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Cooling Tower Fundamentals

AN SPX BRAND

A Free Cooling Tower Resource  ging

https://tinyurl.com/CoolingTowerFundamentals
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Cooling Towers

« An optimized evaporative cooling system fan
— . Hot
— Maximize contact between air and water Basin ==
— 15°F approach to ambient wet bulb is standard :\—;—_—T AN AN
. NGE22 A N
— Approach less than 5°F starts to become nake | NG AN N
) ) NG5 A Drift Eliminators N 7
impractical Louver XIS N N7
_ NS X NI AT Y/
« Multiple types NN N 22257
NS 7N N 7
— Cross flow N & K

— Counter flow .

— Natural draft
— Induced draft
— Forced draft
— Hybrid

« Water quality issues
— Equipment life
— Human life
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Forced Draft Towers

.....

~+ Centrifugal fans bIoWJ%hrough the tower
> , — High inlet velocity, |0W#discharge velocity
— Tendency to recirculate
Ay ~ ‘Fans in the cold air stream'and can ice ‘up
i — Fans.can handle higher static pressures
‘ "+ Poor fan inlet and discharge conditions mean relatively high horsepower P |
 Tend to be less expensive all things being equal
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A Hybrid Cooling Tower






An Unusual Induced Draft Tower









Steel

Brush

TION

CLEANING NOZZLES

With water running, scrub c logged nozz
with wire brush A toothpick or other nc
metal object is helpful in cle
completely plugged nozzles
If some n es remain clogged or plugs
mark their location and shut down unit
Remove marked nozzles by grasping their
flat sides with pliers and pulling straight
out. Clean nozzles
e using pliers, aligning
It vertical. This mportant
sfactory unit performance

A

Access Door

Strainer

Strainer track ——_ {
| [

| Water Qut

Drain

SUMP CLEANING
> sump strainers in pla open the drain connection and drain all water from

iment and debris from sump and step portion of pan




Cross Flow vs. Counter Flow




Cooling Towers in Action

» https://tinyurl.com/InsideCounterFlowTower

» https://tinyurl.com/ConterFlowTower\Water



https://tinyurl.com/InsideCounterFlowTower
https://tinyurl.com/ConterFlowTowerWater







A Comparison from a Recent Project

Tower Type Comparison at Cooling Design Conditions (3,330 gpm from 95°F to 85°F at 78°Ft,,)

Tower Type Price Multiplier Fan Power, hp  Pump Head, ft.w.c. = Sub-freezing
Weather
Operation

Induced Draft Counter Flow 80 : Second Best
Induced Draft Cross Flow : 60 : Best
Forced Draft Counter Flow : 100 : Worst



Multiple Operating Requirements

Base Capacity - Targeted Operating Modes

Equipment On Line Flow Rate, Return Supply Capacity, Capacity, Ambient Wet
gpm Temperature Temperature Btu/hr 15,000 Btu/hr Bulb
to the Tower, From the tons Temperature,
°F Tower, °F °F
Chiller 1 or Chiller 2 5,400,000 450
Chiller 1 and Chiller 2 10,800,000 900

Chiller 3 11,250,000 938

Chiller 3 and Chiller 1 or Chiller 2 16,650,000 1,388
Plate and Frame Hx 3,600,000 300

Predicted Performance
Fan Motor Alternative = 58% of Full Speed, 5.85 BHP
Flow Rate = 1800.00 USGPM (100.00% of Design)

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)
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These performance curves are based on constant fan power. These performance curves are based on constant fan power.




Cooling Tower Performance Presentation

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)

-« 12.00 °F Range
— 10.00 °F Range

2.00 °F Range
+ Design Point

Cold Water Temperature (°F)

34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Wet Bulb Temperature (°F)

These performance curves are based on constant fan power.




Cooling Tower Performance

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)

E .. 12.00 °F Range
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. 2.00 °F Range
+ Design Point |

—
™
L
2
=
=
©
e
o
o
E
)
-
—
Q
=
s
o
=]
Q

46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Wet Bulb Temperature (°F)

These performance curves are based on constant fan power.

