling
the control system, and an outlet portion (119) configured to channel cooling fluid
from thé control system to one of the cooling fluid source and a reservoir, and a
differential pressure sensor (152) in flow communication with the inlet portion and
the outlet portion, the differential pressure sensor configured to sense whether a

pressure difference exists within the inlet and outlet portions.
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METHOD AND APPARATUS FOR TESTING GAS TURBINE ENGINES

BACKGROUND OF THE INVENTION

This invention relates generally to gas turbine engines, and more specifically, to a

method and apparatus for monitoring cooling flow to electronic controls.

At least some known gas turbine engines include cooling systems that utilize fuel
flows to facilitate cooling components within the gas turbine engine. For example,
known cooling systems are used to regulate the temperature of a full authority digital
engine control (FADEC) system used with the gas turbine engine. To facilitate
maintenance, often no-leak quick-disconnect fittings are used to connect adjacent
cooling lines in the cooling system. Moreover, such fittings also facilitate assembly

of the engine to the aircraft.

At least some known gas turbine engines include electronic components that are
cooled using fuel. Specifically, fuel is channeled from a supply to each electronic
component wherein it is routed through a mechanism to facilitate cooling the
electronic components. Spent cooling fuel 1s then returned to the fuel supply. If an
electronic component 1s not properly cooled, the electronic component could overheat

and the electronic component could fail.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a method for testing a cooling system for use in a gas turbine engine
control system is provided. The method includes connecting an inlet of the cooling
system to a differential pressure sensor, connecting an outlet of the cooling system to

the differential pressure sensor, and determining whether or not a difference in
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pressure exists between the inlet and outlet, wherein such a pressure difference is

indicative of whether cooling fluid is flowing through the cooling system.

In a further aspect, a cooling system for a gas turbine engine control system is
provided.  The cooling system includes an inlet portion coupled in fluid
communication with a source of cooling fluid. The inlet portion is configured to
channel cooling fluid from the cooling fluid source to the control system to facilitate
cooling the control system. The cooling system also includes an outlet portion
configured to channel cooling fluid from the control system to one of the cooling fluid
source and a reservoir. The cooling system further includes a differential pressure
sensor 1n flow communication with the inlet portion and the outlet portion. The
differential pressure sensor is configured to sense whether a pressure difference exists

within the inlet and outlet portions.

In a turther aspect, a gas turbine engine is provided. The gas turbine engine includes
a compressor, a combustor 1n flow communication with said compressor, a turbine in
flow communication with said combustor, a control system, and a cooling system.
The cooling system includes an inlet portion coupled in tluid communication with a
source of cooling fluid. The inlet portion 1s configured to channel cooling fluid from
the cooling fluid source to the control system to facilitate cooling the control system.
The cooling system further includes an outlet portion configured to channel cooling
fluid from the control system to one of the cooling fluid source and a reservoir. The
cooling system also includes a differential pressure sensor in flow communication
with the inlet portion and the outlet portion. The differential pressure sensor is
configured to sense whether there is a difference in pressure between cooling fluid

within the inlet and outlet portions.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic 1llustration of an exemplary gas turbine engine;

- Figure 2 1s a schematic illustration of an exemplary control system and associated

cooling system for use with a gas turbine engine, for example the engine shown in

Figure 1;
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Figure 3 1s a schematic illustration of a cooling plate for use with the cooling system

shown 1n Figure 2; and

Figure 4 1s a logic diagram 1llustrating an exemplary method for testing a cooling

system, for eXample the cooling system shown in Figure 2.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic illustration of an exemplary gas turbine engine 10 including a
low pressure compressor 12, a high pressure compressor 14, and a combustor 16.
Engine 10 also includes a high pressure turbine 18 and a low pressure turbine 20.
Compressor 12 and turbine 20 are coupled by a first shaft 21, and compressor 14 and
turbine 18 are coupled by a second shaft 22. Gas turbine engine 10 may include one

or more electronic controls.

In operation, air flows through low pressure compressor 12 and a portion of that
compressed air 1s channeled to high pressure compressbr 14. The highly compressed
air is channeled to combustor 16, where it is mixed with fuel and ignited to produce a

combustion gas flow that drives turbines 18 and 20.

