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(57) ABSTRACT 

A spray cooling system for extreme environments for pro
viding a desired enclosed environment for electronic devices 
regardless of external environmental conditions. The spray 
cooling system for extreme environments includes an enclo
sure that isolates the electronic components from the exter
nal environment, a spray unit within the enclosure for 
thennally managing one or more electronic devices, a pnmp 
unit fluidly connected to the spray unit, a heat exchanger unit 
fluidly connected to the pump, and a control valve fluidly 
connected between the heat exchanger unit and the pump. 
An independent chamber preferably houses a heater unit, a 
first power supply and a control unit, whereby the heater unit 
initially heats the coolant within the independent chamber to 
a minimum operating temperature prior to operation of the 
electronic components. 

13 Claims, 6 Drawing Sheets 

~10 

20 40 
F4 

Heat 
Exchanger 

£L 

42 



u.s. Patent May 15, 2007 

0 
,....j 0 

~ 
V L 

QJ 
..... 01 
III c: 
Q) III :roC u 

X w 

f2t 
Lt~ ~I 

~I 

Sheet 1 of 6 

N 
V 

US 7,216,695 Bl 

a 
\0 

N 
..0 

.....-I 

• 
t9 
1-1 
lL. 



u.s. Patent 

First Temperature 
Switch 

68 

Heater Unit 
62 

May 15, 2007 Sheet 2 of 6 

Input Power 

Pump Unit 
52 

Control Valve 
42 

Electronic Device #1 
12 1-----, 

Electronic Device #2 
12 I-----.J 

US 7,216,695 Bl 

Second 
Temperature Switch 

69 

First Power Supply 
64 

Control Unit 
66 

Second Power 
Supply 

65 

FIG. 2 



u.s. Patent 

START 

Activate First Power 
Supply 

Initialize and 
Self':'Test Control 

Unit 

Activate and 
Maintain Pump Unit 

at Flow Rate A 

FIG. 3 

May 15, 2007 Sheet 3 of 6 

No Activate and 
Maintain Heater 

Unit 

US 7,216,695 Bl 

Increase and 
Maintain Pump Unit 

to Flow Rate B 

Activate Second 
Power Supply 

Reduce or 
Terminate Heater 

Unit 

END 



u.s. Patent May 15, 2007 Sheet 4 of 6 

START 

Initialize Coolant Flow 
Through Path 1 (Fl, F2, FS) 
and Path 2 (Fl, F3, F4, FS) 

Increase Coolant Flow 
Through Path 2 

US 7,216,695 Bl 

Reduce Coolant 
Flow Through Path 2 

FIG. 4 



u.s. Patent May 15, 2007 

1\ 
1\ 

:\ 

Sheet 5 of 6 

"" 

.., 
o 
I 

-

f--

f--

Q) 
1-
:::J 

........ 
CO 
1-
Q) 
a. 
E 

-f-X Q) 
r-

I--

-

"'C 
o 
U 

u... 

US 7,216,695 Bl 

• 
19 ....... 
u.. 



u.s. Patent 

START 

Activate First Power 
Supply 

Initialize and 
Self-Test Control 

Unit 

Activate and 
Maintain Pump Unit 

at Flow Rate A 

FIG. 6 

May 15, 2007 Sheet 6 of 6 

No Activate and 
Maintain Heater 

Unit 

No 

US 7,216,695 Bl 

Increase and 
Maintain Pump Unit 

to Flow Rate B 

Activate Second 
Power Supply 

Reduce or 
Terminate Heater 

Unit 

END 



US 7,216,695 Bl 
1 

METHOD OF OPERATING A THERMAL 
MANAGEMENT SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

We hereby claim benefit under Title 35, United States 
Code, Section 120 of U.S. patent application Ser. No. 
10/369,321 filed Feb. 18,2003 now U.S. Pat. No. 6,976,528. 
This application is a continuation of the 10/369,321 appli
cation. The 10/369,321 application is currently pending. The 
10/369,321 application is hereby incorporated by reference 
into this application. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

The U.S. Government has a paid-up license in this inven
tion and the right in limited circumstances to require the 
patent owner to license others on reasonable terms as 
provided for by the terms of Contract No. F33657-97-C-
4505 awarded by the U.S. Air Force. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to thermal man

agement devices for electronic devices and more specifically 

2 
tion with conduction cooling systems is that they must be in 
direct contact with the electronic components which limits 
flexibility and increases expense. The large mass also 
increases the amount of time required to increase the tem
perature of electronic components to a desired operating 
temperature. 

