CHAPTER 22
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N the selection and application of humidifiers, the designer con-

siders (1) the environmental conditions of the occupancy or pro-
cess and (2) the characteristics of the building enclosure. Because
these may not always be compatible, compromise is sometimes nec-
essary, particularly in the case of existing buildings.

1. ENVIRONMENTAL CONDITIONS

A particular occupancy or process may dictate a specific relative
humidity, a required range of relative humidity, or certain limiting
maximum or minimum values. The following classifications explain
the effects of relative humidity and provide guidance on the require-
ments for most applications.

Human Comfort

The complete effect of relative humidity on all aspects of human
comfort has not yet been established. For thermal comfort, higher
temperature is generally considered necessary to offset decreased
relative humidity (see ASHRAE Standard 55).

Low relative humidity increases evaporation from the membranes
of the nose and throat, drying the mucous membranes in the respira-
tory system; it also dries the skin and hair. The increased incidence of
respiratory complaints during winter is often linked to low relative
humidity. Epidemiological studies have found lower rates of respira-
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tory illness reported among occupants of buildings with midrange rel-
ative humidity than among occupants of buildings with low humidity.

Extremes of humidity are the most detrimental to human comfort,
productivity, and health. Figure 1 shows that the range between 30
and 60% rh (at normal room temperatures) provides the best condi-
tions for human occupancy (Sterling et al. 1985). In this range, both
the growth of bacteria and biological organisms and the speed at
which chemical interactions occur are minimized.

Prevention and Treatment of Disease

Relative humidity has a significant effect on the control of air-
borne infection. At 50% rh, the mortality rate of certain organisms is
highest, and the influenza virus loses much of its virulence. The mor-
tality rate of these organisms decreases both above and below this
value. High humidity can support the growth of pathogenic or aller-
genic organisms. As shown in Figure 2, humidity levels around 50%
can be lethal to the Prneumococcus bacterium (Brundrett 1990). Sim-
ilar effects can be seen in other microorganisms that cause serious
health issues. Consequently, relative humidity in habitable spaces
should be maintained between 30 and 60%.

Relative humidity also has a major role in the effects of different
bacteria. Figure 3 shows the mortality of mice exposed to influenza
under varying degrees of relative humidity (Brundrett 1990).
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Fig. 2 Mortality of Pneumococcus Bacterium
Maximum mortality for airborne Prneumococci comes when relative
humidity is held at 55% rh. [Adapted from Brundrett (1990), Criteria for
Moisture Control. Copyright Elsevier © 1990.]
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Fig. 7 Residential Humidifiers

Industrial and Commercial Humidifiers for
Central Air Systems

Humidifiers must be installed where the air can absorb the vapor;
the temperature of the air being humidified must exceed the dew
point of the space being humidified. When fresh or mixed air is
humidified, the air may need to be preheated to allow absorption to
take place.

Heated Pan Humidifiers. These units offer a broad range of ca-
pacities and may be heated by a heat exchanger supplied with either
steam or hot water (Figure 8A). They may be installed directly un-
der the duct, or they may be installed remotely and feed vapor
through a hose. In either case, a distribution manifold should be
used.

Steam heat exchangers are commonly used in heated-pan humid-
ifiers, with steam pressures ranging from 35 to 105 kPa (gage). Hot-

water heat exchangers are also used in pan humidifiers; a water tem-
perature below 115°C is not practical.

All pan-type humidifiers should have water regulation and some
form of drain or flush system. When raw water is used, periodic
cleaning is required to remove the buildup of minerals. (Using soft-
ened or demineralized water can greatly extend time between clean-
ings.) Care should also be taken to ensure that all water is drained off
when the system is not in use to avoid the possibility of bacterial
growth in the stagnant water.

Direct Steam Injection Humidifiers. These units cover a wide
range of designs and capacities. Steam is water vapor under pressure
and at high temperature, so the process of humidification can be sim-
plified by adding steam directly into the air. This method is an iso-
thermal process because the temperature of the air remains almost
constant as the moisture is added. For this type of humidification
system, the steam source is usually a central steam boiler at low pres-
sure. When steam is supplied from a source at a constant supply pres-
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Fig. 8 Industrial Isothermal (Steam) Humidifiers

sure, humidification responds quickly to system demand. A control
valve may be modulating or two-position in response to a humidity
sensor/controller. Steam can be introduced into the airstream through
one of the following devices:

 Single or multiple steam-jacketed manifolds (Figure 8B),
depending on the size of the duct or plenum. The steam jacket is
designed to reevaporate any condensate droplets before they are
discharged from the manifold.