Figure 2 is a schematic illustration of an exemplary electronic control system 99 for
use with a gas turbine engine, for example engine 10 (shown in Figure 1), and an
exemplary cooling system 100 for use with control system 99. Figure 3 is a schematic
illustration of a cooling plate 130 that may be used with cooling system 100. A
cooling plate 130 is a mechanism used to facilitate cooling of electronic components

of electronic control system 99. Cooling plate 130 1s typically adjacent to an
electronic component, and includes a passage, channels, or any other suitable means
to enable fuel to flow through cooling plate 130. As fuel flows through the passage or

channels, the electronic component 1s cooled.

In the exemplary embodiment, control system 99 includes a plurality of control
subsystems 110 for use in controlling engine 10. Although five control subsystems
110 are illustrated, control system 99 may include any number of control subsystems

110 for controlling any number of functions of engine 10 and/or related to engine 10.

_3-
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Moreover, control system 99 may include any suitable type of control subsystem(s)
110 each for use in controlling any function(s) related to engine 10. As shown in
Figure 2, cooling system 100 also includes a pressure sensor 112. Sensor 112 senses,
at least in part, whether there i1s cooling fluid pressure within cooling system 100
indicating whether cooling fluid is capable of flowing from a fuel source. Sensor 112
may be any suitable device and/or means used to sense operational pressure. Sensor
112 1is positionable anywhere within cooling system 100 that enables sensor 112 to
measure whether there the capability of cooling fluid to flow from a fuel source.
Alternatively, sensor 112 is positioned within the aircraft prior to the quick-disconnect
fittings. Alternatively, cooling system 100 does not include sensor 112. The ability to
confirm cooling flow 1n any one of the control subsystems 110 assures that quick-.
disconnect fittings at the supply and return are connected, so that cooling fluid will

flow to provide cooling when the engine 1s running.

In the exemplary embodiment, control system 99 includes a prognostics and health
area manager (PHAM) control subsystem 120 for system monitoring, a plurality of
full authority digital engine control (FADEC) control subsystems 122 and 124 for
engine and power plant control, an ignition control subsystem 126 for ignition control
and monitoring, and an anti-ice control subsystem 128 for control of engine inlet anti-
icing. FADEC control subsystems 122 and 124 include thermal inertia such that
FADEC control subsystems 122 and 124 include the ability of to conduct and store
heat. Control system 99 may be coupled at any suitable location on, within, and/or
adjacent engine 10. Alternatively, control system 99 may be located away from

engine 10.

Cooling system 100 includes a conduit system 114 that is coupled to a source (not
shown) of cooling fluid. Any suitable cooling fluid that enables cooling system 100
to function as described herein may be utilized in cooling system 100. For example,
in the exemplary embodiment, the cooling fluid is a fuel, such as, but not limited to,
fuel used to operate engine 10. Moreover, the cooling fluid may be any suitable

source at any suitable location, whether onboard or remote from engine 10. For
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example, 1n the exemplary embodiment, the source of cooling fluid 1s a fuel tank (not

shown) that supplies fuel to engine 10 for producing the combustion gas flow.

Cooling fluid 1s channeled from the cooling fluid source into conduit system 114
wherein the fluid is channeled to and/or adjacent to each control subsystem 110 to
facilitate cooling thercof. In the exemplary embodiment, control subsystems 110 are
positioned relative to conduit system 114 in a parallel flow relationship with respect
to one another for receiving cooling fluid. In the exemplary embodiment, control
subsystems 110 are positioned in parallel such that if one control subsystem 110 is
receiving cooling fluid, each control subsystem 110 is receiving cooling fluid. In an
alternative embodiment, control subsystems 110 may be positioned relative to conduit
system 114 in a series flow relationship with respect to one another for receiving
cooling fluid. In other embodiments, at least some of control subsystems 110 are in a

series flow relationship while at least some others are in a parallel flow relationship.