Spray cooling technologies are being adopted today as the 
most efficient option for thermally managing electronic 
systems in an enclosed internal environment. Spray cooling 

10 utilizes an atomized dielectric spray that is applied directly 
to the electronic device thereby forming a thin film on the 
electronic device. Spray cooling may be performed locally 
(i.e. where the chip is sprayed directly) or globally (i.e. 
where the chip and surrounding electronics/boards are also 

15 sprayed). U.S. Pat. No. 5,220,804 entitled High Heat Flux 
Evaporative Spray Cooling to Tilton et a!. describes the 
earlier versions of spray cooling technology. U.S. Pat. No. 
6,108,201 entitled Fluid Control Apparatus and Method for 
Spray Cooling to Tilton et a!. also describes the usage of 

20 spray cooling technology to cool a printed circuit board. 
While the conventional thermal management systems 

may be suitable for the particular purpose to which they 
address, they are not as suitable for providing an enclosed 
unit that maintains a desirable internal temperature over an 

25 extreme external temperature range. Conventional air
cooled technologies do not protect the electronic compo
nents from contamination by harmful elements. Conven
tional conduction cooling technologies are expensive and 

it relates to a spray cooling system for extreme environments 
for providing an isolated environment for electronic devices 30 

regardless of external environmental conditions. 

bulky. 
In these respects, the spray cooling system for extreme 

environments according to the present invention substan
tially departs from the conventional concepts and designs of 
the prior art, and in so doing provides an apparatus primarily 
developed for the purpose of providing an enclosed unit that 

2. Description of the Related Art 
Thermal management systems for electronic systems 

have been in use for years. In order to maintain maximum 
performance from electronic components, the components 
need to be maintained within a relatively narrow tempera
ture band. Thermal management systems are utilized to 
maintain this desired narrow temperature band. 

35 maintains a desirable internal temperature over an extreme 
external temperature range. 

BRIEF SUMMARY OF THE INVENTION 

In view of the foregoing disadvantages inherent in the 
known types of thermal management systems now present in 
the prior art, the present invention provides a new spray 
cooling system for extreme environments wherein the same 
can be utilized for providing a desired enclosed environment 

45 for electronic devices regardless of external environmental 
conditions. 

In environments where extreme temperatures are present 
(e.g. _65° c., +70° c., etc.), it is critical to provide a thermal 40 

management system that provides a desired internal oper
ating environment to maintain peak efficiency, power and 
prevent system failure. In addition, some external environ
ments include hostile elements such as but not limited to 
dust, sand, debris, salt, water, fog, condensed water vapor, 
contaminants and the like, which require the complete 
isolation of electronic components from the harsh external 
environment. Extreme external environments are encoun
tered within various applications such as aircraft, ships, 
ground based applications and the like. It is absolutely 
crucial that electronic components be maintained in a safe 
internally controlled environment when in extreme external 
environments. 

The general purpose of the present invention, which will 
be described subsequently in greater detail, is to provide a 
new spray cooling system for extreme environments that has 

50 many of the advantages of the thermal management systems 
mentioned heretofore and many novel features that result in 
a new spray cooling system for extreme environments which 
is not anticipated, rendered obvious, suggested, or even 
implied by any of the prior art thermal management systems, Conventional thermal management systems commonly 

utilized today are comprised of air-cooled enclosures (forced 
flow or free flow), conduction cooling and liquid immersion 
cooling. The main problem with air-cooled enclosures is that 
they introduce harmful external elements into the electronics 
enclosure. Another problem with air-cooled enclosures is 
that they do not provide a method to increase the tempera
ture of electronic components to a desired operating tem
perature when the external temperature is extremely low 
(e.g. _65° c.). 

