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Evaporative Coolers

Evaporative coolers can provide adequate cooling 
for nearly all homes in hot, dry regions, if used 
together with shading, reflectivity, and air circula-
tion. Evaporative coolers employ different princi-
ples than air conditioners because they reduce air 
temperature without removing heat from the air. 
They work well only in climates where the sum-
mertime relative humidity remains less than 50%. 
Evaporative coolers reduce the temperature of 
outdoor air moving through them. A large blower 
sucks outdoor air in through the cabinet of the 
cooler and blows it into the home. The outdoor 
air passes through water-soaked pads that reduce 
air temperature and humidify the air. Partially 
opened windows allow warmer house air to 
escape as air from the cooler enters the home. 
Evaporative coolers cost about half as much to 
install as central air conditioners. They are 2 to 3 
times more efficient in providing summer com-
fort than the most efficient central air condition-
ers.
An evaporative cooler can be mounted on a roof, 
through a window or wall, or on the ground. The 
cooler can discharge directly into a room or hall, 
or it can be connected to ducts for distribution to 
numerous rooms.

Evaporative Cooler Operation
Evaporative coolers must be operated with open 
windows or special vents called up-ducts. Up-
ducts are dampered square openings in the ceil-
ing that let hot air out of the home into the venti-
lated attic. Coolers may be operated as whole-
house fans at night by running the blower without 
the water pump.
Opening windows in occupied rooms, and clos-
ing windows in unoccupied rooms, concentrates 
cooling where residents need it. Open the win-
dows or vents, preferably on the leeward side of 
the home, to provide approximately 1 to 2 square 
feet of opening for each 1,000 cfm of cooling 
capacity. Experiment to discover the best win-
dows to open and how wide to open them. If the 
windows are open too wide, hot air will enter. If 
the windows aren’t open far enough, humidity 
rises and the air feels sticky. 
When the cooler has been idle for a few days, it is 
wise to let the pump run for a while before start-
ing the fan to wash dust out of the pads. Modern 

Evaporative Cooler

Most evaporative coolers are down-flow units 
mounted on the roof, but wall-mounted and ground-
mounted units are easier to service.
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cooler controls allow for separate pump and 
blower operation. The best controls are program-
mable thermostats, designed for controlling evap-
orative coolers.
Coolers that are functioning properly should pro-
duce air temperatures close to those listed in the 
following table.

Routine Maintenance
Aspen and cellulose cooler pads collect a lot of 
dirt from the air. Airborne dirt that sticks to the 
cooler pads washes into the reservoir. Most evap-
orative coolers have a bleed tube or a separate 
pump that changes the reservoir water during 
cooler operation to drain away dirty water. A 
cooler may still need regular cleaning, depending 
on how long the cooler runs and how well the 
dirt-draining system is working. Be sure to dis-
connect the electricity to the unit before servicing 
or cleaning it. 

Older cooler sumps were lined with an asphaltic 
paint and flexible asphaltic liners, but the newer 
ones have factory powder coatings that are far 
superior and less environmentally harmful. 
Evaporative coolers need yearly maintenance at a 
minimum. The following is a list of important 
maintenance tasks for evaporative coolers:
 Aspen pads can be soaked in soapy water to

remove dirt and then rotated to distribute the
wear, dirt, and scale, which remain after clean-
ing. Replace the pads when they become unab-
sorbent, thin, or loaded with scale and dirt.

 Drain and clean reservoir.
 Test the operation of the drip tube or dump

pump, whichever system is used to maintain
water quality.

 Clean fan blades.
 Clean louvers in the cooler cabinet.
 Oil fan motor and check belt tension.

Air Conditioners
Air conditioners employ the same principles as 
your home refrigerator. An air conditioner cools 
your home with a cold indoor coil, called the 
evaporator. A hot outdoor coil, called the con-
denser, releases the collected heat outdoors. The 
evaporator and condenser coils are actually ser-
pentine copper pipes surrounded by aluminum 
fins, similar to a car radiator. Fans move air 
through these coils.
A fluid, called the refrigerant, collects heat at the 
evaporator coil and releases it at the condenser 
coil. The compressor forces the refrigerant 
through the circuit of coils and pipes. Heat pumps 
and air conditioners are almost identical in opera-
tion except that heat pumps are reversible for 
winter heating.