Cooling Tower Wet Bulb Approach

1.Appr*oach 1.Co/dWater' - TWetBulb

Where:

Y approach Cooling tower approach temperature in consistent units
Yroiawater = C00ling tower leaving cold water temperature in consistent units

Yweteup = Ambient wet bulb temperature in consistent units



Cooling Tower Performance

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)

[-. 12.00 °F Range
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These performance curves are based on constant fan power.

1.IQange - TWarm Water — TCoIdWater
Where:
tRange = The temperature change that occurs across the cooling tower in consistent units.

This represents the load on the cooling tower and is a direct function of the

characteristics of the load it serves.
Ywarmwater = C00ling tower entering water temperature in consistent units; i.e. the femperature

of the water returning from the loads.
Y oldWater Cooling tfower leaving cold water temperature in consistent units; i.e. the

temperature of the water supplied by the tower to the loads



Predicted Performance

Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)

Cold Water Temperature (°F)

95
90
85
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65
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55
50
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40 |
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Wet Bulb Temperature (°F)

These performance curves are based on constant fan power.
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Cooling Tower Performance

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)

[-. 12.00 °F Range
— 10.00 °F Range
. 2.00 °F Range

| + Design Point |

Cooling Tower Efficiency - Range and Approach Basis
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((tHotWater tCo/dWater') x 100) :D
NcoolingTower 3 36 36 40 42 44 46 43 50 52 54 56 53 60 62 64 66 68 70 72 74 76 78 80 82 84 86
(tHotWater' - tWetBulb) Wet Bulb Temperature (°F)
These performance curves are based on constant fan power.
Where:
NeoolingTower = 1oWer efficiency based on range and approach.
Yotwater = Hot water tfemperature returning to the tower from the load.
towater = Cold water temperature supplied to the load.
Yyettulb = Ambient wet bulb temperature.

This could also be written as:

Range
Range + Approach

nCoo/ingTower' - ( ]XIOO



Cooling Tower Performance

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)
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Cooling Tower Efficiency - ASHRAE Definition 45 ¢
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Wet Bulb Temperature (°F)
_ FIO WDesign These performance curves are based on constant fan power.
UCooIingTower' - HP
FanDesign

Where:
NeoolingTower = ASHRAE efficiency standard 90.1 cooling tower efficiency. The minimum

requirement is 40.2 gallons per minute per horsepower for axial (propeller) fan
cooling towers and 20.0 gallons per minute per horsepower for centrifugal fan
cooling towers; both requirements are at the standard rating conditions of 95°F
warm water, 85°F cold water, and 75°F ambient wet bulb temperature.

Flowp,g,, = The design water flow rate that the tower is rated at for an application.

HPF

a

The design fan horse power associated with the tower rating for an application.

nDesign



Cooling Tower Performance

Predicted Performance
Fan Motor Alternative = 100% of Full Speed, 30.00 BHP
Flow Rate = 3300.00 USGPM (100.00% of Design)

[-. 12.00 °F Range
— 10.00 °F Range
. 2.00 °F Range
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These performance curves are based on constant fan power.

Cooling Tower Ton

Btu
hour

TonCooIingTower' = 15,000

This is intended to represent the addition of a nomial 3,000 Btu/hr of heat rejection due to the
work done by a compressor to provide 12,000 Btu/hr (a conventional cooling ton) of refrigeration



Best First Cost vs Best Life Cycle Cost

Summary, Best Life Cycle Cost Selection

Marley NC8403TLS1

Design cell flow rate 1,873 gpm Typical Price - $60,000
Design cell range 10 °F Stainless basin - $68,000
Full load fan speed at design wet bulb temperature 214 rpm All stainless tower - $82,000
Capacity relative to requirement 117.7%

Cost premium relative to an exact capacity match 153

Full capacity flow rate - gpm 2,205 gpm

Full capacity heat rejection at design range - 10,986,010 Btu/hr (Q = 498.34 x gpm x (tin-tout))