Problems with conduction cooling systems include 
increased weight, increased size, increased mass, expensive, 
reduced shock and vibration tolerance, and reduced elec
tronic component performance. A significant design limita-

55 either alone or in any combination thereof. 
To attain this, the present invention generally comprises 

an enclosure that isolates the electronic components from 
the external environment, a spray unit within the enclosure 
for thermally managing one or more electronic devices, a 

60 pnmp unit fluidly connected to the spray unit, a heat 
exchanger unit fluidly connected to the pump, and a control 
valve fluidly connected between the heat exchanger unit and 
the pump. An independent chamber preferably houses a 
heater unit, a first power supply and a control unit, whereby 

65 the heater unit initially heats the coolant within the inde
pendent chamber to a minimum operating temperature prior 
to operation of the electronic components. 
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There has thus been outlined, rather broadly, the more 
important features of the invention in order that the detailed 
description thereof may be better understood, and in order 
that the present contribution to the art may be better appre
ciated. There are additional features of the invention that 
will be described hereinafter and that will form the subject 
matter of the claims appended hereto. 

In this respect, before explaining at least one embodiment 
of the invention in detail, it is to be understood that the 
invention is not limited in its application to the details of 10 

construction and to the arrangements of the components set 
forth in the following description or illustrated in the draw
ings. The invention is capable of other embodiments and of 
being practiced and carried out in various ways. Also, it is 
to be understood that the phraseology and terminology 15 

employed herein are for the purpose of the description and 
should not be regarded as limiting. 

A primary object of the present invention is to provide a 
spray cooling system for extreme environments that will 
overcome the shortcomings of the prior art devices. 

A second object is to provide a spray cooling system for 
extreme environments for providing a desired enclosed 
environment for electronic devices regardless of external 
environmental conditions. 

20 

A further object is to provide a spray cooling system for 25 

extreme environments that may be utilized in various 
extreme environmental conditions including extreme exter
nal temperature conditions (e.g. _65° c., +70° C.). 

Another object is to provide a spray cooling system for 
extreme environments that provides increased electronics 30 

performance regardless of external environmental condi
tions. 

An additional object is to provide a spray cooling system 
for extreme environments that provides an improved system 
for heating the dielectric coolant. 

Another object is to provide a spray cooling system for 
extreme environments that provides a desired operating 
temperature for electronic devices with no control over the 
cooling air passing through a heat exchanger unit. 

35 

A further object is to provide a spray cooling system for 40 

extreme environments that actively regulates the coolant 
flow through a heat exchanger unit. 

4 
Other objects and advantages of the present invention will 

become obvious to the reader and it is intended that these 
objects and advantages are within the scope of the present 
invention. 

To the accomplishment of the above and related objects, 
this invention may be embodied in the form illustrated in the 
accompanying drawings, attention being called to the fact, 
however, that the drawings are illustrative only, and that 
changes may be made in the specific construction illustrated 
and described within the scope of the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various other objects, features and attendant advantages 
of the present invention will become fully appreciated as the 
same becomes better understood when considered in con
junction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the several views, and wherein: 

FIG. 1 is a schematic illustration of the present invention. 
FIG. 2 is a block diagram of the electrical connections of 

the present invention. 
FIG. 3 is a flowchart illustrating the activation and opera

tion of the present invention. 
FIG. 4 is a flowchart illustrating the control of fluid flow 

through the present invention. 
FIG. 5 is a chart illustrating the flow rate of the coolant 

based upon coolant temperature. 

FIG. 6 is a flowchart illustrating an alternative embodi
ment of the activation and operation of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A. Overview 

Turning now descriptively to the drawings, in which 
similar reference characters denote similar elements 
throughout the several views, FIGS. 1 through 5 illustrate a 
spray cooling system for extreme environments 10, which 
comprises an enclosure 20 that isolates the electronic com
ponents from the external environment, a spray unit 30 
within the enclosure 20 for thermally managing one or more 

A further object is to provide a spray cooling system for 
extreme environments that is relatively compact, inexpen
sive, shock resistant, vibration resistant, and lightweight. 

Another object is to provide a spray cooling system for 
extreme environments that is able to increase the tempera
ture of electronic devices to a desired temperature in a 
relative short period of time. 

