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CONTROL OF HEAT EXCHANGER OPERATION

c ABSTRACT

SA method of controlling the operation of a heat exchanger (20) with evaporative

and non-evaporative sections. The method includes the following steps: providing

desired values of temperature or pressure; comparing present values of temperature or

0pressure to the desired values of temperature and pressure; and manipulating an air00

INO flowrate to the heat exchanger (20) and load to the evaporative heat exchanger to

Soptimize total energy and water costs while maintaining an outlet fluid (12) at the desired

temperature or pressure.
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iCONTROL OF HEAT EXCHANGER OPERATIONO

BACKGROUND OF INVENTION(.i

(The present invention relates to heat exchangers and, more particularly, to combine

Sevaporative and non-evaporative heat exchangers. The evaporative section of the heat exchanger

may have both a direct and indirect portion.

0Waste heat from industrial processes such as condensers or heat exchangers may itself be
NO
O released to the atmosphere by non-evaporative or so called dry heat exchangers. In such non-

0 evaporative heat exchanger and air stream is in indirect contact with a process fluid stream. In a

close system, the process fluid stream is enclosed so that there is no direct contact between the

air stream and the process fluid stream. The enclosing structure is usually a coil of tubes. Heat

is exchanged as an air stream is passed over the coil structure enclosing the process fluid stream.

Waste heat may also be rejected to the atmosphere by evaporative heat exchangers which

offer significant process efficiency improvements over non-evaporative heat exchangers. One

type of evaporative heat exchanger is a direct evaporative direct heat exchanger. In a direct

evaporative heat exchanger, an air stream is in contact with an process fluid stream. The process

fluid stream is usually water and the two streams come into direct contact with each other.

Another type of evaporative heat exchanger is an indirect close circuit evaporative heat

exchanger wherein an air stream passes over an enclosed process fluid stream while an

evaporative liquid also passes over the enclosed process fluid stream. The enclosed fluid

exchanges heat with the evaporative liquid through indirect heat transfer, since it does not

directly contact the evaporative liquid and then the air stream.

Such combined evaporative and non-evaporative heat exchangers consume energy in the

form of electricity for fan and pump operation and water during the process of rejecting heat. It

~1~



is desirable to operate such combined evaporative and non-evaporative heat exchangers in
Oan efficient matter to minimise the combined consumption of energy and water. Heat

r rejection equipment must be selected for the maximum heat loaded summer peak air

temperatures. In combined evaporative and non-evaporative heat exchangers, it is

desirable to operate such heat exchangers as efficiently as possible. To date, control

mechanisms for such operation have not addressed both energy savings and water

savings.

O It is therefore desirable to provide an operating method for the efficient operation00
IND of a combined evaporative and non-evaporative heat exchanger wherein energy usage and

water usage are minimised while meeting the heat rejection needs of the process.

t It is further desirable to provide a method of controlling the operation of a heat

O exchanger having a non-evaporative section and evaporative section such that energy use

and water use are minimised.

It is the object of the present invention to substantially overcome or at least

ameliorate one or more of the disadvantages of the prior art or to meet one or more of the

above desires.

SUMMARY OF THE INVENTION

Accordingly, in a first aspect, the present invention provides a method of

controlling the operation of a heat exchanger with evaporative and non-evaporative

sections comprising the steps of:

providing desired values of temperature or pressure of an outlet fluid;

comparing present values of temperature or pressure of the outlet fluid to the

desired values of temperature or pressure of the outlet fluid; and

manipulating an air flow rate to the heat exchanger and load to the evaporative

heat exchanger to optimise total energy and water costs while maintaining the outlet fluid

at the desired temperature or pressure.

In a second aspect, the present invention provides a method of controlling an

outlet fluid temperature or pressure from a heat exchanger, the heat exchanger with

evaporative and non-evaporative sections, the method comprising the steps of:

manipulating a load and flow rate to the evaporative and non-evaporative

sections; and

optimising energy and evaporative fluid costs.