Full capacity approach at design flow and range 12 °F

Full load bhp 15 bhp

Full load kW 11 kW

Same Load, Best First Cost Selection

Marley NC8403TLS1

Design cell flow rate 1,873 gpm Typical Price - $39,000
Design cell range 10 °F Stainless basin - $44,000
Full load fan speed at design wet bulb temperature 473 rpm All stainless tower - $54,000
Capacity relative to requirement 102.1%

Cost premium relative to an exact capacity match 1.01

Full capacity flow rate - gpm 1,912 gpm

Full capacity heat rejection at design range - 9,526,500 Btu/hr (Q = 498.16 x gpm x (tin-tout))

Full capacity approach at design flow and range 12 °F

Full load bhp 40 bhp

Full load kW 30 kW
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Best First Cost vs Best Life

Cycle Cost
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kW per Ton vs. Tons
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Optimizing Tower Fan Energy

As Found
« 72°F CW supply fixed set point
 Theory

Lower condensing temperature = Lower
chiller kW/ton

« Tower fans running full speed 24/7

Functional Test
* Incrementally raise set point 1°F per hour
« At 80°F set point

— Raised the chiller energy by 14 kW

— Dropped out two 20 hp (39kW total)
continuously running tower fans

— Net savings of 25 kW

Savings = $18,000 - $20,000 annually
Based on $.07/kWh electricity



Tower Fan Energy as a Portion of Over-all Plant Energy
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Determining a

Resetting Parameter

Another challenge

National Product Testing Report
Ilt(l.‘.lon'?r%ls Juct - Mounted Relative Humidity Transmitters
Information Program April 2004

Table of Contents Introduction

SENSOors

d Definitions

Program Sponsors
lowa Energy Center

NSTAR Electric and Gas Corporation
U.S. Environmental Protection Agency

ENBCIP




It's Complicated Inside There

Tower Water Side Conditions
« EWT - 85°F

« LWT - 75°F

« 10°F approach to wet bulb
* Flow rate - 3,300 gpm

QBtu/ hr — 500 x F/owgpm X (tEnter'ing,"F N tLeaving,OF )

 Btu/hr - 16,500,000 Btu/hr (Energy
removed from the water)



It's Complicated Inside There

Conservation of mass and

energy says that the energy AN
removed from the water is added |
to the air R
Ry /e = 45 x Flow,f,, > (hIn, stu/ib ~ Nout, Btu/lb)
Air flow rate - 285,780 cfm

Air flow rate - 1,311,730 Ib/hr




It's Complicated Inside There

Conservation of mass and
energy says that the energy
removed from the water is added

to the air

Ry /e = 45 x Flow,f,, > (hIn, stu/ib ~ Nout, Btu/lb)
Air flow rate - 285,780 cfm

Air flow rate - 1,311,730 Ib/hr

Enthalpy change - 12.6 Btu/lb
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https://tinyurl.com/CoolingTowerFlowVariation

Marley Nozzle Curves
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Basin Water Level Control; a Game of Inches

https://tinyurl.com/BasinLevelManagement



https://tinyurl.com/BasinLevelManagement

A Few Cold Basin Level Control Questions

1. How would you figure out the minimum water level in the
tower (the level that would open the make-up valve)?

2. What sets the level at which you would close the make-up
valve?

3. What sets the maximum water level in the tower (the level that
would cause water to run out the overflow)?



Cooling Tower Overview
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CW Supply Piping




CW Supply Piping g

LR Elbow 23.00




CW Supply Piping

Pipe
LR Elbow

T - Branch flow

535
535

0.02
0.06

0.07
0.07

23.00
85.10

23.00
23.00

1.00
3.70



Pipe

LR Elbow 535 0.02 0.07 23.00 23.00 1.00
T - Branch flow 535 0.06 0.07 85.10 23.00 3.70
Total, ftw.c. 0.09




CW Supply Piping g

LR Elbow 535 0.02 0.07 23.00 23.00 1.00

T - Branch flow 535 0.06 0.07 85.10 23.00 3.70
Total, ftw.c. 0.09
Total, inches 1 1/16
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A Common Cooling Tower Opportunity






Inside the Tower

(92]
N




Inside the Tower g4

74



Inside the Tower

75



Cooling
Tower Design
Point vs.

