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provided with face-and-bypass dampers for capacity control, if
UNIT VENTILATORS
HEATING unit ventilator is an assembly whose principalAfunctions are to heat, ventilate, and cool a space by introduc-

ing outside air in quantities up to 100% of its rated capacity. The
heating medium may be steam, hot water, gas, or electricity. The
essential components of a heating unit ventilator are the fan, motor,
heating element, damper, filter, automatic controls, and outlet
grille, all of which are encased in a housing.

An air-conditioning unit ventilator is similar to a heating unit
ventilator; however, in addition to the normal winter function of
heating, ventilating, and cooling with outside air, it is also equipped
to cool and dehumidify during the summer. It is usually arranged
and controlled to introduce a fixed quantity of outside air for venti-
lation during cooling in mild weather. The air-conditioning unit
ventilator may be provided with a variety of combinations of heat-
ing and air-conditioning elements. Some of the more common
arrangements include

• Combination hot- and chilled-water coil (two-pipe)
• Separate hot- and chilled-water coils (four-pipe)
• Hot-water or steam coil and direct-expansion coil
• Electric heating coil and chilled-water or direct-expansion coil
• Gas-fired furnace with direct-expansion coil

The typical unit ventilator is equipped with controls that allow
heating, ventilating, and cooling to be varied while the fans operate
continuously. In normal operation, the discharge air temperature
from a unit is varied in accordance with the room requirements. The
heating unit ventilator can provide ventilation cooling by bringing
in outside air whenever the room temperature is above the room set
point. Air-conditioning unit ventilators can provide refrigeration
when the outside air temperature is too high to be used effectively
for ventilation cooling.

Unit ventilators are available for floor mounting, ceiling
mounting, and recessed applications. They are available with var-
ious airflow and capacity ratings, and the fan can be arranged so
that air is either blown through or drawn through the unit. With
direct-expansion refrigerant cooling, the condensing unit can
either be furnished as an integral part of the unit ventilator assem-
bly or be remotely located.

Figure 1A shows a typical heating unit ventilator. The heating
coil can be hot water, steam, or electric. Hot-water coils can be

The preparation of the sections on Unit Ventilators and Unit Heaters is
assigned to TC 6.1, Hydronic and Steam Equipment and Systems. The
preparation of the section on Makeup Air Units is assigned to TC 5.8,
Industrial Ventilation Systems.
desired. Valve control of capacity is also available.
Figure 1B shows a typical air-conditioning unit ventilator with a

combination hot- and chilled-water coil for use in a two-pipe sys-
tem. This type of unit is usually provided with face-and-bypass
dampers for capacity control.

Figure 1C illustrates a typical air-conditioning unit ventilator
with two separate coils, one for heating and the other for cooling
with a four-pipe system. The heating coil may be hot water, steam,
or electric. The cooling coil can be either a chilled-water coil or a
direct-expansion refrigerant coil. Heating and cooling coils are
sometimes combined in a single coil by providing separate tube cir-
cuits for each function. In such cases, the effect is the same as hav-
ing two separate coils.

Figure 1D illustrates a typical air-conditioning unit ventilator
with a fan section, a gas-fired heating furnace section, and a direct-
expansion refrigerant coil section.

APPLICATION

Unit ventilators are used primarily in schools, meeting rooms,
offices, and other areas where the density of occupancy requires
controlled ventilation to meet local codes.

Floor-model unit ventilators are normally installed on an outside
wall near the centerline of the room. Ceiling models are mounted
against either the outside wall or one of the inside walls. Ceiling
models discharge air horizontally. Best results are obtained if the
unit can be placed so that the airflow is not interrupted by ceiling
beams or surface-mounted lighting fixtures.

Downdraft can be a problem in classrooms with large window
areas in cold climates. Air in contact with the cold glass is cooled
and flows down into the occupied space. Floor-standing units often
include one of the following provisions to prevent downdraft along
the windows (Figure 2):

• Window sill heating uses finned radiators of moderate capacity
installed along the wall under the window area. Heated air rises
upward by convection and counteracts the downdraft by temper-
ing it and diverting it upward.

• Window sill recirculation is obtained by installing the return air
intake along the window sill. Room or return air to the unit
includes the cold downdrafts, takes them from the occupied area,
and eliminates the problem.

• Window sill discharge directs a portion of the unit ventilator dis-
charge air into a delivery duct along the sill of the window. The
discharge air, delivered vertically at the window sill, is distributed
throughout the room, and the upwardly directed air combats
downdraft.
Related Commercial Resources
.1

http://membership.ashrae.org/template/AssetDetail?assetid=42226
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Fig. 2 Methods of Preventing Downdraft along Windows
Fig. 1 Typical Unit Ventilators

Fig. 1 Typical Unit Ventilators
  
Fig. 2 Methods of Preventing Downdraft along Windows
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SELECTION

Items to be considered in the application of unit ventilators are

• Unit air capacity
• Percent minimum outside air
• Heating and cooling capacity
• Cycle of control
• Location of unit

Mild-weather cooling capacity and number of occupants in the
space are the primary considerations in selecting the unit’s air
capacity. Other factors include state and local requirements, volume
of the room, density of occupancy, and use of the room. The number
of air changes required for a specific application also depends on
window area, orientation, and maximum outside temperature at
which the unit is expected to prevent overheating.

