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Air Cooled Condensers



A Free Cooling Tower Resource 

https://tinyurl.com/CoolingTowerFundamentals 

https://tinyurl.com/CoolingTowerFundamentals


• An optimized evaporative cooling system
– Maximize contact between air and water
– 15°F approach to ambient wet bulb is standard
– Approach less than 5°F starts to become 

impractical
• Multiple types

– Cross flow
– Counter flow
– Natural draft
– Induced draft
– Forced draft
– Hybrid

• Water quality issues
– Equipment life
– Human life

Cooling Towers
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Natural Draft 
Towers

• No fans;  operate on density difference like a chimney
• Not common for HVAC
• Typically found on large power plants



Forced Draft Towers

• Centrifugal fans blow air through the tower
‒ High inlet velocity,  low discharge velocity

‒ Tendency to recirculate
‒ Fans in the cold air stream and can ice up
‒ Fans can handle higher static pressures

• Poor fan inlet and discharge conditions mean relatively high horsepower
• Tend to be less expensive all things being equal





Induced Draft 
Towers

• Propeller fans draw air through the tower
‒ Low inlet velocity,  high discharge velocity

‒ Less tendency to recirculate
‒ Fans in the warm air stream and protected from icing
‒ Fans can not handle high static pressures

• Prop fans + high volume + low static = relatively low horsepower
• Tend to be more expensive all things being equal



A Hybrid Cooling Tower





An Unusual Induced Draft Tower









Cross Flow vs.  Counter Flow



Cooling Towers in Action
• https://tinyurl.com/InsideCounterFlowTower

• https://tinyurl.com/ConterFlowTowerWater 

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°Ftwb)
Tower Type Price Multiplier Fan Power, hp Pump Head, ft.w.c. Sub-freezing 

Weather 
Operation

Induced Draft Counter Flow Base 80 18.64 Second Best
Induced Draft Cross Flow 1.00 60 11.34 Best
Forced Draft Counter Flow 1.87 100 21.46 Worst



Multiple Operating Requirements
Base Capacity -  Targeted Operating Modes

Equipment On Line Flow Rate, 
gpm

Return 
Temperature 
to the Tower, 

°F

Supply 
Temperature 

From the 
Tower, °F

Capacity, 
Btu/hr

Capacity, 
15,000 Btu/hr 

tons

Ambient Wet 
Bulb 

Temperature, 
°F

Chiller 1 or Chiller 2 1,080 95.0 85.0 5,400,000 450 78.0
Chiller 1 and Chiller 2 2,160 95.0 85.0 10,800,000 900 78.0
Chiller 3 2,250 95.0 85.0 11,250,000 938 78.0
Chiller 3 and Chiller 1 or Chiller 2 3,330 95.0 85.0 16,650,000 1,388 78.0
Plate and Frame Hx 1,800 49.0 45.0 3,600,000 300 38.0



Cooling Tower Performance Presentation



Cooling Tower Performance

Cooling Tower Wet Bulb Approach

t t t

Where:
t Cooling tower approach temperature in consistent units
t Cooling tower leaving cold water temperature in consistent 

Approach ColdWater WetBulb

Approach

ColdWater

= −

=

= units
t Ambient wet bulb temperature in consistent unitsWetBulb =



Cooling Tower Performance

Cooling Tower Range

t t t

Where:
t The temperature change that occurs across the cooling tower in consistent units.

This represents the load on the cooling tower and is a direc

Range WarmWater ColdWater

Range

= −

=

t function of the 
characteristics of the load it serves.

t Cooling tower entering water temperature in consistent units;  i.e. the temperature
of the water returning from the loads.

t C

WarmWater

ColdWater

=

= ooling tower leaving cold water temperature in consistent units; i.e. the 
temperature of the water supplied by the tower to the loads



85°F-78°F = 7°F at design range of 10°F and design twb

79.75°F-78°F = 1.75°F at a range of 2°F with design twb

71.5°F-60°F = 11.5°F at design range 
of 10°F with a 60°Ftwb



Cooling Tower Performance

( )( )
( )

Cooling Tower Efficiency - Range and Approach Basis

100

Where:
Tower efficiency based on range and approach.

Hot water temperat

HotWater ColdWater
CoolingTower

HotWater WetBulb

CoolingTower

HotWater

t t

t t

t

η

η

− ×
=

−

=

= ure returning to the tower from the load.
Cold water temperature supplied to the load.
Ambient wet bulb temperature.

This could also be written as:

ColdWater

WetBulb

CoolingTower

t

t

Range
Range Approach

η

=

=


=  +

100

×





Cooling Tower Performance

Cooling Tower Efficiency - ASHRAE Definition

Where:
ASHRAE efficiency standard 90.1 cooling tower efficiency.  The minimum
requirement is 40.2 gal

Design

Design
CoolingTower

Fan

CoolingTower

Flow
HP

η

η

 
 =
 
 

=

lons 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.
The design water flow rate that the tower is rated at for an application.
The design fan horse po

Design

Design

Fan

Flow
HP

=

= wer associated with the tower rating for an application.