* Nonjacketed manifold or panel-type distribution systems
(Figure 8C), with or without injection nozzles for distributing
steam across the face of the duct or plenum.

Units must be installed where the air can absorb the discharged
vapor before it comes into contact with components in the airstream,
such as coils, dampers, or turning vanes. Otherwise, condensation
can occur in the duct. Absorption distance varies according to the
design of the humidifier distribution device and the air conditions
within the duct. For proper psychrometric calculations, refer to
Chapter 1 of the 2013 ASHRAE Handbook—Fundamentals. Because
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these humidifiers inject steam from a central boiler source directly
into the space or distribution duct, boiler treatment chemicals dis-
charged into the air system may compromise indoor air quality.
Check chemicals for safety, and carefully avoid contamination from
the water or steam supplies.

Self-Contained Steam Humidifiers. These units convert ordi-
nary city tap water to steam by electrical or gas energy using either
electrodes, resistance heater elements, infrared lamps, or gas com-
bustion. Steam is generated at atmospheric pressure and discharged
into the duct system through dispersion manifolds; if the humidifier is
a freestanding unit, the steam is discharged directly into the air space
or mixed in the airstream. Some units allow use of softened or demin-
eralized water, which greatly extends the time between cleanings.

* Electrode humidifiers (Figure 8D) operate by passing an electric
current directly into ordinary tap water, thereby creating heat
energy to boil the water and produce steam vapor. The humidifier
usually contains a plastic bottle (Figure 8E), either throwaway or
cleanable, that is supplied with water through a solenoid valve.
Periodic and partial drains maintain a desirable solids concentra-
tion and the correct electrical flow. Manufacturers offer humidi-
fiers with several different features, so their data should be
consulted.

* Resistance humidifiers (Figure 8F) use one or more electrical
elements that heat water directly to produce steam. The water can
be contained in a stainless or coated steel shell. The element and
shell should be accessible for cleaning out mineral deposits. High
and low water levels should be controlled with either probes or
float devices, and a blowdown drain system should be incorpo-
rated, particularly for off-operation periods.

* Infrared humidifiers (Figure 8G) use one or more quartz lamps
to produce infrared energy that is reflected off mirrors and into a
tank of water. The boiling water produces steam, which is then
removed by air flowing over the surface of the tank. The water
level and dilution drains are controlled by either solenoid valves,
or an overflow system.

* Gas-fired humidifiers (Figure 8H) use one or more forced air
combustion burners and heat exchangers to heat water to produce
steam. The water is typically contained in a stainless steel tank,
and the heat exchangers can be made from stainless steel or alu-
minum. The heat exchanger and tank should be accessible for
cleaning out mineral deposits. High and low water levels should be
controlled with either probes or float devices, and a blowdown
drain system should be incorporated, particularly for off-operation
periods.

Steam Distributors. Humidifiers that produce steam require a
steam distributor to introduce the steam into an airstream or condi-
tioned space. Correct selection and installation of both the steam
distributors and the steam lines from the humidifier are essential for
proper performance of the humidification system.

There are three common steam distributor types:

* Individual-tube distributors consist of one or more perforated
tubes that are inserted into a section of ductwork. Steam from the
humidifier escapes through holes in the tubes while condensate is
collected and drained. Tubes are generally designed to span the
width of the duct, and can be used individually or in groups to
achieve a certain performance level.

* Short absorption manifolds (Figure 8C) are used in ducted or air
handler applications and consist of multiple perforated distributor
tubes connected to a central header. The multiple tubes spread the
steam across as much of the airstream as possible, thus reducing
the time and distance needed for the steam to be absorbed. How-
ever, the additional distributor tubes result in increased conden-
sate loss and heat transfer to the airstream compared with a single-
tube distributor. To minimize this effect, many short absorption
manifolds are available with insulation.
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* Room fan distributors are used for direct room humidification
without relying on a central HVAC system. Fan distributors can
be built directly onto a humidifier or remotely mounted to distrib-
ute steam in a desired location. These distributors have the advan-
tage of allowing the humidifier to operate independently of the
ventilation system; however, they can result in a visible steam
plume in the room. This plume may require some distance to fully
absorb, so fans must be positioned with adequate clearance from
occupants, walls, ceilings, and equipment. In addition, fan distrib-
utors also generate some noise from the motor and air movement
in the fan. Both sound and absorption clearance are important
considerations when placing these devices, particularly in quiet
office environments.

