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▼ DUCTWORK DESIGN
Benefi ts of an UFAD system are the ability to delete ductwork 
associated with air distribution downstream of the zone terminal 
units and use an airfl ow plenum underneath a raised fl oor for 
low-pressure distribution to the room diffusers. Current research 
indicates that the maximum distance from the point of injection 
under the fl oor to the furthest diffuser not exceed 50 ft; some 
sources recommend as little as 35 ft maximum distance. If the 
distance from the edge of the core to the perimeter is less than 
50 ft, the KUFM parallel mixing units may be located at the edge 
of the core structure, thereby eliminating all ductwork over the 
open offi ce areas. A zone will never exceed 4000 ft2 in this ap-
plication. The KUFM unit is sized perfectly for this application. 

Air Highways
One commonly used plenum distribution technique is to use air 
highways within the plenum to distribute zone supply air to mul-
tiple points within the plenum. These should be sized like normal 
ductwork (limit mains to 1,200 – 1,500 fpm and dampered branch 

outlets to 800 – 1,000 fpm). When large air-column type mixing 
units are employed, typically supplying10,000 cfm, air must be 
distributed away from the unit, typically within the plenum. If air 
highways need to be employed, future rearrangement of fur-
niture/partition zoning above the fl oor will likely require similar 
ductwork adjustment under the fl oor, negating some of the cost 
savings. Also, air highways almost always cause service utility 
rerouting when laying out power and communications. Further, 
a maximum discharge velocity, into the plenum, of 1000 fpm 
has been recommended to avoid unwanted turbulence in the 
underfl oor plenum resulting in non-uniform air distribution to the 
UFAD units.  
 
Smoke Partitions 
and Fire Walls
Whenever plenum 
areas become too 
large, they inevitably 
cross over partitions 
or walls that need to 
meet life safety code 
requirements and ex-
tend down through 
the plenum to the 
fl oor slab. During the 
process of HVAC zon-
ing, attention must be 
given to these lines so 
as to not cross over 
them. If air needs to 
be transferred over, it 
may be done so with a 
hard duct sleeve with 
the appropriate smoke 
and/or fi re damper in-
stalled per code.
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▼ THROW VS. ∆T VS. LOAD, DIFFUSERS AT 6’ SPACING ▼ CONFERENCE ROOM: NO. OF PEOPLE PER GRILLE

5˚ MAXIMUM
STRATIFIED ZONE (78˚ F)

UNIFORM
MIXED ZONE

(74˚ F)

STRATIFICATION
HEIGHT (6’)

MIXING ZONE
(72˚ F)

▼ FPD-R, MIXING ZONES

▼ ELIMINATION OF DUCTWORK
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Leakage 
The major problem identifi ed in UFAD projects that are not op-
erating as designed has often been traced to excessive leak-
age. Leakage into the occupied space is not a serious issue. 
Leakage into column covers, interior wall cavities and perimeter 
curtain wall cavities is a serious problem. Many UFAD systems 
rely on  warm return air to offset the 55°F coil discharge temper-
atures required to maintain a maximum 60% RH in the space.  
Excessive leakage often lowers ceiling return air temperatures, 
and therefore creates colder supply temperatures if humidity 
control is to be maintained. 

▼ HIGH HEATING AND COOLING DEMAND DESIGNS
How the perimeter and high load interior zones are heated and/
or cooled depends primarily on the magnitude of the load and 
whether or not simultaneous heating and cooling is required. 
Typically, the need for continuous cooling in many interior 
zones, combined with the mass effect of the slab, makes it im-
practical to switch over the central equipment to heating. Often, 
a number of separate heating devices will be designed for the 
perimeter zones, creating a hybrid system with UFAD heating 
that is reserved only for the interior during morning warm-up 
situations. Following are several methods to accomplish such 
special zone temperature control needs:

1)  Perimeter Series Fan Terminal, Return Ducted: In full 
cooling mode, the KUFS Series underfloor terminal takes 
cold air from underfloor and boosts the supply to the pe-
rimeter. Discharge is either ducted to the 1850 grilles with 
FPD-D boots, or to a separate plenum supplying a number of 
1850 grilles. The 1850 grilles with FPD-HC dampers are set 
to supply cold air to the spaces near the perimeter with cold 
air from underfloor, and the connection to the KUFS closed. 
When the cooling demand is less, the KUFS mixes return 
air, ducted from the space with 1850 grilles attached to FPD-
HC boots set as a return, and cool plenum air is induced in 
the primary air inlet, so as to manage perimeter loads in re-
sponse to a thermostat. In heating demand mode, Krueger’s 
KUFS series fan unit, utilizing either electric or hot water 
heating coils, will draw air off the floor through the FPD-HC 
floor diffusers with the underfloor damper set to minimum 
ventilation air flow setpoint. Krueger’s KUFS employs a con-
ventional series fan control and is available with an ECM 
motor for extra control and energy savings.