2
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SBRIEF DESCRIPTION OF DRAWINGS
O
C1 A preferred embodiment of the present invention will now be described, by way

of an example only, with reference to the accompanying drawings wherein:

FIG. 1 is a flow chart of the control of heat exchanger operation showing the
INO

combined evaporative and non-evaporative control and optimisation of combined energy

and water consumption according to an embodiment of the present invention;

0
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(O

2a

[R:\LIBLL]18836.doc:lzv



I

t FIG. 2 is a drawing of the system showing the dry indirect, indirect evaporative and

direct evaporative sections according to an embodiment of the present invention;

0) FIG. 3 is a drawing of the system showing the dry indirect, indirect evaporative and

t control according to another embodiment of the present invention; FIG. 4 is a drawing of the

system showing the dry indirect section, direct evaporative section and control according to

00 another embodiment of the present invention;

FIG. 5 is a state diagram for a dry indirect and indirect evaporative heat exchanger with 

discrete control modes for air flowrates according to an embodiment of the present invention;

SFIG. 6 is a state diagram for a dry indirect and indirect evaporative heat exchanger with

continuous control of air flowrates according to an embodiment of the present invention;

FIG. 7 is a state diagram for a dry indirect and direct evaporative heat exchanger with 

discrete control modes of air flowrates according to an embodiment of the present invention;

FIG. 8 is a state diagram for a dry indirect and direct evaporative heat exchanger with

continuous control of air flowrates according to an embodiment of the present invention;

FIG. 9 shows graphs comparing the different control strategies as increasing cost verses

decreasing difficulty according to an embodiment of the present invention;

FIG. 10 shows a flow chart of control states A1-A7, B2, B4, C1-C7 or D2 with increasing

outlet fluid temperature or pressure according to an embodiment of the present invention;

FIG. 11 shows a flow chart of control states A1-A7, B2, B4, C1-C7 or D2 with

decreasing outlet fluid temperature or pressure according to an embodiment of the present

invention;

FIG. 12 shows a flow chart of control states B1, B3, DI, or D3 with decreasing outlet

fluid temperature or pressure according to an embodiment of the present invention;



tt FIG. 13 shows a flow chart of control states BI, B3, D1, or D3 with increasing outlet

fluid temperature or pressure according to an embodiment of the present invention;

()FIG. 14 shows a flow chart of control states switching from Al to A2, A2 to A3, A3 to

A4, A5 to A6, A6 to A7, B1 to B2, B2 to B3, B3 to B4, C1 to C2, C2 to C3, C3 to C4, C4 to 

to C6, C6 to C7, D1 to D2, or D2 to D3 according to an embodiment of the present invention;

00 and
NO

FIG. 15 shows a flow chart of control states switching from A7 to A6, A6 to A5, A5 to

A4, A4 to A3, A3 to A2, A2 to Al, B4 to B3, B3 to B2, B2 to Bi, C7 to C6, C6to C5, C5 to C4,

SC4 to C3, C3 to C2, C2 to C D3 to D2, or D2 to D 1 according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF INVENTION

The following detailed description is of the best currently contemplated modes of

carrying out the invention. The description is not to be taken in a limiting sense, but is made

merely for the purpose of illustrating the general principles of the invention, since the scope of

the invention is best defined by the appended claims.

Referring now to FIG. 1 of the drawings shown is a flow chart of one embodiment of the

present invention providing a temperature or pressure of an outlet fluid 10. A processor

compares the present temperature or pressure of the outlet fluid with a desired temperature or

pressure of the outlet fluid 12. The processor then determines how to manipulate the

combination of air flowrate and load to an evaporative heat exchanger to optimize total energy

and water costs while maintaining the outlet fluid at the desired temperature or pressure 14.

Next the processor sends a request to an equipment control when present and desired temperature

or pressure values are not equal 16. An operation includes the steps of the processor



trn comparing 12, the processor determining 14 and the processor requesting 16. Finally, equipment
0

will respond to the request from the equipment control 18 when present and desired temperature

or pressure values are not equal.

t) Referring now to FIG. 2 shown is a heat exchanger 20 of one embodiment of the present

invention. Air-in 22, air flow 24 and air out 26 are shown. A fluid 28 enters the heat exchanger

00 20 as an inlet fluid 30 at a dry indirect section 32. The fluid 28 leaves the dry indirect section 32

O and may enter an indirect evaporative section 34. The indirect section 34 contains a prime

S surface coil 36 and a water distribution system 38. The fluid 28 may pass through the indirect

S evaporative section 34 or may bypass the indirect evaporative section 34 as an outlet fluid 

The outlet fluid 40 may be at a lower temperature than the inlet fluid 30. The water distribution

system 38 may provide a spray 42 that may contact the prime surface coil 36 to improve heat

105 transfer properties. The spray water 42 is supplied to the water distribution system 38 by a spray

pump 44 and a cold water basin 46. A control 47 provides flow feed control of the fluid 28, the

spray pump 44, and the axial fan 52, which in turn controls the temperature of the outlet fluid 

The direct evaporative section 48 contains a wet deck surface 50, which provides additional heat

transfer from the spray water 42 to the air flow 24. An axial fan 52 provides for the air flow 24.

