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chiller-tower interaction

Heat Rejection

pwer determines

Hermetic motor:
100% of electrical
input

Open motor:
electrical input
X motor efficiency

chiller-tower interaction

Heat Rejection, Q
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electric chiller

Heat Rejection Example

electric chiller

Heat Rejection Example
= Q (Btu/h)
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chiller-tower interaction

Heat Rejection

ondenser water
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cooling tower

Components

proi:éller fan
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cooling tower

Performance Factors

RAE Fundamel
aporation”
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cooling tower

Performance Factors

10t water
mperature

cooling tower certification

CTI Performance Limits
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example at standard rating conditions
Tower Performance

| example at standard rating conditions
Same Tower, Lower Flow

© 2018 Trane a business of Ingersoll Rand. All rights reserved

Trane, in proposing these system design and application concepts, assumes no responsibility for the performance or desirability of any 10
resulting system design. Design of the HVAC system is the prerogative and responsibility of the engineering professional.



a Trane Engineers Newsletter Live
Cooling Towers and Condenser Water Systems: Design and Operation ¢ 2005

example at standard rating conditions
Tower Performance

Base
conditic

gpm 1500

example at standard rating conditions
Same Approach, Lower Flow
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| example at standard rating conditions
Tower Performance

| cooling tower performance factors

Approach and Range
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cooling tower performance factors

Approach and Wet Bulb

cooling tower performance factors

Approach and Wet Bulb
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a design issue

Flow Rates
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increase AT, reduce flow rate

Condenser Water

a history of

Chiller Performance
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chilled water plant design

Chiller

Condenser water
pump

Cooling tower
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chilled water plant design
Chiller Selection

Certified selections help assure expected
chiller performance

¢ Full-load and part-load conditions

¢ Air-Conditioning & Refrigeration
Institute (ARI)
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chilled water plant design

Cooling Tower Selection

chilled water plant design

Pump Selection
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chilled water plant design

Pressure Drops

e condenser

chilled water plant design

Base Design: 500 Tons

ptions for our
% design a
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chilled water plant design: example

Chiller Selection

chilled water plant design: example

Cooling Tower Selection
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chilled water plant design: example

Pump Selection

chilled water plant design: example

System Energy Use
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chilled water plant design: example

Reduce Flow Rate

mptions that

chilled water plant design: example

Chiller Selection
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chilled water plant design: example
Cooling Tower Selection

Costs 10% less

than base

Condenser flow rate, gpm/ton:

L : 3.0 2.0
Flow rte, gpm 1500 1000
Power rating, bhp 40 25
kW 31.2 20
Static head, ft 13 13
Base Reduced
design flow
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chilled water plant design: example

Pump Selection

- R

o, 3.0

Condenser flow rate, gpm/ton:

2.0

1
System head, ft 30

R HCIN (30 x [2.0/3.0]2)

Bundle head, ft 25.7

17.7

Tower static, ft 13

13

Flow rate, gpm 1500

1000 FELEFX))

Pump power, hp 34.7
kW

27.8 10.7
Base Reduced
design flow
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chilled water plant design: example

System Energy Use

chilled water plant design: example
System Energy Use

350

[ tower fan
B condenser pump
B chiller
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chilled water plant design

Options

Downsize pumps an

Is reduced flow only
for long piping runs?

What if it was
O ft of head?
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Reduced flow works
for short runs, too!

[ tower fan
B condenser pump
B chiller

*piping PD = O ft

Does reduced flow
work for all chillers?
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Proven savings for
all manufacturers

Does reduced flow
work for retrofits?
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Reduced flow can
aid retrofit budgets

chilled water plant design

Analysis Tools

OADB does not correlate directly
to load!
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chilled water plant design
Guidance

+ Reduced flow saves installed and
operating costs

+ No “"magic” flow rate ...
Start at 2 gpm/ton and adjust

+ Reinvest part of first-cost savings in
more efficient chillers
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always, always, ALWAYS
Remember ...

The meter is on
the BUILDING
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a win-win-win situation

Saving Energy-And More

“In addition to the electric energy savings,
this chiller plant will have prevented the
emissions of 1.1 million Ib of CO, per year,
8,800 Ib of SO, per year, and 3,100 Ib of
NO, per year. This is an overall win-win-win
situation where the first cost is reduced,
operating cost is minimized, plus significant
environmental benefits are realized as an
additional benefit.”

from “A Chiller Challenge” by T. Chan

Cooling Towers and
Condenser Water Systems
Design and Operation

engineers
newsletter

Cooling-tower
control options

© 2005 American Standard Inc.
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chiller-tower optimization

Control

sign requiremer
I

cooling tower design requirements

ASHRAE 90.1-2001
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cooling tower design requirements

ASHRAE 90.1- 2001

Fan speed control required for motors
7.5 hp or larger ... reduce fan speed to
2/3 or less (VFD, two-speed or pony motor)

Climates with >7,200 cooling-degree days
(e.g., Phoenix, Miami, Taipei, Riyadh)

)] Multiple-fan systems: 1/3 of fans may
g be on/off

= Fans that serve multiple refrigeration
Q.  circuits

1T}

o

X

W
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cooling tower

Capacity Control

5.00 °F Range
Design Faint

Coaling Tower at CTI Conditions 25-Jun-03 Marley UPDATE Yersion 3.58
1:34:43 P NC Class
Madel MCE30511
Flow Rate 1500 GPM
as Matar Output 40.0 BHP
| Mator RPM 1800
— o Fan RPM 473
¢ ®0 - {Full Spead)
g MNurnber of Cells 1
5 75
=
E 70 Design Conditions:
5 o Flow Rate 1500 GPM
5 B5 Hot Water 95.00 °F
z Cold Water 8500 °F
= g0 Wet-Bulh 78.00 °F
g 55 /EI/ ©  12.00 °F Range
4 10.00 *F Range
E a0 O
*