Performance
Window —
Atlanta, GA

0.25 0.30 0.35 0.40 0.45
SENSIBLE HEAT RATIO = Qs / Qt
I
7 {N \ /
r 1.10
J } i 178 0.50
\ / | I-1.05
\ ‘ ‘ - 80
I 160~
V / >\ + I-1.00
| \ ‘ - 0.55
‘ ‘/ 150 -0.95
/ ! \-140- [—0.90
PSYCHROMETRIC CHART / 75 060
NORMAL TEMPERATURE vho 7088
1-P Units / L
1010 FEET 7\ L 065108
BAROMETRIC PRESSURE : 28.845 INCHES OF MERCURY 1204
-0.75
1.0 | 1.0 - - 70 >
070 %
08 w —0.70Q
0008 SENSIBLE HEAT _ Qs ' g
TOTALHEAT — at 20 2009 & 075—1 ¢ 655
x X
o 100y 65 5 @
w 0605
s z
o ] :
& i E —0.55%
3 ® 180600 2
8§ R r 0508
Weather Data Location: 3 —— T
ATLANTA_HARTSFIELD_INTIEMFHBEORGIA, USh r o x
HUMIDITY RATIO — Dw 70—+ = 0452
Weather Hours - 55 1.00— <>(
13101 & T 5
261014 260 |- 5 [o40
39t027 2 . o
5210 40 A o [-035
651t0 53 &5 E
7810 66 N 3
911079 F4 v 030
1041092 gt =
11710105 At o w oz
o r o
< E 2
30 [ 35 & -
>§\E i 0.20
\ E- 30
< s -0.15
220~ 25
| F20 -0.10
0 10 E 4o
ERSERRas - I-0.05
wt L ) o
40 5 130
Chart by: HANDS DOWN SOFTWARE, www.handsdownsoftware.com DRY BULB TEMPERATURE - °F
0 s % 7s 2 > %

D:\Workspace 2015-11-17\00 - FDE\PEC - PECx Day\Series 15\2019-11-14\Follow-up\Cooling Tower Design.hdd

s

o

£

ENTHALPY - BTU PER POUND OF DRY AIR



7Ty
0.20 0.25 0.30 0.35 0.40 045
SENSIBLE HEAT RATIO = Qs / Qt
R4 R
AT L]
I iy 0.50
/‘ \ / - 1.10
1/6{0*7 1-1.05
| 80
i i 150 0557|100
/‘ \/ I-0.95
u 11401
' OO I I n PSYCHROMETRIC CHART / i i o601 0%
NORMAL TEMPERATURE 13078
1P Units \ / / L l-0.85
. 16 FEET & \/ >\2 i
OWe r e S I g BAROMETRIC PRESSURE : 29.904 INCHES OF MERCURY [zf - 120 0.65-_1-0.80
I l & I ‘
. 10 | 10 - & NEE S
. ; ‘ : SO <ol NJ L0.75%
5 110-{— 70 3
08 5 7 i BRNCEC o
. 0 SENSIBLE HEAT _ Qs & ’/ / 5 -0.704
TOTALHEAT — at %0 2000 & A \ 100 & S
. N \ O 2 ors—] °
o K & ! / /T 8 085%
errormance § /1 VR ek :
3 0| £ 080—] o602
. N SAC Evap Design’! g N[ @ -
Q X fa} = w
[ ] N > W | = 4
. g | o] Z -0.553
I I I OW $ ® i 080 o 2
S \ \z - 60 X w
Weather Data Location: S 2 A 3 I | 0508
SACRAMENTO_EXECUTIVE BRPFACRAL IFORNIAHISA o a T
HUMIDITY RATIO — pw RN Q
Weather Hours 0 —-045%
27101 /| & 55 1
b Yt S 5
541028 ) =60 €] | 0.40
811055 \ \ /% > .
108 1o 82 (] A= 50 g %
13510 109 | 550 o foss
16210136 ‘ bl e 5
189 to 163 \ = 45 o« | 0.30
< .
21610 190 & i £ .0 £
2430 217 Vo T
vl o w025
A & 2
T30 2 oz
Z i}
‘ a& @
= L %
IRNEP=aC ETN 0.15
S T
AN AN T | -0.10
< S UMIDITY! I Tl
= TIVE HUNE: > — 10—
B SRR SAEES pREE S NN | -0.05
TE N SRR
-10 5 10 30 35 40 100 105 110 115 120 125 130
Chart by: HANDS DOWN SOFTWARE, www.handsdownsoftware.com DRY BULB TEMPERATURE - °F
3
s
o s 7 7s 2 EN %