110 Referring to FIG. 3 another embodiment of the present invention is shown without the

direct evaporative section 48. This embodiment provides an indirect evaporative section 54, dry

indirect section 56 and a control 58. Air-in 60, air flow 62 and air out 64 are provided by fan 66

and maybe regulated by control 58. Fluid 28 enters the dry indirect section 56 as a high

temperature inlet fluid 30. The fluid 28 leaves the dry indirect section 56 and may enter an

115 indirect evaporative section 54. The fluid 28 may bypass the indirect evaporative section 54.

Control 58 provides the outlet fluid 40 from either directly exiting the dry indirect section 56 or



tn after part or all of the fluid 28 passes through the indirect evaporative section 54. Water

distribution system 70 may contain a spray pump 70 and a cold water basin 72 and may be

regulated by control 58.

tn Referring to FIG. 4 another embodiment of the present invention is shown without the

indirect evaporative section 54. This embodiment provides a direct evaporative section 74, dry

00 indirect section 76 and a control 78. Air-in 80, air flow 82 and air-out 84 are provided by fan 86

and maybe regulated by control 78. Fluid 28 enters the dry indirect section 76 as a high

C temperature inlet fluid 30. Fluid 28 leaves the dry indirect section 76 and may enter the direct

N evaporative section 74 by way of control 78. Control 78 provides the outlet fluid 40 from either

directly exiting the dry indirect section 76 or after part or all of the fluid 28 passes through the

direct evaporative section 74.

Referring to FIG. 5, in one embodiment of the present invention, state diagrams for a dry

indirect and indirect evaporative heat exchanger with 5 discrete control modes for the air

130 flowrate are shown. The top graph shows a maximum 92 and minimum 94 air flowrate. The left

half of the graph is a wet mode 96 and the right side of the graph is a dry mode 98. Control state

Al is at a one-hundred percent 110 of maximum air flowrate, one-hundred percent of

evaporative exchanger load 112 to ninety percent evaporative exchanger load 113 and

evaporative fluid spray "on" 114. All control states Al through A7 may be maintained at an

135 outlet fluid temperature 116 that is equal to a desired outlet temperature 118. In all control states

it is undesired to have the outlet fluid temperature 116 deviate from the desired outlet

temperature 118 either in the direction of too hot 120 or too cold 122. Control state Al is the

first discrete control mode.



t Control State A2 is at the second discrete control mode or seventy-five percent 124 of the

maximum air flowrate. A2 is at one-hundred percent of evaporative exchanger load 112 to
IC

eighty percent evaporative exchanger load 125 and evaporative fluid spray "on" 114. Control

t) State A3 is at the third discrete control mode or fifty percent 126 of the maximum air flowrate.

A3 is at one-hundred percent of evaporative exchanger load 112 to zero percent evaporative

00 exchanger load 128 and evaporative fluid spray "on" 114.

Control State A4 is at the second discrete air flow control mode or seventy-five percent

124 of the maximum air flowrate. A4 is at one-hundred percent of evaporative exchanger load

N 112 to zero percent evaporative exchanger load 128 and evaporative fluid spray "off' 130.

Control State A5 is at the third discrete air flow control mode or fifty percent 126 of the

maximum air flowrate. A5 is at one-hundred percent of evaporative exchanger load 112 to zero

150 percent evaporative exchanger load 128 and evaporative fluid spray "off' 130.

Control State A6 is at the fourth discrete air flow control mode or twenty-five percent

134 of the maximum air flowrate. A6 is at one-hundred percent of evaporative exchanger load

112 to zero percent evaporative exchanger load 128 and evaporative fluid spray "off" 130.

