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ABSTRACT

The use of raised access flooring systems for office envi-
ronments has become much more frequent in recent years.
Power and data cables housed in the floor cavity can easily be
accessed and modified to accommodate changes in the occu-
pancy and use of the space. This cavity can also be used as a
supply air plenum, which allows introduction of conditioned
air through the floor. Unfortunately, most load calculation
procedures and programs in use today are based upon over-
head systems and do not afford the designer the tools necessary
to properly assess the performance and economics of under-
floor air distribution systems.

This paper discusses opportunities for improving space
ventilation and reducing installation and operating costs that
are inherent to underfloor air distribution systems. In addition,
procedural differences in the determination of equipment
requirements and operational efficiencies are identified and
adjustments are suggested that allow application of load data
obtained by existing methods to underfloor systems.

INTRODUCTION

The employment of raised access floors for office appli-
cations has increased rapidly over the past few years. Raised
access floors allow the placement of power and data cables
between the slab and raised floor panels, which enables wiring
to be performedin a modular fashion. This eliminates the need
for vertical columns to deliver the cables to the lower extrem-
ities of the room where receptacles are located. Most impor-
tantly, the modification of the space to respond to tenant or
space utilization changes becomes much easier and less
disruptive.

The cavity created by a raised floor system can often be
used as a supply air plenum. The depth of the floor cavity for
such applications is typically aminimum of 10in. (0.25 m) so
that a sufficient supply air path is maintained and volume
control units may be located within the cavity. Although this
depthrequirement exceeds the 4 in. to 6in. (0.12 mto 0.15 m)
required for simple cable and wiring applications, the addi-
tional depth can generally be accommodated by reducing the
ceiling plenum depth since ductwork and terminal units are no
longer housed there. The ceiling cavity continues to be used as
areturn air plenum, however. The location of return outlets in
(or near) the ceiling is paramount to deriving full benefit from
an underfloor air distribution system.

Although relatively new to North America, underfloor air
distribution has been successfully used in Europe and the
Pacific Rim for more than a decade. The use of underfloor air
extends the flexibility to accommodate space changes to the
mechanical system as well as the electrical and communica-
tion systems. Supply air outlets can easily be added and/or
relocated in response to such changes.

UNDERFLOOR AIR DISTRIBUTION SYSTEMS

Figure 1 illustrates a typical underfloor air distribution
system in which interior spaces are supplied by a pressurized
plenum and perimeter zones are partitioned and supplied by
individual terminal units. Perimeter heat (in this example) is
achieved by the employment of underfloor fan terminals that
deliver the conditioned air through a baseboard finned-tube
coil. Return outlets are located in the ceiling in order to facil-
itate a single vertical supply air pass.

Ken Loudermilk is manager of marketing and sales for Trox USA, Alpharetta, Ga.

THIS PREPRINT IS FOR DISCUSSION PURPOSES ONLY, FOR INCLUSION IN ASHRAE TRANSACTIONS 1999, V. 105, Pt. 1. Not to be reprinted in whole or in
part without written permission of the American Scciety of Heating, Refrigerating and Air-Conditioning Engineers, inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.
Opinlons, findings, conclusions, or recommendations expressed in this paper are those of the author(s) and do not necessarily refiect the views of ASHRAE. Written
questions and comments regarding this paper should be received at ASHRAE no later than February 13, 1999.



Lighls

[ !
. . ——]
3 Inleriar

Zone

. ()

il . ‘ '

LT i

Outiels

8]

v i
. Perimeter
Zone

-0" Occupied Zofve oo

Ducled Floor

[ [T m_?!mmmmmlml«.«nllnt

FLOOR SLAB

Permelar
| -Fin Tube
" Radialior

- AN

o ;g
. T

Figure 1 Typical underfloor air dzstr:butwn System. .

Overhead mixing type systems,(see Figure 2) have been .
very popular for the conditioning of office space in North
America. These systems supply conditioned air to the space by
means of ceiling-mounted diffusers. These diffusers discharge
air along the ceiling at 55°F to:57F (3°Citp T4°C)y and are
sized for sufficient outlet velocities to induce room air, mixing
this with the supply air prior to entry into'the oétupiédtegions
of the space. Most of the heat transfer between supply and
room air occurs above the 6 ft (1.8 m) level. When properly
selected, these outlets produce resultant room velocities in the i
20 fpm to 30 fpm (0.10 m/s to 0.15 m/6) range throughout the
occupied zone (the lower 6 ft or 1.8 m of the space). Proper
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Figure 2 Overhead and underfloor air distribution systems.
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outlet selection results in (1) little or no tempcraturc gradient
within the occupied zone, (2) return air tgmperatures (at the
ceiling) that are similar to that of the xoomyitself, and (3) simi-
lar contamination levels throughout the space (and in the
return airstream) at design conditions.