Rooms oriented to the north (in the northern hemisphere) with
small window areas require about 6 air changes per hour (ach).
About 9 ach are required in rooms oriented to the south that have
large window areas. As many as 12 ach may be required for very
large window areas and southern exposures. These airflows are
based on preventing overheating at outside temperatures up to about
55°F. For satisfactory cooling at outside air temperatures up to
60°F, airflow should be increased accordingly.

These airflows apply principally to classrooms. Factories and
kitchens may require 30 to 60 ach (or more). Office areas may need
10 to 15 ach.

The minimum amount of outside air for ventilation is determined
after the total air capacity has been established. It may be governed
by local building codes or it may be calculated to meet the ventilat-
ing needs of the particular application. For example, ASHRAE
Standard 62.1 requires 7.5 to 10 cfm of outside air per occupant
(0.06 to 0.18 cfm/ft2) in lecture halls or classrooms, laboratories,
and cafeterias, and 5 cfm per occupant in conference rooms.

The heating and cooling capacity of a unit to meet the heating
requirement can be determined from the manufacturer’s data. Heat-
ing capacity should always be determined after selecting the unit air
capacity for mild-weather cooling.

Capacity
Manufacturers publish the heating and cooling capacities of unit

ventilators. Table 1 lists typical nominal capacities.
Heating Capacity Requirements. Because a unit ventilator has

a dual function of introducing outside air for ventilation and main-
taining a specified room condition, the required heating capacity is
the sum of the heat required to bring outside ventilation air to room
temperature and the heat required to offset room losses. The venti-
lation cooling capacity of a unit ventilator is determined by the air
volume delivered by the unit and the temperature difference
between the unit discharge and the room temperature.

Example. A room has a heat loss of 24,000 Btu/h at a winter outside
design condition of 0°F and an indoor design of 70°F, with 20% out-
side air. Minimum air discharge temperature from the unit is 60°F. To
obtain the specified number of air changes, a 1250 cfm unit ventilator is

Table 1 Typical Unit Ventilator Capacities

Airflow,
cfm

Heating Unit Ventilator
Total Heating Capacity,

Btu/h

A/C Unit Ventilator
Total Cooling Capacity,

Btu/h

500 38,000 19,000

750 50,000 28,000

1000 72,000 38,000

1250 85,000 47,000

1500 100,000 56,000
required. Determine the ventilation heat requirement, the total heating
requirement, and the ventilation cooling capacity of this unit with out-
side air temperature below 60°F.

Solution:
Ventilation heat requirement:

where

qv = heat required to heat ventilating air, Btu/h
ρ = density of air at standard conditions = 0.075 lb/ft3

cp = air specific heat = 0.24 Btu/lb·°F
Q = ventilating airflow, cfm
ti = required room air temperature, °F
to = outside air temperature, °F

Total heating requirement:

where

qt = total heat requirement, Btu/h
qs = heat required to make up heat losses, Btu/h

Ventilation cooling capacity:

where

qc = ventilation cooling capacity of unit, Btu/h
tf = unit discharge air temperature, °F

CONTROL

Many cycles of control are available. The principal difference in
the various cycles is the amount of outside air delivered to the room.
Usually, a room thermostat simultaneously controls both a valve,
damper, or step controller to regulate the heat supply and an outside
and return air damper. A thermostat in the airstream prevents dis-
charge of air below the desired minimum temperature. Unit ventila-
tor controls provide the proper sequence for the following stages:

Warm-Up Stage. All control cycles allow rapid warm-up by
having the units generate full heat with the outside damper closed.
Thus 100% of the room air is recirculated and heated until the room
temperature approaches the desired level.

Heating and Ventilating Stage. As the room temperature rises
into the operating range of the thermostat, the outside air damper
partially or completely opens to provide ventilation, depending on
the cycle used. Auxiliary heating equipment is shut off. As the
room temperature continues to rise, the unit ventilator heat supply
is throttled.

Cooling and Ventilating Stage. When the room temperature
rises above the desired level, the room thermostat throttles the heat
supply so that cool air flows into the room. The thermostat gradually
shuts off the heat and then opens the outside air damper. The air-
stream thermostat frequently takes control during this stage to keep
the discharge temperature from falling below a set level.

The section on Air Handling, under the Air Systems section, in
Chapter 46 of the 2007 ASHRAE Handbook—HVAC Applications
describes the three cycles of control commonly used for unit venti-
lators:

Cycle I. 100% outside air is admitted at all times, except during
warm-up.