2)  Interior Zone High Cooling Areas: A KUFS series fan ter-
minal with ducted supply air may be used to provide addi-
tional interior cooling. A KUFS series fan unit mixes ducted 
55°F supply air with plenum air, which may be ducted from 
the space with 1850 grilles attached FPD-D boots, or may 
induce cool plenum air to manage cooling demand loads in 
response to a thermostat. Discharge is either ducted to the 
1850 grilles by FPD-D boots or FPD-R helical diffusers by 
FPD-B boots. 

3)  Hot Water or Electric Heating Coils: A Krueger KBF boost-
er fan terminal unit heats the underfloor air, which is ducted 
to 1850 grilles with FPD-D boots or to a separate plenum 
that supplies a number of 1850 raised floor grilles. The KBF 
uses a conventional fan terminal control and is available with 
an ECM motor for extra control and energy savings.

4)  Overhead Heating and Cooling: Any number of conven-
tional overhead VAV products, in conjunction with a down-
blow linear diffuser or ceiling nozzle diffusers, may be uti-
lized to control skin loads. In most cases, a low profile unit 
will be required, such as Krueger’s KLPS or KLPP low profile 
fan terminal units, with ducted 55°F primary air. The KBF 
booster fan terminal unit may be installed overhead for sup-
plemental heating as well. In interior zones, standard VAV 
terminal units may be employed with conventional diffusers 
to cool conference rooms using conventional overhead de-
signs. This solution is recommended, as it will not disturb the 
desired stratification in the interior spaces.

1850/FPD-HC
RETURN
DIFFUSERS

▼ KUFS, DUCTED RETURN

FPD-R
DIFFUSERS
WITH
12”x12”x11”
PLENUM
BOX
MOUNTED
TO FLOOR
PANEL

▼ KUFS, LOCALIZED HIGH-COOLING DEMAND

▼ KBF, PERIMETER HEATINGE
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▼ CONTROL SYSTEMS
Like any other system, UFAD systems rely on proper design 
and operation of the controls. Listed below are concepts and 
concerns that, if incorporated into the design, will result in main-
taining the stratifi cation layer and its many benefi ts.

• Most UFAD systems use pressurized plenums and CAV pas-
sive diffusers, requiring some type of pressurization control 
on either the zone mixing unit or central equipment.  

• Zone control with CAV diffusers requires adjustment of the 
supply air temperature at the air terminal. This is best ac-
complished using the Krueger KUFM fan powered air col-
umn mixing units that connect to the zone ceiling plenum 
return air, that mixes with the primary air.

• Resetting supply air temperature higher under light loads al-
lows additional hours of outdoor air economizer cooling, es-
pecially in drier climates. The use of a DOAS system makes 
this type of control independent of humidity control.

• Nighttime pre-cooling, setup correctly, to avoid potential con-
densation on the plenum surfaces, may offset or delay ther-
mal decay of the zone SAT.

• Thermostat mounting heights are often set lower because of 
ADA (Americans with Disabilities Act), from 54” to 48” above 
the raised fl oor.  This is actually a benefi t because, if mount-
ed too high, the thermostat would sense the higher tempera-
tures near the stratifi cation layer, requiring the adjustment of 
the set point upwards to compensate.

• Systems which use Krueger’s KUFM terminal unit to con-
trol the zone primary airfl ow for ventilation requirements may 
take advantage of demand controlled ventilation, DCV, to re-
duce primary airfl ow in lower occupancy periods, which  may 
result in additional energy savings.

• One should adhere to control requirements of ASHRAE 
Standard 90.1, including setback requirements and optimum 
start requirements. 