Control State A7 is at a fifth discrete air flow control mode of zero percent 136 of the maximum

155 air flowrate. A7 is at one-hundred percent of evaporative exchanger load 112 to zero percent

evaporative exchanger load 128 and evaporative fluid spray "off' 130.

Table 1 below shows an example of the control parameters for a combined indirect dry

and indirect evaporative heat exchanger with five discrete control modes for air flowrate. The

number of control states and the actual settings of parameters for each control state are

160 dependent on the specific equipment controlled and operating and economic conditions.
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Control
State

Al
A2
A3
A4
A5
A6
A7

Outlet Fluid Temp.
Setpoint Low

Deadband (deqF)
0.5
0.5
0.5
0.5
0.5
0.5
0.5

High Limit Air
Flow Rate

of Maximum)
100
75
50
75
50
25
0

Table 1

Outlet Fluid
Temperature

Setpoint (deqF)
90
90
90
90
90
90
90

Low Limit Load
to Evap

Exchanger
of Maximum)

90
80
0
0
0
0
0

Outlet Fluid Temp.
Setpoint High

Deadband (deqF)
0.5
0.5
0.5
1

0.5
0.5
0.5

High Limit Load
to Evap

Exchanger
(%of Maximum)

100
100
100
100
100
100
100

Low Limit Air
Flow Rate
of Maximum)

100

0

Evaporative Fluid
Spray

ON
ON
ON
OFF
OFF
OFF
OFF

Control
State

Al
A2
A3
A4
A5
A6
A7

Referring to FIG. 6 in one embodiment of the present invention, shown are state diagrams

165 for dry indirect and indirect evaporative heat exchanger with continuous control of air flowrate.

The top graph shows a maximum 140 and minimum 142 air flowrate. The left half of the graph

is wet mode 144 and the right side of the graph is a dry mode 146. Control state B1 is at a one-

hundred percent 140 to fifty percent 150 of air flowrate, one-hundred percent of evaporative

exchanger load 148 and evaporative fluid spray "on" 114. All control states B1 through B4 are

170 maintained at an outlet fluid temperature 116 at the desired outlet temperature 118. In all control

states it is undesired to have the outlet fluid temperature 116 deviate from the desired outlet

temperature 118 either in the direction of too hot 120 or too cold 122.

Control State B2 is at fifty percent 150 of the maximum air flowrate. B2 is at one-

hundred percent of evaporative exchanger load 148 to zero percent evaporative exchanger load

175 156 and evaporative fluid spray "on" 114. Control State B3 is at seventy-five 152 to zero



ttf percent 154 of the maximum air flowrate. B3 is at one-hundred percent of evaporative
O

exchanger load 148 and evaporative fluid spray "off" 130. B4 is at zero percent 154 of the

maximum flow rate and from one-hundred percent 148 to zero percent 156 of the evaporative

tn exchanger load and evaporative fluid spray "off" 130.

Table 2 below shows an example of the control parameters for a combined indirect dry

00 and indirect evaporative heat exchanger with continuous control of air flowrate. The number of

control states and the actual settings of parameters for each control state are dependent on the

;t specific equipment controlled and operating and economic conditions.

STABLE 2

Outlet Fluid Temp. Outlet Fluid Outlet Fluid Temp. Low Limit Air
Control Setpoint Low Temperature Setpoint High Flow Rate
State Deadband (deqF) Setpoint (deqF) Deadband (deqF) of Maximum)

B1 0 90 0 
B2 0 90 0 

SC B3 0 90 0 0
n B4 0 90 0 0

Low Limit Load High Limit Load
High Limit Air to Evap to Evap

Control Flow Rate Exchanger Exchanger Evaporative Fluid
State of Maximum) of Maximum) (%of Maximum) Spray

S, B1 100 100 100 ON
B2 50 0 100 ON

o B3 75 100 100 OFF
co B4 0 0 100 OFF

185
Referring to FIG. 7 in one embodiment of the present invention, shown are state

diagrams for dry indirect and direct evaporative heat exchanger with 5 discrete control modes for

the air flowrate. The top graph shows a maximum 160 and minimum 162 air flowrate. The left

half of the graph is wet mode 164 and the right side of the graph is a dry mode 166. Control

190 state Cl is at a one-hundred percent 160 of the air flowrate, one-hundred percent of evaporative

exchanger load 168 to ninety percent evaporative exchanger load 170. All control states Cl



tt'l through C7 are maintained at an outlet fluid temperature 116 at the desired outlet temperature

O 118. In all control states it is undesired to have the outlet fluid temperature 116 deviate from the

desired outlet temperature 118 either in the direction of too hot 120 or too cold 122. Control

tt state C1 is the first discrete control mode.