Air Temperature Exiting Evaporative Coolers

Outdoor Relative Humidity %

2 5 10 15 20 25 30 35 40 45 50

75 54 55 57 58 59 61 62 63 64 65 66

80 57 58 60 62 63 64 66 67 68 71 72

85 61 62 63 65 67 68 70 71 72 73 74

90 64 64 67 69 70 72 74 76 77 78 79

95 67 68 70 72 74 76 78 79 81 82 84

100 69 71 73 76 78 80 82 83 85 87 88

105 72 74 77 79 81 84 86 88 89

110 75 77 80 83 85 87 90 92

115 78 80 83 86 89 91 94

120 81 83 86 90 93 95

125 83 86 90 93 96
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Split-System Air Conditioner Mini-Split Air Conditioning System

This upflow furnace has the evaporator coil in its ple-
num (main supply duct). The condenser and compres-
sor are outdoors. Split system air conditioners can be a 
part of combustion furnaces, electric furnaces, or heat 
pumps.

Mini-split systems employ a cooling unit—with an 
evaporator coil and fan—in each room. The condens-
ing unit serves up to four indoor units.

Room Air Conditioners Packaged Air Conditioner

Room air conditioner performance deteriorates as it 
accumulates dirt. The air conditioner will eventually 
break down or fail to cool the room unless it is cleaned.

The packaged air conditioner contains an evaporator, 
condenser, compressor, and all the other parts in a sin-
gle cabinet located outdoors. Indoor air is circulated 
through the evaporator and cooled, while the outdoor 
air absorbs the heat collected indoors.
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Types of Air Conditioners
Central air conditioners have supply and return 
ducts that connect to a central air handler. The 
condenser unit is outside and releases heat col-
lected from inside the house. Most central air 
conditioners are split-systems—that is, they have 
the evaporator coil indoors and the condenser 
coil outdoors. Packaged air conditioners have both 
coils outdoors. 
Room air conditioners work well for smaller 
homes or homes in mild climates, where residents 
use air conditioning occasionally. Room air con-
ditioners install in a window or a hole in the 
wall—wall installations being preferable for 
appearance. Room air conditioners save energy 
by cooling only the home’s occupied areas, rather 
than the entire house.
Mini-split system air conditioners combine fea-
tures of room air conditioners and central split-
system air conditioners. Mini-splits, as they are 
called, use an evaporator coil and fan in each 
room with a single condensing unit outdoors. 
They have no ducts. This new type of air condi-
tioner is more expensive than standard room air 
conditioners, and it may even cost more than a 
conventional central air-conditioning system. 
Designers and contractors use them when there is 

no space to install ducts. Mini-splits can save 
energy over central air conditioners when used 
for spot cooling occupied rooms instead of the 
whole house—a conservation measure not practi-
cal with conventional central air conditioners.
Each of these types may be purely an air condi-
tioner or a heat pump. Heat pumps are reversible 
air conditioners that move heat in or out of the 
home, depending on the season.

See “Heat Pumps” on page 182.

Air-conditioner Efficiency
The energy ratings of air conditioners are based 
on how many BTUs (heat) per hour the unit can 
remove for each watt of power it draws.
For central air conditioners, the efficiency rating 
is called the Seasonal Energy Efficiency Ratio, or 
SEER. For room air conditioners, it is called 
Energy Efficiency Ratio, or EER.

Air conditioners with higher EER or SEER gener-
ally cost more, but the energy savings will return 
the higher initial investment several times during 
the air conditioner’s life. The Energy Guide Label, 
listing EER or SEER, must remain on the air con-
ditioner until it is sold.
The most efficient air conditioners are listed by 
size and efficiency in the Consumer Guide to 
Home Energy Savings, published by the American 
Council for an Energy-Efficient Economy. See 
Bibliography.
Buy the most efficient air conditioner you can 
afford, especially if you live in a hot climate, or if 
your air-conditioning costs are high.
Room air conditioner sizes range from 5500 
BTUH to 14,000 BTUH. National appliance stan-
dards require room air conditioners built after 
January 1, 1990, to have an EER of 8.5 or greater. 

