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Design Characteristics and Application

Introduction

Fan Powered Terminal Units are an economical means of
both cooling and periodically heating the perimeter zones
of a building utilizing a single duct control system. In
addition to inherent VAV economies, fan terminals utilize
the free heat derived from lighting, people and other
equipment and induce this warmer plenum air from the
building core ceiling plenum space and re-circulate it to
rooms calling for heating. If additional heating is required,
optional supplementary heating coils may be activated.
The need for a central source of warm air is eliminated.

During weekend or night-time operation, the central fans
may be turned off. Heat, if required, may be provided by
the terminal unit fan itself.

Fan Powered Terminal Units are the most popular design
for office buildings because they provide performance
benefits by way of lower first cost, (such as reduced central
system fan HP and smaller ductwork), lower operating
cost, the recovery of waste heat and the capacity for
improved air circulation and diffuser performance.

Fan terminals are available in two basic configurations;
series or parallel flow. Each contains a fan motor assembly
and a variable air volume damper to modulate primary air.

In a series unit (Fig. 1), the fan sits in the primary
airstream and runs constantly when the zone is
occupied. In a parallel unit (Fig. 2), the fan sits outside
the primary airstream and runs intermittently.

Although both terminals can provide central fan HP savings,
each terminal has different inlet static pressure requirements.
Series fan terminals boost both induced air and primary air,
so the inlet static pressure need only overcome the loss
across the damper (less than 0.05" w.g. with Nailor terminals).
Parallel fan terminals require enough static pressure to
overcome the losses across the damper, the downstream
ductwork and diffusers (typically 0.25 - 0.5" w.g.).

Series Flow Terminals — (Constant Volume)

A series fan powered terminal unit mixes primary air with
induced plenum air by using a continuously operating fan
during the occupied mode. It provides a constant volume of
air to the space regardless of load.

As the cooling load decreases, the zone thermostat
throttles the primary air valve. The terminal fan makes up
the difference by inducing more return air from the
plenum. At low cooling loads, the primary air may close
or go to a minimum ventilation setting. If the zone
temperature drops still further, the thermostat can
energize optional supplemental heat. The sequence
reverses when the load is increased.

The series terminal is therefore a constant volume,
variable temperature unit. (See Fig. 3).

Series units should only be used with pressure
independent controls. Series fans must be adjusted to
match the maximum cooling cfm, to ensure that the
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Figure 1. Series Fan Terminal

primary air does not exceed the fan cfm as this would
result in the short-circuiting of primary air directly into
the ceiling plenum and waste energy. A pressure
independent controller and inlet flow sensor controls the
primary air valve to compensate for changes in inlet static
pressure and ensures design cfm is maintained.

Parallel Flow Terminals — (Variable Volume)
Also called an intermittent fan terminal unit, a parallel unit
modulates primary air in response to cooling demand
and energizes the integral fan in sequence to deliver
induced air to meet heating demand. The induction fan
operating range should slightly overlap the range of the
primary air valve. A backdraft damper ahead of the
terminal fan prevents conditioned air from escaping into
the return air plenum when the fan is off.

During full cooling demand, the thermostat positions the
primary air valve for full airflow while the fan is de-
energized. As the cooling load decreases, less primary
air is delivered to the zone as the thermostat modulates
the valve (functioning as a single duct VAV terminal).
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Figure 2. Parallel Fan Terminal
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Design Characteristics and Application (con’t).

The primary air damper may be set to a minimum
position, (to ensure continuous ventilation), or zero
(closed). At a reduced demand for cooling, the fan
becomes energized. The fan has an adjustable starting
point and may alternatively be set to energize at the point
that the primary air valve reaches its minimum position or
before it reaches its minimum setting. Overlapping the
fan start point and primary air valve minimizes the
likelihood of air stagnation in the conditioned space and
the noticeable air surge when the fan energizes.

With the fan energized, the delivered air temperature
approaches that of the ceiling plenum. If the zone
temperature continues to drop, the thermostat automatically
energizes optional supplemental electric or hot water heat,
thereby raising discharge air temperature. Increasing the
cooling load reverses the sequence. The parallel terminal
unit is therefore variable volume constant temperature on
the cooling cycle and essentially constant volume variable
temperature on the heating cycle. (See Fig. 4).