Control State C2 is at the second discrete control mode or seventy-five percent 124 of the

0 maximum air flowrate. C2 is at one-hundred percent of evaporative exchanger load 168 to

C eighty percent evaporative exchanger load 172. Control state C3 is at the third discrete control

t mode or fifty percent 171 of the maximum air flowrate. C3 is at one-hundred percent of

evaporative exchanger load 168 to thirty percent evaporative exchanger load 174.

Control State C4 is at the second discrete control mode or seventy-five percent 124 of

the maximum air flowrate. C4 is at zero percent of evaporative exchanger load 128.

Control State C5 is at the third discrete control mode or fifty percent 126 of the maximum

air flowrate. C5 is at zero percent evaporative exchanger load 128. Control State C6 is at the

205 fourth discrete control mode or twenty-five percent 134 of the maximum air flowrate. C6 is at

zero percent evaporative exchanger load 128. Control State C7 is at the fifth discrete control

mode or zero percent 136 of the maximum air flowrate. C7 is at zero percent evaporative

exchanger load 128.

Table 3 below shows examples of the control parameters for a combined indirect dry and

210 direct evaporative heat exchanger with five discrete control modes for air flowrate. The number

of control states and the actual settings of parameters for each control state are dependent on the

specific equipment controlled and operating and economic conditions.



TABLE 3

O
Outlet Fluid Temp. Outlet Fluid Outlet Fluid Temp. Low Limit Air

Control Setpoint Low Temperature Setpoint High Flow Rate
State Deadband (deqF) Setpoint (deqF) Deadband (deqF) of Maximum)

C1 0.5 85 0.5 100
SC2 0.5 85 0.5 

S C3 0.5 85 0.5 
C4 0.5 85 1 

a C5 0.5 85 0.5 
0 C C6 0.5 85 0.5 

0 0  o C7 0.5 85 0.5 0

Low Limit Load High Limit Load
0 High Limit Air to Evap to Evap

V Flow Rate Exchanger Exchanger Evaporative Fluid
Control State of Maximum) of Maximum) (%of Maximum) Spray

SC1 100 90 100 N/A
S C2 75 80 100 N/A

C3 50 30 100 N/A
a M C4 75 0 0 N/A
a M C5 50 0 0 N/A

C6 25 0 0 N/A
C7 0 0 0 'N/A

Referring to FIG. 8 in one embodiment of the present invention, shown are state diagrams

for dry indirect and direct evaporative heat exchanger with continuous control of air flowrate.

The top graph shows a maximum 140 and minimum 142 flowrate. The left half of the graph is

220 wet mode 144 and the right side of the graph is a dry mode 146. Control state D1 is at a one-

hundred percent 140 to fifty percent 150 of air flowrate, one-hundred percent of evaporative

exchanger load 148. All control states Dl through D4 are maintained at an outlet fluid

temperature 116 at the desired outlet temperature 118. In all control states it is undesired to have

the outlet fluid temperature 116 deviate from the desired outlet temperature 118 either in the

225 direction of too hot 120 or too cold 122.

Control State D2 is at fifty percent of the maximum air flowrate 150. D2 is at one-

hundred percent of evaporative exchanger load 148 to thirty percent evaporative exchanger load

11I



lt. 155. Control State D3 is at seventy-five 152 to zero percent 154 of the maximum air flowrate.
O

SD3 is at zero percent of evaporative exchanger load 128.