D:\Workspace 2015-11-17\00 - FDE\PEC - PECx Day\Series 15\2019-11-14\Follow-up\Cooling Tower Design.hdd

ENTHALPY - BTU PER POUND OF DRY AIR



Volumetric Flow Meter
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Volumetric Flow Meter
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Costs

Item Min Max

Leakage rate - 1 2 oz per second
Conversion factor - 0.0078 0.0078 Gallons per ounce
Leakage rate - | 0.0078125 | 0.015625 Gallons per second
Leakage rate - 0.4687 0.9375 Gallons per minute
Leakage rate - 28 56 Gallons per hour
Leakage rate - 20,531 41,062 Gallons per month

Leakage rate - 246,375 492,750 |Gallons per year
Water cost - $0.0028 $0.0028 $/gallon
Sewer charges - $0.0048 $0.0048 $/gallon
Water and sewer costs - $0.0076 $0.0076 $/gallon
Monthly cost - $156 $312
Annual cost - $1,870 $3,740

1-1/2 Float Valve - $67



Costs

Item

Leakage rate -
Conversion factor -
Leakage rate -
Leakage rate -
Leakage rate -
Leakage rate -

Leakage rate -

Water cost -

Sewer charges -

Water and sewer costs -

Monthly cost -

Annual cost -

Simple Payback - Materials -

Simple Payback - Materials plus Installation -

Min

1
0.0078

0.0078125

0.4687
28
20,531
246,375
$0.0028
$0.0048
$0.0076
$156
$1,870
0.87
3.05

Max

2
0.0078

0.015625

0.9375
56
41,062
492,750
$0.0028
$0.0048
$0.0076
$312
$3,740
0.44
1.53

0z per second
Gallons per ounce
Gallons per second
Gallons per minute
Gallons per hour
Gallons per month
Gallons per year
$/gallon

$/gallon

$/gallon

Level Relay -

Electrode Holder -
Electrodes -

Ball valve with actuator -
Misc. Materials -
Materials Total -
Installation -

Total -

1-1/2 Float Valve -




Question

Is there a minimum speed you
would not allow the tower fans
to drop below?




Question

Is it better to run one fan up
and then the other or run both
fans up together?




A True Application for the Cube Rule

a Ersrrogy EWsvamny Emrbrer Poo Dt Comten - Adobr Aol Jipneprd [

Fia [48 Vs Wndow Help
Docurment

i

iy s P

- | W [ Performance at Part Load

of AR Eibly R
Ly s

Lapoument .
: ; Affinity Law !
® L Dats Center " ) - )
Detinitian It is a comumon practice to nse the Affinity Law 1o mode] the part-load power draw of a
oLl Loads centniugal pump or fan. The Aff mty Law descnbes the relanonslup berween flow rate
| Redundmcy and power demand as

| Bueline Codts

w[] Space Design kWA {;'__F.:T: 1 :]" - KWy {r.' frmy }u
Conditions kW, gpm s Sl kW, = cfim s
=[] Air Delivery
i where KW = the shaft brake power of the pump or fan. and n = 3.0