Application

Fan terminals are installed in the ceiling return air plenum
and take return air from the plenum or have the induction
port(s) ducted to the space. For maximum heat pick-up
and minimum sound radiation, the assembly should
ideally be located in the ceiling cavity, preferably over a
corridor, toward the building core.

Careful consideration should be given to both overall
sound level and change in sound level in the space. With
series terminals the sound remains virtually constant as
the fan runs continuously. With parallel units, the
intermittent fan operation will cause a change in sound
levels in the occupied space. This change may be more
noticeable than a constant sound, even if the constant

sound is at a higher level (i.e., a series unit), especially in
the fall and spring when fan cycling occurs frequently.

When properly applied, the relatively long distance
between the fan terminal discharge outlet and the
conditioned space it serves minimizes any concern about
discharge sounds in the space due to the terminal, and
only the radiated sound, below the space where it is
located, need be considered.

Both the primary air damper and fan act as sound
sources in both units and each generates discharged and
radiated sound.

Series units will have the fan sized for the full airflow and
downstream resistance. Parallel fans with a reduced air
volume heating load should be sized for a reduced
resistance downstream of the terminal. While series fans
deliver the total design cooling air volume, parallel units
generally deliver 50 to 75% of that amount. Therefore,
series units usually require a larger fan or the same fan
run at a higher speed.

Fan Powered Induction Systems combine the energy
saving diversity of single duct VAV shut-off systems with
the additional benefits of heat reclamation. In most
climates, fan powered systems are a lower operating
cost alternative. Plenum air heating eliminates the
inefficiencies inherent in reheating cold primary air.
Utilizing warmer plenum air allows for recovery of heat
from lighting and other heat sources in the building.

Fan Powered Terminals move more air through a room at
low cooling loads and during heating compared to single
duct VAV reheat systems, thereby providing improved air
circulation.
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Figure 3. Series Operation

Figure 4. Parallel Operation
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Design Characteristics and Application (con’t).

Typical Application of Series Units

Series flow terminals are rapidly becoming the terminal of
choice for their superior characteristics of constant volume
delivery, temperature blending and constant sound levels
as compared to parallel flow terminals.

Some applications may demand constant air volume
delivery regardless of load, e.g., conference rooms, lobbies
and large open office areas. Because the series unit
supplies the downstream external static pressure and
reduces the central system pressure requirement, office
buildings can take advantage of this design feature and
downsize central air handling equipment and associated
ductwork. Series terminals are ideally suited for use in low
temperature (ice storage) air systems to temper cold (40 —
48°F, 4.4 — 9.0°C) air with warm plenum air before

buildings where loads vary during occupied hours and
core zones maintain a constant cooling requirement utilizing
single duct shut-off type terminal units. Variable volume
airflow to the zone is acceptable in these applications and
low installation and operating costs are desired.

Energy Consumption and Installed Cost

Dependent upon location, loading, operating hours and
ventilation requirements, either type of fan terminal may be
more advantageous. For an equivalent zone size, series
terminals may be a little higher in first cost as the fan is
sized for total airflow whereas a parallel terminal fan is
sized for the reduced heating airflow only. When fan size is
the same however, installed cost is approximately equal.

Series terminals however unlike parallel, reduce the
operating pressure requirement at the central AHU and
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delivering it to the zone.

Typical Application of Parallel Units

Parallel units may

be used in perimeter zones of

provide energy savings.

Configuration

Fan Operation

Operating
Sequence

Fan Energization

Terminal Fan Sizing

Primary Air Valve
Sizing and
Minimum Pressure
for Central Fan
Sizing

Acoustics

Ventilation Rates

Summary of Fan Powered Terminal Units

Series Flow
Fan located in the primary airstream (in series).

Continuous operation during the occupied mode
whether heating or cooling. Intermittent operation
(night cycle) available during the unoccupied mode.

Constant volume, variable temperature at all
times. Primary and plenum air are mixed in varying
amounts; supplemental heat raises temperature
still further in stages. Delivers design airflow
regardless of load.