STable 4 below shows an example of the control parameters for a combined indirect dry

ttn and direct evaporative heat exchanger with continuous control of air flowrate. The number of

control states and the actual settings of parameters for each control state are dependent on the

00 specific equipment controlled and operating and economic conditions.
\O

TABLE 4
(N

Outlet Fluid Temp. Outlet Fluid Outlet Fluid Temp. Low Limit Air
Control Setpoint Low Temperature Setpoint High Flow Rate

C State Deadband (deqF) Setpoint (deqF) Deadband (deqF) of Maximum)
0)

D1 0 85 0 

SD2 0 85 0 
S D3 0 85 0 0
00

Low Limit Load High Limit Load
High Limit Air to Evap to Evap

Control Flow Rate Exchanger Exchanger Evaporative Fluid

State of Maximum) of Maximum) (%of Maximum) Spray
E D1 100 100 100 N/A

0 M D2 50 30 100 N/A
D3 75 0 0 N/A

235
Referring to FIG. 9 as in one embodiment of the present invention, shown are cost

comparison graphs associated with control strategies for combined evaporative and non-

evaporative heat exchanger. Graphs 1-4 all show increasing cost on the vertical axis and

decreasing difficulty on the horizontal axis. With a water savings priority control strategy Graph

240 1 shows that before point 190 the energy water cost 192 is the sum of both costs 198. Provided

are curves for energy cost water cost 192, energy cost 194 and water cost 196. Graph 2

shows an energy savings as the priority for the control. Provided are curves for energy cost 

water cost 192, energy cost 194 and water cost 196. To the right of point 202 the energy cost 



tn' water cost 192 is equal to the water cost 206. To the left of point 202 the energy water cost is

Nc, the sum of both costs 204.

()Graph 3 shows a combined energy and water savings control strategy. Provided are

V) curves for energy cost water cost 192, energy cost 194 and water cost 196. To the right of

point 208 the energy water cost is the same as the energy cost only 210. To the left of point

00 208 the energy water cost is the sum of both energy cost and water cost 212. Graph 4 shows

C energy cost water cost comparison of the three control methods. Provided are combined

C energy and water savings control 215, energy savings control 217 and water savings priority

N control 219. The combined energy and water savings control 215 has the lowest cost. Referring

to FIG. 10 as in one embodiment of the present invention, shown is a flow chart of the overall

control with highlighted control states for A1-A7 B2, B4, C1-C7 and D2 with increasing outlet

255 fluid temperature or pressure. Start operation 300 is shown. Condition outlet fluid

temperature or pressure less than setpoint minus low deadband 302 value is provided and

answered or no.

Condition is outlet fluid temperature or pressure greater than setpoint plus high deadband

304 values is provided and answered or yes. Condition is load evaporative exchanger less

260 than high limit load is provided and answered or yes. Step proportionally increase load on

evaporative exchanger 308 is provided and finally end operation 310.

Referring to FIG. 11 as in one embodiment of the present invention, shown is a flow

chart of the overall control with highlighted control states for A1-A7, B2, B4, C1-C7 and D2

with decreasing outlet fluid temperature or pressure. Start operation 300 is shown.

265 Condition outlet fluid temperature or pressure less than setpoint minus low deadband 302 value

is provided and answered or yes.

13-



t' Condition is load on evaporative exchanger greater than low limit load 312 is provided

and answered or yes. Proportionally decrease load on evaporative exchanger 311 is

provided and finally end operation 310.

tt'l Referring to FIG. 12 as in one embodiment of the present invention, shown is a flow

chart of the overall control with highlighted control states for B 1, B3, D I and D3 with decreasing

00 outlet fluid temperature or pressure. Start operation 300 is shown. Condition outlet fluid

temperature or pressure less than setpoint minus low deadband 302 value is provided and

answered or yes.

S Condition is load on evaporative exchanger greater than low limit load 312 is provided

and answered or no. Condition is flowrate greater than low limit air flowrate 314 is

provides and answered or yes. Proportionally reduce air flowrate 316 and finally end

operation 310.

Referring to FIG. 13 as in one embodiment of the present invention, shown is a flow

280 chart of the overall control with highlighted control states for B 1, B3, D1 and D3 with increasing

outlet fluid temperature or pressure. Start operation 300 is shown. Condition outlet fluid

temperature or pressure less than setpoint minus low deadband 302 value is provided and

answered or no.

Condition is outlet fluid temperature or pressure greater than setpoint plus high deadband

285 304 values is provided and answered or yes. Condition is load evaporative exchanger less

than high limit load 306 is provided and answered or no. Condition is air flowrate less than

high limit air flowrate 320 is provided and answered or yes. Step proportionally increase air

flowrate 322 is provided and finally end operation 310.



