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USE OF AIR NOZZLES FOR CEILING MOUNTED AIR DELIVERY SYSTEMS

Executive Summary:

Conventional air delivery doesn't do the job. Nozzl  es have inherent advantages.

Advanced concepts which are feasible in designs usi ng the Air Nozzle

Deliver supply air directly to the occupant, including outdoor air component.

Eliminate short circuiting of supply air to return air slot without passing through the
user’s breathing space by projecting air flow to floor;

Due to air being delivered to user space the total volume of air used for cooling and
replacement of warm air is less than that used in the traditional approach.

The air plume, created by the air jet, as it reaches the floor dilutes the heavier VOCs
(some VOCs are heavier than air while others are lighter) and helps to flush them
out at lower concentrations before they become health matters (many designs
overlook this important fact);

Use of individual comfort control with control of one nozzle per workstation
(occasionally 2 may be required) The air nozzle uses the eye-ball or passenger air
plane style, permitting the air stream to be adjusted to meet the user’s preference in
quantity and direction;

Facilitate easy relocation of nozzle and sensors to accommodate refits through use
of Flex duct for last 2 meters from nozzle;

Due to plume discharge pattern it is easy to coordinate with light fixture location
(lighting equipment, tubes and ballasts, work at higher efficiency when in warmer
environment. Compared to other designs the temperature could be as much as 10
C warmer);

Substantially reduces fan horsepower while delivering enhanced performance, (air
nozzles require significantly lower system pressure to meet design air distribution
requirements)

Shortfalls of the Traditional Design:

In traditional systems (linear air slots or square or round diffusers) the air travels
along the ceiling surface. As it comes in close proximity to the exhaust air opening, a
high percentage is drawn into the return air stream and is returned to the central
system without passing through the user’s breathing space;

Studies' have shown that where air is allowed to be without motion (where the
diffuser air patterns do not reach), air stratifies around the six foot level and the
occupants are left in a stale air space. In contrast the air jet breaks up the stratifying
effect as it travels through the user space, from ceiling to floor and then slowly rising,
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USE OF AIR NOZZLES FOR CEILING MOUNTED AIR DELIVERY SYSTEMS

replacing warmer air, heated by equipment and bodies, back to ceiling before
returning to air handling system;

By design the conventional systems delivers cold air to space and attempts to mix it
with warm room air to achieve a comfortable environment (seldom achieved
successfully, particularly with VAV designs.

Where suspended light fixtures are included in design, air (cold air) is unavoidably
discharged onto the light fixtures reducing their light emitting efficiency."
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USE OF AIR NOZZLES FOR CEILING MOUNTED AIR DELIVERY SYSTEMS

Conventional Ceiling Air Delivery Systems:

Traditional ceiling mounted air delivery systems are typified by the square, round, slot or grill diffusers that
deliver conditioned air to the user space at temperatures in the range of 12 to 16 C. Each diffuser type
has its own diffusion pattern of air delivery. The square or round diffusers spread the delivered air in a
lateral and downward (20 degrees) direction. This angle often causes drafts for persons who may be
seated in the delivery path. These diffuser types do not work well with variable air volume (VAV)
applications due to the changing flow patterns as air quantities change. As the air quantity decreases from
maximum, the throw is reduced and at lowest volume may dump (cold air falls with gravity) cold air into
the space immediately below the diffuser location. At full volume the air may reach locations as far away
as 4 meters. When the maximum and minimum volumes are more than 2 to 1 in ratio the distance will
vary greatly, thus requiring great care in the diffuser location to avoid drafts on occupants (churn must
include this relocation action to minimize complaints).

Slot and grill diffusers have some similar peculiarities. Slot diffusers have the capability of discharging
straight down or to flow along the ceiling. Flowing along the ceiling has a greater effect due to the
“Coanda effect” * which sustains flow at the ceiling and not dropping as expected. In either setting the cool
supply air is discharged in a manner that is likely to cause drafts (when discharging down), or is drawn to
return plenum (openings every 1.5 to 3 meters) as it travels across the ceiling. The common placement of
return air grills or louvers is staggered between the supply air slots. The cooler temperature of the supply
air is not strong enough to overcome the Coanda effect and it flows along the ceiling surface, it is drawn to
the nearest return slot never penetrates to the user workspace (breathing space) below.

