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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



Indirect Evaporative Cooling

_ First recorded use was in the thirties and used
cooling tower and coills

. First use with the Integral Heat
Exchanger/Cooling Tower was in 1975 and it
was then that the tTerm
Cooli ngo was <coil ned.

. 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

%

Naw Lower WB

Wiher

Equallzer
IDE DEC



AHNIEIN S0 STHINI - TLNSST - HOdWA

™ " = " - b ! -
_ _ ! | | _ _ _
T T T _ T T T T _ T T T T _ T 1T 1 1 _ T T 1T _ TTTT _ TTTT _ TT ________ ____________________ _ _
; E o B B %S Hnleddl wdineo
iy AMA 40 ONNOd H3d FUNLSION 30 SNIYHD - OLLYY ALIINNH °
[=] [=1 (=1 [=1 F= P=
= z | e - 2 2 & (= @ @ e & & E
o A -t Al 1A " d T FLT A T LI 1 Y
ha, ol P - A e P e h 3 ¥ - L
antdENE SalALIFINNENES F = LAnE . AN, L
P L] |, et A [ i L F F 3 1
F - < - i R i " an 1
F anllk =l P F T TEFTF = 7 et Fam=
A ! Fi v A =~ K, allly Kbt i h 17 | 4
AT ekt ey AP AR ARDAND i = A
o - F I
T - P T EEr T I PR PR PR Bhw =T ST
il K F T P PRI = AME PR __q_q
- ™4 A - A 1A R F. - E Fi - ._.H H_
g F e 1A H i T4 A R AGF =R T e
P T P L A T TP T2 AT TP LATTA T Sl LR A T
- in £ wv.n. r....nm 4 ird N 3 m.: ia N My, B |.._.£ GW .m..u. um.... i ¥ -
bl ‘_x Li - DT i . e | R 7 ] | %] PLPL
o P = F ¥ e Ty A el gy ¥ F e A Mm_- 1#_ L&, ...‘_ Fl
] T ol T I ] £ v ..h_. .«..
= - P T L P ALY = AR ARRES S AT
i = Sain 4 F w.._ i - F RL= (7} L1 .__.. -~ Al1A
174 F e A Puae -

5 = e AR R K A N [P A A | A 4
il AT A 5 PR LA 7T T EauNNARNARW o ARR AW (R ATR R (8
MMI S 2 - e ra = g F pat ALE ALL
e Sl ¥ SarEms ANNL s E F il | = A LAY A =

'y ¥ T e I A A A ] LK L e
-5 K LT [ F CuEaPANFANNEL LA Lot mu&_ 1 A LA
% e ARLE A A BT P P ot M7 P a .

PR e TP B R TN O L] J 4
i FLIEFTE : - 4 - pe ar o | P LEFFIFLY
= ] A LA LT AT L TIA Ly 5 gt o kT T
e = K L oy ¥ C_,.—T = ] .n...\. L W - o
F, " e ] F, =l il o o ] \ Pl [ = 5
N Tamn ceaui Lmrnr INC By e A IR TR S Sl
- - i ¥l BFZdid R4
] I Pl T SramH Zaip Ay ARG ML__. il IL\__.uaL.n.. 7 % PP und
] ik F AT PR AT L [ Sl AN Ll um.‘,x AL a
Fi - FledIRES o= u\.... . \_... Lq b B 3 K - MN
= e F F I by /] SELE A F s r TR PP T L " r F
AR T e 7 PN OesTT
m = u o A I i = = .wl&mk.......{ ¥, A Muu K [ L m 1 1_.__.L
=a e T PANE 2= O A
=L x..- _v._. 0 AT M A r_._x_ » |mu. Nul- _..m = uMIMﬁN
= - L AT T ANE O AW AN Far .m-klM ]
S e g i St G e T e
RS W > Corl SN <L = A LAY ] imuw_ 2@ nwmnmm
o e p A = oo :U.ul ulnn
el e BrEK LT F L] - — =
SR RN Y o & 2
™~ Fl %] ') 1 u _..nhu o n_mnuuu.h
o K T e [ 7] il = ; A
AT PRIA R e, O = Al
BN T o] SRR s o S avr
e & Ar Tl i O AL
g i Mr% m et m ‘ i -
& S P ,.m.: A wm £ m 2 T
Hail =¥
IR B Ol © 0 @ S
{I — _In
RS B s 2
B RN Sk = [ f
QS 2 A0 7l
= s wl I M \J AT AL |
.m__\ nm mﬂMm 4 5 5 - wm
o E m xm s A i 11
¥ A
O ¢ Y S SO e
— v.aﬁ & e s mn m;w L mmmm
R u o@. m m = r 1
F & ¥ % AT
© = b, h'ri A
w o 5 %, © e an
= o : % R0y i
2 * aaira Gt
O E 0 U A e
 ° L “ s X
=
T = £ i
O Tpo w: S
><L EE wi N 1
WL 62 ot N
nO=z% 3% _
- W5

10

105 110 115 120

100

75 ED

70
DRY BULE TEMPERATURE - °F

2]

45

40

20 25 20

15

Charf by: HANDS DOWN SOFTWARE. www. handedowneofiware com

10



What Makes |IEC an Attractive Alternative?

. Greenis IN
EC is Energy Efficient
EC reduces green house gases

EC reduces demand charge$ works best on the
nottest days

. The design mistakes of the past have, forthe most
part, been corrected

. 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

. 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

15



Comparison i Water vs. Fossil Fuel

. One Ton of Mechanical cooling with EER
of 12 requires 1000 Watts per ton or 3.4

lbs H,O/hr to be evaporated at the power
station.

. IDEC with EER of 36 requires 12 |bs

H,O/hr per ton but produces only 33% of
the pollution.

., Fossil fuels are not recyclable but water
|l seover and over fior

16



Comparison T Mechanical 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 Reusalild-ossil Fuels are
NOT.

. Consumption of Fuels Generate Environmental
Problems

17



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

19



IEC Polymer Tube Exchanger
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Water In

Integral Cooling Tower & HX
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Entering Air to Be Cooled
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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
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Heat Pipes Used as the Integral HX/Cooling
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Extruded, one piece, all aluminum construction
al umin

fin tube. 10 I .D. tub ] I nt I
i n ube 0 ube apmTigN | D egéﬁRFACE

fins -- no mechanical bond between fin & tube.
Each tube individually charged and sealed. EVAPORATIVELY
COOLED
WATER SPRAYS
| AN W\
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THE 2STAGE EVAPORATIVE
COOLER, INDIRECT/DIRECT
WITH SPRAYED HEAT PIPE
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. awrence Livermoré Sandia National Laboratories

33