SReferring to FIG. 14 as in one embodiment of the present invention, shown is a flow
O

S chart of the overall control with highlighted control states for switching from A1-A2, A2-A3,

A3-A4, A4-A5, A5-A6, A6-A7, B1-B2, B2-B3, B3-B4, C1-C2, C2-C3, C3-C4, C4-C5, C5-C6,

t' C6-C7, D1-D2 and D2-D3. Start operation 300 is shown. Condition outlet fluid

temperature or pressure less than setpoint minus low deadband 302 value is provided and

00 answered or yes.
\O

0 Condition is load on evaporative exchanger greater than low limit load 312 is provided

0 and answered or no. Condition is air flowrate greater than low limit air flowrate 314 is

C provided and answered or no. Condition is current control state equal to lowest capacity

control state 321 is provided and answered or no. Increment control state to next lower

capacity control state is provided 323. Set load on evaporative exchanger equal to high limit

300 load 325 is provided and finally end operation 310.

Referring to FIG. 15 as in one embodiment of the present invention, shown is a flow

chart of the overall control with highlighted control states switching from A7-A6, A6-A5, 

A4, A4-A3, A3-A2, A2-A1, B4-B3, B3-B2, B2-B1, C7-C6, C6-C5, C5-C4, C4-C3, C3-C2, C2-

Cl, D3-D2 and D2-D1. Start operation 300 is shown. Condition outlet fluid temperature or

305 pressure less than setpoint minus low dead band 302 value is provided and answered or no.

Condition is outlet fluid temperature or pressure greater than setpoint plus high deadband

304 values is provided and answered or yes. Condition is load evaporative exchanger less

than high limit load 306 is provided and answered or no. Condition is air flowrate less than

high limit air flowrate 320 is provided and answered or no. Condition is current control

310 state equal to highest capacity control state 327 is provided and is answered or no. The step

of increment control state to next higher capacity control state 329 is provided. The step of set



load on evaporative exchange is equal to low limit load 326 is provided and end operation "A"

310.

It should be understood that the foregoing relates to preferred embodiments of the

nt) invention and that modifications may be made without departing from the spirit and scope of the

invention as set forth in the following claim.

00
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The claims defining the invention are as follows:

1. A method of controlling the operation of a heat exchanger with

C evaporative and non-evaporative sections comprising the steps of:

providing desired values of temperature or pressure of an outlet fluid;
;Zcomparing present values of temperature or pressure of the outlet fluid to the

desired values of temperature or pressure of the outlet fluid; and

manipulating an air flow rate to the heat exchanger and load to the evaporative

0 heat exchanger to optimise total energy and water costs while maintaining the outlet fluid
00\O at the desired temperature or pressure.

S2. The method of claim 1 further comprising the step of sending a request

Sto an equipment control.

3. The method of claim 2 further comprising the step of responding of

equipment to the equipment control.

4. A method of controlling an outlet fluid temperature or pressure from a

heat exchanger, the heat exchanger with evaporative and non-evaporative sections, the

method comprising the steps of:

manipulating a load and flow rate to the evaporative and non-evaporative

sections; and

optimising energy and evaporative fluid costs.

The method of claim 4 wherein the optimising of energy and

evaporative fluid costs is done by using at least one control strategy.

6. The method of claim 4 wherein the flow rate is an air flow rate.

7. The method of claim 4 wherein the load is for an evaporative

exchanger.

8. The method of claim 4 wherein the energy is in the form of electricity

for a fan operation.

9. The method of claim 4 wherein the evaporative fluid costs is from the

consumption of water.
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O 10. A method of controlling the operation of a heat exchanger, said method

CN being substantially as hereinbefore described with reference to any one embodiment, as

Sthat embodiment is depicted in the accompanying drawings.

Dated 15 August, 2006
Baltimore Aircoil Company, Inc.

SPatent Attorneys for the Applicant/Nominated Person

O SPRUSON FERGUSON
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FIG. 1
Control Strategy for Combined Evaporative and Non-Evaporative Heat Exchangers

which Allows for Optimization of Combined Energy and Water Consumption
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FIG. 3

FIG. 4
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FIG. 5
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FIG. 6
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FIG. 7
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FIG. 8
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Attachment 1.

FIG. 9'
Comparison of Costs Associated with Control Strategies

for Combined .Evaporative and Non-Evaporative Heat Exchangers
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