The design of air handling systems consider a number of factors, such as calculating the air quantity
needed to provide comfort conditions for a specific area is determined by totaling the heat generated in
the space, (equipment, lighting and number of occupants). This is the total heat to be removed from the
space. This heat is removed by supplying a sufficient quantity of cool air at a specific temperature that will
offset the heat gain in the space. The required air volume (quantity is then delivered through a number of
diffusers selected to diffuse that quantity of air. The quantity of outdoor air volume required by code to
meet the per person air makeup is delivered as a component of the conditioned supply air. For this
reason a minimum volume setting is adjusted for each supply VAV box so that the outdoor air is always
delivered to each zone. In actual practice the minimum setting is often raised higher than actual minimum
to ensure sufficient air is delivered. The accuracy of the minimum setting can be as much as 30% higher
than necessary. The result is overcooling , waste of energy, and is subject to increased complaints from
occupants.

The number of users covered by the above approach often reaches as high as twenty, with only one
sensor and one damper regulating the needs for the entire group. If conditions in the space (heat loads
from equipment and body heat) for all twenty users are equal to the conditions in the immediate 25 cm
surrounding the room sensor with no outside disturbances then all users should be comfortable. This
however is neither practical nor achievable in a real situation. ASHRAE Guidelines and LEED" guidelines
suggest that the ratio of users to thermostats be 1 to 1 to accommodate individual preferences and
personal needs as well as to overcome variations in equipment loads and influences from adjacent
workspaces. The above guidelines have recently been updated to accommodate the latest office
requirements for HYAC and lighting, supported by the International lllumination Society .
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USE OF AIR NOZZLES FOR CEILING MOUNTED AIR DELIVERY SYSTEMS

Operational complaints (too hot, too cold, stale air, drafts) can be directly associated with one of the
above diffuser patterns or placement issues. When a large number of users are grouped into a single
zone, the facility operators have little or no opportunity to make adjustments to accommodate specific
user circumstances. This is does not meet user needs; owner and designer reputations are not
enhanced.

By choosing an air delivery device, which allows the user to control their own space, the situation
becomes self correcting and everyone benefits in the longer term. The type of diffusers discussed so far
does not lend itself easily to the 1 to 1 ratio. Size and air patterns are the biggest limitations for these
applications. This process uses fan horse power to create the mixing effect and the 12 C temperature
requires more cooling energy than 18 C temperatures. To be clear if your area of the country has high
humidity levels the additional steps will be required to reduce the humidity levels. This condition usually
lasts for only a few weeks out of the year and other options are available to handle those needs. These
two aspects of the traditional systems use energy not required for the nozzle approach

Air Nozzles:

The air nozzle, or air-jet,” provides some unique features which are compatible with the thermostat to user
ratio of one to one, mentioned in previous section. Air Jets are not new to the industry as they have been
on the market for the past decade from several well known manufacturers. Use of these devices has
been limited, due to the perception by many designers that the air jets were for special applications only.
The use of the air nozzle is now being demonstrated in office applications where improved air delivery to
the occupant space is achieved, and with improved efficiency.”” Most notably is the requirement for
supply air temperatures to be warmer (17 to 20 C). For traditional systems design these temperatures
are not suitable (insufficient “in-space” cooling capacity). To use traditional supply temperatures (12 to 16
C) would lead to many problems and cause the users to be uncomfortable (cold, insufficient air flow or
overcooling) and unhappy. It is equally important not to mix nozzles and traditional diffuser types as the
supply temperatures cannot be adjusted to suit the two separate requirements. The fan horsepower
necessary to supply air nozzles verses other ceiling mounted diffusers is considerably less. The required
pressure to reach full flow for the air nozzle is in the order of 0.003" H,O, where as slot, grill, square or
round require a minimum of .1 to .25 “H,O to achieve the manufacturer’s indicated diffusion pattern..

Unlike conventional diffusers, nozzles project an air jet (air released at a slightly higher velocity which
maintains its shape and velocity many diameters from its point of release). In so doing the air does not
disperse immediately, but rather follows the jet effect until the jet either is lost due to distance and or
encounters an object which breaks it up. For this reason a ceiling mounted air nozzle will project air to the
floor of the space before it breaks up, then due to its cooler temperature (cooler than space) disperses
along the floor at a very low velocity. With the cooler air at the floor, it then rises to replace air which has
been heated by equipment or bodies (following the laws of physics - warm air rises and cool air replaces

% McGill Jet = When air under pressure is released from an orifice, the air will continue in the shape and velocity for
many diameters from it's release point. In the case of a round nozzle the result is a narrow cone shaped pattern which
increases in diameter until its velocity and pressure are dissipated, or its path is deflected by another object. During
this higher velocity period minimal mixing occurs with surrounding air.
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USE OF AIR NOZZLES FOR CEILING MOUNTED AIR DELIVERY SYSTEMS

it). A central air handling system draws the warm air through return ceiling slots to be exhausted or mixed
with outdoor make-up air, filtered and then passed through a cooling coil with appropriate capacity
designed to handle the higher return temperatures and deliver the prescribed supply temperatures ready
to be delivered through the supply ductwork to the nozzles. When installed to operate as described
herein, the quantity of air delivered is governed by the warmer air being drawn away. Without exception
this quantity of air is less than any of the systems using traditional diffusers.