Cycle II. A minimum amount of outside air (normally 20 to 50%)
is admitted during the heating and ventilating stage. This

qv 60ρcpQ ti to–( )=

qv 60 0.075× 0.24× 1250 20 100⁄( ) 70 0–( )× 18,900 Btu/h= =

qt qv qs+=

qt 18,900 24,000+ 42,900 Btu/h= =

qc 60ρcpQ ti tf–( )=

qc 60 0.075× 0.24× 1250 70 60–( )× 13,500 Btu/h= =
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percentage is gradually increased to 100%, if needed, during the
ventilation cooling stage.

Cycle III. Except during warm-up, a variable amount of outside air
is admitted, as needed, to maintain a fixed temperature of air
entering the heating element. The amount of air admitted is con-
trolled by the airstream thermostat, which is set low enough
(often at 55°F) to provide cooling when needed.

Air-conditioning unit ventilators can include any of the three
cycles in addition to the mechanical cooling stage in which a fixed
amount of outside air is introduced. The cooling capacity is con-
trolled by the room thermostat.

For maximum heating economy, the building temperature is
reduced at night and during weekends and vacations. Several
arrangements are used to accomplish this. One arrangement takes
advantage of the natural convective capacity of the unit when the
fans are off. This capacity is supplemented by cycling the fan with
the outside damper closed as required to maintain the desired room
temperature.

UNIT HEATERS
A unit heater is an assembly of elements, the principal function of

which is to heat a space. The essential elements are a fan and motor,
a heating element, and an enclosure. Filters, dampers, directional
outlets, duct collars, combustion chambers, and flues may also be
included. Some types of unit heaters are shown in Figure 3.

Unit heaters can usually be classified in one or more of the fol-
lowing categories.

• Heating Medium. Media include (1) steam, (2) hot water, (3) gas
indirect-fired, (4) oil indirect-fired, and (5) electric heating.

• Type of Fan. Three types of fans can be considered: (1) propeller,
(2) centrifugal, and (3) remote air mover. Propeller fan units may
be arranged to blow air horizontally (horizontal blow) or verti-
cally (downblow). Units with centrifugal fans may be small cab-
inet units or large industrial units. Units with remote air movers
are known as duct unit heaters.

• Arrangement of Elements. Two types of units can be consid-
ered: (1) draw-through, in which the fan draws air through the
unit; and (2) blow-through, in which the fan blows air through the
heating element. Indirect-fired unit heaters are always blow-
through units.

APPLICATION

Unit heaters have the following principal characteristics:

• Relatively large heating capacities in compact casings
• Ability to project heated air in a controlled manner over a 

considerable distance
• Relatively low installed cost per unit of heat output
• Application where sound level is permissible

They are, therefore, usually placed in applications where the heating
capacity requirements, physical volume of the heated space, or both,
are too large to be handled adequately or economically by other
means. By eliminating extensive duct installations, the space is
freed for other use.

Unit heaters are mostly used for heating commercial and indus-
trial structures such as garages, factories, warehouses, showrooms,
stores, and laboratories, as well as corridors, lobbies, vestibules, and
similar auxiliary spaces in all types of buildings. Unit heaters may
often be used to advantage in specialized applications requiring spot
or intermittent heating, such as at outside doors in industrial plants
or in corridors and vestibules. Cabinet unit heaters may be used
where heated air must be filtered.

Unit heaters may be applied to a number of industrial processes,
such as drying and curing, in which the use of heated air in rapid
circulation with uniform distribution is of particular advantage.
They may be used for moisture absorption applications, such as
removing fog in dye houses, or to prevent condensation on ceilings
or other cold surfaces of buildings in which process moisture is
released. When such conditions are severe, unit ventilators or
makeup air units may be required.

SELECTION

The following factors should be considered when selecting a unit
heater:

• Heating medium to be used
• Type of unit
• Location of unit for proper heat distribution
• Permissible sound level
• Rating of the unit
• Need for filtration

Heating Medium
The proper heating medium is usually determined by economics

and requires examining initial cost, operating cost, and conditions
of use.

Steam or hot-water unit heaters are relatively inexpensive but
require a boiler and piping system. The unit cost of such a system
generally decreases as the number of units increases. Therefore,
steam or hot-water heating is most frequently used (1) in new
installations involving a relatively large number of units, and (2) in
existing systems that have sufficient capacity to handle the addi-
tional load. High-pressure steam or high-temperature hot-water
units are normally used only in very large installations or when a
high-temperature medium is required for process work. Low-
pressure steam and conventional hot-water units are usually
selected for smaller installations and for those concerned primarily
with comfort heating.

Gas and oil indirect-fired unit heaters are frequently preferred
in small installations where the number of units does not justify the
expense and space requirements of a new boiler system or where
individual metering of the fuel supply is required, as in a shopping
center. Gas indirect-fired units usually have either horizontal pro-
peller fans or industrial centrifugal fans. Oil indirect-fired units
largely have industrial centrifugal fans. Some codes limit the use of
indirect-fired unit heaters in some applications.

