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Introduction 

 What is Indirect Evaporative Cooling 
(IEC)? 

 Psychrometrics of IEC

 What Makes IEC an Attractive 
Alternative?

 Recent Concepts and Designs

 Maintenance 
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Indirect Evaporative Cooling

 First recorded use was in the thirties and used 
cooling tower and coils

 First use with the Integral Heat 
Exchanger/Cooling Tower was in 1975 and it 
was then that the term “Indirect Evaporative 
Cooling” was coined.

 From 1975 to 1985 IEC was used but a lot of 
projects failed because of poor designs.
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Thermodynamic Processes

DEC

Adiabatic

IEC

Sensible

Heat Transfer
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DIRECT EVAPORATIVE

COOLING … A CONSTANT

WET BULB PROCESS

HUMIDIFIES AND COOLS
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 Scavenger Exhaust

Water In

Grooved Grooved

Tube Wall Tube Wall

Entering Air to Be Cooled      Cooled Supply Air

Water Water 

Flow Flow

 

Water Reservoir

Integral Cooling Tower & HX

Scavenger Air 10 x Max Evaporation Rate
ΔT Water < 2 F

and ranges from 3 

to 10 F above WB
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Equal Air Flow

New WB of 56.2 F !!

100 db/65 wb
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Using Water from DEC Sump Increases System Efficiency
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What Makes IEC an Attractive Alternative?

 Green is IN

 IEC is Energy Efficient

 IEC reduces green house gases

 IEC reduces demand charges –it works best on the 
hottest days

 The design mistakes of the past have, for the most 
part, been corrected

 New techniques to condition water have been 
developed
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A Look at the Use of

Water vs. Electricity
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How Our Electricity is Generated

http://en.wikipedia.org/wiki/Image:Sources_of_Electricity_in_the_US_2005.png
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http://upload.wikimedia.org/wikipedia/en/f/f1/PowerStation3.svg
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With Fossil Fuels  

 1/3 goes to producing electricity

 1/3 goes to waste heat up the stack

 1/3 goes to evaporative cooling associated 
with condensing steam

 To produce 1000 Watts requires 3.4 
pounds of water to be evaporated
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Comparison ïWater vs. Fossil Fuel

 One Ton of Mechanical cooling with EER 
of 12 requires 1000 Watts per ton or 3.4 
lbs H2O/hr to be evaporated at the power 
station.

 IDEC with EER of 36 requires 12 lbs 
H2O/hr per ton but produces only 33% of 
the pollution.

 Fossil fuels are not recyclable but water 
is…over and over for billions of years.
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Comparison ïMechanical vs. IEC

 Mechanical Cooling Uses Electricity as the 
Principal Source of Energy

 IEC Uses Evaporation of Water as the Principal 
Source of Energy

 EER of Mechanical is Approximately 12

 EER of IEC is Approximately 36

 IEC Evaporates More Water but Consumes 
Considerably Less Fuel

 Water is Completely Reusable –Fossil Fuels are 
NOT. 

 Consumption of Fuels Generate Environmental 
Problems
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Intake Air Capacity = 1.08 x SCFM x (Tdbintake ïTdbsupply)

= 504,000 Btu/hr

IA EER = 40.34

Room EER 32.,0

Explanation of Room EER and IA EER for Evaporative Cooling
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New Equipment Designs

 Polymer Tube HXs Designed Specifically to 
Overcome Clogging and Degradation

 Direct-Sprayed Heat Pipe 

 Non-sprayed IEC for Aggressive Environments

 Plastic Plate Heat Exchangers

 Novel Plastic Heat Exchanger that is Designed to 
Approach 100% of WB Depression 

 Indirect Evaporative Cooling Tower that Could 
Supply Water below WB Temperature
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IEC Polymer Tube Exchanger
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O/A Entering Polymer Indirect Cooling System 
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Water Reservoir

Integral Cooling Tower & HX

Scavenger Air 10 x Max Evaporation Rate
ΔT Water < 2 F

and ranges from 3 

to 10 F above WB
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McCarran Airport, Las Vegas, NV