Power Draw and Hourly Cost for Cooling

Cooling Device Watts Cost 
(¢/Hour)

Central air condi-
tioner 2000–5000 16–40

Room air conditioner 500–3000 4–24

Evaporative Cooler 400–1800 3–15

Whole-House Fan 300–600 2–5

Circulating/Exhaust 
Fan 25–200 0.2–1.6

The ranges of watts and hourly cost represent the 
different sizes of the cooling devices. The hourly 
cost assumes 8¢ per kilowatt-hour.

SEER or EER =
BTUs per hour heat removed

Watts of electrical power drawn
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An EER of 10 is considered very energy-efficient. 
If you live in a mild cooling climate, select a room 
air conditioner with an EER of at least 9.0. Select 
one with an EER over 10 if you live in a hot cli-
mate.
National appliance minimum standards for cen-
tral air conditioners require a SEER between 8.9 
and 10.0, depending on when the unit was manu-
factured. There is a wide selection of units avail-
able with SEERs up to almost 17. Before 1979, the 
SEERs of central air conditioners ranged from 4.5 
to 8.0. Replacing a 1970’s vintage central air con-
ditioner that has a SEER of 6 with a new unit that 
has a SEER of 12 will cut air-conditioning costs in 
half.
To determine the approximate SEER of an exist-
ing central air conditioner, find the model num-
ber and manufacturer from the nameplate on the 
outdoor unit. Contact a local dealer of that manu-
facturer’s equipment and ask them to look up the 
efficiency rating for you. If they can’t give you the 
efficiency rating, ask them if they know of a local 
manufacturer’s representative who can estimate 
the efficiency.

New Energy-efficient Air 
Conditioners
The efficiency of today’s air conditioners is much 
greater than air conditioners made in the mid-
1970s. This improvement in efficiency has 
resulted from technical advances such as:
 Variable-speed or two-speed blowers.
 Copper tubing grooved inside to increase sur-

face area.
 Aluminum fins spaced closer together and

perforated to improve heat transfer to air.
 Improved electric motor design.
 Dual-speed compressors.
 Time-delay relays controlling evaporator fans.

Sizing and Selecting Air 
Conditioners
Size is a very important consideration to achieve 
comfort and minimize energy cost when selecting 
new air-conditioning equipment. Oversized air 
conditioners cycle more than correctly sized ones. 
With each cycle, the air conditioner has to heat 
the condenser, cool the evaporator, and cool the 
ductwork before beginning to cool the home. 
This start-up energy is wasted at the end of the 
cycle, so more cycles waste more energy. 
When selecting air conditioners, consider cool-
ing, moisture removal, and energy efficiency. The 
amount of heat gain during the hottest (and most 
humid) weather is used to determine the air con-
ditioner’s capacity. This capacity is measured in 
BTUs per hour, or “tons” of cooling. Each ton 
equals 12,000 BTUs per hour (1 ton = 12,000 
BTUs/hour).
Reputable contractors size air-conditioning sys-
tems accurately, using hand calculations or com-
puter programs. The Air Conditioning 
Contractors of America publishes a calculation 
procedure called Manual J, the standard method 
for sizing central air conditioners. Several air-
conditioning manufacturers and others have 
developed computer programs based on Manual J 
or on other calculation methods.
“One ton per 400 square feet of floor space” is an 
archaic rule-of-thumb used to estimate the size of 
central air conditioners in older, less efficient 
homes. However, sizing the system smaller to 
provide one ton per 700 to 1200 square feet of 
floor space will provide better efficiency and 
humidity control in energy-efficient homes.
Contractors normally oversize air conditioners by 
30% to 100% to ensure they are big enough to 
cool the home. However, properly sized air-con-
ditioning systems are more efficient and more 
effective at removing moisture than oversized sys-
tems.
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Moisture removal capacity of the system—mea-
sured by sensible heat factor (SHF)—is an import-
ant consideration for selecting a central air-
conditioning system. The SHF rates the air condi-
tioner on its ability to remove moisture. The SHF 
is a decimal number between 0.5 and 1.0. The 
lower the SHF, the more moisture the unit will 
remove from the air. The SHF depends on the size 
and construction of the evaporator coil, and on 
the fan speed.
Cooling comfort is provided by reducing air tem-
perature and removing humidity. The air condi-
tioner must run for long enough at a cold enough 
evaporator-coil temperature to remove necessary 
moisture. The moisture condenses on the cold 
coil and is piped away through a drain. Oversized 
air conditioners cycle frequently, remove less 
moisture, and waste energy. Long cycles are good 
for energy efficiency and moisture control. How-
ever, an air conditioner that runs all the time isn’t 
necessarily sized correctly. It could be oversized, 
and straining to overcome maintenance, repair, or 
adjustment problems. Or, it could be undersized.

