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By Julian rimmer, M.Sc., p. Eng. 
Senior Product Manager - Sustainable Technologies

Educational facilities are an interesting market. They are 
often governed by significant financial constraints, being 
largely publicly funded, yet are also keen early adopters 
of new building technologies. The choices of mechanical 
systems available to designers today have never been 
more plentiful, with new systems being introduced all the 
time. This is due in large part to statutory “green” targets, 
such as jurisdictional adoption of minimum LEED® or 
CHPS® certification levels, but is also a response to an 
increase in emergent HVAC technologies.

Two technologies – displacement ventilation and 
active beams – have caused a shift in what used to be 
considered standard classroom design, likely a packaged 
DX VAV mixing system. Displacement ventilation has seen 
widespread adoption in the K-12 and post-secondary 
education markets due to its improved acoustics, IAQ, 
energy performance and thermal comfort – all primary 

concerns of parents and teachers alike. Active beams offer 
significant energy savings when compared to traditional 
VAV systems and are one of the fastest growing HVAC 
markets today. 

Displacement Ventilation
The benefits offered by a displacement ventilation system 
stem from the fact that they deliver air directly into the 
occupied zone. This has several implications on the supply 
air system:

•	 The supply air temperature must be warmer to avoid 
the risk of draft, thereby increasing hours during which 
the system can be in full economizer mode and saving 
compressor and pump energy.

•	 The velocity of the air delivered to the space must be 
low, again, to avoid draft. This results in lower HVAC 
system noise, but also reduces the amount of mixing 
in the zone, causing the supply air to pool at floor level. 
Heat sources in the room then warm the surrounding 

Floor mounteD actiVe beams earn a high graDe
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•	 air, making it more buoyant and causing it to rise in 
the space, being replaced by the cooler air at the floor 
level. This results in a thermally stratified environment 
where the temperature is cool at the floor and warmer 
towards the ceiling. This allows for a reduction in the 
supply air cooling capacity, as the air is only required 
to condition the occupied zone. Any loads that are 
located above head level can be largely ignored in the 
air volume calculation (Chen et al., 1999), provided 
that they were not ignored when initially sizing the air 
handling equipment.
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•	 The supply air passes through the occupied zone as 
it makes its way to the return system (provided that 
the returns are located at high level), resulting in a 
ventilation effectiveness and indoor air quality that is 
significantly improved compared to other systems 
(ASHRAE, 2009). This translates into a reduction in the 
volume of ventilation air that must be delivered to the 
zone per ASHRAE Standard 62.1 -2010.

actiVe beams

The benefits offered by active beam systems are largely 
due to shifting the majority of the sensible cooling from 
the ventilation system to a distributed water system. This 
allows the size of the air system to be reduced, thereby 
saving significant fan energy.

Further benefits offered by active beam systems include:

•	 Reduced maintenance: Active beam systems 
are generally designed to operate with dry coils, 
eliminating the need for pre-filtering and condensate 
collection typical of fan coil systems. Maintenance of 
an active beam system is often reduced to a periodic 
inspection of the zone coils.

•	 Reduced mechanical footprint: Because water carries 
a lot more energy than the equivalent volume of air, the 
designer requires much less of it to satisfy the zone 
loads. By replacing air ducts with water pipes, the 
designer can significantly reduce the space occupied 
by the mechanical system.

Floor mounteD actiVe beams
An exciting new option to designers is the floor mounted 
active beam. This device offers most of the benefits of both 
displacement systems and beam systems.
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how it works
The Price ACBC operates in the same manner as ceiling 
mounted active beams: it uses ventilation (primary) air 
to pressurize an internal plenum which distributes it to a 
bank of nozzles. The primary air is then forced through the 
nozzles to a section behind a water coil. 

Note that ASHRAE Standard 62.1 currently requires that 
the ventilation effectiveness, Ez, be determined in reference 
to Table 6-2, or 1.2 for a displacement ventilation system 
in cooling mode. This allows the designer to reduce the 
amount of ventilation air delivered to the zone:

The most interesting characteristic of this beam 
configuration is that the secondary air is pulled from the 
occupied zone, as opposed to from the ceiling level. This 
characteristic, coupled with the stratification resulting from 
the displacement flow, means that there are some loads in 
the room that are transparent to the beam system. These 
include any located higher than the secondary airflow of 
the beam:

•	 Lighting loads

•	 Conduction and radiant loads

•	 Occupant load radiated to the ceiling

Lab studies have shown the reduction in room load to be 
20 to 30% for a typical load arrangement. The system effect 
of stratification is not immediately obvious. Referring to the 
figure on Page 5, we can trace the loads in the room to 
the system.