Electric unit heaters are used when low-cost electric power is
available and for isolated locations, intermittent use, supplementary
heating, or temporary service. Typical applications are ticket
booths, security offices, factory offices, locker rooms, and other iso-
lated rooms scattered over large areas. Electric units are particularly
useful in isolated and untended pumping stations or pits, where they
may be thermostatically controlled to prevent freezing.

Type of Unit
Propeller fan units are generally used in nonducted applications

where the heating capacity and distribution requirements can best
be met by units of moderate output and where heated air does not
need to be filtered. Horizontal-blow units are usually installed in
buildings with low to moderate ceiling heights. Downblow units are
used in spaces with high ceilings and where floor and wall space
limitations dictate that heating equipment be kept out of the way.
Downblow units may have an adjustable diffuser to vary the dis-
charge pattern from a high-velocity vertical jet (to achieve the max-
imum distance of downward throw) to a horizontal discharge of
lower velocity (to prevent excessive air motion in the zone of occu-
pancy). Revolving diffusers are also available.

Cabinet unit heaters are used when a more attractive appear-
ance is desired. They are suitable for free-air delivery or low static
pressure duct applications. They may be equipped with filters, and
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Fig. 3 Typical Unit Heaters
Fig. 3 Typical Unit Heaters
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they can be arranged to discharge either horizontally or vertically up
or down.

Industrial centrifugal fan units are applied where heating ca-
pacities and space volumes are large or where filtration of the heated
air or operation against static resistance is required. Downblow or
horizontal-blow units may be used, depending on the requirements.

Duct unit heaters are used where the air handler is remote from
the heater. These heaters sometimes provide an economical means
of adding heating to existing cooling or ventilating systems with
ductwork. They require flow and temperature limit controls.

Location for Proper Heat Distribution
Units must be selected, located, and arranged to provide com-

plete heat coverage while maintaining acceptable air motion and
temperature at an acceptable sound level in the working or occupied
zone. Proper application depends on size, number, and type of units;
direction of airflow and type of directional outlet used; mounting
height; outlet velocity and temperature; and air volumetric flow.
Many of these factors are interrelated.

The mounting height may be governed by space limitations or by
the presence of equipment such as display cases or machinery. The
higher a downblow heater is mounted, the lower the temperature of
air leaving the heater must be to force the heated air into the occu-
pied zone. Also, the distance that air leaving the heater travels
depends largely on the air temperature and initial velocity. A high
temperature reduces the area of heat coverage.

Unit heaters for high-pressure steam or high-temperature hot
water should be designed to produce approximately the same leav-
ing air temperature as would be obtained from a lower temperature
heating medium.

To obtain the desired air distribution and heat diffusion, unit
heaters are commonly equipped with directional outlets, adjustable
louvers, or fixed or revolving diffusers. For a given unit with a given
discharge temperature and outlet velocity, the mounting height and
heat coverage can vary widely with the type of directional outlet,
adjustable louver, or diffuser.

Other factors that may substantially reduce heat coverage include
obstructions (such as columns, beams, or partitions) or machinery in
either the discharge airstream or approach area to the unit. Strong
drafts or other air currents also reduce coverage. Exposures such as
large glass areas or outside doors, especially on the windward side of
the building, require special attention; units should be arranged so
that they blanket the exposures with a curtain of heated air and inter-
cept the cold drafts.

 For area heating, horizontal-blow unit heaters in exterior zones
should be placed so that they blow either along the exposure or
toward it at a slight angle. When possible, multiple units should be
arranged so that the discharge airstreams support each other and cre-
ate a general circulatory motion in the space. Interior zones under
exposed roofs or skylights should be completely blanketed. Down-
blow units should be arranged so that the heated areas from adjacent
units overlap slightly to provide complete coverage.

 For spot heating of individual spaces in larger unheated areas,
single unit heaters may be used, but allowance must be made for the
inflow of unheated air from adjacent spaces and the consequent
reduction in heat coverage. Such spaces should be isolated by par-
titions or enclosures, if possible.

Horizontal unit heaters should have discharge outlets located
well above head level. Both horizontal and vertical units should be
placed so that the heated airstream is delivered to the occupied
zone at acceptable temperature and velocity. The outlet air tem-
perature of free-air delivery unit heaters used for comfort heating
should be 50 to 60°F higher than the design room temperature.
When possible, units should be located so that they discharge into
open spaces, such as aisles, and not directly on the occupants. For
further information on air distribution, see Chapter 33 of the 2005
ASHRAE Handbook—Fundamentals.
Manufacturers’ catalogs usually include suggestions for the best
arrangements of various unit heaters, recommended mounting
heights, heat coverage for various outlet velocities, final tempera-
tures, directional outlets, and sound level ratings.