Individual-Tube and Short Absorption Manifold Considerations.
Both individual-tube and short absorption manifold distributors
require tubes placed directly in an airstream. Increasing the number
of tubes tends to shorten steam absorption distance, because the
steam is more evenly distributed across the cross section of the air-
stream; however, it also increases the exposed area for heat transfer
and thus also increases airstream heat gain and condensate losses in
the distributor. It is best practice to minimize the number of tubes
used while still maintaining absorption within the available dis-
tance. This approach reduces condensate losses and airstream heat
gain while also reducing installation cost. To further reduce losses
and improve efficiency, many manufacturers offer insulated distrib-
utors.

Tubes and short absorption manifolds should both be located in
a straight section of ductwork with laminar airflow. Avoid placing
these distributors immediately after bends or in areas where turbu-
lent airflow can be expected. Eddies and recirculation currents in
these locations can cause the steam to be drawn into duct walls and
condense.

Although not strictly required, it is good practice to include a
drain pan in the distributor section to protect against possible leaks
or condensation from the distributor.

Duct-mounted sensors and controls should be placed far enough
away from the distributor for the moisture to mix adequately with
the airstream. As a rule of thumb, high-limit controls and humidity
sensors should be installed downstream at a minimum distance of
five times the expected absorption distance.

Atmospheric Steam Lines. The steam lines that connect the
humidifier to the steam distributors are another important part of the
humidification system. Steam lines must be correctly sized, prop-
erly routed, made of correct material, have adequate drainage, and
be insulated.

Sizing. Follow manufacturer guidelines when selecting an over-
all diameter. Lines that are too narrow create restriction that is dif-
ficult for the humidifier to overcome and can reduce system
efficiencies. Lines that are too large have very low steam flow veloc-
ities and can cause high condensate losses. As a starting point, con-
sider matching the diameter of the steam line to the outlet of the
humidifier and maintaining this diameter through to the distributor.

Routing. Most stand-alone isothermal humidifiers generate at-
mospheric steam [i.e., steam at a very low pressure (1.5 to 4.5 kPa)].
As such, steam flow in these lines cannot travel long distances. Con-
sider the following when routing steam lines:

» Keep atmospheric steam lines as short as possible

* Avoid long horizontal runs

* Maintain at a minimum slope of 15% for upward lines

* Maintain a minimum slope of 4% for downward lines

* Ensure lines are adequately supported to avoid unintentional low
points

Minimize the number of elbow and tee fittings
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Materials. Material selection is an important aspect of steam line
design. Common materials for atmospheric steam lines include cop-
per tubing, stainless steel tubing, and hose. Compared to tubing,
piping is costlier to install, has thicker walls, and has higher con-
tainment ratings that are not necessary for atmospheric steam.
Steam hose is typically made of a flexible rubber or polymer mate-
rial. Restrict steam hoses to short runs of 3 m or less, because the
materials can soften and sag over time. Ensuring adequate support
of steam hose is important to avoid low points where condensate can
collect and block steam flow.

Plastic tubing and black iron piping are generally not recom-
mended as materials for atmospheric steam lines. Certain types of
plastic tubing can emit odors or become brittle from repeated heat-
ing cycles. Similarly, black iron pipe can emit odors from oils used
during the manufacturing process and is prone to corrosion.

Draining. Condensate forms inside steam lines from heat losses
and from cool lines on start-up. To minimize the risks of choking
steam flow or discharging condensate from the distributor, this con-
densate should be removed through drains along the steam lines. It
is best practice to place a drain and trap immediately before the dis-
tributor to collect and drain condensate before it can enter the dis-
tributor. Additionally, drains and traps should be placed every 4.5 m
on steam line runs, and at any low points in the line. Low points
often occur as the steam line is routed under beams, ductwork, or
other piping.

A condensate drain should consist of a full-sized tee placed in the
steam line, and a pressure trap. At a minimum, the trap must be sized
to resist the maximum expected duct static pressure.

Condensate drained from steam lines can be recovered back to
the humidifier, returned to a water treatment system, stored for irri-
gation and toilet usage, or directed to drain as directed by local
codes. Steam line condensate is hot, often near 100°C, and should
be cooled before draining. Commonly, a high-temperature conden-
sate pump or a condensate cooling tank is used for this purpose.

Insulating. Heat transfer from steam lines can cause steam to
condense back to liquid water. Losses in steam lines can reduce the
overall system efficiency and reduce the amount of steam being dis-
tributed to the space. In the worst cases, significant line losses can
prevent the humidifier from maintaining the desired humidity in the
space. Therefore, atmospheric steam lines should be insulated with
a suitable insulation for the chosen material.