45 electronic devices 12, a pump unit 52 fluidly connected to 
the spray unit 30, a heat exchanger unit 40 fluidly connected 
to the pump, and a control valve 42 fluidly connected 
between the heat exchanger unit 40 and the pump. An 

A further object is to provide a spray cooling system for 50 

extreme environments that isolates electronic devices from 
the external environment and external harmful elements. 

independent chamber 60 preferably houses a heater unit 62, 
a first power supply 64 and a control unit 66, whereby the 
heater unit 62 initially heats the coolant within the indepen-
dent chamber 60 to a minimum operating temperature prior 
to operation of the electronic components. The present 
invention may be utilized in various extreme environmental 

Another object is to provide a spray cooling system for 
extreme environments that proportionally regulates the flow 
of coolant routed through an external heat exchanger. 

A further object is to provide a spray cooling system for 
extreme environments that has an insulated enclosure that 
significantly limits heat transfer from the coolant within the 
enclosure to the external environment. 

55 conditions including extreme external temperature condi
tions (e.g. _65° c., +70° C.). 

A further object is to provide a spray cooling system for 60 

extreme environments that maintains a constant internal 
operating temperature for electronic devices wherein no 
control is exercised over the cooling airflow through the heat 
exchanger (i.e. velocity, density, temperature). 

Another object is to provide a spray cooling system for 65 

extreme environments that is suitable for use in airborne, 
ship and ground based environments. 

B. Enclosure 

The enclosure 20 is comprised of a structure having at 
least one isolated internal compartment. The internal com
partment is preferably insulated from the external environ
ment to reduce the heat transfer from within the internal 
compartment to the external environment. The enclosure 20 
may be comprised of various structures and configurations 
capable of isolating the internal compartment from the 
extreme elements and temperatures of the external environ
ment. 
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C. Spray Unit 
The spray unit 30 is positioned within the internal com

partment of the enclosure 20. The spray unit 30 preferably 
has a separate enclosed structure for retaining and thennally 
managing the electronic devices 12. The spray unit 30 may 
have an integral card cage spray assembly or similar struc
ture for retaining the electronic devices 12. More than one 
spray unit 30 may be utilized within the present invention. 

6 
the spray unit 30. The control unit 66 activates the second 
power supply 65 and after the coolant temperature exceeds 
the minimum operating temperature 2 (hereinafter "MOT 
2"). The MOT 2 is a temperature that is sufficient for the 
electronic devices 12 to operate. The MOT 2 may have 
various temperature set points and temperature ranges such 
as but not limited to _20 0 to _10 0 Celsius. 

The spray unit 30 may include one or more spray nozzles 
for applying atomized liquid coolant upon the electronic 10 

devices 12. The spray unit 30 may be comprised of various 
well-known spray cooling systems currently available for 
thennally managing electronic devices 12 with an atomized 
coolant. 

The control unit 66 may be comprised of various elec
tronic devices 12 capable of communicating with and con
trolling the electronic devices 12, the spray unit 30, the heat 
exchanger unit 40, the pump unit 52, valves, the control 
valve 42 and other devices. The control unit 66 may be 
comprised of a computer or other electronic device capable 
of receiving and storing commands. 

D. Heat Exchanger Unit 
15 

The heat exchanger unit 40 is fluidly counected to the 
spray unit 30 via coolant path F4 as shown in FIG. 1 of the 
drawings. The heat exchanger unit 40 is preferably posi
tioned externally of the enclosure 20 in direct contact with 20 

the external environment where the air temperature, density 
and flow rate may vary greatly. The heat exchanger unit 40 
may be comprised of various well-known structures com
monly utilized within heat exchangers. More than one heat 
exchanger unit 40 may be utilized within the present inven-
~ ~ 

The control unit 66 may communicate with the external 
electrical devices such as but not limited to electrically or via 
communications signal. It can be appreciated that more than 
one control unit 66 may be utilized to control one or more 
of the components of the present invention. 

F. Independent Chamber 
As shown in FIG. 1 of the drawings, an independent 

chamber 60 is preferably positioned within the enclosure 20 
for housing the heater unit 62, the first power supply 64 and 
the control unit 66. The independent chamber 60 is prefer
ably fluidly connected to the pressurized side of the pump 
unit 52 for receiving the coolant during operation of the 

E. Electronic Control System 
FIG. 2 illustrates the electronic control system utilized 

within the present invention. More particularly, FIG. 2 
illustrates a first temperature switch 68 and a second tem
perature switch 69 electrically counected to an input power. 
The input power may be comprised of a battery supply, 
generator or the vehicle's power supply. The input power 
may be comprised of alternating current (AC) or direct 
current (DC) operating at various voltage levels. A power 
filter may be electrically counected between the input power 
and the power supplies. 

