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Introduction

e What is Indirect Evaporative Cooling
(IEC)?

e Psychrometrics of IEC

e \What Makes IEC an Attractive
Alternative?

e Recent Concepts and Designs
e Maintenance



Indirect Evaporative Cooling

e First recorded use was In the thirties and used
cooling tower and colls

e First use with the Integral Heat
Exchanger/Cooling Tower was in 1975 and it
was then that the tTerm
Cool i ng” was colil ned.

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



Thermodynamic Processes
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Integral Cooling Tower & HX
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Water In
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Using Water from DEC Sump Increases System Efficiency

Maore Heal Taken 1 adlabatic
Away

Coopdar Water Suppllad o lEC
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What Makes |IEC an Attractive Alternative?

e Greenis IN
e |EC is Energy Efficient
e |EC reduces green house gases

e |EC reduces demand charges — it works best on,the
hottest days

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

e New techniques to condition water have been
developed

11



A Look at the Use of
Water vs. Electricl




How Our Electricity is Generated
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http://en.wikipedia.org/wiki/Image:Sources_of_Electricity_in_the_US_2005.png
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1. Cooling tower
2. Cooling water pump

3. Pylon (termination tower)

4, Unit transformer

5. Generator

6. Low pressure lurbine
7. Boiler fead pump

KEY

8. Condensor

15, Coal hopper

9. Intermediate pressure turbine 16, Pulverised fuel mill

10. Steam governor

11. High pressure turbine
12. Deaerator

13. Feed heater

14, Coal conveyor

17. Boiler drum

18. Ash hopper

19, Superheater

20. Forced draught fan
21, Reheater

22, Air intake

23. Economiser

24, Alr preheater

25, Precipitator

26. Induced draught fan
27. Chimney stack
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http://upload.wikimedia.org/wikipedia/en/f/f1/PowerStation3.svg

With Fossil Fuels

e 1/3 goes to producing electricity
e 1/3 goes to waste heat up the stack

e 1/3 goes to evaporative cooling assoclated
with condensing steam

e To produce 1000 Watts requires 3.4
pounds of water to be evaporated

15



Comparison i Water vs. Fossil Fuel

e One Ton of Mechanical cooling with EER
of 12 requires 1000 Watts per ton or. 3.4
Ibs H,O/hr to be evaporated at the power
station.

e IDEC with EER of 36 requires 12 Ibs
H,O/hr per ton but produces only 33% of
the pollution.

e Fossil fuels are not recyclable but water
Il s..over and over

f

Or
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Comparison T Mechanical vs. IEC

e Mechanical Cooling Uses Electricity as the
Principal Source of Energy

e |EC Uses Evaporation of Water as the Principal
Source of Energy

e EER of Mechanical is Approximately 12
e EER of IEC Is Approximately 36

e |EC Evaporates More Water but Consumes
Considerably Less Fuel

e Water Is Completely Reusable — Fossil Fuels are
NOT.

e Consumption of Fuels Generate Environmental
Problems

17



Explanation

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

e Polymer Tube HXs Designed Specifically to
Overcome Clogging and Degradation

e Direct-Sprayed Heat Pipe
e Non-sprayed IEC for Aggressive Environments
e Plastic Plate Heat Exchangers

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

e Indirect Evaporative Cooling Tower that Could
Supply Water below WB Temperature

19



IEC Polymer Tube Exchanger
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Water In

Integral Cooling Tower & HX

Scavenger Exhaust

Entering Air to Be Cooled
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Water Reservoir
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McCarran Airport, Las Vegas, NV

(8) 28,000 CFM Units
(6) 8,000 CFM Units
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Mist Eliminator
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Polymer Plate HX IEC Unit

Hoal Cu
vaporiser ! Secondary
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Heat Pipes Used as the Integral HX/Cooling

1

Tower

|
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¢ F' J
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Extruded, one piece, all aluminum construction
al umin

fin tube. 1" 1 .D. tube ' i nt egr . al
fins -- no mechanical bond between fin & tube. SPAFW'T‘dN SURFACE
EVAPORATIVELY

Each tube individually charged and sealed.
COOLED
WATER SPRAYS
AN \/W\

I

Normally Liauid tes this end
6-rOWS iqui ev:a\pora es this en < u
Deep Vapor condenses this end

l

Heat Pipe Heat Exchanger =



THE 2-STAGE EVAPORATIVE
COOLER, INDIRECT/DIRECT
WITH SPRAYED HEAT PIPE
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XK
3 B2 1
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WETTED HEAT
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INDIRECT EVAPORATIVE COOLING
. SENSI BLE COOLI NG

NEW, LOWER WET BULB
ENHANCES THE DEC’ S A3§I L |
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Edit Dizplay State Points  Processzes

Psychrometric Chart Hum'd“";hﬂ?;m
for Altitude 0 feet \{r a
Pressure: 29.92 in. Ha A 7 ! / | A

100% OUTDOOR AIR 2-STAGE EVAPORATIVE
COOLING SYSTEM REQUIRES LESS REFRIGERATION
COOLING THAN 100% RECIRCULATION SYSTEM
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.v\n

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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For the Really Bad Water

Place Evaporative Cooling Media
In Return Air Stream

EA

] RA
on IW/ e

HP CC HC DEC




High Desert State Prison north of Las Vegas 1 1997
(30) 20,000 CFM Indirect-Direct Units that perform all Cooling
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High Desert Prison
Indian Springs, NV
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DEC => Wet Bulb In the Limit
IEC => Dew Point in the Limit

So | et 0s |conodpts a

being Investigated to_approach
Dew Point with IEC.
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Staged IEC can Approach DP in the Limit

10,000 CFM 3,000 CFM 2,300 CFM 1,250 CFM 623 CFM 312 CFM
E
I . 1 f

100 F |

& — "
Y B o Soavenger
_F)I SraNenger
SraAvEnger
| I N In the Limit the Temperature
Approaches Dew Point but CFM == 0
i EE-#EEFQE
20,000 CFM

_,/:‘rm.-enga'
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Staged IEC >> DP
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Pacific Gas & Electric Study

Figure 6: Cut-away Diagram of a Heat and Mass Exchange Module

4. The product fluid traveled the length
/ of the dry (green) channels, transferring
/ its heat to the working fluid. The

product fluid is now dry and close to the
dew point temperature of the entering
fluid.