45 a0 55 60 65 70 7a g0
Wet-Bulb Temperature [°F)
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cooling tower

Capacity vs. Airflow

cooling tower

Control Options
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one tower fan

Perfect Capacity Control

°Q 100

B
O capacity vs. airflow

O airflow vs. fan power

one tower fan

Capacity Control
100 | B
O variable-speed drive
O single-speed fan
20 two-speed fan:

}! 100% and 50%
A\ two-speed fan:
‘( 100% and 67%
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O 2 fans with VSDs

O 2 single-speed fans

A 1 single-speed fan,
= Tras

O 2 fans with VSDs,
modulated together

O 2 fans_ with VSDs,
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cooling tower

Rules for Capacity Control

SH

cooling tower capacity control

Sequence of Operation

en a chiller is operating and
perature rises to two (2) de
eaving water setpoint, tt
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chiller-tower optimization

Control

system protection

Chiller Head Pressure
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syst_em protection .
Chiller Requirements
., p

e and maintai
" pressure

2 and time re

Ya

system protection

Chiller Head Pressure
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system protection

Chiller Head Pressure

system protection

Diverting Valve at Tower

NOT PREFERRED
Longer lag time makes
control difficult

-

cooling
load *. :
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system protection

Throttling Valve
g

cooling y
load ‘

system protection

Diverting Valve at Chiller

cooling y
load ‘
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system protection

VFD on Pump

cooling
load ‘

system protection

Sequence of Operation
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Trane literature

Condenser Water Control

system protection

Flow Limits: An Example
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system protection
Tower Flow Limits

Result
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simple case: constant water flow ]
Operating Dependencies
: :

-

| I;;;m‘

condenser water control

“Normal” Setpoint
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optimal condenser water control
Chiller-Tower Interaction

400 \
2 _ total ‘ ‘ { {
x [ ’
g 300 =}
2 ~ chiller ARS
£ optimal
2 200 control point
c
o
(8]
>
100 —
g tower
=
‘ (]
0
z 72 74 76 78 80 82 84

condenser water temperature, °F
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chiller-tower optimization
An Example ...

+ 720,000 ft2 hotel
+ 2 chillers, 2 tower cells

+ Control strategies

¢ Make leaving-tower water
cold as possible (55°F)

¢ Optimize system operation

¢ Entering-condenser
setpoint equals design ...

85°F for humid climates,
80°F for dry climates

WY 5007 ©
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chiller-tower control strategies

North America

350K

control strategy:
| 55°F Ilvg tower
B optimal control
B design ECWT

chiller-tower control strategies

Global Locations

control strategy:
[ 55°F lvg tower
I optimal control
B design ECWT
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chiller-tower optimization
Operating Cost Savings
14 -

0
i
o
-
©
o

=

(7}

San Diego

chiller-tower optimization

Perspective on Savings
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chiller-tower optimization

Perspective on Savings

‘B Equivale

chiller-tower optimization
Operating Cost Savings

chiller-tower optimization

Documented Savings

Braun, Diderrich: AS|
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Plant Power vs CWS Chillers cannot meet load
_|Lowest condenser water above this condenser water
temperature available from temperature
tower at this load and wet-bulb

temperature

1,550 tons, 65°F Wet-bulb

1,160 tons, 59°F Wet-bulb

g
<
[
3
o

730 tons, 54°F Wet-bulb Temperature

s o 9w
~ ~ ~ ~
Condenser Water Setpoint (°F)

chiller-tower optimization

What's the “"Catch”?
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Where’s the Meter?

f:'r" e " On the
4\ BUILDING

optimal condenser water control
Chiller-Tower Interaction

400

z total

=

é 300

g chiller aptimal
E 200 contral point
&

B 190 tower

H

o
2 74 7% 78 80 2 84
condenser water temperature, °F
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2004 award for
Best Sustainable Practice

TWEEIE P - ST

l Construction Process, and Des presented to Trane for
3 memﬁnﬂ'h—dw_ f
L 4 wmwm-tl-p—g,,‘ ]
: = “Near optimal

chiller-tower operation”

by the Sustainable Buildings
Industry Council (SBIC)
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chiller-tower optimization

Finding "Near Optimal”

pwer design

chiller-tower optimization

Necessities
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chiller-tower optimization

Calculating the Savings

vailable tools include

A

chiller-tower optimization

Specification Chart
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chiller-tower optimization: dry climate

Specification Chart

% Wet bulb Tower Chiller +
Full load (deg F) setpoint | tower kW
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chiller-tower optimization
Summary

. Coldest condenser
water is not better

+ Optimal control
saves money

¢ Real, quantifiable
savings

¢ Proven control
strategy that’s more
than 10 years old
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condenser water flow

Variable-Speed Pump?

condenser water flow

Variable-Speed Pump?
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© 2018 Trane a business of Ingersoll Rand. All rights reserved

Trane, in proposing these system design and application concepts, assumes no responsibility for the performance or desirability of any
resulting system design. Design of the HVAC system is the prerogative and responsibility of the engineering professional.

54



a Trane Engineers Newsletter Live
Cooling Towers and Condenser Water Systems: Design and Operation ¢ 2005

Summary
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