The temperature switch is electrically connected to and 
controls a heater unit 62 as further shown in FIG. 2 of the 
drawings. The first temperature switch 68 is nonnally within 
a closed state when the coolant temperature is below a 
minimum operating temperature 1 (hereinafter "MOT I") 
thereby activating the heat unit to heat the coolant. The MOT 
1 is a minimum operating temperature required to operate 
the first power supply 64, control unit 66, pump unit 52 and 
control valve 42. The MOT 1 may have various temperature 
set points and temperature ranges such as but not limited to 
_40 0 to _35 0 Celsius. The first temperature switch 68 
preferably remains closed until the coolant temperature 
exceeds a minimum operating temperature 3 (hereinafter 
"MOT 3"). The MOT 3 may have various temperature set 
points and temperature ranges such as but not limited to -20 
to -10 Celsius. 

As shown in FIG. 2 of the drawings, the second tempera
ture switch 69 is electrically connected to the first power 
supply 64 for providing electrical power to the first power 
supply 64 after the coolant temperature exceeds the MOT 1. 
The control unit 66 is in communication with the pump unit 
52 and the control valve 42 for controlling the same. 

pump unit 52. 
During the initial operation of the present invention, the 

30 heater unit 62 is first activated (without the pump unit 52 
operating) to first heat the coolant within the independent 
chamber 60 thereby increasing the temperature of the first 
power supply 64 and the control unit 66 to a minimum 
operating temperature. The first power supply 64 is prefer-

35 ably positioned near the heater unit 62 thereby allowing the 
first power supply 64 to be heated initially as illustrated in 
FIG. 1 of the drawings. 

G. Coolant Distribution System 
The coolant distribution system of the present invention 

40 has two basic flow patterns. Each flow pattern begins with 
the one or more attitude independent valves 50 that are 
fluidly connected to the spray unit 30 for collecting the 
coolant. The attitude independent valves 50 may be posi
tioned in various locations within the spray unit 30 for 

45 collecting a sufficient volume ofliquid coolant during opera
tion. Various other coolant collection devices may be uti
lized to collect the coolant from within the spray unit 30. The 
coolant distribution system of the present invention prefer
ably does not utilize a reservoir, however it can be appre-

50 ciated that a coolant reservoir may be utilized. 
The attitude independent valves 50 are fluidly connected 

to the pump unit 52 as illustrated in FIG. 1 of the drawings. 
The pump unit 52 draws the liquid coolant and then dis
penses the pressurized liquid coolant into the independent 

55 chamber 60. It can be appreciated that a portion of the 
pressurized coolant may be diverted around the independent 
chamber 60 instead of passing through the independent 
chamber 60. 

The control unit 66 is further in communication with the 60 

The pump unit 52 forces the liquid coolant into the 
independent chamber 60 and then through flow path Fl as 
shown in FIG. 1 of the drawings. The pump unit 52 may be 
comprised of a conventional coolant pump and may be 
comprised of more than one pump. The independent cham
ber 60 is fluidly connected to the control valve 42 as further 

second power supply 65, wherein the second power supply 
65 is electrically connected to the electronic devices 12 
within the spray unit 30 to be thermally managed as shown 
in FIG. 2 of the drawings. The second power supply 65 
provides electrical power to the electronic devices 12 during 
nonnal operating conditions. The second power supply 65 
may be located within the independent chamber 60 or within 

65 shown in FIG. 1 of the drawings. The control valve 42 
controls the flow of the coolant through Path 1 (Fl, F2, F5) 
or Path 2 (Fl, F3, F4, F5) to the spray unit 30. 
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Path 1 (Fl, F2, F5) provides a direct path for the coolant 
from the independent chamber 60 to the spray unit 30 
without cooling through the heat exchanger unit 40 as shown 
in FIG. 1 of the drawings. Path 2 (Fl, F3, F4, F5) diverts a 
portion of the coolant through the heat exchanger unit 40 to 
be cooled prior to the coolant entering the spray unit 30 as 
further shown in FIG. 1 of the drawings. 