3. Working fluid that was fractioned off
into the wet channels. Heat from the
product fluid has been transferred into
the working fluid and is rejected as
exhaust.

2. Working fluid that has been cooled
is fractioned off into the wet (gray)
channels repeatedly across the
exchanger.

1. Product fluid enters the heat
and mass exchanger here.

___—_ .",
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Heat and Mass Exchanger

e Product Channel é

< Workingwg= Wet Channel
o Workingi Dry EChan nel B
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PG&E Study

Table 4: Average Results for Airflow and Power

Parameter High Speed | Low Speed’
Supply Airflow” {cfm) 1,500 1,020
Exhaust Airflow” (cfm) 1,320 950
Total Unit Power (W) 1,329 084
Effectiveness 86.0% 88.2%
Room Capacity {mnsf 0.95 0.89
Room EER (Btu/Wh)® 9.1 10.8
|A Capacity (tons)” 3.46 2.61
|A EER (Btu/Wh)~ 32.9 31.8
T20 ECER (Btu/Wh) 10.4

“Low speed” 15 a single selected point for the vanable speed fan
MMeasured outlet awrflow referenced to the mtake density.

Room Capacity = 105 x CFM ¥ (Tdb, e — Tdbyy )1 2,000 (Equation 2);
mtake air at 100°Fdb / 7T0°Fwb, referenced to a room temperature of 80°F
I4 Capacity = 1.08 » CFM = (Tdbyye — Tdb,pm /12,000 (Equation 4},
mtake air at 100°Fdb / 70°Fwb




PG&E Study

Tahble 7: Wet-Bulb Effectiveness

Intake Intake
Tdb | Wet-bulb Temperature (°F)
(°F) 65 70 75

80 81% 81%

a0 83% 85% 83%

100 89% 50% B6%

110 91% 90%




Model of Full Recirculation Air

Sprayed Side

A
N

60 inches

\A A
—

21 Tube Face
x 5 Rows

" e |

105 Tubes Total l

12-inch openings top and bottom

24 inches

Process

Dew Point Cooler

Counter Flow EPX
Mot to Scale

17.25x 1575

Approaches in Limit

DEC

IEC
IEC/DEC

IEC/IEC

WB (90%)
WB (85%)
84% of DP (78%)

134% of WB depression

DP is Limit
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Dew Point Cooler Test Unit

~—— 34.500 —»=

——— 34 500 —m=

110

i n_—2"MEDIA TO
12.110 BE PLACED

1 | HERE

-— SPRAY TREE
L. FIENG

12,000 ~ 930 [ }
44‘030 tprgrnIne

‘ : ni i :
l4.020 : TnirgLnins I

B A 1111 L1141 IO
16.;300 l

I —
- 43,500 ———m=
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From space
78°F/62

To space
55°F/54

Dew Point Cooling Tower
Standard Cooling Tower in Series with DP Chiller

200 Tons of Total Tower Cooling— 165 Cooling Tons
Approximately 3 GPM per Ton of Cooling

Location: Reno, NV

Altitude: 4500 feet

Design DB: 86 F
Design WB 62 F Standard Cooling Tower
Design DP 49 F

e ]

2 v £ )

Tower Media

Water Directly from Media —}% -

> O

a2
> 1

67°F

EPX Heat Exchanger
in Cross-Flow Design

A

4

A

56.72/55.02

12-rows @ 0.91 inches 8-rows @ 0.61 inches
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Most Practical Approach to Increasing
Effectiveness Using Lower WB

20,000 CFM
A A A A
1 —
20,000 CFM
Net Out +—
10,000 CFM l
q—
.‘—
10,000 CFM 10,000 CFM
Lower WB Air
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Using Water from DEC Sump to Top of IEC is Most Cost
Effective to Increase Overall Performance

More Heal Taken 4 3 adlabatic
Away
Coolar Walter Suppllad o |EC

T | B T Sk

*

H Havw Lower WB

Water

Equallzer
IDE DEC
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Scaling Corrosion

COlltl'Ol Control

Microbial Control
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Turbocor frictionless, oil-free compressors, and a M (non-
chemical) water treatment system for the cooling water tower are
part of the I ! 00-ton HVAC package unit at the

DPRI/ABD building and are two innovative technologies that helped
the building gain LEED certification.
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Legl onnal reso D
“There have be AS“IIA[

cases of Legi [EEammrtri
disease with air washers, Minimizing the Risk
- of Legionellosis
wetted media Asstolated with
- . Building Water
evaporatlve alr Systems

coolers/humidifiers, or
steam humi di f

“There has bee
assoclation of
L e g I O n n a I r e S , AMERICAN SOCIETY OF HEATING,

with indirect evaporative AR ORGSO
alr cool ers”
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Why?

e The water in the sump Is not warm enough
to allow the Legionella bacteria to
proliferate.

e RIgid media evaporative coolers do not
produce droplets In a size that Is
conducive to transporting Legionella
bacteria.

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