Interlocked with central system fan to prevent air
from spilling out of induction ports and into
ceiling-plenum. Anti-backward rotation design
feature built in.

Fan sizing should meet the greater of design cooling
or heating airflow to the zone (usually 100% of
cooling) at required downstream static pressure.

Size for design cooling flow with sufficient inlet
pressure (lower 0.05" w.g. to 0.20" w.g.) to
overcome primary air valve pressure loss only.
Terminal fan provides static pressure for
downstream losses. Requires lower horsepower
central fan.

Continuous fan operation produces slightly
higher (for a given volume), but constant sound
pressure levels in the occupied space. This
constant sound level may be less noticeable than
an intermittent fan operation.

Constant — High ventilation rates and room air
movement helps ensure superior occupant
comfort.

Parallel Flow
Fan sits outside the primary airstream (in parallel).

Intermittent operation during occupied and
unoccupied (night cycle) periods. Fan cycles
only under heating and minimum cooling loads.

Variable volume, constant temperature during
cooling. Constant volume, variable temperature
during heating. Fan and supplementary heat
raise temperature in stages.

Based upon zone temperature deviation from
thermostat set point. No interlock with central
system fan required. Anti-backward rotation
design feature built-in.

Size for design heating load (typically 40 to 75%
of design primary cooling airflow) at reduced
downstream static pressure.

Size for design cooling flow with sufficient inlet
pressure (higher 0.3" w.g. to 0.6" w.g.) to
overcome terminal unit, heating caoill,
downstream duct and diffuser pressure losses.
Requires higher horsepower central fan.

Fan does not run under cooling loads, offering
acoustic performance similar to single duct VAV
terminal with attenuator. Under heating loads,
the fan cycles intermittently which changes
sound pressure levels in the occupied space.

Variable — Possibility of air stagnation at reduced
air volumes, particularly in larger zones with
partitioned office space.
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Common Fan Terminal Components

In addition to the 'Diamond Flow' multi-point averaging
sensor and opposed blade damper configuration of
the primary air valve that are described in detail on page
A9 in this catalog, all Nailor fan powered terminals
incorporate the following features and benefits.

The Diamond sensor is standard on all Nailor VAV
terminal units that are equipped with pressure
independent controls.

Single Speed PSC Induction Motors

All Nailor fan powered terminal units are currently
equipped with single speed, direct drive, fractional
horsepower, high efficiency, psc motors as standard.
These motors are manufactured to specifications
developed by Nailor specifically for the fan powered
terminal unit market. Some of the more important features
are listed and explained below.

e No Corona Effect

Motors not only provide power, but act as transformers
and generators. Under certain conditions, this causes
the unused speed taps in multiple speed motors to have
large potential or static charges present. While these
charges are not doing any work, they will create
damage to the windings if their potential voltages are
greater than the winding insulating quality. This is often
the case, and lifetimes are shortened. Nailor fan
powered terminal units do not suffer from this malady.
All motors are single speed.

¢ Wide Operating Ranges

Nailor motors are designed to operate at rotational
speeds lower than those of our competitors. This
requires special stator wire sizing, special capacitor
sizing and special bearings. These items are covered in
our specifications. This assures you of high end
performance equal to or better than any of our
competitors and low end ranges below any of our
competitors.

Low end performance is often ignored. Many times, this
is because the range is not great enough to allow much
difference, or because the low end performance is
achieved by artificial means such as manual dampers
to lower the airflows. Manual dampers lower airflows,
but they increase rpms. Increased rpms put back all the
noise generation in the fan powered terminal unit as if it
were still operating at full airflow. This is due to the noise
caused by tip speed and vibration within the unit. High
rpm, regardless of airflow, will generate high noise.

Nailor solves this problem through low rpms for low
airflows. Typically, the motors in Nailor fan powered
terminal units can rotate as low as 350 rpm's at low end,
shedding as many as 14 to 20 decibels in the second
and third octave bands depending on which unit is
being selected. This means real sound level selections,
units that can produce NC's of 30 and 35 when applied
correctly and wider operating ranges on individual units
for greater flexibility in the zone.