Cooling Tower Performance

Cooling Tower Ton

Btu15,000 
hour

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 con

CoolingTowerTon =

ventional cooling ton) of refrigeration



Best First Cost vs Best Life Cycle Cost

28



Best First Cost vs Best Life 
Cycle Cost

29



Best First Cost vs Best Life 
Cycle Cost

30



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



Determining a 
Resetting Parameter
Another challenge



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

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

( )/ , , 500 Btu hr gpm Entering F Leaving FQ Flow t t° °= × × −



It’s Complicated Inside There

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

Air flow rate - 285,780 cfm
Air flow rate - 1,311,730 lb/hr

( )/ / /4.5Btu hr cfm  In, Btu lb  Out, Btu lbQ Flow h h= × × −
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It’s Complicated Inside There

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

Air flow rate - 285,780 cfm
Air flow rate - 1,311,730 lb/hr
Enthalpy change - 12.6 Btu/lb

( )/ / /4.5Btu hr cfm  In, Btu lb  Out, Btu lbQ Flow h h= × × −
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Flow Distribution is Critical
https://tinyurl.com/CoolingTowerFlowVariation 

https://tinyurl.com/CoolingTowerFlowVariation


Marley Nozzle Curves



Marley Nozzle Curves



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
Item Flow rate, 

gpm
Pressure 
drop - 
ft.w.c.

Friction 
Rate, 

ft.w.c./100 
ft.

Equivalent 
feet of pipe

Equivalent 
Feet per 
Elbow

Equivalent 
Elbows

Pipe 535 0.01 0.07 15.75
 

   
 
  



CW Supply Piping
Item Flow rate, 

gpm
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drop - 
ft.w.c.

Friction 
Rate, 

ft.w.c./100 
ft.

Equivalent 
feet of pipe

Equivalent 
Feet per 
Elbow

Equivalent 
Elbows

Pipe 535 0.01 0.07 15.75
LR Elbow 535 0.02 0.07 23.00 23.00 1.00

   
 
  



CW Supply Piping
Item Flow rate, 

gpm
Pressure 
drop - 
ft.w.c.

Friction 
Rate, 

ft.w.c./100 
ft.

Equivalent 
feet of pipe

Equivalent 
Feet per 
Elbow

Equivalent 
Elbows

Pipe 535 0.01 0.07 15.75
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

 
  



CW Supply Piping
Item Flow rate, 

gpm
Pressure 
drop - 
ft.w.c.

Friction 
Rate, 

ft.w.c./100 
ft.

Equivalent 
feet of pipe

Equivalent 
Feet per 
Elbow

Equivalent 
Elbows

Pipe 535 0.01 0.07 15.75
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, ft.w.c. 0.09

  



CW Supply Piping
Item Flow rate, 

gpm
Pressure 
drop - 
ft.w.c.

Friction 
Rate, 

ft.w.c./100 
ft.

Equivalent 
feet of pipe

Equivalent 
Feet per 
Elbow

Equivalent 
Elbows

Pipe 535 0.01 0.07 15.75
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, ft.w.c. 0.09
Total, inches 1 1/16
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A Common Cooling Tower Opportunity
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Inside the Tower
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Cooling 
Tower Design 
Point vs. 
Performance 
Window – 
Atlanta, GA
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Volumetric Flow Meter



79

Volumetric Flow Meter



Level Relay - $400
Electrode Holder - $320
Electrodes - $310
Ball valve with actuator - $350
Misc. Materials - $250
Materials Total - $1,630
Installation - $4,075
Total - $5,705

1-1/2 Float Valve - $67

80

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
Simple Payback - Materials - 0.87 0.44 years

Simple Payback - Materials plus Installation - 3.05 1.53 years
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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
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Would this be a good location to take our ambient 
wet bulb temperature reading?



Taking a Look at Some Field Data



Taking a Look at Some Field Data



Taking a Look at Some Field Data



Taking a Look at Some Field Data



Taking a Look at Some Field Data



Taking a Look at Some Field Data

Average 
93.8°F tdb, 
75.8°F twb
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What Does This Suggest is Going On in the Tower?



Let’s Take a Look
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The Good News

Average 93.8°F tdb, 75.8°F twb
Average 81.1°F, 5.3°Fwb Approach

Cell 2C (most water) -  3.5°Fwb Approach



Relative Calibration is Important





What is This and Why is It an 
Asset?



Hot Water Basin Heat



Wood 
Construction = 
Fire Hazard = 

Dry Pipe 
Sprinklers



Another Recent Experiment
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A Recent Experiment
Savings Summary

kWh Savings
Item

Summer Winter Summer Winter Summer Winter
Existing 79,608 74,075 244,312 189,460 113,019 106,505
Improved 41,511 44,381 123,975 106,147 57,310 58,203
Savings 38,097 29,694 120,337 83,313 55,709 48,302
Rate, $ per kWH $0.09836 $0.09954 $0.12003 $0.11334 $0.14111 $0.12579
Savings, Dollars $3,747 $2,956 $14,444 $9,443 $7,861 $6,076
Total Savings -kWh 375,452 Murph - 452,871 before interaction factor
Total Savings - $ $44,527 Murph - 384,940 after interaction factor

kW Savings
Item

Summer Winter Summer Winter Summer Winter
Existing 168 186 233 210 233 204
Improved 82 89 120 100 120 97
Savings 87 97 113 111 113 107
Rate, $ per kW $51.88 $41.30 $51.88 $41.30 $51.88 $41.30
Savings, Dollars $4,493 $4,002 $5,883 $4,569 $5,883 $4,428
Maximum kW Savings 113
Total Savings - $ $14,379

Total Dollar Savings - $58,906

Green House Gas Emissions Savings
Rate 0.630 lb CO2/kWh
Savings 236,535 lb CO2

Rough Cost/Benefit Calculations
Contractor cost projection - $106,000

Simple payback - 1.8 years

Super Off Peak Off Peak On Peak

Time of Use Window

Time of Use Window

Super Off Peak Off Peak On Peak



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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