The control valve 42 controls the flow through Path 1 and 
Path 2 depending upon the temperature of the coolant. If the 
temperature of the coolant is less than temperature X, then 10 

the coolant flow is reduced through Path 2 and increased 
through Path 1 as shown in FIG. 4 of the drawings. The 
temperature X may have various temperature set points and 
temperature ranges such as but not limited to +40 0 to +500 

Celsius. If the temperature of the coolant is greater than 15 

temperature X, then the coolant flow is increased through 
Path 2 and decreased through Path 1 as shown in FIG. 4 of 
the drawings. 

8 
coolant by the external environment through the heat 
exchanger unit 40. If the coolant temperature exceeds the 
MOT 3, the heater unit 62 may either be terminated or 
reduced to decrease the heating of the coolant as shown in 
FIG. 3 of the drawings. Alternatively, the heater unit 62 may 
either be terminated or reduced to decrease the heating of the 
coolant immediately after the coolant temperature exceeds 
MOT 2 as shown in FIG. 6 of the drawings. 

As to a further discussion of the mamler of usage and 
operation of the present invention, the same should be 
apparent from the above description. Accordingly, no further 
discussion relating to the mamler of usage and operation will 
be provided. 

With respect to the above description then, it is to be 
realized that the optimum dimensional relationships for the 
parts of the invention, to include variations in size, materials, 
shape, form, function and mauner of operation, assembly 
and use, are deemed to be within the expertise of those 
skilled in the art, and all equivalent structural variations and 

H. Operation 
FIGS. 3 and 4 provide the overall operation of the present 

invention. If the initial coolant temperature is less than or 
equal to the MOT 1, then the first temperature switch 68 first 
activates the heater unit 62 prior to activating the pump unit 

20 relationships to those illustrated in the drawings and 
described in the specification are intended to be encom
passed by the present invention. 

Therefore, the foregoing is considered as illustrative only 
of the principles of the invention. Further, since numerous 

52 or other electrical components. The heater unit 62 heats 
the coolant within the independent chamber 60 as illustrated 

25 modifications and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and operation shown and described, and 
accordingly, all suitable modifications and equivalents may 

in FIG. 1 of the drawings. Since the first power supply 64 is 
preferably closest to the heater unit 62, the first power 
supply 64 is initially increased in temperature. The control 
unit 66 is also increased in temperature since the control unit 30 

66 is also positioned within the independent chamber 60. 
After the coolant temperature has increased to a level 

above the MOT 1, the first power supply 64 is activated by 
the second temperature switch 69 as shown in FIG. 3 of the 
drawings. The control unit 66 is also activated thereby 35 

entering into an initialize and self-test procedure. The pump 
unit 52 is also activated and operates at an initial flow rate 
A through both Path 1 and Path 2 as shown in FIGS. 3 and 
4 of the drawings. FIG. 5 of the drawings illustrates a chart 
showing an exemplary flow rate of the pump unit 52 based 40 

upon the coolant temperature. If the temperature of the 
coolant is below Temperature X, the control valve 42 
reduces the coolant flow through Path 2 of the coolant 
distribution system. If the temperature of the coolant is 
above Temperature X, the control valve 42 increases the 45 

coolant flow through Path 2 of the coolant distribution 
system to increase the cooling of the coolant by the external 
enviroument through the heat exchanger unit 40. The cool
ant heated by the heater unit 62 flows into the spray unit 30 
thereby increasing the temperature of the electronic devices 50 

12 and returns to the pump unit 52 through the attitude 
independent valves 50. 

When the temperature of the coolant increases above 
MOT 2, the coolant flow through the pump unit 52 is 
increased to flow rate B as shown in FIG. 3 of the drawings. 55 

In addition to increasing the flow rate of the pump unit 52, 
the second power supply 65 is thereafter activated thereby 
providing electrical power to the electronic devices 12 as 
further shown in FIG. 3 of the drawings. The coolant is 
thereafter heated by both the heater unit 62 and the elec- 60 

tronic devices 12 during normal operation. If the tempera
ture of the coolant is below Temperature X, the control valve 
42 reduces the coolant flow through Path 2 of the coolant 
distribution system as shown in FIG. 4 of the drawings. If 
the temperature of the coolant is above Temperature X, the 65 

control valve 42 increases the coolant flow through Path 2 of 
the coolant distribution system to increase the cooling of the 

be resorted to, falling within the scope of the invention. 