Sound Level in Occupied Spaces
Sound pressure levels in workplaces should be limited to values

listed in Table 42 in Chapter 47 of the 2007 ASHRAE Handbook—
HVAC Applications. Although the noise level is generated by all
equipment within hearing distance, unit heaters may contribute a
significant portion of noise level. Both noise and air velocity in the
occupied zone generally increase with increased outlet velocities.
An analysis of both the diverse sound sources and the locations of
personnel stations establishes the limit to which the unit heaters
must be held.

Ratings of Unit Heaters
Steam or Hot Water. Heating capacity must be determined at a

standard condition. Variations in entering steam or water tempera-
ture, entering air temperature, and steam or water flow affect capac-
ity. Typical standard conditions for rating steam unit heaters are dry
saturated steam at 2 psig pressure at the heater coil, air at 60°F
(29.92 in. Hg barometric pressure) entering the heater, and the
heater operating free of external resistance to airflow. Standard con-
ditions for rating hot-water unit heaters are entering water at 200°F,
water temperature drop of 20°F, entering air at 60°F (29.92 in. Hg
barometric pressure), and the heater operating free of external resis-
tance to airflow.

Gas-Fired. Gas-fired unit heaters are rated in terms of both input
and output, in accordance with the approval requirements of the
American Gas Association.

Oil-Fired. Ratings of oil-fired unit heaters are based on heat
delivered at the heater outlet.

Electric. Electric unit heaters are rated based on the energy input
to the heating element.

Effect of Airflow Resistance on Capacity. Unit heaters are cus-
tomarily rated at free-air delivery. Airflow and heating capacity will
decrease if outside air intakes, air filters, or ducts on the inlet or dis-
charge are used. The reduction in capacity caused by this added
resistance depends on the characteristics of the heater and on the
type, design, and speed of the fans. As a result, no specific capacity
reduction can be assigned for all heaters at a given added resistance.
The manufacturer should have information on the heat output to be
expected at other than free-air delivery.

Effect of Inlet Temperature. Changes in entering air tempera-
ture influence the total heating capacity in most unit heaters and the
final temperature in all units. Because many unit heaters are located
some distance from the occupied zone, possible differences
between the temperature of the air actually entering the unit and that
of air being maintained in the heated area should be considered, par-
ticularly with downblow unit heaters.

 Higher-velocity units and units with lower vertical discharge
air temperature maintain lower temperature gradients than units
with higher discharge temperatures. Valve- or bypass-controlled
units with continuous fan operation maintain lower temperature
gradients than units with intermittent fan operation. Directional
control of the discharged air from a unit heater can also be impor-
tant in distributing heat satisfactorily and in reducing floor-to-
ceiling temperature gradients.

Filters
Air from propeller unit heaters cannot be filtered because the

heaters are designed to operate with heater friction loss only. If dust
in the building must be filtered, centrifugal fan units or cabinet units
should be used. Chapter 28 has further information on air cleaners
for particulate contaminants.
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CONTROL

The controls for a steam or hot water unit heater can provide
either (1) on/off operation of the unit fan, or (2) continuous fan oper-
ation with modulation of heat output. For on/off operation, a room
thermostat is used to start and stop the fan motor or group of fan
motors. A limit thermostat, often strapped to the supply or return
pipe, prevents fan operation in the event that heat is not being sup-
plied to the unit. An auxiliary switch that energizes the fan only when
power is applied to open the motorized supply valve may also be
used to prevent undesirable cool air from being discharged by the
unit.

 Continuous fan operation eliminates both the intermittent blasts
of hot air resulting from on/off operation and the stratification of
temperature from floor to ceiling that often occurs during off peri-
ods. In this arrangement, a proportional room thermostat controls a
valve modulating the heat supply to the coil or a bypass around the
heating element. A limit thermostat or auxiliary switch stops the fan
when heat is no longer available.

 One type of control used with downblow unit heaters is designed
to automatically return the warm air, which would normally stratify
at the higher level, down to the zone of occupancy. Two thermostats
and an auxiliary switch are required. The lower thermostat is placed
in the zone of occupancy and is used to control a two-position
supply valve to the heater. An auxiliary switch is used to stop the fan
when the supply valve is closed. The higher thermostat is placed
near the unit heater at the ceiling or roof level where the warm air
tends to stratify. The lower thermostat automatically closes the
steam valve when its setting is satisfied, but the higher thermostat
overrides the auxiliary switch so that the fan continues to run until
the temperature at the higher level falls below a point sufficiently
high to produce a heating effect.

 Indirect-fired and electric units are usually controlled by inter-
mittent operation of the heat source under control of the room ther-
mostat, with a separate fan switch to run the fan when heat is being
supplied. For more information on automatic control, refer to Chap-
ter 47 of the 2007 ASHRAE Handbook—HVAC Applications.

 Unit heaters can be used to circulate air in summer. In such
cases, the heat is shut off and the thermostat has a bypass switch,
which allows the fan to run independently of the controls.

PIPING CONNECTIONS

Piping connections for steam unit heaters are similar to those for
other types of fan blast heaters. Unit heater piping must conform
strictly to the system requirements, while allowing the heaters to
function as intended. Basic piping principles for steam systems are
discussed in Chapter 10.