1. As air is brought into the building, it must be 
conditioned, processed through the total energy wheel and 
water coil, and then supplied to the zone. In cooling mode, 
this ventilation load is simply:

2. This primary air is then blended with secondary air, or air 
that is induced from the room. This secondary air is pulled 
from the occupied zone at TOZ, then cooled or heated in 
the water coil. The load on the system for this process is 
calculated by multiplying the volume of supplied secondary 
air by the temperature differential across the coil (ignoring 
efficiencies). For IP units:

The relatively high velocity of the air behind the coil draws 
room (secondary) air through the coil where it is cooled 
or heated and mixed with the primary air at a rate called 
the induction ratio. This ratio gives an indication of beam 
performance, and is typically written as the ratio of the total 
discharge air flow to the amount of primary air delivered to 
the beam:

The mixture of primary and secondary air, or total air, is 
then discharged out of the bottom of the beam at relatively 
low velocities in order to create a displacement air pattern.

This configuration allows a simpler constant volume 
dedicated outdoor air system to handle the ventilation 
and latent cooling requirements, while allowing the more 
efficient water system to handle the sensible cooling. 
Because the air must pass through the occupied zone 
before being returned, the ventilation effectiveness will be 
between 1.2 and 1.4 depending on space loading. 
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3. This air mixture is then supplied to the zone, where 
it gains heat from heat sources and stratifies. The 
temperature of the air at any given height can be 
determined from:

From this, the temperature in the occupied zone is driven 
by the loads in the occupied zone only, or:

4. The temperature in the return can be determined from 
the remaining load, noting that the air volume is now 
reduced to primary air only, as the secondary air has 
returned back to the beam:

5. This return air, and the load carried with it, is then 
exhausted from the building, being recovered by the ERV 
during periods of the year where it is beneficial.

These room characteristics offer the following advantages:

•	 Reduced load: A reduction in total load is possible 
through a reduction in ventilation rate (ventilation load) 
and room load, due to the heat gain in the upper zone 
being exhausted directly from the building.

•	 Improved IAQ: An increase in the ventilation 
effectiveness can contribute to higher indoor air quality. 

•	 Drain pan: Active beam systems do not generally 
use drain pans, as the coil is only used for sensible 
cooling (i.e. no condensation forms). In some 
markets, however, the use of drain pans is popular 
as a precaution. The location of the coil near the 
floor allows for easy use of a drain pan, whereas a 
ceiling mounted beam is often challenged to find an 
appropriate slope for drainage.

•	 Less ceiling coordination: With fewer elements in the 
ceiling, there is less coordination required between 
trades.

•	 Easier access to the coils: While coil service is 
rare, the location of the coil near the floor facilitates 
maintenance.

With such a plentiful choice of HVAC systems offered to 
today’s engineers, it is often challenging to identify those 
that are ideally suited to a specific market. For good 
reason, displacement ventilation has been the system 
of choice in eduction for the past few years. The system 
offers a quiet learning environment with very high indoor 
air quality and thermal comfort. The addition of active 
beam technology to this type of HVAC system has allowed 
for further energy savings, particularly in markets where 
significant economizer use is not possible.



price-hvac.com

5Visit us at price-hvac.com or call 1.866.430.0969 today.

q̇rad, crud

q̇L
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proDuct Feature: Fan Filter units (FFus)

Price Fan Filter Units (FFUs) are fan powered diffusers with 
integrated high efficiency filters for critical applications 
that require additional static pressure boost.  All FFUs are 
assembled and leak tested inside the Price Cleanroom.

Typically used in laboratory, cleanroom and pharmacy 
applications, FFUs consist of a fan/motor assembly and 
high efficiency HEPA/ULPA filter, and are designed to 
provide filtered, unidirectional vertical air flow.  Acoustical 
insulation and motor vibration isolators attenuate sound for 
quiet operation.

•	 The High Capacity FFU offers the largest active filter 
area and the highest air flow capacity of all Price Fan 
Filter Units.  Removable UL900 certified filters allow for 
periodic filter changes via the ceiling plenum, and an 
expanded mesh screen protects the filter media from 
inadvertent damage during installation.  

•	 The Room-Side Replaceable FFU offers all the standard 
features of the High Capacity FFU, with the additional 
convenience of room-side access for HEPA/ULPA 
filter replacement.  The filter is attached by embedding 
its continuously welded knife-edge into a gel seal, 
creating a leak-proof barrier.  Once installed, the filter 
is protected by a perforated face that is secured to the 
main assembly using quarter-turn fasteners.