In the exemplary embodiment, conduit system 114 includes an inlet portion 117 and
an outlet portion 119. Inlet portion 117 extends to each of the plurality of control
subsystems 110 to channel cooling fluid from the cooling fluid source to, and/or
adjacent to, each control subsystem 110. Outlet portion 119 channels cooling fluid
from, and/or adjacent from, each of control subsystems 110 to the cooling fluid source
and/or to a reservoir (not shown). For example, in the exemplary embodiment, the
cooling fluid is channeled through conduit system 114 from inlet portion 117 to an

inlet portion 129, 132, 134, 136, and 138 associated with each of PHAM 120, FADEC

122, FADEC 124, ignition control subsystem 126, and anti-ice control subsystem 128,
respectively, and from an outlet portion 140, 142, 144, 146, and 148 associated with
cach of PHAM 120, FADEC 122, FADEC 124, ignition control subsystem 126, and
anti-ice control subsystem 128, respectively, to the cooling fluid source and/or the

reservolr.

The cooling fluid may cool each control subsystem 110 using any suitable process,
structure, and/or means. As such, and as described above, inlet portions 129, 132,
134, 136, and 138 may channel cooling fluid directly to one or more of respective

subsystems 120, 122, 124, 126, and/or 128, or alternatively may channel cooling fluid

_5.-
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adjacent to one or more of respective subsystems 120, 122, 124, 126, and/or 128. For
example, 1n the exemplary embodiment, each subsystem 120, 122, 124, 126, and 128
includes a cooling plate 130 coupled thereto. Inlet portions 129, 132, 134, 136, and
138 and outlet portions 140, 142, 144, 146, and 148 arec coupled in ﬂow
communication to each control subsystem cooling plate 130 for channeling cooling
fluid thereto. In the exemplary embodiment, a cooling plate 130 is coupled in contact
with at least a portion of each control subsystem 110 to facilitate cooling each control
subsystem 110. Moreover, 1n other embodiments, in addition to, or alternatively to,
cooling plate 130, one or more control subsystems 110 may be cooled using other

structures and/or means.

The cooling fluid may facilitate cooling each cooling plate 130 using any suitable
process, structure, and/or means. For example, as shown in Figure 3, in the exemplary
embodiment, each cooling plate 130 is formed with, or includes, a channel 150. In
the exemplary embodiment, channel 150 is coupled to, and/or is adjacent to, one side
of cooling plate 130 or may extend along both sides of cooling plate 130.
Additionally, or alternatively, channel 150 may be an internal passageway that
extends through cooling plate 130. Each channel 150 is coupled in flow
communication with a respective inlet portion 129, 132, 134, 136, and 138 and a
respective outlet portion 140, 142, 144, 146, and 148 of each respective subsystem
120, 122, 124, 126, and 128. When channel 150 is positioned within or, adjacent to,
cooling plate 130, heat is conducted from each respective subsystem 120, 122, 124,
126, and 128 to cooling plate 130 and then is convected out by the flowing fuel.

As shown in Figure 3, cooling plate 130 includes fittings positioned between inlet
portion 117 and outlet portion 119. Fittings may be any suitable seal positioned
between inlet portion 117 and outlet portion 119 to cooling plate 130. More
specifically, in the exemplary embodiment, cooling fluid flows into cooling plate 130

through inlet portion 134 and exits cooling plate 130 through outlet portion 144.

In the exemplary embodiment, control subsystem 110 includes a differential pressure
sensor (DPS) 152. For example, in the exemplary embodiment, DPS 152 is a

differential pressure switch. In addition to, or alternatively to, DPS 152 may be any

-6-
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suitable device and/or means used to sense a difference in pressure. DPS 152 is
positionable anywhere within cooling system 100, cooling plate 130, or within control
subsystem 110. DPS 152 measures a pressure difference between portions of cooling
system 100. In one embodiment, the difference in pressure in cooling system 100 is
measured by calculating a difference in pressure between an inlet and an outlet of
cooling system 100. In a particular embodiment, DPS 152 may be fluidly coupled to
inlet portion 117 and outlet portion 119 for sensing a difference in pressure of cooling

fluid within inlet and outlet portions 117 and 119.