▼ INSTALLATION COSTS
Many owners and developers have found that raised fl oor sys-
tems with UFAD reduce costs associated with space reconfi gu-
ration. With the churn rates now approaching 50% (one move 
every 6 months), it is not unexpected to fi nd many new offi ce 
buildings that use raised fl ooring. Buildings using UFAD sys-
tems have certain cost components that make them more ex-
pensive than traditional systems, compensating ones that lower 
the overall price premium that currently exist for this application.

• The raised fl oor system is the component with the single 
largest cost increase, which should be cost justifi ed based 
on the benefi ts to the entire service delivery system (HVAC, 
power, voice, and data) and not against the UFAD alone.

• Local building and fi re inspectors often require smoke detec-
tors within the plenum and may require sprinkler protection if 
plenum depth exceeds 18”.

• Generally, HVAC costs for central cooling and heating equip-
ment and ductwork mains are no different for UFAD sys-
tems.

• Diffuser costs are dependent on the type(s) chosen for the 
majority of air delivered.

• If a relatively open underfl oor plenum is used, signifi cant 
ductwork savings may be realized, compared to a typical 
overhead air distribution system.

• Controls costs should be similar to traditional systems when 
basic zoning is unchanged.

• Testing and balancing savings may be realized from CAV 
pressurized plenum designs, which are essentially self-bal-
ancing.

• Leakage control may be a very expensive cost. All the trades 
involved in construction must be aware of the requirement 
for sealing potential leaks, and it has been recommended 
that frequent inspections be conducted to assure that leak-
age and sealing issues are understood and followed. 
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▼ OPERATION & INSTALLATION CONSIDERATIONS
Offi ce building UFAD systems are quite new, making it diffi cult to 
obtain actual operation and maintenance cost data to compare 
against traditional HVAC systems. Operation and maintenance 
costs are primarily replacement costs for equipment and labor 
expenses associated with maintaining the HVAC system and 
responding to occupant complaints. While many engineers be-
lieve that UFAD system may prove to be more costly to service, 
research suggests that the frequency of occupant complaints 
will be reduced when they are given some individual control of 
their local environment.

▼ ENERGY USAGE
UFAD systems have the potential to save energy in comparison 
to traditional designs. The bulk of these savings come from re-
duced fan energy that is associated with lower static pressures. 
Energy costs remain diffi cult to predict because, to date, there 
is no energy simulation software that accurately models UFAD 
system performance. Excessive leakage may override energy 
savings from reduced fan pressure requirements.  

▼ DESIGN CONSIDERATIONS & RECOMMENDATIONS
1) Do not eliminate the suspended ceiling. With the quieter 

operation of a UFAD, acoustical treatment of the space will 
be required. 

2) Keep plenum depths below 18” to avoid a potential require-
ment for sprinklers. Provide pressure trap fl oor drains if 
ceiling sprinklers are installed. Note: Verify with local building 
codes.

3) Do not use too many zoning barriers in the plenum or you 
will restrict the ease of future rezoning and running of ser-
vice utilities to various points of use.

4) Use multiple vertical drops to avoid air highways, while also 
meeting the 35 ft to 50 ft guideline for maximum travel to 
the farthest diffuser.

5) Do not include excess safety factors; airfl ows need to 
closely match load requirements within the occupied zone 
so as to not over-air the system. Tests have shown an ideal 
airfl ow of 0.6 cfm/ft2 for good mixing, while maintaining the 
stratifi cation height at 6 ft, and keeping the room tempera-
ture gradient below 5°F.

6) Carefully run loads for both occupied and unoccupied to 
determine if load credits can be taken; equipment size re-
duction will benefi t the job costs. 

7) Select diffusers so that T50 throws are never greater than 
4 ft to 5 ft, so as to not disturb the stratifi cations layer. Use 
CAV passive curved slot helical air pattern diffusers in the 
interior and uniformly loaded large perimeter spaces.

8) Hybrid designs, using conventional VAV air handlers and 
DOAS systems in high load/variable-load situations maxi-
mizes the benefi ts of the lower AHU supply air tempera-
tures and keeps summer-time humidity concerns under 
control.

9) Placing returns over heat-producing equipment and/or at 
the outside wall when high solar loads exist will maximize 
the benefi t of the partial displacement ventilation effect.

10) DDC controls should be considered basis of design for re-
alizing true UFAD benefi ts.
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