Fan Filter unit options

•	 Open or ducted inlet

•	 Permanent Split Capacitor (PSC) or Electronically 
Commutated Motor (ECM) motor options

•	 Motor BAS signal

•	 Multiple speed controller options, including  
wall-mounted kits and BMS integration

•	 Walkable plenums

•	 Room-Side Replaceable FFU only:   
Static pressure port

•	 Room-Side Replaceable FFU only:   
3/8” NPT aerosol challenge port

•	 Room-Side Replaceable FFU only:   
LED Filter & Motor indicators

•	 Room-Side Replaceable FFU only:  Ion Bar

Feature Permanent Split Capacitor (PSC) Electronically Commutated Motor (ECM)

Motor Description Low cost, adjustable speed Less noise, heat and energy consumption than PSC

Motor Operation Motor speed will reduce as filter loads
Factory programmed – constant CFM  
(relationship between RPM / CFM / motor torque)

Speed Controller PSC Speed Controller ECM or ECM Deluxe Speed Controller

Speed Controller 
Operation

Adjusts between minimum and maximum speed
Manual or BMS, can control multiple ECM motors, has 
diagnostic LED (ECM) or digital display and analog BMS 
output (ECM Deluxe)

motor options

To learn more about Price FFUs, please contact 
Nolan Hosking, Senior Product Manager for 
Critical Environments: phone 770.623.8050 or 
email NolanH@price-hvac.com. 
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By Jerry Sipes, ph.d., p.E., 
Vice President of Engineering

In the HVAC design world, there is some uncertainty 
about the application of new and existing air distribution 
technologies since codes change so quickly and 
sometimes drastically. Customer mock-ups of the 
proposed HVAC design for a specific space are a great 
way to help resolve design uncertainty! And of course, 
bringing customers to our facilities helps them understand 
the wide range of solutions we offer. My ideal mock-up 
includes the design engineer, representative, architect and 
owner. This diversity makes for a lasting impression.  Some 
designers and contractors recall mock-ups from over ten 
years ago!

Our mock-ups are typically categorized as Acoustical, 
Energy or Physical performance. Recent mock-ups of each 
include: 

acoustical 
There are two types of acoustical mock-ups available:  
In-Situ and Reverberant. 

1. In-Situ

An In-Situ test (performed in Atlanta and shown in Figure 
1) is a measurement of the radiated and discharge sound 
characteristics of a specific fan-powered device.  

We install the terminal in a ceiling cavity above a room 
that has an acoustical ceiling with no penetrations. This 
allows for direct measurement of radiated sound in a 
space that approximates the size and construction of a 
typical private office. The terminal has both primary and 
discharge air duct connections.  Discharge air is passed 
through a divider section in the plenum, allowing little to 
no radiated sound from the terminal to penetrate into the 
plenum over the discharge sound room.  Then a specific 
amount of discharge air is directed through a diffuser in 

the ceiling of the discharge sound room, which allows 
direct measurement of discharge sound.  This is great 
for educating on the two types of sound, radiated and 
discharge.

2. Reverberant

A Reverberant test (performed in Winnipeg and shown in 
Figure 2) is a measurement of the sound characteristics 
taken per a specific test standard such as ASHRAE 
Standard 70 or ASHRAE Standard 130. The results are a 
quantification of the sound power generated by the device. 
Benefits of a reverberant room test are verification of 
catalog data or development of sound data for a special or 
custom product.

tech tips: customer mock-ups

Figure 1:  Atlanta’s In-Situ Acoustical Test Chamber

Figure 2:  Winnipeg’s Reverberant Room
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energy 

One type of test for energy characteristics is a chilled beam 
test in the Hydronic Test Chamber located in PRCN (Figure 
3). This is one of my favorite tests as it highlights the 
unique testing capabilities of PRCN. There is no equivalent 
of this test chamber in North America—you would have to 
travel to Europe to find a chamber of similar accuracy.  This 
room shows VERY WELL!  

Other types of energy tests include fan coil performance 
and fan energy consumption.  

physical
Physical tests include throw distance for a diffuser, 
pressure drop across a terminal unit primary valve, or 
temperature mixing characteristics of a dual duct terminal. 
These mock-ups can take place at either the Atlanta 
or Winnipeg location, depending on the measurements 
needed.

Often, a mock-up involves acoustical, energy and physical 
aspects. One recent mock-up in Winnipeg explored the 
interaction between a displacement diffuser and chilled 
sails, studying the impact on the occupant predicted 
thermal comfort. 

We have four ready-to-go mock-up facilities in Atlanta:

mock-up room one (Figure 4) is a full-scale classroom 
that highlights displacement, chilled beams and overhead 
air distribution and simulates loading for occupants, as well 
as shell gain or loss.

mock-up room two (Figure 5) is a full-scale, single 
occupancy patient room that shows various methods 
of distributing air to meet the requirements of ASHRAE 
Standard 170, allowing us to discuss the advantages of 
each.

mock-up room three is a full-scale surgical space 
with operating table and surgical lights, capable of 
demonstrating the two common cleanroom air distribution 
methods: perimeter curtain and laminar flow.  

mock-up room four is a full-scale office that can show 
overhead, displacement, underfloor, and chilled beams in 
operation.

If you are interested in utilizing our mock-up services 
contact your local Price Representative.

Figure 3: Hydronic Test Chamber in Winnipeg

Figure 4: Classroom mock-up in Atlanta

Figure 5: Patient room mock-up in Atlanta

Our mock-up capabilities are perfect for unusual 
applications of technology. they leave a strong and lasting 
impression on clients by showing them how our products 
work firsthand – and we enjoy showing them off!