In the exemplary embodiment, DPS 152 1s positioned in flow communication between
inlet portion 134 and outlet portion 144, As such, DPS 152 senses a difference in
pressure between cooling fluid flowing through inlet portion 134 and cooling fluid
flowing through outlet portion 144. A sensed difference in pressure indicates cooling
fluid 1s tlowing through cooling system 100. Moreover, in the exemplary
embodiment, because control subsystems 110 are positioned in a parallel flow
relationship relative to cooling system 100, 1f DPS 152 senses a difference in pressure
between cooling fluid inlet portion 134 and outlet portion 144, such a difference
indicates that cooling fluid is also flowing to, and/or adjacent to, those specific control

subsystems 110.

Figure 4 1s a flowchart illustrating exemplary logic used when testing cooling system
100 utihizing DPS 152 (shown in Figure 3). During operation, cooling system 100
provides cooling flow to each control subsystem 110 of engine 10. Specifically, in
the exemplary embodiment, fuel flows from the fuel tank at tank boost pressure

through conduit system 114 to each of control subsystems 110.

In one embodiment, DPS 152 and sensor 112 cooperate to verify the difference in
pressure and the pressure signals from the fuel source supplied to cooling system 100
are present confirming that cooling fuel is capable of flowing through cooling system
100. DPS 152 1s electrically coupled to a processor-based application (not shown).
Sensor 112 1s also electrically coupled to the processor-based application . The term
processor, as used herein, refers to microprocessors, application specific integrated

circuits (ASIC), logic circuits, and any other circuit or processor capable of testing

7.
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cooling system 100 as described herein. For example, in the exemplary embodiment,
DPS 152 1s electrically coupled to the processor-based application located within a
control subsystem 110. More specifically, in the exemplary embodiment, the
processor-based application is located within PHAM 120. Alternatively, the
processor-based application may be located within a portion of control system 99.
DPS 152 and sensor 112 verify the difference in pressure and the pressure signals

from the fuel source supplied to cooling system 100 are present. 112

The processor-based application receives an indication 158 frorﬁ DPS 152 of whether
a difference in pressure exists between inlet portion 117 and outlet portion 119. A
difference in pressure sensed between cooling fluid within inlet portion 117 and outlet
portion 119 is indicative of whether cooling fluid is flowing through cooling system
100. For example, in the exemplary embodiment, DPS 152 is in a closed position
prior to sensing a difference in pressure between inlet portion 117 and outlet portion
119. Alternatively, DPS 152 may be in an open position when there is a difference in
pressure between inlet portion 117 and outlet portion 119. In the exemplary
embodiment, the processor-based application also receives an indication 159 from
sensor 112 that there 1s pressurized fluid within cooling system 100 such that

pressurized fluid is supplied from the fuel source to cooling system 100.

In the exemplary embodiment, if sensor 112 detects pressure and DPS 152 is in a
closed position signifying a difference in pressure between 1nlet portion 117 and
outlet portion 119, then the processor-based application will conclude that cooling

fluid is flowing through cooling system at 161.

In the exemplary embodiment, if sensor 112 detects pressure and DPS 152 1s in an
open position signifying there is no difference in pressure between inlet portion 117
and outlet portion 119, then the processor-based application will conclude that cooling
fluid 1s not flowing through cooling system at 162. If cooling fluid is not flowing
through cooling system 100, processor-based application will output a warning. For

example, in the exemplary embodiment, the warning 1s an alarm.
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In the exemplary embodiment, if sensor 112 does not detect cooling fluid 1s tflowing
from the source of cooling fluid and DPS 152 is in a closed position, then the

processor-based application will conclude that the switch 1s faulted 164.

In the exemplary embodiment, if sensor 112 does not detect cooling fluid 1s flowing
from the source of cooling fluid and DPS 152 is in an open position, then the
processor-based application will conclude that the system 1s not in operation 166. The
method herein tests cooling system 100 for use in a gas turbine engine 10 control
system 110. The method includes connecting an inlet 117 of cooling system 100 to a
DPS 152. The method further includes connecting an outlet 119 of cooling system
100 to the DPS 152, and determining whether or not a difference in pressure exists
between the inlet and outlet 117 and 119 wherein such a pressure difference 1is

indicative of whether cooling fluid is flowing through the cooling system 100.