(8) 28,000 CFM Units

(6)   8,000 CFM Units
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McCarran Airport
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Mist Eliminator

Spray

Nozzle

Exhaust Air

Leaving
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Polymer Plate HX IEC Unit
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Heat Pipes Used as the Integral HX/Cooling Tower



31Heat Pipe Heat Exchanger

warm

SURFACE

EVAPORATIVELY

COOLED

R-22 Refrigerant

Liquid evaporates this end

Vapor condenses this end 

Extruded, one piece, all aluminum construction 

fin tube. 1” I.D. tubes with integral aluminum

fins -- no mechanical bond between fin & tube.

Each tube individually charged and sealed.

PARTITION

WATER SPRAYS

Normally

6-rows 

Deep
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12

MIST

ELIMINATOR

R/A

OR

SCAVENGER

O/A

E/A

WETTED HEAT

PIPE

O/AS/A

123
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THE 2-STAGE EVAPORATIVE

COOLER, INDIRECT/DIRECT

WITH SPRAYED HEAT PIPE

INDIRECT EVAPORATIVE COOLING

… SENSIBLE COOLING PROCESS 

NEW, LOWER WET BULB

ENHANCES THE DEC’S ABILITY TO COOL

DEC
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Lawrence Livermore –Sandia National Laboratories
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H=26.04

H=29.15

100% OUTDOOR AIR 2-STAGE EVAPORATIVE

COOLING SYSTEM REQUIRES LESS REFRIGERATION

COOLING THAN 100% RECIRCULATION SYSTEM

H=23.22

(26.04 – 23.22)/(29.15 –23.22) = 0.476

IEC/DEC REDUCES LOAD 

BY 52.4% RELATIVE TO 100% 

RECIRCULATION SYSTEM 

78/64 R/A

Recirculation

IEC/DEC
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Salazar Hall, 75 KW AC Photovoltaic System

Seven 26,000 cfm IEC/DEC, CW Air Handlers 
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Direct Spray Heat Pipes Field Tests - Sandia
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Sandia DISL

85% WB Depression

86% Saturation 

Efficiency
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For the Really Bad Water
Place Evaporative Cooling Media

in Return Air Stream

OA

2

SA
*

*

*

EA RA

CC HC DECHP

*   
*   
*
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High Desert State Prison north of Las Vegas ï1997

(30) 20,000 CFM Indirect-Direct Units that perform all Cooling
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High Desert Prison
Indian Springs, NV

R/A

S/A

E/A

E/A

O/A

Plan View

Elevation View
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DEC

XXX
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DEC => Wet Bulb in the Limit

IEC => Dew Point in the Limit

So letôs look at some concepts

being investigated to approach 

Dew Point with IEC.
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Staged IEC can Approach DP in the Limit
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Staged IEC >> DP
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Pacific Gas & Electric Study
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Heat and Mass Exchanger
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PG&E Study
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PG&E Study
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Model of Full Recirculation Air

Dew Point Cooler
Sprayed Side

Process        Approaches in Limit

DEC                      WB (90%)

IEC WB (85%)

IEC/DEC       84% of DP (78%)

134% of WB depression

IEC/IEC DP is Limit
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Dew Point Cooler Test Unit
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Most Practical Approach to Increasing 

Effectiveness Using Lower WB
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Using Water from DEC Sump to Top of IEC is Most Cost 

Effective to Increase Overall Performance
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Legionnairesô Disease

“There have been no known 
cases of Legionnaires’ 
disease with air washers, 
wetted media 
evaporative air 
coolers/humidifiers, or 
steam humidifiers.”

“There has been no positive 
association of 
Legionnaires’ disease 
with indirect evaporative 
air coolers”
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Why? 

 The water in the sump is not warm enough 
to allow the Legionella bacteria to 
proliferate.

 Rigid media evaporative coolers do not 
produce droplets in a size that is 
conducive to transporting  Legionella 
bacteria.

 Evaporative coolers have their sumps 
cleaned on a regular basis.
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Questions?