¢ Permanently Lubricated Motors

Nailor fan powered terminal units are equipped with
permanently lubricated motors. The motors are
equipped with oilers, but the oilers are not necessary as
long as the units are operated in typical ambient
temperature conditions. The specifications call for the
oil reservoirs to have at least 50% of the original oil still
in the reservoir after 50,000 hours of use under normal
conditions.

e Permanent Split Capacitor Design

All Nailor fan powered terminal units have PSC motors.
The capacitors are sized to provide ample starting
torque, even when turned down to the low minimums
allowed on Nailor fan powered terminal units.

¢ High Efficiency
All Nailor PSC motors are the highest efficiency
available in the market today. This too, is controlled by

the Nailor motor specifications. Higher efficiency means
lower operating expenses.

Fan Speed Controllers

Nailor designed its own solid state fan speed controllers.
They are designed to operate with the specific motor and
blower combinations as used in Nailor fan powered
terminal units. They provide smooth and infinite
adjustment of motor speed from maximum to the lowest
preset low end limits found in the industry.

The speed controllers are largely responsible for the
operating ranges of the motors. High quality standards
allow very accurate low end stops. This assures Nailor
customers of sound levels and performance as cataloged.

The matching of the motors and speed controllers allows
Nailor fan powered terminal units lower watt consumption
as motor rpms are reduced. High efficiency is maintained
from high end performance to low end performance. Very
few of our competitors can make a similar claim.

Low Noise Levels — ARI Certified

In addition to those items listed above, Nailor holds down
noise levels in the occupied space with heavy gauge
metal casings, dual density insulation and multiple
isolation points between motors and casings. Nailor is as
quiet as any and far quieter than most of our competitors
when controlling similar airflows on competitive
equipment. Check out the sound data in this catalog.
Notice there is no fine print covering the conditions under
which the data does not apply. Notice that the minimum
static requirement on series fan powered terminal units is
0.05" w.g. (12 Pa). Then notice the correspondingly low
inlet static pressures on the parallel units. Notice that
Nailor sound data is ARI certified and independently
certified by Energistics Laboratory, Houston. Compare
that to the competition.
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EPIC™/ECM MOTOR TECHNOLOGY

Significant energy savings (67% average
compared to PSC motors)

Unique factory pre-set air volume capability (+/- 5%)
Pressure independent fan operation

LED for visual indication of air volume

Field adjustable fan air volume controller

Remote fan air volume adjustment capability from
BAS

Larger turn down ratios mean more flexibility for
tenant changes

Since 1985, equipment manufacturers have used GE ECM™
motors in residential air conditioners and furnaces. These
motors have made it possible to achieve SEER ratings of 12
and higher. Until more recently though, they were only
manufactured in 120 and 240 VAC, which precluded their use
in commercial applications. Following two years of research
and development and the availability of a new 277 VAC
version, Nailor was first to introduce the GE ECM™ motor to
the commercial HVAC market (ASHRAE Journal, April 1997)
as an option for use in series fan powered terminal unit
applications.

WHAT IS AN ECM MOTOR?

The ECM (Electronically Commutated Motor) is an ultra high
efficiency programmable brushless DC motor utilizing a
permanent magnet motor and a built-in inverter. DC motors
are significantly more energy efficient than AC motors and
much easier to control. The major weakness of series fan
powered terminal units until now, has been their low fan motor
efficiency. The widely used single speed fractional horsepower
permanent split capacitor (PSC) induction motor in
combination with an electronic SCR speed controller is
extremely inefficient at typical operating conditions. Due to
acoustical considerations, the fan motor is usually adjusted to
operate at considerably less than full load (where PSC motor
efficiencies may be as high as 62%). PSC motor efficiency
drops off dramatically when turned down; typically by at least
half. Installed PSC motor efficiencies are therefore typically in
the range of only 12 — 45%. ECM motors in contrast, maintain
a high efficiency of 65 — 72% at all speeds.

In addition to lower operating costs, EPIC™ECM motor
technology allows Nailor to pre-set the fan airflow volume at
the factory.

The graphs below show the lower watts per cfm (translating
into lower operating costs as shown on the next page) and
wider operating ranges of series terminals employing GE
ECM™ motors versus PSC induction motors.