Underfloor air distribution systems (also illustrated in
Figure 2) typically supply air at discharge temperatures
between 58°F and 63°F (1436 to 17°C) utilizing special high
indighion floor diffusers. This is particularly important as
supply-air is being introduced within the.occupied regions of
the space, so it'is nceessary that discharge velocitics and
temperatures be significantlyreduced before occupants within
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the space are encountered. For this reason, outlet airflow is
generally limited to about 100 cfm (47 L/s). Supply air jets
leaving the outlets create mixed, airflow condmpns in: the
lower regions of the space; however, ’fhe1r m1xm7g effect is
minimized once the discharge veloc1ty of the airstream
reaches about 50 fpm (0.25 m/s). Any further rise of condi-
tioned air is due to natural convection caused by heat sources
within the space. The result is a hybrid system that incorpo-
rates two distinct vertical zones—a mixing zone within the
lower levels of the space and displacement type flow in the
upper zone. Although some horizontal variations in the veloc-
ity, temperature, and contaminant fields may exist (dependent
primarily upon the location/contribution of‘supply outlets and
heat sources in the space), these discrepahcies are generally
minor and the mixing zone. [may be considéered homogenous
for modeling purposes.

Two major advantages of this type of system-are that€1)
ventilation air is sure to reach the occupants (as it isintroduced
within the occupied zone) and (2) convective heat gains that
occur above the occupied zone are isolated from the calcula-
tion of the required space supply airflow. The displacement
type flow (of underfloor systems) that occurs in the upper zone
serves to more efficiently convey airborne pollutants to ceil-
ing-based exhaust openings, resulting in contaminant levels at
the breathing levels of the space that'are considerably less than
those found in mixing type systems (see Figure 3). Japanese
research (Kim and’'Hommia 1992) estimates ‘the ventilation

effectiveness of underfloor systems to be about 1.1, indepen-
dent of the supply-airflow to the space. Overhead systems
deliver this fresh air from locations that are typically 3 ft to 6
R0, 9’1351 t0.1.8 m) above the respiratory level of the occupants
of the space and can only approach a ventilation effectiveness
of 1.0 when complete mixing occurs. This effectiveness is
redaced as the supply airflow is throttled. Studies indicate that
throttling the supply airflow to 1.5 air changes per hour (typi-
cal of those found at minimum flow in variable-air-volume
systems) may resultin a ventilation effectiveness as low as 0.5
(Heiselberg 1996).

Underfloor air delivery systems may also employ a hori-
zontal discharge strategy closely resembling displacement
ventilation throughout the space. In this case, the mixing zone
encompasses only-a short vertical distance (typically 4 in. or
100 mm) above .the floor. In this case, temperature and
contamination gradients in the space are more pronounced.
This sfrate’gyas most ofteriappliéd in traffic areas where indi-
vidual exposure is limited. The discussion of this strategy is
beyond the scope of this paper.

MECHANICAL SYSTEM DESIGN FOR
UNDERFLOOR AIR DISTRIBUTION

Effective employment of an underfloor air distribution
strategy relies on consideration, quantification, and proper
tredtment of the two previously mentioned vertical zones.
Unfortunately, the most commonly employed load calculation .
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programs and procedures do not differentiate the location of
individual heat § sources within the space becau,se thcy assume
that a conventional mixing system (which thoroughly mixes
all of the air and heat contribution within the space) is bemg‘
employed. The following section will 1dent1fy areas where
overhead and underfloor system desxgns vary and recommend
means by whxch these differences may be factored and prop-
erly reflected in eqmpment and operational cost predlcnonq ]
SPACE HEAT GAIN ANALYSIS '~
FOR UNDERFLOOR AIR SYSTEMS -

Underfloor air delivery through high induction floor
outlets results in temperatures within the lower regions of the-
space that do not vary much; however;, a distinct temnperature
gradient forms above this level: A single vertical pass of air
through the upper regions of e space nol only transports heat
butalso serves to remove airborne contaminants from the space.
The lower region of the space has been designated as the mixing
zone, and its vertical depth is defined by the heightat which the
supply outlet discharge velocity las been reduced to 50 fpm
(0.25 m/s). Above this height (M), outlet velocities will no

tion, the vertical portion of the space from the top of the mixing
zone to the cenlmg, s referrcd 10 as the displacement zone.

