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Armstrong’

Precise control and uniform distribution

Humidifier control must provide immediate response and
precise modulation in order to accurately maintain the required
relative humidity. Faulty control can lead to overloading the
ducts with moisture and the creation of wet spots or failure to
provide the required humidity level.

Two design factors affect the accuracy of humidifier control —
the metering valve and the actuator that positions the valve.

Precise flow control can be achieved with a valve designed
expressly for the purpose of adding steam to air. All Armstrong
modulating humidifiers employ unique parabolic plug type
valves. See Figure 52-1.

Armstrong uses an exclusive modified plug for the control valve
to accomplish this. The modification of true linear characteristics
provides more precise control when capacity requirements are

Table 52-1. Steam Humidifier Valve Rangeabilities

Valve Rangeability
Humidifier Equivalent Ratio of Flow | Minimum Flow
Models Diameter (IN) Max.:Min. % of Maximum
1-1/2 63:1 1.6
1-1/4 69:1 1.4
1-1/8 61:1 1.6
Model No. 94 1 531 1.9
7/8 441 2.3
3/4 331 3.0
5/8 25:1 4.0
3/4 118:1 0.8
5/8 123:1 0.8
9/16 105:1 0.9
Model No. 93 1/2 971 1.0
15/32 85:1 1.2
716 751 1.3
13/32 64:1 1.6
Model No. 92 1/2 971 1.0
7116 75:1 1.3
3/8 70:1 14
11/32 59:1 1.7
5/16 491 2.0
Model No. 90, 9/32 401 2.5
91 or 92 1/4 311 3.2
7132 24:1 4.2
3/16 18:1 5.6
5/32 59:1 1.7
1/8 371 2.7
7/64 28:1 35
Model No. 90 3/32 21:1 48
or 91 5/64 15:1 6.9
1/16 10:1 10.0

All dimensions and weights are approximate. Use certified print for exact dimensions. Design and materials are subject to change without notice.

very low and the valve is just cracked off the seat. Notice in
Chart 52-1 that at point A on the curve more than half the valve
stroke is devoted to 40% of the unit's capacity. At point B, one-
quarter of the stroke is devoted to only 10% of capacity. At point
C, 10% of the stroke covers less than 5% of the unit's capacity.

How low can the unit control? Table 52-1 tabulates this function,
called rangeability. Rangeability is the ratio between the
maximum controllable flow and the minimum controllable flow of
steam through the valve. The higher the rangeability of a valve,
the more accurately it can control steam flow at low outputs.

To calculate this minimum flow, simply multiply Continuous
Discharge Capacity by the percentage shown in Table 52-1.
For example, a ¥3." orifice at 15 psi can discharge 75 Ib/hr. The
lowest output that can be controlled is 2.5% of 75 or 17s Ib/hr.

Humidifier operators

Figure 52-1. Parabolic Plug Metering Valve
Parabolic plug valve configuration permits accurate modulation
of flow over the complete stroke of the valve.

3/8" 5/16" 7/32"

L
) T E

1P VP TF

3/8" 3/8" 3/8"

Chart 52-1.

Modified linear characteristic curve for valves used under
modulating control. The modification of true linear characteristics
provides more precise control when capacity requirements are
very low and the valve is just cracked off the seat.
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The operator for the valve is equally important to humidifier
control, and several types are available to provide compatibility
with the system in which they are installed. The operator must
be able to position the valve in very nearly identical relationship
to the seat on both opening and closing strokes. This is
essential in order to provide consistent, accurate metering of
steam discharged by the humidifier.

By their design, electric motor modulating actuators provide true
linear positioning characteristics on both opening and closing
cycles. Pneumatic operators may or may not be able to provide
the precise positioning and holding characteristics essential to
accurate control. Rolling diaphragm type pneumatic operators
are recommended, providing they meet the following criteria:

1. Large diaphragm area — 12 square inches or more — to
provide ample lifting force. This permits the use of a spring
heavy enough to stabilize both the hysteresis effect and the
flow velocity effect on the positioning of the valve stem
versus air pressure to the operator.

2. Diaphragm material that is highly resistant to wear or
weakening from continuous cycling and high temperatures.

3. Operator stroke long enough, in conjunction with valve plug
and seat design, to provide high rangeability ratios.

4. Easy serviceability.

Table 53-1. Operator Spring Ranges for Pneumatically

Controlled Humidifiers

Armstrong C-1801 Honeywell MP953D
Operating Adjustable Operating Non-adjustable
Range Start Points Range Start Points
5 Ibs. 3 psig minimum 4 1bs. 3 psig
*10 Ibs. 3 psig minimum 5 Ibs. 8 psig

*7 Ibs. 4 psig

*Standard spring - furnished when no spring range is specified.