When air is delivered to occupied space at temperature as low as 12 C (traditional approach) it must be
mixed with room air to be acceptable when blowing an occupant. This is accomplished by delivering air at
high speed to hit warm air at ceiling and cause it to mix. This process is prone to failure as is evidenced
by the high complaint levels as are stated by Boma.

It is essential for the designer to be aware that within a space there should only be one type of diffuser
deployed. Air nozzles are dependent on maintaining the jet effect to function correctly. If other types are
introduced in the same space there will be interaction between the air streams negating the benefits of
both diffusers in the processes. Also of importance is the placement of the air nozzles with respect to the
occupants of the space. Placement must always be just behind and to one side of where the user
normally sits. Air nozzles with eyeball like swivel functionality permit fine tuning of the air stream after the
system and furniture are in place. Air nozzles are ideally mounted on plates which fit into ceiling T-bar grid
and connected by a length of flexible round duct permitting them to be relocated easily up to 2 meters in
any direction or at minimum 3 directions from the initial location. The air stream should be allowed to flow
directly to the floor, and not bounce off of other object in its path, so that it may distribute across the floor. .

It is important to note that the air temperature will be elevated close to the ceiling when compared with
traditional systems. A plan view of temperatures in the vertical plane will show gradually increasing
temperatures from floor to ceiling (21 to 23 C trough the normal user space) with temperatures 25 C or
higher above normal head height (6 ft to ceiling — don't care zone).

Also note; where indirect lighting (lighting mounted below ceiling) is part of space design, the heat from
lighting does not become part of the space cooling load, the heat is removed directly to the return air path.
This does not reduce the AHU coil load but does lower the cooling requirement in the space. The situation
would be the same as for ceiling mounted direct lighting fixtures where the heat from lighting goes into the
return air stream and is calculated for the cooling coil only. The warmer area (temperature approaching
30 + C) is a contributor to higher performance of the lighting components. The improved performance
can be as much as 10% over fixtures” in a 25 C environment.

The air movement as described above assists with the removal of Volatile Organic Compounds (VOCs)
by keeping concentrations low and flushing them from the space on a continual basis. This precludes the
accumulation of VOCs in pockets where little or no air circulates. VOC accumulation can occur in most
other ceiling mounted air diffuser ventilation patterns since supply air seldom reaches the floor. Ventilation
rates as determined by ASHRAE Handbook provide for sufficient air to dilute VOCs and remove them
from the space when the air is entirely distributed through the entire space, including floor areas where
VOCs may collect”. When diffuser ventilation patterns fail to adequately cover the area they are to serve,
dead air pockets occur (no air motion, under desks) in the space, the VOCs will concentrate to levels
which can be detrimental to persons with sensitivity to certain toxins which exist in many VOCs. The floor
flushing effect of the air nozzle provides a more efficient mechanism to flush and dilute any VOCs. This is
a significant added benefit with no additional cost. This is especially true for open concept spaces using
higher screens for partitioning.
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Personal Adjustable Ventilation Using Ceiling Mount  ed Air Nozzle Diffusers

Locai Lontiol I
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Figure 1. Personal adjustable ventilation system using ceiling mounted nozzle diffusers in
an Open Office Environment using higher screens. (Screens are clear glass for this view)

Figure 2. Photograph of a Nozzle Diffuser installed in ceiling (one per workstation)
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Control of the Personal Ventilation approach:

Referencing Figure 1. above, the control components consist of a room sensor mounted at
the standard height on screening panel in the immediate area of the occupant with easy
occupant access and located so as it is directly influenced by the air in the user space. A
damper is located where the duct and the flex connection join. The other end of flex attaches
to a collar on the air nozzle. As shown in Figure 2 the air nozzle is secured to a section of
solid panel made to suit the dimension of the T-bar ceiling. Placement of the air nozzle is as
shown in Figure 1. above. A digital controller senses room temperature and opens or closes
the damper to meet space temperature requirements. Cooling only is available for Interior
spaces. The basic control logic operates on a building schedule coinciding with other building
equipment.