The above-described cooling system facilitates preventing electronic failure in an
engine for lack of coolant flow. More specifically, the cooling system can be tested to
see 1f fuel 1s flowing therethrough. The test 1s utilized after engine installation or after
a maintenance action on the engine. The test can also be conducted after starting the
engine and either prior to takeoft of the plane. Additionally, the test can be conducted

while the plane 1s 1n the air.

Exemplary embodiments of cooling systems are described above in detail. Each
cooling system is not limited to use with the specific embodiments described herein,
but rather, each cooling system can be utilized independently and separately from

other components described herein. Moreover, the invention 1s not limited to the
embodiments of the differential pressure switches described above 1n detail. Rather,
other variations of differential pressure transducers or sensors may be utilized within

the scope of the invention.

While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be

apparent to those skilled 1n the art.
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WHAT IS CLAIMED IS:

1. A cooling system for a gas turbine engine control system, said
cooling system comprising:

an 1inlet portion coupled in fluid communication with a source of cooling
fluid, said inlet portion configured to channel a flow of cooling fluid from the cooling
fluid source to the control system to facilitate cooling the control system;

an outlet portion configured to channel cooling fluid from the control
system to one of the cooling fluid source and a reservoir:

a first pressure sensor operatively coupled to the gas turbine engine control
system and configured to indicate whether the cooling fluid is pressurized:;

a differential pressure sensor in flow communication with said inlet portion
and said outlet portion, said differential pressure sensor configured to sense whether a
pressure difference exists between said inlet and outlet portions of the control system;

and

a processor configured to verify the flow of cooling fluid through said
cooling system using said first pressure sensor and said differential pressure sensor,
and determine a fault of said differential pressure sensor when said differential

pressure sensor indicates a pressure difference and said first pressure sensor indicates

the cooling fluid is not pressurized.

2. A cooling system in accordance with claim 1 wherein said cooling

system further comprises a conduit system and at least one cooling plate configured to
facilitate cooling the control system, said conduit system further comprising one of a
conduit coupled to said at least one cooling plate and an internal passage in fluid
communication with said inlet and outlet portions for channeling cooling fluid

therethrough.

3. A cooling system in accordance with claim 2 wherein one of said
conduit coupled to said at least one cooling plate and said internal passage comprises

at least a portion of said inlet and outlet portions.

4. A cooling system in accordance with claim 1 wherein said first

pressure sensor 1s electrically coupled to the processor of the control system.

_10-
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5. A cooling system in accordance with claim 1 wherein said

differential pressure sensor comprises a differential pressure switch.

6. A cooling system in accordance with claim 1 wherein the cooling

fluid 1s a fuel.

7. A gas turbine engine comprising:
a cCompressor;
a combustor in tlow communication with said compressor;
a turbine 1n flow communication with said combustor:
a control system; and a cooling system comprising:
an inlet portion coupled in fluid communication with a source of
cooling tluid, said inlet portion configured to channel a flow of cooling fluid from the
cooling fluid source to said control system to facilitate cooling said control system:
an outlet portion configured to channel cooling fluid from said
control system to one of the cooling fluid source and a reservoir:
a first pressure sensor operatively coupled to said control system:;
and
a differential pressure sensor in flow communication with said inlet
portion and said outlet portion, said differential pressure sensor configured to sense
whether there is a difference in pressure within cooling fluid between said inlet and
outlet portions of said control system;

wherein said control system comprises a processor configured to:
verity the tlow of cooling fluid through said cooling system using
said first pressure sensor and said differential pressure sensor; and '
generate an indication that said differential pressure sensor has
failed when said differential pressure sensor indicates that there is a difference in
pressure between cooling fluid within said inlet and outlet portions, and the first
pressure sensor indicates that there 1s no cooling fluid pressure supplied to said

cooling system.

3. A gas turbine engine 1n accordance with claim 7 wherein said

control system comprises a plurality of control subsystems.