Wl e
Pl (Cheilgd : . o o o= o s 3 -
e However, the Affinity Law is not a law. it is merely a calculation tool. It applies only in N
ondenser a narrow, theorencal case, because it assumes; Fa
Wister, Hot
1
%1 Cocling Sysems = Fully mrbulent flow
2] Heating Systems * An mcompressible flwd
w[] Humidty Mo “system effecss”,
: sl Spremn # A closed loop thar does not change shape (no modulating valves or dampers)
el Bl = When the flow goes 10 zero, the brake power goes (o Zero (no constant static head &
= Tetecom OF Pressure seTpoimnt) %
Faciies . . -
U =  Constant pump/fan efficiency
w L] Contaimerized &
Data Certers . 2
| FlRa Most real-world pump and fan systems do not meet all these cntena. The Affiary Law
Assureptions can snll be apphed m many cases, but it st beé modilied 1o better represent the
H Comemercial situation. A common method 1s 1o reduce the exponent n. The recommended exponents
Spece Load 10 use are as follows,
w[] Cootag
Sytem

Performancs "
. March 1, 2013 Page 54

L] Performance
at Part Load

Abbienarons



Staging Fans
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Taking a Look at Some Field Data
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Would this be a good location to take our ambient
wet buIb temperature readlng'?
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Taking a Look at Some Field Data
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Let’'s Take a Look
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The Good News

Average 93.8°F t,, 75.8°F t,, CeIf\ggr?r?]?);1\/.v1aot2r)5;3;|:gg épproach

wb Approach



Relative Calibration is Important
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What is This and Why is It an
Asset?




Hot Water Basin Heat

Heat Load




Wood

# Construction =

Fire Hazard =
Dry Pipe
Sprinklers




ﬁ : \ 1y < -

ey '. ' - ,ﬁ_’;’:. 2 Google Earth

f .. )

- L ]
= L - - 4
?‘wr.{l l i |
'
' !

|
o

Ly
@

02
e

-
= = i




A Recent Experiment

Pl (Typical)

(Typical)
14" (Typical)

12" Basin Connection

| 7| (Typieal) H al
f_ 200 g

12" Equalizer Header

Typical Cooling Tower Cell Rating 20" Supply Header Interconnects All Cells and Pump Suctions 14" (Typical)

14" (says 12" on

CT10-CT11 Model Number is BAC 3412A-2; data below is per cell and the other cells are SR ower level plan)

e e Condenser Pump Metrics

ITT Series 8100 12x10x12

1,700 gpm from 95°F to 85°F with a 72°F entering air wet bulb temperature 3800/gpmiat 100/fwic. 11.6/in, itmpeller

125 hp, 1780 pm motor

P12 currently has a VFD but there is a project under-way to
add VFDs to all of the condenser pumps to provide a soft
start.

Balance report dead head impeller size is 11 inches; Given
the age and the condition of the water described in the
report, T suspect wear rings are worn and the pump

Trane Gas Fired York Centrifugal Chiller Carrier Centrifugal York Centrifugal Chiller Trane Centrifugal Chiller
25 hp fan motors - Two speed motors for CT1, CT3, CT4, CT6, CT7,CT9; Variable speed Absorption Chiller 1,000 tons CH/ Chiller 1,000 tons 1,000 tons
for CT2,CT5, CT8, CT10 and CT11 1,000 tons 3,000 gpm 5 11,000 tons 3,000 gpm 2,805.6 gpm, Flow control valve rating matches this
4,500 gpm 85°F to 94.45°F 3,000 gpm 85°F to 94.45°F 85°F to 95°F
The cells appear to have weirs in them to allow the flow to turn-down some 85°F 10 94.1°F 318 frwe. Ap 85°F t0 94.3°F 318 frwe. Ap 1519 frwe. Ap
205 ftw.c. Ap 254 frwe. Ap 1,214.4 gpm minimum condenser flow

I
Flow Control |
I

Valve (Typical

)
1P

14" (says 12" on lower level plan)




A Recent Experiment
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VFD Speed Command, hz