Steam unit heaters condense steam rapidly, especially during
warm-up periods. The return piping must be planned to keep the
heating coil free of condensate during periods of maximum heat
output, and the steam piping must be able to carry a full supply of
steam to the unit to take the place of condensed steam. Adequate
pipe size is especially important when a unit heater fan is operated
under on/off control because the condensate rate fluctuates rapidly.

Recommended piping connections for unit heaters are shown in
Figure 4. In steam systems, the branch from the supply main to the
heater must pitch toward the main and be connected to its top in
Fig. 4 Hot Water and Steam Connections for Unit Heaters

Fig. 4 Hot Water and Steam Connections for Unit Heaters
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order to prevent condensate in the main from draining through the
heater, where it might reduce capacity and cause noise.

The return piping from steam unit heaters should provide a min-
imum drop of 10 in. below the heater, so that the pressure of water
required to overcome resistances of check valves, traps, and strain-
ers will not cause condensate to remain in the heater.

Dirt pockets at the outlet of unit heaters and strainers with
0.063 in. perforations to prevent rapid plugging are essential to trap
dirt and scale that might affect the operation of check valves and
traps. Strainers should always be installed in the steam supply line
if the heater has steam-distributing coils or is valve controlled.

An adequate air vent is required for low-pressure closed gravity
systems. The vertical pipe connection to the air vent should be at
least 3/4 in. NPT to allow water to separate from the air passing to
the vent. If thermostatic instead of float-and-thermostatic traps are
used in vacuum systems, a cooling leg must be installed ahead of
the trap.

In high-pressure systems, it is customary to continuously vent
the air through a petcock (as indicated in Figure 4C), unless the
steam trap has a provision for venting air. Most high-pressure return
mains terminate in flash tanks that are vented to the atmosphere.
When possible, pressure-reducing valves should be installed to per-
mit operation of the heaters at low pressure. Traps must be suitable
for the operating pressure encountered.

When piping is connected to hot-water unit heaters, it must be
pitched to permit air to vent to the atmosphere at the high point in
the piping. An air vent at the heater is used to facilitate air removal
or to vent the top of the heater. The system must be designed for
complete drainage, including placing nipple and cap drains on drain
cocks when units are located below mains.

MAINTENANCE

Regular inspection, based on a schedule determined by the amount
of dirt in the atmosphere, assures maximum operating economy and
heating capacity. Heating elements should be cleaned when necessary
by brushing or blowing with high-pressure air or by using a steam
spray. A portable sheet metal enclosure may be used to partially
enclose smaller heaters for cleaning in place with air or steam jets. In
certain installations, however, it may be necessary to remove the heat-
ing element and wash it with a mild alkaline solution, followed by a
thorough rinsing with water. Propeller units do not have filters and
are, therefore, more susceptible to dust build-up on the coils.

Dirt on fan blades reduces capacity and may unbalance the
blades, which causes noise and bearing damage. Fan blades should
be inspected and cleaned when necessary. Vibration and noise may
also be caused by improper fan position or loose set screws. A fan
guard should be placed on downblow unit heaters that have no dif-
fuser or other device to catch the fan blade if it comes loose and falls
from the unit.

The amount of attention required by the various motors used with
unit heaters varies greatly. Instructions for lubrication, in particular,
must be followed carefully for trouble-free operation: excess lubri-
cation, for example, may damage the motor, and an improper lubri-
cant may cause the bearings to fail. Instructions for care of the motor
on any unit heater should be obtained from the manufacturer and
kept at the unit.

Fan bearings and drives must be lubricated and maintained
according to the instructions specified by the manufacturer. If the
unit is direct-connected, the couplings should be inspected periodi-
cally for wear and alignment. V-belt drives should have all belts
replaced with a matched set if one belt shows wear.

 Periodic inspections of traps, inspections of check and air
valves, and the replacement of worn fans are other important main-
tenance functions. Strainers should be cleaned regularly. Filters, if
included, must be cleaned or replaced when dirty.
MAKEUP AIR UNITS

DESCRIPTION AND APPLICATIONS

Makeup air units are designed to condition ventilation air intro-
duced into a space or to replace air exhausted from a building. The
air exhausted may be from a process or general area exhaust,
through either powered exhaust fans or gravity ventilators. The units
may be used to prevent negative pressure within buildings or to
reduce airborne contaminants in a space.

If temperature and/or humidity in the structure are controlled, the
makeup air system must have the capacity to condition the replace-
ment air. In most cases, makeup air units must be used to supply this
conditioned makeup air. The units may heat, cool, humidify, dehu-
midify, and/or filter incoming air. They may be used to replace air in
the conditioned space or to supplement or accomplish all or part of
the airflow needed to satisfy the heating, ventilating, or cooling air-
flow requirements.