All modulating operators, whether electric or pneumatic, should
incorporate a spring return. This is necessary to ensure closing
of the valve if there is an interruption of power or control air to
the unit.

For industrial in-plant operation and for certain very limited duct
applications, a solenoid operator may be used to provide simple
on/off operation. This type of operator should not be specified
for duct applications without a detailed analysis of the system.

Chart 53-2.

Desirable operating characteristic for pneumatic actuators.
Position of valve is very nearly identical on both opening and
closing strokes at any given air pressure to the actuator.
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Temperature switches are recommended.

Temperature switches prevent humidifier operation until

start-up condensate is drained and the entire unit is up to steam
temperature, thus eliminating the possibility of spitting on cold
start-up.

Either pneumatic or electric temperature switches are
recommended in any system where the steam supply to the
manifold jacket and humidifier body may be interrupted or
turned off, such as summer cycles. Cold piping downstream of
the on/off valves can generate spitting.

All dimensions and weights are approximate. Use certified print for exact dimensions. Design and materials are subject to change without notice.
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Armstrong Precise control and uniform distribution, continued...

Operator Types

B

Armstrong C-1801 pneumatic operator for humidifiers under
modulating control. Adjustable start points and various air

pressure ranges. (See Table 53-1, Page 53.)

Standard Honeywell MP953D pneumatic operator for

humidifiers under modulating control. Operating spring ranges
and start points are shown in Table 53-1, Page 53. Operational

start point adjustment is available in the form of a pilot
positioner where required.

Standard electric operator for humidifiers under modulating

electrical control. Choice of Honeywell M9182A operator

(shown above 24V 60Hz), or Belimo AF24SR (24V 60 Hz), or

Belimo NVF24 (shown below, 24V 60Hz standard).

Transformers for other voltages available for all electric opera-

tors.

Standard ASCO electric solenoid operator for humidifiers under
on-off control. Caution: On-off operation of humidifiers in air
handling systems is advisable only for very limited, specialized
applications. Consult your Armstrong Representative.

Humidifier operators in stock
1. Pneumatic Modulating

Armstrong ... ......... .. C-1801
Honeywell .. ............ M953D and F
Invensys ............... MK4421 and MK4411
2. Electric Modulating
Honeywell .. ............ M9182A
Belmo................. AF24SR

NVF24
3. Solenoid
ASCO . ... Class H Coil

Additional Humidifier operators that have heen

installed on Armstrong humidifiers*
1. Pneumatic Modulating

Invensys ............... MK-4411, 4421
Johnson. ............... PA 20/150
Sauter ................. AV42P10 with XSP31 positioner

Note: Please consult Armstrong for choice of pneumatic actuator on 94 size
humidifier when steam pressure is above 30 psig.

2. Electric Modulating
Invensys ............... MP-361, MP-461

Belimo................. AF24SR, NVF24

Landis & Gyr and Staefa. . . SKD62

Note: Any operator with a reverse acting (lift to open) 3/4” stroke and spring
return can usually be adapted. Consult factory for details.

*Request Armstrong Application Guideline APP-505 for details on control
signal and power requirements.
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Table 55-1. Dimensions with Operators Installed

Pneumatic Modulating Electric Modulating Electric On-0ff
Mode of Armstrong Honeywell Invensys Honeywell Belimo Belimo
Control C-1801 MP953D MK4411 & MK4421 M9182A AF24SR NVF24-MFT-US-E Asco
'B" - 90 Size 11-7/8" 10-3/8" 14-7/8" 14-7/8" 18-1/2" 15" 7"
91 Size 16" 14-1/2" 19" 18-7/8" 22-11/16" 18-15/16" 10-7/8"
92 Size 16" 14-1/2" 19" 18-7/8" 22-1116" 18-15/16" 10-7/8"
93 Size 19-1/2" 17-7/8" 22-3/16" 22-1/8" 26-3/16" 22-1/4" 14-1/2"
94 Size — 24-1/2" — 27-1/8" 31-1/16" 27-7/16" —
"H" - 1100 Size 9-3/8" 8" 12-1/2" 13" 16-1/16" 14-9/16" 4-3/8"
1200 Size 9-9/16" 8-3/16" 12-9/16" 13-3/16" 16-1/4" 14-3/4" 4-9/16"
1300 Size 10-3/4" 9-1/4" 13-3/4" 14-1/4" 17-5/16" 15-13/16" 5-5/8"
1400 Size — 11-5/16" 15-3/4" 16-5/16" 19-3/8" — —
Vg;'egrgioorf 7-3/4 Ibs. 6 Ibs. 6-1/4 Ibs. 12 Ibs. 13 Ibs. 4-1/4 Ibs. 3/4 Ibs.