Homeowners in dry and moderate climates 
should select a high SHF because they need less 
moisture removal, and air conditioners with high 
SHF are more efficient. However, air-condition-
ing systems for humid climates normally require 
an SHF between 0.67 and 0.77 to reduce humid-
ity. A relative humidity of less than 40% discour-
ages biological pests linked to respiratory 
problems.

See “Biological Particles” on page 244.

Proper sizing and equipment selection are espe-
cially important with new higher efficiency air 
conditioners. These new energy-efficient units 
must have a low enough SHF to provide adequate 
moisture removal for a particular climate. An 
oversized new air conditioner or one with mis-
matched parts—evaporator, condenser unit, and 
blower—won’t reach its potential high efficiency, 
nor will it remove enough moisture to provide 
adequate comfort.

Air Conditioner Installation
Many air conditioners fail to achieve their rated 
efficiency because of faulty installation. The most 
common problems are low airflow, incorrect 
refrigerant charge, and duct air leakage. The roots 
of these problems lie in inadequate planning, 
installation space, and technician training com-
pounded by the selection of low bid contractors.

Variation in Cooling Load

The number of square feet of floor space that can be 
cooled by a ton of air conditioning depends on climate, 
shade, insulation levels, and air leakage.
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Air-conditioning systems in new homes should 
be planned and designed into the home’s blue-
prints and specifications. A heating, ventilation, 
and air conditioning (HVAC) contractor should 
be consulted about the physical sizes and clear-
ances of equipment and ducts, so that adequate 
space is provided for them. Ducts merit special 
consideration because they are large and need to 
connect to all main rooms. The HVAC contractor 
should work with carpenters, plumbers and elec-
tricians to ensure that pathways for ducts are not 
obstructed.
Replacing an air-conditioning system also 
requires planning. Undersized ducts are so com-
mon that provision should be made for correcting 
inadequate airflow. Increasing duct sizes, reduc-
ing the air conditioner’s capacity, or replacing the 
ducts are possible options.
All new systems should be checked for correct 
charge and airflow. Ducts should be checked for 
leakage.

Thermostatic Control of Air 
Conditioners
Turning the thermostat past the desired tempera-
ture will not make the air conditioner cool your 
home any faster, and it will waste energy. Dueling 
managers—residents who move the thermostat 
setting back and forth to suit their different com-
fort demands—also cause air-conditioning sys-
tems to operate erratically and inefficiently.
The location of a thermostat can cause problems 
in controlling cooling systems. Thermostats 
should be shaded from direct sunlight. A thermo-
stat located on a warm outside wall may cause the 
air conditioner to operate erratically.
Residents who leave and return at regular times 
every day can save money and increase the com-
fort and convenience of both cooling and heating 
by using automatic setback heating/cooling ther-
mostats.

Thermostats often do not provide good comfort 
control in very humid climates. Manufacturers 
have developed air-conditioning controls that 
respond to both temperature and humidity, and 
have developed variable-speed blowers that are 
more flexible in providing both cooling and 
humidity control.

See “Thermostats” on page 158.

Airflow and Performance in 
Central Air Conditioners
The cooling capacity and the efficiency of the sys-
tem depend on adequate airflow. There should be 
about 400 cubic feet per minute (CFM) airflow in 
the system for each ton of air-conditioning capac-
ity. A designer may specify more airflow for drier 
climates to increase efficiency or less airflow for 
more humid climates to increase moisture 

Improving Forced-Air Circulation

Closed interior doors create a return-air blockage in 
systems with only one or two returns. Grilles through 
doors or walls or jumper ducts can reduce house pres-
sures, improving circulation and comfort.