As outlets in, an underfloor air system are tasked with
1ntroduc1ng relanvely high veloc:lty cool air directly to the ‘
occupjed 2Z0ne, consideration must be taken that outlets are not

1
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located so close to stationary occupants that uncomfortable
conditions would llkely exist. This can generally be avoided by
selecting and locating outlets such that no eccupant is located
within a radius of the diffuser where velocities in excess of 50
fpm (0 25 m/s) and temperatures more than 1°F (0.6 K) lower
than that of the room (ASHRAE 1997c) are predicted. This
horizontal. radius can be obtained from most manufacturers’
data and will be referreq to as the outlet’s clear zone (also
depicted in Figure 3). The vertical depth of the mixing zone can
usually, also. be derived from manufacturers’ data.

Figure 4 references temperature gradients that may be
expected :(outside diffuser olear zones) in an underfloor air
distribution system. European research on displacement air-
conditioning systems (BSRIA 1993) has found that approxi-
mately;40%-of the difference between supply and return:air
temperafures; dissipates within 4 in. (0.1 m) of the: floor- The
assumptien-is that this.is also basically true of underfloor air
systems (except in the clear zone areas as described above).
ASHRAE comfort criteria (ASHRAE 1997c) suggest that a
temperature, differential.of: 5°F (2.8°C) between the ankle (4

~in. or 0.1 m level) and neck regions (4 ft or 1.2 m) of a seated

longer support mixing; therefore, air rises due to natural convec: ., * “"oééupant not be exceeded to thermally satisfy 90% of the

tion. Since this very closely resembles displacement ventila™™

o ~r N

DETERMINATION OF SUPPLY AND RETURN AIR
QUANTITIES AND TEMPERATURES

The required supply airflow of ap underfloor system is a
function of the total heat gainaffecting space occupants; there-

X )
]
12 38
/’
(8]
n ; == a3
o)
£ 1 CllllimLc]vuI(Ci E| 20 §
§ 9 § 7 =
=2 27
© 8
o Disp v I
oy ooes 8 A 24 -g
o 1 4 e
g 3
= — a
® 0 [ V() £ 5 ¢ T4 8
2 Top of Occupied Zone (6. or 1.8 m) T,
5 6 = o , 18 §
2 A g
[a} 5 o
5 ¢ raIE - - 5,005
-0 - Top of Mixing Zone (2) T : e O ) .
5 .1 o < o 8w pwoes
o = - . . ) 3
- 0.9 !
I %
2 / 08 !
173 AR TR (9% [ LRI S 72 B
S8F 60F : €2F-  64F G6F - "68F TOF T2F " V4F 76F  78F ROF RIF  M4F 86F
{1 1 hae) (!55"6)1\ (187C)  (178%);. (1BOT) [200°C) ~@21.1C) (222°C) (203°C) (244'T§ (BET) (267°C) (27.6°C) “,6,_ ool T Y
; Local Temperature ) )
[T TARARSE N R (55
Max 8% 28'C) — N o
1 Te-Ty=06x8Ty ———» "
-+ - e ATuFTE-Ts >
) - m——\ STS N S V(i | -
Toel sitagt Woevste“ne= fene Syl b sein s A PR

Figure 4 Vertical tempergture gradien prediction for an underfloor system. - bt

€H-99-6-3



fére, calculation of thé supply air requirement involves ‘an
accirate’ analysis Of heat gains. Convective heat gains that
origitfate outside the occupied zone may be neglected in calcu-
lation’of this airflow as their convective heat currents rise
naturally and need not be mechanically treated.

Table 1 recommends efféétive heat gain factors (EHGFs)
that may be applied to space sensible heat gains to reflect this
consideration. These factors have been empirically derived
using data (ASHRAE 1997a, 1997b) documeriting the radia-
tive/convective split of comhon heat gain sourcés. While‘the
entire radiant gain must be considered, the convective gain is
analyzed and adjusted according toithe percentage’ of its
source that is'physically resident withinthe mixing zone of the
space, The EHGFs are then appliedto the individual space
heat.gain sources to quantify their impact on the occupants:in
the space.:The individual effectivedieat gains are thén surmmed
(seethe.'example shown in Table 2) to determine thé space
effective sensible heat gain (ESHG). ' ¢«