~11-
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9. A gas turbine engine i1n accordance with claim 8 wherein said
cooling system further comprises a conduit system, said plurality of control
subsystems are positioned relative to said conduit system in a parallel relationship
with respect to one another such that said conduit system is configured to channel

cooling fluid one of to and adjacent to said plurality of control subsystems in parallel.

10. A gas turbine engine in accordance with claim 8 wherein said inlet

and outlet portions comprise inlet and outlet portions for only one control subsystem

of said plurality of control subsystems.

11. A gas turbine engine in accordance with claim 7 wherein said
cooling system further comprises at least one cooling plate configured to cool said

control system, said at least one cooling system further comprising at least one of an
internal passage coupled in flow communication with said inlet and outlet portions,
and a conduit coupled to said cooling plate and in fluid communication with said inlet

and outlet portions.

12. A gas turbine engine in accordance with claim 7 wherein said
processor 1s further configured to:

generate an 1ndication that cooling fluid is flowing through said cooling
system when said differential pressure sensor indicates that there is a difference in
pressure between cooling fluid within said inlet and outlet portions and the first
pressure sensor indicates that there i1s cooling fluid pressure within said cooling
system; and -

generate a warning that cooling fluid i1s not flowing through said cooling
system when said differential pressure sensor indicates that there is not a difference in
pressure between cooling fluid within said inlet and outlet portions and the first
pressure sensor indicates that there is cooling fluid pressure within said cooling

system.

13. A method for testing a cooling system for use in a gas turbine
engine control system, said method comprising:

connecting an inlet of the cooling system to a differential pressure sensor;

19-
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connecting an outlet of the cooling system to the differential pressure

SEeNsor;

determining whether the cooling fluid is pressurized using a first pressure
sensor operatively coupled to the gas turbine engine control system;

determining whether or not a difference in pressure exists between the inlet
and outlet, wherein such a pressure difference is indicative of whether cooling fluid is
tlowing through the cooling system; and

generating a signal that indicates at least one of the inlet and the outlet is
disconnected based at least in part on an indication received from the differential
pressure sensor that there is not the difference in pressure between cooling fluid

within the inlet and outlet.

14. A method in accordance with claim 13 wherein the differential
pressure sensor 1s a differential pressure switch, said method further comprises
receiving an indication from the differential pressure switch comprises receiving an
indication of whether the differential pressure switch is in one of an open position and

a closed position.

15. A method 1n accordance with claim 13 further comprising receiving
an 1ndication from the first pressure sensor that cooling fluid pressure is supplied to

the cooling system.

16. A method in accordance with claim 13 further comprising

generating an indication that the differential pressure sensor has failed based, at least

in part, on an indication received from the differential pressure sensor that a pressure
difference exists between cooling fluid within the inlet and outlet and an indication
from the first pressure sensor that there is no cooling fluid pressure supplied to the

cooling system.

17. A method i1n accordance with claim 13 further comprising:
generating a warning that cooling tluid is not tflowing through the cooling system
based, at least in part, on an indication received from the ditterential pressure sensor
that there 1s not the ditference 1n pressure between cooling tluid within the 1nlet and

outlet.

13-
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18. A method 1n accordance with claim 17 wherein generating a
warning that cooling fluid is not flowing through the cooling system further comprises
generating a warning that is also based, at least in part, on an indication from the first

pressure sensor that there 1s cooling fluid pressure supplied to the cooling system.

19. A method for testing a cooling system for use in a gas turbine
engine control system, said method comprising:

coupling a differential pressure sensor between an inlet and an outlet of the
cooling system, the differential pressure sensor configured to sense a pressure
difference between the inlet and the outlet of the cooling system;

coupling a first pressure sensor to the gas turbine engine control system, the
first pressure sensor configured to determine whether the cooling fluid is pressurized;

determining whether or not a difference in pressure exists between the inlet
and outlet, wherein such a pressure difference is indicative of whether cooling fluid is
flowing through the cooling system; and

determining a fault in the differential pressure sensor when said differential
pressure sensor indicates a pressure difference and the first pressure sensor determines

that the cooling fluid 1s not pressurized.

_14-
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