Open to area near
main return

From room with
frequently closed door

Jumper ducts
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Wall grille
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removal. Central air conditioners are designed to 
cool the whole house; closing registers in unused 
rooms will not usually save energy.
Service technicians measure the airflow in the air-
conditioning system in a variety of ways. The duct 
blower is often a more accurate tool for measur-
ing system airflow. Using a flow plate, especially 
designed for measuring system airflow may also 
be fairly accurate. Flow hoods can also give a rea-
sonably accurate value for system airflow if used 
according to the manufacturer’s instructions and 
calibrated with a duct blower. Measuring pressure 
drop or temperature difference across the coil or 
across the air handler can indicate whether air-
flow is adequate. Duct sealing should precede air-
flow measurements to increase their accuracy.
When the air-conditioning system is operating, 
the temperature drop between supply and return 
air should be 15° to 21°F dry bulb or 8° to 12°F 
wet bulb temperature. Wet-bulb temperature 
accounts for the heat carried by the air’s humidity. 
A reading outside these ranges could indicate a 
problem with airflow or refrigerant charge.
These temperature change measurements can 
also estimate cooling rate and coefficient of per-
formance (COP). Technicians can calculate COP 
by determining the airstream’s change in enthalpy 
(energy content) across the indoor coil by mea-
suring temperature drop. The enthalpy change is 
divided by the system’s electrical input to obtain 
COP. An air conditioner or air-source heat pump 
should have a COP of between 2 and 3. A mea-
sured COP of between 1 and 2 indicates poor per-
formance, likely due to airflow or refrigerant 
problems.

Improving airflow — Technicians increase the 
airflow by cleaning the evaporator coil, increasing 
fan speed, or enlarging the ducts—especially 
return ducts. Enlarging ducts may seem drastic, 
but in some cases might be the only remedy for 
poor cooling efficiency and high cooling costs.

Measuring Airflow

Technicians should measure airflow during a tune-up. 
These methods are among the most accurate for mea-
suring airflow. Instrument calibration and the system’s 
air leakage can affect testing accuracy.
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Air from every supply register must have an 
unobstructed airway back to a return register. 
Blockage of supply or return air ducts and regis-
ters can pressurize or depressurize portions of the 
home, resulting in poor air-conditioning perfor-
mance and increased air leakage through the 
building shell. Remedies may include cutting off 
the bottoms of doors or installing louvered grilles 
through walls or doors. Installing more return 
ducts or ducts between rooms are also options for 
improving air circulation.

Obstructions in the supply air ducts include 
dents, debris inside the ducts, and bent or dirty 
registers. Supply registers can have severe block-
ages if the fins have been flattened by foot traffic 
or if they are dirty.
Insulated flexduct, as installed in many modern 
homes, is often kinked or crushed, causing a sig-
nificant airflow problem. Fiberglass duct board 
has far less structural strength than galvanized-
steel ducts. Crushed or damaged duct board can 
be an airflow problem. Fiberglass duct liner 
(installed inside metal ducts) may deteriorate 
over time from moisture and vibration, partially 
blocking the duct’s airway.
Supply registers closest to the air handler some-
times deliver too much or too little cool air to the 
rooms. Change the room airflow by moving the 
balancing dampers at the duct’s takeoff, adjustable 
vanes in registers, or by sealing off portions of the 
over-supplied registers. It is not usually a good 
idea to block off registers altogether, because this 
reduces airflow and cooling efficiency.

See “Duct Airflow Problems” on page 165.

Sealing Leaky Ducts
Testing ducts for air leakage, finding duct air 
leaks, and sealing ducts are discussed in “Duct 
Air Leakage” on page 89 and “Duct Leakage 
Comparisons” on page 67.

Refrigerant Charge
Room air conditioners and packaged air condi-
tioners are charged with refrigerant at the factory. 
Split-system air conditioners and heat pumps are 
charged in the field and many of these have too 
much or too little refrigerant. Split systems that 
have the correct refrigerant charge and airflow 
usually perform very close to manufacturer’s 
specifications for SEER and COP. Manufacturers 
say that a technician must measure airflow prior 
to checking charge because the charge measure-
ments aren’t accurate unless airflow is verified at 
400 CFM (±80 CFM) per ton of cooling capacity.