The enhanced version of the above air nozzle system is augmented by a motion sensor to
determine occupant presence. When combined with dimmable lighting control for the same
workspace the motion sensor does double duty to lower airflow and lighting level to minimum
setting when occupant is not present.. The combination of HVAC and Lighting can result in
savings of up to 20 % over traditional separate installations. With the presence of a digital
controller many other features can be included for modest costs all of which are usually
recoverable within 3 year period or less.

Benefits of Personal Ventilation System:

Occupants have the ability to control the temperature settings for their workstation
and the ability to change the angle of air delivery. This results in fewer service calls
and complaints about uncomfortable temperatures, drafts or bad air quality.
Reducing the number of service calls results in savings in operational costs ($500 to $1000
per service call). With less time spent on service calls, operations staff has more time to
devote to ensuring proper performance of HVAC systems as well as performing preventative
maintenance on HVAC systems which will result in extending equipment life.

Reducing the number of service calls results in savings in operational costs ($500 to $1000
per service call). With less time spent on service calls, operations staff has more time to
devote to ensuring proper performance of HVAC systems as well as performing preventative
maintenance on HVAC systems which will result in extending equipment life.

With less time spent on service calls, operations staff can devote their efforts to
carrying out full preventative maintenance of HVAC systems which will result in
extending equipment life and improved systems performance.

Nozzle diffusers create conical vertical air streams such that air, at moderated
temperatures, is delivered directly to the floor area of the workstation consequently
reducing the likelihood of creating uncomfortable drafts (see Figure 1. air pattern).
Increased comfort and satisfaction for occupants of workstation environments result
in less distraction in carrying out their work activities.

Integration of HVAC controls with lighting controls results in double savings (HVAC
(cooling) energy is lower due to lower lighting energy use). Lower HVAC energy +
lower energy for lighting = double energy savings.

Nozzle diffusers are easily relocated within workspace area when workstations
layouts change (reduced waste to recycle). Consequently, over the lifespan of the
system fewer materials are used versus traditional HVAC systems installations.
Nozzles can be relocated without the need to engage specialized tradesmen.
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Occupants have the greatest benefit of receiving cooled, filtered and outdoor air
supply. The air supply mixed with the code based fresh air requirement is delivered
directly to the user space. This approach provides a positive air delivery when
compared with other traditional air delivery mechanisms.

Under-floor Ventilation Systems:

This short discussion about Under-floor Ventilation Systems (UVS) is included here for
information and to draw parallels between the air nozzle and the UVS approaches. The UVS
requires a raised floor system similar to those in the older computer rooms. Conditioned air is
delivered under the raised floor and is delivered to the space through floor diffusers with a
variable air volume terminal (VAVT) mounted directly under the floor diffuser. The VAVT with
an associated room sensor varies the air flow to meet cooling needs of the space being
served. The air delivered at floor level as it is warmed by heat from equipment and
occupants rises to ceiling where it is drawn back to central air handler and is reconditioned
for delivery to space again.

The differences between UVS and Air Nozzles is in the method of getting the conditioned air
to the space, UVS through raised floor system or air nozzles through conventional ceiling
ductwork modified to deliver very low pressure to each air nozzle.

In each case the user space is controlled by a local room sensor and damper to regulate air
flow.

What is common to both is the absence of cold air delivered through to ceiling to
conventional diffusers which then attempt to mix it with warm room air to attempt to meet
occupant comfort requirements.

From an energy perspective they both deliver a better quality environment and use less
energy in the process. The option to control using a digital controller is available which
permits using enhanced control logic. Either approach provides for easy changes to meet
offices changes with little or no special trade skills to accomplish.
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7\ Floor Diffuser
s . Variable Air
18°C 18°C ’ Volume Terminal

Building Floor Slab
Figure 3. Under-floor air distribution system. Similarities of return Air Flow and

Temperatures using the Air Nozzle
Benefits of Under-floor Air Distribution Systems
Incorporating Personal Adjustable Ventilation Contr ols

Supply Air Duct

Building occupants have control of the thermal environment in their workstation.
Occupants can adjust direction of air delivery into the workstation.

Drafts are avoided and comfortable temperatures are maintained in areas occupied by
people and not in areas not occupied by people.

Nozzle diffusers create vertical air streams such that air is delivered directly to the floor area
of the workspace.

Increased occupant comfort and satisfaction of workstation environment and can result in
reduced distraction from carrying out work activities.

HVAC control integrated with lighting control results in both HVAC (cooling) energy savings
and electrical energy savings.