Makeup air can enter at a fixed flow rate or as a variable volume
of outside air. It can be used to accomplish building pressurization
or contamination reduction, and may be controlled in a manner that
responds directly to exhaust flow. Makeup air units may also be con-
nected to process exhaust with air-to-air heat recovery units.

Buildings under negative pressure because of inadequate make-
up air may have the following symptoms:

• Gravity stacks from unit heaters and processes back-vent.
• Exhaust systems do not perform at rated volume.
• The perimeter of the building is cold in winter because of high 

infiltration.
• Severe drafts occur at exterior doors.
• Exterior doors are hard to open.
• Heating systems cannot maintain comfortable conditions 

throughout the building because the central core area becomes 
overheated.

Other Applications
Spot Cooling. High-velocity air jets in the unit may be directed

to working positions. During cold weather, supply air must be tem-
pered or reduced in velocity to avoid overcooling workers.

Door Heating. Localized air supply at swinging doors or over-
head doors, such as for loading docks, can be provided by makeup
air units. Heaters may blanket door openings with tempered air. The
temperature may be reset from the outside temperature or with dual-
temperature air (low when the door is closed and high when the door
is open during cold weather). Heating may be arranged to serve a
single door or multiple doors by an air distribution system. Door
heating systems may also be arranged to minimize entry of insects
during warm weather.

SELECTION

Makeup air systems used for ventilation may be (1) sized to bal-
ance air exhaust volumes or (2) sized in excess of the exhaust volume
to dilute contaminants. In applications where contaminant levels
vary, variable-flow units should be considered so that the supply air
varies for contaminant control and the exhaust volume varies to track
supply volume. In critical spaces, the exhaust volume may be based
on requirements to control pressure in the space.

Location
Makeup air units are defined by their location or the use of a key

component. Examples are rooftop makeup air units, truss- or floor-
mounted units, and sidewall units. Some manufacturers differentiate
their units by heating mode, such as steam or direct gas-fired makeup
air units.

Rooftop units are commonly used for large single-story indus-
trial buildings to simplify air distribution. Access (via roof walks) is
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more convenient than access to equipment mounted in the truss;
truss units are only accessible by installing a catwalk adjacent to the
air units. Disadvantages of rooftop units are (1) they increase foot
traffic on the roof, which reduces its life and increases the likelihood
of leaks; (2) inclement weather reduces equipment accessibility;
and (3) units are exposed to weather.

Makeup air units can also be placed around the perimeter of a
building with air ducted through the sidewall. This approach limits
future building expansion, and the effectiveness of ventilating inter-
nal spaces decreases as the building gets larger. However, access to
the units is good, and minimum support is required because the units
are mounted on the ground.

Use caution in selecting the location of the makeup air unit
and/or its associated combustion air source, to avoid introducing
combustible vapors into the unit. Consult state and local fire codes
for specific guidance.

Heating and Cooling Media

Heating. Makeup air units are often identified by the heating or
cooling medium they use. Heaters in makeup air systems may be
direct gas-fired burners, electric resistance heating coils, indirect
gas-fired heaters, steam coils, or hot-water heating coils. (Chapter
26 covers the design and application of heating coils.) Air distribu-
tion systems are often required to direct heat to spaces requiring it.

Natural gas can be used to supply an indirect-fired burner, which
is the same as a large furnace. (Chapter 32 has more information,
including detailed heater descriptions.) In a nonrecirculating
direct-fired heater, levels of combustion products generated by the
heater are very low (CO less than 5.0 ppm, NO2 less than 0.5 ppm,
and CO2 less than 4000 ppm) and are released directly into the air-
stream being heated. All air to a nonrecirculating makeup air heater
must be ducted directly from outside source. Nonrecirculating
direct gas-fired industrial air heaters are typically certified to com-
ply with ANSI Standard Z83.4b/CSA3.7b-2006. In a recirculating
makeup air heater, ventilation air to the heater must be ducted
directly from an outside source to limit the concentration of com-
bustion products in the conditioned space to a level below 25 ppm
for CO, 3 ppm for NO2, and 5000 ppm for CO2. Recirculating direct
gas-fired industrial air heaters are typically certified to comply with
ANSI Standard Z83.18-2000. Installing carbon monoxide detectors
to protect building occupants in the event of a heater malfunction is
good engineering practice, and may be required by local codes.

Hydronic heating sections in spaces requiring a fully isolated
source (100%) of outside air must be protected from freezing in cold
climates. Low-temperature protection includes two-position control
of steam coils; careful selection of the water coil heating surface and
control valves; careful control of water supply temperature; and use
of an antifreeze additive.

Cooling. Mechanical refrigeration with direct-expansion or
chilled-water cooling coils, direct or indirect evaporative cooling
sections, or well water coils may be used. Air distribution systems
are often required to direct cooling to specific spaces that experi-
ence or create heat gain.