FEATURES AND BENEFITS

Soft starts and slewed speed ramps are programmed into the
ECM motor eliminating stress transmitted to the mounting
bracket or hardware. They incorporate ball bearings
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Table 1. Power consumption comparison of GE ECM™
versus PSC motors.

providing permanent lubrication unlike sleeve bearings requiring
a minimum rpm operation for oiling. The wider operating range
of the ECM motor allows each model to actually replace two
models using induction motors. This feature alone provides
several benefits; a simpler product line to choose from, little or
no equipment changes necessary when tenants change, more
similar sized units on the job, decreased spare parts inventory
and increased contractor flexibility. The low operating
temperature of the ECM motor (essentially ambient) requires
very little energy to offset the heat gain from the motor versus
PSC motors which run hot (typically around 90 — 150°F).
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EPIC™/ECM MOTOR TECHNOLOGY

These features also extend the life of the ECM motor, which
are expected to provide an average 90,000 hours of
operation (versus 50,000 hours for a typical PSC motor).
This translates into about 25 years for a typical series fan
powered terminal unit. In addition to these standard features
are two primary benefits, energy savings and the ability to
pre-set the fan airflow volume at the factory.

HOW DO YOU PRE-SET FAN AIRFLOW?

Pre-setting the fan airflow (cfm) has always been a problem
for fan powered terminal manufacturers for two major
reasons. First is that AC motors are not synchronous
machines and second the rpm, and consequently the unit
cfm, changes when static pressure changes. The difficulty in
pre-setting the fan lies in estimating the motor workload
required at the job site in actual working conditions. The fan will
not produce the same volume of air as it did at the factory
without the duct work. Because there is no way to accurately
predict the downstream static pressure as it would exist at the
job site, it was impossible to pre-set the fan c¢fm. The ECM
motors are DC and inherently synchronous machines. The
motors are programmed to calculate the work they are doing
and then compare the work accomplished to the cfm
requirement. The integral microprocessor based controller
automatically adjusts the speed and torque in response to
system pressure changes and pressure independent constant
airflow operation is achieved without the need for an external
flow sensor feedback loop.

Nailor series fan powered terminal units incorporate our own
custom EPIC™ fan controller. An electronic PWM volume
control device that allows adjustment of airflow volume. This
value can be pre-set on the assembly line. It is field
adjustable either manually using a screwdriver and
voltmeter locally at the terminal or more conveniently,
remotely using a 0 — 10 VDC analog output from a digital
controller via the BAS. A fan volume versus DC volts
calibration chart is provided. The importance of this feature
is that the balancer never has to go into the ceiling to adjust
the fan. This relieves the balancer of most of his work per
zone on fan powered terminal units and related headaches.
This also removes the uncertainty of diffuser flow
measurement with hoods. Laboratory tests show the fan cfm
to be accurate within +/- 5% of the factory set point. This is
a huge benefit to the owner, the controls contractor, the
mechanical contractor and the ceiling contractor.

ENERGY SAVINGS

The following graphs show the energy savings of units with
GE ECM™ motors compared to using units with Nailor
engineered PSC motors. It is important to note that the PSC
motors in Nailor fan powered terminal units are more
efficient than those used by most of our competitors. The
PSC motors used by Nailor are built specifically for Nailor
fan powered terminal units. A couple of our competitors use
motors that approach the efficiency of Nailor motors but
none are as efficient. The comparison shows Nailor units
with GE ECM™ motors versus Nailor units with PSC motors.
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Comparison using Nailor units with ECM motors and a
competitor's units with PSC motors would show even
greater savings.

The typical range of operation for the size 3 would be 200 to
about 900 cfm. The typical range of operation for the size 5
unit would be 700 to 1700 cfm.

Size 2 & 3 PSC vs. Size 3 GE ECM™ Motors
$200

e

w

(=)
T

$100

$50 +

Annual Dollars

$0
200 400 600 800 1000 cfm

Size 4 & 5 PSC vs. Size 5 GE ECM™ Motors

$300
$250 [
$200 [
$150
$100 |
$50 |
$0

Annual Dollars

100 cfm

700 1000 1300 1600

B PSC Motor [ ] ECM Motor

Table 2. Typical operating cost comparison.