Atomizing Humidifiers. Water treatment should be considered
if mineral fallout from hard water is a problem. Optional filters may
be required to remove mineral dust from humidified air (Figure 9A).
Depending on the application and the water condition, atomizing
humidifiers may require a reverse osmosis (RO) or a deionized (DI)
water treatment system to remove the minerals. It is also important
to note that wetted parts should be able to resist the corrosive effects
of DI and RO water. Atomizing humidifiers introduce fine droplets
or a fog, directly into the airstream. A mist elimination system is
suggested for all atomizing-type humidifiers.

There are four main categories of atomizing humidifiers:

+ Ultrasonic humidifiers (Figure 9B) use a piezoelectric trans-
ducer submerged in demineralized water. The transducer converts
a high-frequency mechanical electric signal into a high-frequency
oscillation. A momentary vacuum is created during the negative
oscillation, causing the water to cavitate into vapor at low pres-
sure. The positive oscillation produces a high-compression wave
that drives the water particle from the surface to be quickly
absorbed into the airstream. Because these types typically use
demineralized water, no filter medium is required downstream.
The ultrasonic humidifier is also manufactured as a freestanding
unit.

* Centrifugal humidifiers (Figure 9C) use a high-speed disk that
slings water to its rim, where it is thrown onto plates or a comb to
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produce a fine mist. The mist is introduced to the airstream, where

it is evaporated.

* Pressurized-water humidifiers (Figure 9D) use a volumetric
pump to generate water at pressures between 210 and 1265 kPa.
This high-pressure water is then transferred to a duct, air handler,
or ambient space by distribution piping, and discharged through
special nozzles. The nozzles use swirl jet or impaction features
(Figures 9E and 9F) to produce billions of very small droplets that
spontaneously evaporate, humidifying and cooling the air.

* A duct or air handler pressurized-water system typically
consists of a pumping station, control sensor, distribution pip-
ing, a nozzle grid array with control solenoid valves, a mist
eliminator section, and a limit sensor downstream of the mist
eliminator.

* An ambient pressurized-water system typically consists of a
pumping station, control sensor, distribution piping, and a man-
ifold circuit (with or without air blowers) containing spray noz-
zles.

+ Compressed-air nozzle humidifiers (Figure 9A) use a system of
air and water control unit, distribution piping and nozzles. The
control sections manage the flow of air and water going to the
nozzles. The nozzles can operate in two ways:

* Compressed air and water are combined inside the nozzle and
discharged onto a resonator to create a fine fog at the nozzle tip
(Figure 9G).

» Compressed air is passed through an annular orifice at the noz-
zle tip, and water is passed through a center orifice. The air cre-
ates a slight vortex at the tip, where the water breaks up into a
fine fog on contact with the high-velocity compressed air.

Wetted-Media Humidifiers. Rigid-media humidifiers (Figure
9H) use a porous core and the process of evaporation. Water is cir-
culated over the media while air is blown through the openings.
These humidifiers are adiabatic, cooling the air as it is humidified.
Rigid-media cores are often used for the dual purpose of winter
humidification and summer cooling. They depend on airflow for
evaporation: the rate of evaporation varies with air temperature,
humidity, and velocity.

The rigid media should be located downstream of any heating or
cooling coils. For close humidity control, the element can be broken
down into several (usually two to four) banks having separate water
supplies. Individual pumps or solenoids controlling water flow to
each bank are activated as humidification is required.

Rigid-media humidifiers have inherent filtration and scrubbing
properties because of the water-washing effect in the filter-like
channels. Only pure water is evaporated; therefore, contaminants
collected from the air and water must be flushed from the system. A
continuous bleed or regular pan flushing is recommended to mini-
mize accumulation of contaminants in the pan and on the media. A
cycles-of-concentration method can be used to minimize scale
build-up and water discharge.

Hybrid Humidifiers. Hybrids (Figure 9I) combine a nozzle-type
humidifier and a rigid-media humidifier. They are used in ducted or
air handler applications. Nozzles, which typically operate at low
pressure, are placed upstream of a rigid-media core and spray water
into the airstream toward media. Droplets that do not evaporate are
captured on the media and evaporated or drained off. The media
functions as both a mist eliminator and an evaporator. Hybrid
humidifiers normally use either RO or DI water to prevent mineral
precipitation from fouling the media.

Evaporative Cooling. Atomizing and wetted media humidifiers
discharge water at ambient temperature. The water absorbs heat
from the surrounding air to evaporate the fog, mist, or spray at a rate
of 2500 kJ per kilogram of water. This evaporative cooling effect
(see Chapter 41) should be considered in the design of the system
and if reheat is required to achieve the final air temperature. The
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Mechanical Controls

Mechanical sensors depend on a change in the length or size of the
sensor as a function of relative humidity. Many humidity-sensitive
materials are available, such as nylon, human hair, wood, and ani-
mal membranes that change length with humidity changes. The
most commonly used sensors are synthetic polymers or human hair.
They can be attached to a mechanical linkage to control the mechan-
ical, electrical, or pneumatic switching element of a valve or motor.
This design is suitable for most human comfort applications, but it
may lack the necessary accuracy for industrial applications.