Under-floor Air Delivery systems employ warmer supply air temperatures, consequently
mechanical refrigeration energy savings resullt.

Occupants have the first benefit of cooled, filtered and fresh air supply.

Diffusers are easily relocated when required to accommodate a rearrangement in
workstations layout. Consequently, less materials are used versus traditional HYAC
systems installations. Diffusers can be relocated without the need of specialized tradesmen.
Because occupants have the ability to control the temperature settings for their workstation
and the ability to change the angle of air delivery results in the reduction in the number of
service calls and complaining about uncomfortable temperatures and bad air quality.
Reducing the number of service calls results in savings in operational costs ($500 to $1000
per service call). With less time spent on service calls, operations staff has more time to
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devote to ensuring proper performance of HVAC systems as well as performing preventative
maintenance on HVAC systems which will result in extending equipment life.

Wiring and cables for building electrical and communication systems can be installed in the
under-floor plenum such that false ceilings are not needed (false ceilings can be eliminated).
This results in having buildings constructed with reduced floor to ceiling heights which result
in reduced construction costs.

Less thermal loss through ductwork during delivery to terminals due to delivery of warmer air
temperatures (T) , lower delta T across insulation (17 to 20 C);

This design removes heat by flushing it to the return air plenum, where cooling is handled by the
central Air Handler directly, through the use of efficient cooling coils or DX system. In contrast
traditional systems deliver air (12 to 16 C) and attempt to mix the cooler supply air with room air
before reaching occupants. This requires fan energy to mix and often causes cold spots when
mixing is not thorough.

Figure 4. Showing air activity for under-floor cooling application. The air directions are similar
with air Nozzles as air is directed to floor and then replaces warm as it rises to ceiling and return
duct.
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Figure below showing air patterns associated with T raditional diffuser
application. ( Note some short circuiting of supply to return, als o low circulation under
desks ).
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Appendix A

Chapter contents from 2003 ASHRAE HANDBOOK - Listing Referencing Principles for Using Air (Jets)
Nozzles.

2003 ASHRAE HANDBOOK

CHAPTER 33
SPACE AIR DIFFUSION
TerMINOIOGY.....ccciivirieee ettt e e et e e 33.1
PRINCIPLES OF JET BEHAVIOR.......ccccooceiviiieniieeniinnn 33.1
Air Jet Classification..........ccccoveeeiiiieiiie e
Multiple Jets.........ooceeeeriiiinnnen.

Airflow in Occupied Zone

ROOM AIR DIFFUSION METHODS

MiXING SYSIEMS ....coiiiiiiiiie s

Displacement Ventilation............cccccveeiiiiviriee i
Unidirectional Airflow

VeENlation......cocoiiiiiie e 33.12
Under floor Air Distribution and Task/Ambient

(0] aTe 1 1Te] o1 o Vo USSR 33.12

METHODS OF EVALUATION......cceeeeiiiiieeeeeeiiiee e 33.12

Air Diffusion Performance Index (ADPL).........cccccccoiiunneen. 33.13

SYSTEM DESIGN.....ccoiiitiiieiieiitieeeee e eeeeeee e 33.14

Design Considerations............ueeiiciveieeeeiiiiieeeeessivieseenns
Design Procedure.........cocevvveeeeeninnnnn.
Outlet Location and Selectian

Return Air Design for Optimum Performance.................. 33.17
Ceiling-Mounted Air Diffuser Systems..........ccccceeeeevnvnenn.. 33.17
ENDNOTES:

' Definition of Stale : http:/Aww.thefreedictionary.com/stale ; Adj.1.stale - lacking freshness,

palatability, or showing deterioration from age;
http:/imww.oee.nrcan.gc.ca/residential/personal/new-home-improvement/airflow.cfm?attr=4#airflow

" NEMA; National Lighting Product Information Program; - Light Answers — TSFT Lamps & Ballasts — volume 3
number 1 — 1996

"' ASHRAE Handbook + USGBC - LEED® for New Construction &
Major Renovations EQ Credit 6.2: Controllability of Systems: Thermal Comfort

v ASHRAE Handbook 2005 Systems Chapter 33; (see excerpt in Appendix A) identifies air nozzles and the air
handler system design issues that accompany the use of these devices.

V' NEMA; National Lighting Product Information Program; - Light Answers — TSFT Lamps & Ballasts — volume 3
number 1 — 1996

V'VOC article denoting that some VOC's are heavier than air. http:/iwww.epa.goviiag/largebldgs/pdf files/sec_4.pdf
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