WHAT IS THE PAYBACK PERIOD ON ECM
MOTORS?

The payback period varies. It depends on which unit you
use, where you set the cfm, how much you run the
equipment and what you are paying for electricity. The
graphs above are calculated assuming 66 hours per week
operations and $ .10 per kWh. If you run the equipment
longer in your building or if you pay more for electricity, the
payback will change proportionally. Considering the pre-set
capability of the motor, there should be an up-front savings
on balancing. That should be rebated to the owner and
should be considered as part of the payback from the motor.
Typically, with the balancing rebate and the operating
expenses as shown above, the payback period should be
anywhere from 6 to 18 months.
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Recommended Primary
Valve Airflow Ranges
For All Fan Powered
Terminal Units

The recommended primary air inlet airflow ranges below ARI Standard 880 "Air Terminal Units" is the method of test

are for terminal units with pressure independent controls
and are based upon controller sensitivity limits as shown for
each control type. For a given inlet size, the minimum and
the maximum flow settings must be within the range limits
to ensure pressure independent operation, accuracy and
repeatability. The high end of the tabulated Total Airflow
Range represents the Diamond Flow Sensor’s differential
pressure reading at 1" w.g. (250 Pa). This is a common high
limit for many VAV controllers, whether pneumatic or
analog/DDC transducers. For these reasons, factory
settings will not be made outside these ranges. A minimum

for the certification program. The "standard rating condition"
(certification rating point) airflow volumes for primary air
valves are tabulated below. These air volumes equate to an
approximate inlet velocity of 2000 fpm (10.2 m/s). When
digital or other controls are mounted by Nailor, but supplied
by others, these values are a guideline only, based upon
experience with the majority of controls currently available.
Controls supplied by others for factory mounting are
configured and calibrated in the field.

For a detailed analysis of fan powered terminal
selection procedures with working examples, consult

Imperial Units, Cubic Feet per Minute
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Total Airflow at Range of Minimum and Maximum Settings, cfm
Inlet Airflow 2000 fpm Pneumatic Analog Digital
Size Range Inlet Velocity (nom.) 3000 Controller Electronic Controls Controls
cfm cfm Min. — Max. Min. — Max. Min. — Max.
4 0 - 215 150 30 - 215 25 - 215 25 — 215
5 0 - 310 250 55 — 310 45 — 310 45 — 310
6 0 — 500 400 85 — 500 70 — 500 70 — 500
8 0 - 1000 700 180 — 1000 150 — 1000 150 — 1000
10 0 — 1435 1100 250 — 1435 205 — 1435 205 — 1435
12 0 — 2150 1600 395 - 2150 325 — 2150 325 — 2150
14 0 — 3060 2100 495 — 3060 400 — 3060 400 — 3060
16 0 — 4050 2800 760 — 4050 625 — 4050 625 — 4050
18 0 — 4985 3500 935 — 4985 770 — 4985 770 — 4985
14 x 10 0 — 2560 1900 450 — 2560 365 — 2560 365 — 2560
Metric Units, Liters per Second
Total Airflow at Range of Minimum and Maximum Settings, I/s
Inlet Airflow 10.2 m/s Pneumatic Analog Digital
Size Range Inlet Velocity 3000 Controller Electronic Controls Controls
I/s I/s Min. — Max. Min. — Max. Min. — Max.
4 0- 101 71 14 - 101 12 - 101 12 — 101
5 0- 146 118 26 — 146 21 — 146 21 — 146
6 00— 236 189 40 — 236 33 — 236 33 — 236
8 00— 472 330 85 — 472 71 — 472 71 — 472
10 0- 677 519 118 — 677 97 — 677 97 - 677
12 0-1015 755 186 — 1015 153 - 1015 153 - 1015
14 01444 991 234 — 1444 189 — 1444 189 — 1444
16 0-1912 1322 359 - 1912 295 — 1912 295 - 1912
18 0 —2353 1652 441 — 2353 363 — 2353 363 — 2353
14 x 10 0 —1208 897 212 — 1208 172 — 1208 172 — 1208
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