A humidity controller is normally designed to control at a set
point selected by the user. Some controllers have a setback feature
that lowers the relative humidity set point as outdoor temperature
drops to reduce condensation within the structure.

Electronic Controls

Electrical sensors change electrical resistance as the humidity
changes. They typically consist of two conductive materials sepa-
rated by a humidity-sensitive, hygroscopic insulating material (poly-
vinyl acetate, polyvinyl alcohol, or a solution of certain salts). Small
changes are detected as air passes over the sensing surface. Capa-
citive sensors use a dielectric material that changes its dielectric con-
stant with relative humidity. The dielectric material is sandwiched
between special conducting materials that allow a fast response to
changes in relative humidity.

Electronic control is common in laboratory or process applica-
tions requiring precise humidity control. It is also used to vary fan
speed on portable humidifiers to regulate humidity in the space
more closely and to reduce noise and draft to a minimum.

Electronic controls are now widely used for residential applica-
tions because of low-cost, accurate, and stable sensors that can be
used with inexpensive microprocessors. They may incorporate
methods of determining outdoor temperature so that relative humid-
ity can be automatically reset to some predetermined algorithm
intended to maximize human comfort and minimize any condensa-
tion problems (Pasch et al. 1996).

Along with a main humidity controller, the system may require
other sensing devices:

* High-limit sensors may be required to ensure that duct humidity
levels remain below the saturation or dew-point level. Sometimes
cooler air is required to offset sensible heat gains. In these cases,
the air temperature may drop below the dew point. Operating the
humidifier under these conditions causes condensation in the duct
or fogging in the room. High-limit sensors may be combined with
a temperature sensor in certain designs. The high-limit humidistat
should be installed approximately 3 m from the humidifier sec-
tion. This distance is necessary to allow for the moisture to be
fully absorbed; high limits installed closer to the humidifier risk
being damaged by moisture or cycling rapidly, causing short
cycling of the entire humidification system. High-limit humidi-
stats are commonly set to a maximum of 85 to 90% rh, and should
be wired to close when the relative humidity falls below the set
point and open when the relative humidity exceeds the set point.

* Airflow sensors should be used in place of a fan interlock. They
sense airflow and disable the humidifier when insufficient airflow
is present in the duct. An airflow switch is typically a sail or pres-
sure switch that opens the control circuit of the humidifier when
the airflow decreases or fails, and shuts the humidifier off. During
system commissioning, confirm that this switch operates prop-
erly.

» Steam sensors are used to keep the control valve on direct-
injection humidifiers closed when steam is not present at the
humidifier. A pneumatic or electric temperature-sensing switch
is fitted between the separator and the steam trap to sense the
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temperature of the condensate and steam. When the switch
senses steam temperature, it allows the control valve to function
normally.

Further information on humidity sensors can be found in Chapter
36 of the 2013 ASHRAE Handbook—Fundamentals.

Control Location

In centrally humidified structures, the humidity controller is
most commonly mounted in a controlled space. Another method
is to mount the controller in the return air duct of an air-handling
system to sense average relative humidity. Figure 10 shows
general recommended locations for the humidistat for a centrally
air-conditioned room.

The manufacturer’s instructions regarding the use of the control-
ler on counterflow furnaces should be followed because reverse air-
flow when the fan is off can substantially shift the humidity control
point in a home. The sensor should be located where it will not be
affected by (1) air that exits the bypass duct of a bypass humidifier
or (2) drafts or local heat or moisture sources.

Management Systems

In many applications, humidifiers can be integrated with the
building management system (BMS). These types of systems can be
set up with simple analog interaction with the humidifier, or by var-
ious communication protocols.

For analog-type systems, the management system can enable/dis-
able the unit, send proportional signals for direct humidity control, or
redirect humidity sensor signals. These types of systems use various
analog and digital outputs and inputs to command the humidifiers to
operate, and at what level, as well as receive alarm states.

Communication protocols can be used as well to interact with
and control humidification equipment. Protocols include BACnet®,
LoNWORKS®, Modbus®, TCP/IP, SNMP, and METASYS®. In some
cases, these protocols can fully control the humidifier, replacing the
need for any analog wiring, or can monitor the status and operation
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