Because industrial facilities often have high sensible heat loads,
evaporative cooling can be particularly effective. An evaporative
cooler helps clean the air, as well. A portion of the spray water must
be bled off to keep the water acceptably clean and to maintain a low
solids concentration. Chapter 40 of this volume and Chapter 51 of
the 2007 ASHRAE Handbook—HVAC Applications cover evapora-
tive cooling in more detail. 

Chapter 22 provides information on air-cooling coils. If direct-
expansion coils are used in conjunction with direct-fired gas coils,
the cooling coils’ headers must be isolated from the airstream and
directly vented outdoors.
Filters
High-efficiency filters are not normally used in a makeup air unit

because of their relatively high cost. Designers should ensure that
all filters are easy to change or clean. Appropriate washing equip-
ment should be located near all washable filters. Throwaway filters
should be sized for easy removal and disposal. Chapters 28 and 29
have more information on air filters and cleaners.

CONTROL

Controls for a makeup air unit fall into the following categories:
(1) local temperature controls, (2) airflow controls, (3) plant-wide
controls for proper equipment operation and efficient performance,
(4) safety controls for burner gas, and (5) building smoke control
systems. For control system information, refer to Chapters 40 and
46 of the 2007 ASHRAE Handbook—HVAC Applications.

Safety controls for gas-fired units include components to prop-
erly light the burner and to provide a safeguard against flame failure.
The heater and all attached inlet ducting must be purged with at least
four air changes before initiating an ignition sequence and before
reignition after a malfunction. A flame monitor and control system
must be used to automatically shut off gas to the burner upon burner
ignition or flame failure. Critical malfunctions include flame fail-
ure, supply fan failure, combustion air depletion, power failure, con-
trol signal failure, excessive or inadequate inlet gas supply pressure,
excess air temperature, and gas leaks in motorized valves or inlet
gas supply piping.

APPLICABLE CODES AND STANDARDS

A gas-fired makeup air unit must be designed and built in accor-
dance with NFPA Standard 54 and the requirements of the owner’s
insurance underwriter. Local codes must also be observed when
using direct-fired gas makeup air units because some jurisdictions
prohibit or restrict their use and may also require exhaust fans to be
used while the unit is in operation.

The following standards may also apply, depending on the appli-
cation:

ACCA. 1992. Direct-fired makeup air equipment. Technical Bulle-
tin 109. Air-Conditioning Contractors of America, Washington, D.C.

ACGIH. 2007. Industrial ventilation: A manual of recommended
practice, 26th ed. American Conference of Governmental Industrial
Hygienists, Cincinnati, OH.

ANSI. 2006. Non-recirculating direct gas-fired industrial air heat-
ers. Standard Z83.4b/CSA3.7b-2006. American National Standards
Institute, New York.

ANSI. 2000. Recirculating direct gas-fired industrial heaters.
Standard Z83.18. American National Standards Institute, New York.

ARI. 1989. Central-station air-handling units. ANSI/ARI Stan-
dard 430-89. Air-Conditioning and Refrigeration Institute, Arling-
ton, VA.

ASHRAE. 2007. Ventilation for acceptable indoor air quality.
ANSI/ASHRAE Standard 62.1-2007.

ASHRAE. 2004. Energy standard for buildings except low-rise
residential buildings. ANSI/ASHRAE/IESNA Standard 90.1-2004.

ASHRAE. 2006. Energy conservation in existing buildings.
ASHRAE/IESNA Standard 100-2006.

CSA International. 2006. Direct gas-fired make-up air heaters.
Standard Z83.4b/CSA3.7b-2006.

ICC. 2006. International mechanical code. International Code
Council, Falls Church, VA.

ICC. 2006. International fuel gas code. International Code
Council, Falls Church, VA.

COMMISSIONING

Commissioning of makeup air systems is similar to that of other
air-handling systems, requiring attention to
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• Equipment identification 
• Piping system identification
• Belt drive adjustment
• Control system checkout
• Documentation of system installation
• Lubrication
• Electrical system checkout for overload heater size and function 
• Cleaning and degreasing of hydronic piping systems
• Pretreatment of hydronic fluids
• Setup of chemical treatment program for hydronic systems and

evaporative apparatus
• Start-up of major equipment items by factory-trained technician
• Testing and balancing
• Planning of preventive maintenance program
• Instruction of owner’s operating and maintenance personnel

MAINTENANCE

Basic operating and maintenance data required for makeup air
systems may be obtained from the ASHRAE Handbook chapters
covering the components. Specific operating instructions are
required for makeup air heaters that require changeover from winter
to summer conditions, including manual fan speed changes, air dis-
tribution pattern adjustment, or heating cycle lockout.
Operations handling 100% outside air may require more fre-
quent maintenance, such as changing filters, lubricating bearings,
and checking the water supply to evaporative coolers/humidifiers.
Filters on systems in locations with dirty air require more frequent
changing, so a review may determine whether upgrading filter
media would be cost-effective. More frequent cleaning of fans’
blades and heat transfer surfaces may be required in such locations
to maintain airflow and heat transfer performance.
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