82

80

78

Temperature, °F

76

74

72

70 T T T T
11/21 1:00 PM 11/21 1:45 PM 11/21 2:30 PM

—— CW Supply Temp, °F CW Return Temp, °F - = = Nominal Set Point - = =CT-11 VFD Cmnd - - -CT-10 VFD Cmnd

Cooling Tower Fan Staging Lead/Lag Sequence 02 Based On PPCL Program PPCL_MBC12 Lines 900 - 1042
Condenser Water Temperature Loop Output
Cooling Tower Stage o] 1 2 12
Cooling Tower Fan Status and Local Variable (Nete 3) (Nete 4)
CT9 Slow $LocCt
CT9 Fast $Loc2
CT8 On $LoC3
CT8 Speed
CT7 Slow $LOC4
CT7 Fast $LOC5
CT6 Slow $LOCe
CT6 Fast $LOCT
CT5 On $LOC1
CT5 Speed
CT4 Slow $Loc12
CT4 Fast $LocC13
CT3 Slow $LoCc14
CT3 Fast $LOC15
€T2 On LOC16
CT2 Speed
CTlL Slow LOC17
CT1 Fast LOC18
CTi1On LOC1S
CT11 Speed
€T10 On Locz20
CT10 Speed

Medulating

1. From what we can tell in the PPCL, stage 7 seems to be <kipped in terms of assigning fower fans to it. We believe the software just jumps from Stage 6 to Stage 8 and that is what is reflected in the table.

2. Cells with an orange boarder represent cooling towers with 2 speed fans. For a given stage, they should never both be "On'".

3. The status of CT6 is assumed: there is an issue with the PPCL that does not positively set it to this value, unlike the other stages, where every point is given a specific assignment.

4. The status of CT9 is assumed. Nothing positively commanded it low speed off, but high speed was positively commanded on by this stage. So maybe the starter interlocks let that happen, but it should be checked out and the status we show here is a "best guess” based on
assuming that if you commanded the fan to high speed, the hard wired starter interlocks would drop out the low speed winding.




A Recent Experiment

Savings Summary
kWh Savings
Item

Existing

Improved

Savings

Rate, $ per kWH
Savings, Dollars
Total Savings -kWh
Total Savings - $

kW Savings
Item

Existing

Improved

Savings

Rate, $ per kW
Savings, Dollars
Maximum kW Savings
Total Savings - $

Total Dollar Savings -

Time of Use Window

Super Off Peak
Summer Winter
79,608 74,075
41,511 44,381
38,097 29,694

$0.09836 $0.09954
$3,747 $2,956
375,452 Murph -
$44 527 Murph -

Time of Use Window

Super Off Peak
Summer Winter
168 186
82 89
87 97
$51.88 $41.30
$4,493 $4,002
113
$14,379

$58,906

Green House Gas Emissions Savings

Rate
Savings

0.630
236,535

Ib CO,/kWh
Ib €O,

Rough Cost/Benefit Calculations

Contractor cost projection -
Simple payback -

Off Peak
Summer
244 312
123,975
120,337

$0.12003
$14,444

Winter
189,460
106,147
83,313
$0.11334
$9.,443

On Peak 84 1

Summer
113,019
57,310
55,709

$0.14111
$7.,861

452,871 before interaction factor
384,940 after interaction factor

Off Peak
Summer Winter
233 210
120 100
113 111
$51.88 $41.30
$5,883 $4,569

$106,000
1.8 years

90 1
88 4

86 4

82 4

Winter
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$0.12579 74 1
$6,076 72 4
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80 4
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A Few Bottom Lines

1. Cooling towers leverage evaporative cooling to improve chiller efficiency
relative to what you would achieve with an air-cooled condenser

But they use water to do that

2. Cooling towers come in a variety of “flavors”
3. Cooling tower performance is driven by wet bulb temperature

a. Approach to wet bulb varies with wet bulb temperature

b. Cooling tower capacity is a direct function of cooling tower air flow
4. Cooling towers are incredibly dynamic
5. Good flow distribution is crucial; with-out it:

a. Cube rule savings will not accrue

b. Reset schedules will be somewhat fruitless
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