All dimensions and weights are approximate. Use certified print for exact dimensions. Design and materials are subject to change without notice.
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Armstrong’ Basic Application Principles

Several basic principles must be considered in the application
of steam humidification equipment to insure proper system
operation.

Vapor dissipation in air ducts is one of these considerations. In
the steam humidification process, pure water vapor at 212°F is
mixed with air at a lower temperature. The mixing of hot steam
with cooler air results in heat transfer. Any time heat is
transferred from steam condensation takes place. This
condensation is referred to as visible vapor. When steam is
discharged from a manifold in an air duct, it quickly changes
from an invisible gas into visible water particles, and then
dissipates to become invisible again.

Visible vapor indicates an area of super-saturation, where the
invisible steam gas is condensing into water particles. When
condensation occurs, the steam gas releases its latent heat of
vaporization (about 1,000 Btu/lb of vapor) to duct air. Then, as
the vapor completely mixes with the duct air, the latent heat
previously given off is reabsorbed, converting the visible vapor
back into invisible gas with essentially no change in DB
temperature. (See Figure 24-1).

Clearly, the vapor dissipation in air ducts is very important to
proper location of temperature or humidity controllers. Any
controller located in or near the visible vapor pattern will
produce inaccurate results because of pockets of saturated air.
Under typical duct conditions, all controllers should be located
at least 10 to 12 feet downstream of a manifold. However, the
following system characteristics will affect the visible vapor pat-
tern, and therefore should be considered in controller location:

1. Aspect Ratio of Duct. The ratio of duct height to width is a
factor that influences the visible vapor pattern. Figure 24-2
shows two ducts with equal cross section areas, but with
different aspect ratios. Air velocities, temperatures, RH and
vapor output from the manifolds are all identical. However,
in the taller duct the manifold is shorter and its vapor output
comes in contact with a much smaller percentage of duct air,
causing a longer visible vapor pattern.

2. Duct Air Temperature. The temperature of the air flow in
the duct also affects the length of the visible vapor pattern.
Warmer air produces shorter vapor pattern, as shown in
Figure 25-2, Page 25. All other conditions are the same.

Figure 24-1. Figure 24-2.
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Insulated Manifolds. While it is true that steam 5.

humidification is an isothermal process, several Btu’s of
energy will be transferred into the air stream when using
steam jacketed manifolds. Typically, this will result in less
than a 3°F temperature gain. The use of insulated steam
jacketed manifolds will reduce this heat transfer for air
temperature critical applications.

When insulated manifolds cannot be avoided, considerations
need to be taken during the installation of these manifolds.

A typical installation of a steam jacketed manifold requires
the steam to be injected into the air stream. When

insulated manifolds are used, they need to be installed 6.

with the steam being injected with the air stream. This is
done to ensure moisture will not accumulate on the cool
insulation jacket surfaces. However, when the manifolds are
installed in this fashion, the added turbulence caused by the
air flow travelling around the standard steam jacketed
manifold is lost, resulting in a longer visible vapor trail.
Figure 25-1 shows the proper installation, and effects on the
visible vapor trail.

Duct Air Velocity. As the duct air velocity increases, the
length of the visible vapor pattern increases. Figure 25-4
shows two sections of air ducts with air velocities of 500 fpm
and 2,000 fpm respectively. Other conditions are the same:
temperature, duct air humidity, duct dimensions and the
amount of steam released from the identical manifolds. The
length of the visible vapor pattern is approximately
proportional to the velocity of the air in the duct.

Number of Manifolds in Duct.

In a large duct section requiring the discharge capacity of
two humidifiers, better vapor distribution is achieved by
using two manifolds full across the duct and vertically
spaced to divide the duct section into thirds. The same effect
is achieved by using multiple distribution manifolds from a
single humidifier that has adequate capacity to meet the
requirements. When a quantity of vapor is distributed among
multiple manifolds, the amount released through each
manifold is smaller, and more of the duct air comes into
contact with the vapor. This effect is shown in Figure 25-5.

Duct Air RH. Relative humidity in the duct also affects the
visible vapor. The higher the relative humidity downstream of
the humidifier discharge, the longer the visible vapor trail.
The closer duct conditions are to saturation, the longer the
vapor trails are likely to be. Fortunately, duct air RH may be
controlled with a duct high-limit humidistat, as shown in
Figure 27-2, Page 27.