Maintaining Evaporator Coils

Access the a-coil from the side or underneath in up-
flow systems. Clean the fins by brushing, then spraying 
with cleanser and rinse water, if necessary. 

If the evaporator or condenser fins are bent, they can 
be combed back into original condition with a fin 
comb.

Gain access from side or
bottom to clean coils.

Fin combs are 
available in various 
“fins/inch” models.
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For satisfactory performance and efficiency, a res-
idential central system should be within an ounce 
of the correct charge as specified by the manufac-
turer. When the charge is correct, the system will 
have specific refrigerant temperatures listed by 
the manufacturer. Two commonly listed measure-
ments are superheat and subcooling, which are the 
number of degrees the refrigerant is heated or 
cooled from its saturation temperature. Satura-
tion temperature is the point between liquid and 
vapor that exists in both the evaporator and the 
condenser. The vapor needs superheat to dry it in 
preparation for compression. The liquid from the 
condenser needs subcooling to insure that it 
doesn’t flash into a gas before it reaches the evap-
orator.

See “The Refrigeration Cycle” on page 42 to review 
air-conditioner operating principles.

Superheat, subcooling and other charge tests 
must typically be done during the cooling season. 
New air conditioners and heat pumps, installed or 
serviced during the heating season, are charged 
by weight. Refrigeration systems should be leak-
checked at installation and every service call. 
Refrigerant must be added and withdrawn care-
fully and according to standards specified by the 
Environmental Protection Agency (EPA).

Maintenance and Service
Air-conditioner efficiency is dependent upon 
routine maintenance. The difference between the 
energy consumption of a well-maintained air-
conditioning system and a severely neglected sys-
tem ranges from 10% to 30%. The following rou-
tine maintenance tasks could be performed by a 
skilled technician or homeowner:
 Clean or replace filters regularly (depending

on operating time, every 1 to 4 months).
 Clean supply and return registers and

straighten their fins (dirt and damage are visi-
ble).

 Clean the blower’s fan blades.

 Clean evaporator coil and condensate pan
every 2 to 4 years.

 Clean condenser coils each year or two (dirt
may or may not be visible).

 Remove debris from around condenser.
 Straighten bent fins in evaporator and con-

denser coils.

Professional Service and 
Commissioning
Adjustments and repairs to air conditioners are 
strictly for professionals. Even many professionals 
don’t know how to install and service air-condi-
tioning systems correctly. So there is no guarantee 
that basic operating requirements—correct siz-
ing, airtight ducts, the correct amount of refriger-
ant, and adequate airflow—are present in existing 
air-conditioning systems. When a heating and 
cooling contractor is hired to measure perfor-
mance and make necessary changes and repairs, 
this extensive service call is called commissioning.
An expert professional service technician might 
perform the following procedures to service or 
commission a central air conditioner:
 Checks ducts, filters, blower, and indoor coil

for dirt and other obstructions.
 Verifies correct electric control, especially that

heating is locked out when the thermostat calls
for cooling and vice versa.

 Diagnoses and seals duct leakage.
 Verifies adequate airflow by measurement.
 Verifies correct refrigerant charge by measure-

ment.
 Inspects electric terminals—cleans and tight-

ens connections and applies non-conductive
coating, if necessary.

 Oils motors and checks belts for tightness and
wear.

 Checks thermostat operation.
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Checking Refrigerant Charge

Technicians measure superheat or subcooling temperatures during summer cooling. These measurements indi-
cate whether or not the refrigerant charge is correct.

Superheat is the temperature
difference between evaporator
saturation temperature and the vapor
temperature at the compressor’s inlet.

Pressure gauges give the technician another
way to get saturation temperatures of the
evaporator and condenser by consulting
pressure-temperature tables.

Subcooling is the temperature difference
between the condenser saturation
temperature and the liquid-line
temperature near the expansion valve.

Expansion valve

Indoor coil and
air handler

Condenser coil 

Compressor

Suction
service
valve

Liquid
service valve

Air to
supply
ducts

with controls

Air carries heat 
to outdoors

Pressure and Temperature Differences Across 
the Indoor Coil

Temperature and pressure differences across the 
indoor coil give an indication of airflow’s adequacy.
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 measures wet-bulb temperature.
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