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Relative Humidity,
Percent

The temperature of t

lower than the ambient temperature once it
has had timeto reach steady state conditions
with the environment vl of Water
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The Temperature
of a Bowl of Water
Relative to Ambient
Conditions

Relative Humidity,
Percent

—— Ambient Dry Bulb
Temperature

- = Ambient Wet Bulb
Temperature

Wet Bulb Approach, °F

- = - Bowl of Water
Temperature

— - - Wet bulb approach, °F
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Characteristics of Free
Cooling via an

Evaporative Process

Water is not free

Evaporating 1 Ib of water at 75°F
=970 Btu

+ 1 ton of cooling = 12,000 Btuw/hr

1 ton of cooling = 1.49 gallons of [ £
water |

1 ton of cooling = $0.005 (Portland
Oregon rates, 02/2011)

Producing 100 tons of cooling for 24

hours using an evaporative
process would cost about $13 for

water
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Characteristics of Free

Cooling via an

Evaporative Process

Systems will be 100%
Outdoor air

« QOther utilities will have to
deal with 100% outdoor air

* Filters will have to deal with
100% outdoor air

Back up systems erode
some of the savings
potential
« Extra coils = Extra first cost
= longer payback
Extra coils = Extra
pressure drop = More fan
energy = More fan heat =
More cooling required

»‘I :}f . ; v
UV Lighting
Disinfects the Air

Stream

Conventional
Cooling Coil Backs
Up the Evaporative

Process

iR B,
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Characteristics of Free &
Cooling via an i .
g

Evaporative Process

Cooling is produced by
evaporating water into
the air stream

« Discharge temperatures
approach the web bulb
temperature entering the
evaporative process

All other things being
equal, spaces served with
evaporative cooling will be

more humid than spaces
served by conventional
cooling
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Some Definitions

Direct Evaporative Cooling

.
Direct Evaporative Cooler
in Primary Air Stream

EVAPORATIVE COOLING




Access Panels to Air to Air Heat
Exchanger that Couples the
Indirectly Cooled Secondary Air
Stream to the Primary Air Stream

Some Definitions
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Direct Evaporative Cooling

Indirect Evaporative Cooling

EVAPORATIVE COOLING




Scavenger fans EF9 and EF10
10,000 cfm at 0.37 inw.c. (each)
1.6 bhp (each)

2.0 hp (each)

[nlenImlce

TN L.
| ( ; Vo j
Nt . '
N ‘ . ) Hot water preheat coil |
|7 o) | Air fo air heat with feedfoward control | Lt I i
| exchanger - - Ultra-violet light array |
' | L——d«— HWR o CHR ~ |
Intake with J£ ; 2 ég% z IC_T— |
isolation damper n ’ NSEd RET ; e 1 e ° N !
| 30% Filters | ) _ _ : Supply Fan |
i 1 Direct evaporative coolers, Chilled water coil for 34000 cfm at i
Direct/Indirect | supply and exhaust side emergency use only; 5.0 inw.c !
 Evaporative | 30% Filters Normally valved out 43.4 bho |
i Cooling Package | i .h P !
Level 208 [!HUI ? Re‘tur‘n/exhaus* isolation damper 50 hp J!
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1o the low-temperature air VAV AHUS, the
ant volume direct indirect evaporative cooling




Femty Camin

AT 5 R Yo g e (el T
T e e At
s eyt The Sl b o8 e
s e gwm st tan ad
e sy e uT

They all share and interact with the air that is moving
in these common return air shafts and plenums




A Bit of Information About the AHUSs

Direct/Indirect Evaporative Cooling AHUs
« 120,000 cfm total

* Discharge air at 68.8/67.8 tdb/twb

» Space condition — 75°F/77% RH

Low Temperature Air AHUs

« 380,000 cfm total

* Discharge air at 42.9/42.7 tdb/twb

« Space condition — 72°F/38% RH

EVAPORATIVE COOLING



A Couple of Questions

Do you think the shared plenum space and related mixing
of the various air streams is a good thing, a bad thing or
doesn’t matter?

If it does matter:
 Why?
* |s there an energy or performance issue?

 How would you assess any energy or performance
Issues?

EVAPORATIVE COOLING




Seattle Design Conditions
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Total Load

Q =45 xcfm x Ah

Where :

Q =Load inbtu/hr

45 = Aunits conversion constant

cfm =Flow rate in cubic feet per minute
Ah =Enthalpy difference across the element in btu/Ib/°F

EVAPORATIVE COOLING
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