We claim: 
1. A method of operating a thermal management system 

having a pump unit and a thermal management unit for 
thermally managing at least one electronic device, said 
method comprising the steps of: 

activating a heater unit if a coolant temperature of a liquid 
coolant is less than a first temperature; and 

activating said pump unit at a first flow rate if said coolant 
temperature is greater than a second temperature, 
wherein said second temperature is at least a minimum 
operating temperature of said pump unit. 

2. The method of operating a thermal management system 
of claim 1, including the step of increasing said pump unit 
to a second flow rate if said coolant temperature is greater 
than a third temperature. 

3. A method of operating a thermal management system 
having at least one electronic control device, a pump unit 
and a thermal management unit for thermally managing at 
least one electronic device, said method comprising the 
steps of: 

activating a heater unit if a coolant temperature is less 
than a first temperature; and 

activating said pump unit at a first flow rate if said coolant 
temperature is greater than a second temperature, 
wherein said second temperature is at least a minimum 
operating temperature of said at least one electronic 
control device. 

4. A method of operating a thermal management system 
having a thermal management unit for thermally managing 
at least one electronic device, a pump unit fluidly counected 
to said thermal management unit via a first path and a second 
path, and a heat exchanger unit fluidly positioned within said 
second path, said method comprising the steps of: 

activating a heater unit if a coolant temperature of a liquid 
coolant is less than a first temperature; and 

activating said pump unit at a first flow rate if said coolant 
temperature is greater than a second temperature, 
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wherein said second temperature is at least a minimum 
operating temperature of said pump unit. 

5. The method of operating a thermal management system 
of claim 4, including the step of reducing the flow rate of 
coolant through said second path if said coolant temperature 
is less than a third temperature. 

6. The method of operating a thermal management system 

10 
10. The method of operating a thennal management 

system of claim 8, including the step of increasing the flow 
rate of coolant through said second path if said coolant 
temperature is greater than a third temperature. 

11. The method of operating a thennal management 
system of claim 8, including the step of increasing said 
pump unit to a second flow rate if said coolant temperature 
is greater than a third temperature. 

12. A method of operating a thermal management system 
of claim 4, including the step of increasing the flow rate of 
coolant through said second path if said coolant temperature 
is greater than a third temperature. 

7. The method of operating a thermal management system 
of claim 4, including the step of increasing said pump unit 
to a second flow rate if said coolant temperature is greater 
than a third temperature. 

10 having at least one electronic control device, a thennal 
management unit for thermally managing at least one elec
tronic device, and a pump unit fluidly connected to said 
thennal management unit via a first path and a second path, 

8. A method of operating a thennal management system 15 

having at least one electronic control device, a thennal 
management unit for thermally managing at least one elec
tronic device, a pump unit fluidly connected to said thennal 
management unit via a first path and a second path, and a 
heat exchanger unit fluidly positioned within said second 20 

path, said method comprising the steps of: 
activating a heater unit if a coolant temperature of a liquid 

coolant is less than a first temperature; and 
activating said pump unit at a first flow rate if said coolant 

temperature is greater than a temperature, wherein said 25 

second temperature is at least a minimum operating 
temperature of said at least one electronic device. 

9. The method of operating a thermal management system 
of claim 8, including the step of reducing the flow rate of 
coolant through said second path if said coolant temperature 30 

is less than a third temperature. 

said method comprising the steps of: 
activating said pump unit at a first flow rate if a coolant 

temperature of a liquid coolant is greater than a first 
temperature, wherein said first temperature is at least a 
minimum operating temperature of said pump unit or 
said at least one electronic control device; 

reducing the flow rate of coolant through said second path 
if said coolant temperature is less than a second tem
perature; and 

increasing the flow rate of coolant through said second 
path if said coolant temperature is greater than a third 
temperature. 

13. The method of operating a thennal management 
system of claim 12, including the step of increasing said 
pump unit to a second flow rate if said coolant temperature 
is greater than a fourth temperature. 

* * * * * 