Figure 25-1. Standard Jacketed Manifold Figure 25-2. Insulated Jacketed Manifold
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Armstrong' Basic Application Principles, continued...

Since the use of multiple manifolds reduces the length of visible
vapor, their use should be considered whenever any of the
following conditions exist at the humidifier location:

A. Duct air temperature is below 55°F or relative humidity is
above 80%.

. Duct air velocity exceeds 800 fpm.

. “Final” or “high efficiency” filters are located within 10 feet
downstream from humidifier.

. Height of duct section exceeds 36.”

. Visible vapor impinges upon coils, fans, dampers, filters
(not final), turning vanes, etc. located downstream from
humidifier.

Ow

mo

Table 26-1 and Figure 26-1 show a typical number of manifolds
and typical spacing between them when duct height exceeds 36”.

Consult your Armstrong Representative or download
Armstrong Humid-A-ware Humidification Sizing and
Selection software at www.armstrong-intl.com for specific
recommendations regarding your needs.

The piping arrangement for humidifiers with multiple manifolds
varies with the location of the manifolds.

When all manifolds are located above the humidifier inlet,
manifold piping should be as shown in Figure 26-2.

When one or more manifolds are located below the humidifier
inlet, the manifolds should be trapped separately, as shown in
Figure 26-3.

Smaller manifolds, when possible to use, reduce the cost of
multiple manifold installations. Care must be taken that the
humidifier capacity does not exceed the combined capacity of
the multiple manifolds. Piping arrangement is shown in

Figure 27-3, Page 27.

7. Humidifier Manifold too Close to High Efficiency Filter.
Many air handling systems require the use of high efficiency
filters (also called “absolute” or “final” filters). These filters
remove up to 99.97% of all particles 0.3 micron in diameter,

Table 26-1. Typical Number of Manifolds for Various Duct Heights

Duct height at No. of manifolds to be installed
humidifier location from one or more humidifiers

37" to 58" 2
59" to 80" 3
81" to 100" 4
101" & Over 5

Table 26-2. Typical Particle Sizes of Common Substances

Material Particle Size in Microns
Particles visible to human eye 10 or more
Human hair 100
Dust 1to 100
Pollen 2010 50
Fog (visible steam vapor) 21040
Mist (water spray) 40 to 500
Industrial fumes 0.1to1
Bacteria 0.3t0 10
Gas molecules (steam gas) 0.0006

and up to 100% of larger particles. The significance of these
filtering qualities is shown in Table 26-2, where particle sizes

of common substances are compared.

Figure 26-1.
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Since water particles present in visible vapor range from 2 to 40
microns, these particles are trapped by high efficiency filters.
Some types of filters absorb moisture and expand, reducing air
flow through the filter material. As a result, the static pressure in
the duct rises from normal (about 1” water gauge) to as high as
40" wg. When the filter absorbs moisture, it also releases the
latent heat of condensed steam into the duct air.

When a humidifier manifold is located too close to an absolute
filter, the filter collects water vapor, preventing the moisture from
reaching the space to be humidified. Placing the humidifier
manifold farther upstream allows the water vapor to change into
steam gas, which will pass unhindered through an absolute filter.

Under most circumstances, the water vapor will dissipate
properly if the humidifier manifold is located at least 10 feet
ahead of the final filter. However, if the duct air temperature is
low, air velocity is high or the duct is tall, multiple manifolds may
be installed to speed the mixing of steam with the duct air. For
additional protection, install a duct high-limit controller just
ahead of the final filter to limit the maximum humidity to
approximately 90%. (See Figure 27-2)

Figure 27-1.
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Specially Designed Steam Panel Systems

For applications with particularly limited downstream absorption
distances, custom engineered systems may be considered. The
system includes a separator/header and multiple dispersion
tube assembly packaged with a control valve, strainer, steam
supply drip trap and one or two header drain traps. Each
system is customized to provide uniform distribution and
shortened non-wetting distance downstream. (See Figure 27-4.)

How Steam Panel Systems Shorten Non-wetting Distance
Conditioned steam enters each of the dispersion tubes and
flows through steam nozzles that extend from the center of
each tube, before discharging through orifices into the
airstream.

Airflow first encounters baffle tubes (See Figure 27-1) which
influence its flow pattern and increase its velocity. Air traveling
around each set of baffle tubes encounters opposing flow of
high velocity steam exiting the orifices. The result is more
uniform distribution and faster absorption of moisture into the
air, resulting in a shorter non-wetting distance requirement than
experienced with traditional manifolds or dispersion tubes.

Figure 27-2.
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NOTE: Condensate cannot be lifted or discharged into
pressurized return when using a steam panel system.
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