The ratio of the' ESHG to the total sensible-heat -gain (a
summation of all sensible heat gains within the space) is used

o Riomm,,

to determine the minimum supply air temperature (that which
will' maintain ‘the” 5°F (2. 8°C) temperature gradient in the
occupied Zone) using Figure 5. This figure was created on the
assumptions that (1) no more than 60% of the overall supply
to exhaust air teﬁiperature difference occurs between anklc
level and the ceiling (Jackman 1990) and (2) that the temper-
ature gradiént above the mixing zone is linear. "The effective
sensible heat gain is also used in the calculation of the required

supply airflow to the space:

Supply Airflow (cfm) =
Effective Sensible Heat Gam (Btuh) /(1 1 x Ar)

Tl

where

BEE

At =temperature differential (°F) between the room dir (at the
4 ft level) and the entenng supply air (°F, as detefinined from

Figure 5).

In SI units, this"gquation becomes

R

e N

Supply Airflow (L/s) =

Effecnve Sensible H.eat,Gam (W) /(1.232 x Ar)

o . ..TABLE1

[}

B g

Effective 'Sénsible:Heat Gaun Factors for the Offlce Enwronment

IS A

L

. 5 . Percentage of Heat Gain Effective Heat Gain Factor (EHGF), *
' ' that is Convective Height of‘Diffuser Mixing Zone
an” Sft 6 | 7R 8 ft
Heat Source and Location ° (% Total Heat Gain) (1.2 m) (15m) | (1.8m) | 21m) (2.4 m)
Perimeter Walls and Glass ' »
Transmission through wall or glass 40.0% 0.77 0.82 0.87 091 0.96
Solar heat gain: o ' _
Interior shades (b]inds) T 40.0% 0.60 0.68 0.76 0.84 0.92
No interior shades (blinds) 0.0% 1.00 | 100 - 1.00. 1.00 1.00
Infileration (sensible gain only) i -100.0% 1.00 1.00 [K0,0) 1.00 1.00
Lighting ; - " 3 ¥ T "3‘4 ‘.-7;1,-‘_“ T " Y
Incandescent (within accupied zone) | 5 . _20.0% ... - | .. -1:00 £00- -+ “1.00 1.00 1.00
Incandescent (above occupied zone) -:_20.0% oy 026 A 0.85. . 0.90 0.95 1.00
Fluorescent (within occupied Zone) o TE00% T T T 090, 0.95 1.00 1.00 - 1.00
Fluorescent (above oc¢upted zone). i| 500% 0.50 0.60 0.70 0.80 1.00
People (Sensible Heat Gain-Onlyj~ - - 4= T A e i i
Seated (stationary) .. . . e 40.0% - 0:70 085 ; | 1,00 1.00 1.00
Standing or transient, .. . . 40.0% - 0.55 0.65 {5083 1.00 1.00
Office Equipment and Machinery. e L i £ v S———
Personal computer, tower type L 700% | 70100 | 1.00-- f .1.00 . 1.00 1.00
Personal computer, desktop type tT10.0% 0.65 080 | -0.95 1.00 1.00
Monitor, no shelf directly above 63.0% " Tt 065 0.80 0.95 1.00 1.00
Monitor, shelf directly above @on 0.80 0.90 1.00 1.00 1.00
Laser printer (desktop type) 1 90.0% 075 0.90 1.00 1.00 1.00
Copy machine (console type) 85.0% 0.75 0.90 1.00 1.00 1.00
Facsimile machine (desktop) “9010% 0.75 '0.90 ‘0o 100" 100
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i TABLE 2 - -
Space Sensible Heat Gam Analysis

Space Total Sensible Heat Gain . . Space Effective Sensible Heat Gain
1 Effective Sensible

Heat Source and Location Btuw/h | w Heat Gain Factor Btu/h | w

Perimeter Walls and Glass - %

T - - i

Transmission through wall or glass 0.77 16025 4697
Solar heat gain _ e ‘ BLe's o
' Interior shades (blinds) 0.60 | 24382 | 7146
Lighting e v, 2L 7 :
Fluorescent (ahove accupied zone) gomzs | s | 0.50 ] 53568 | 15m
People (Sensible Heat Gain Only) | B A
Secaled (stationary) 35770 | 10484 070 | 25039 |
Officé Equipment and Machinery | ik R Ay ' re g, '
Personal computer, desktop type - 124050 7049 " 0.65 15633 4582
Monitor, no shelf directly above 34450 | 10097 0.65 22393 6563
Laser printer (desktop type) 79950 23433 2075 e 59963 17575
Copy machine (console type) 24000 .. 7034 S0 [ 118000 5276
Facsimile machine (desktop) 1200 | . 352 075 | 900 264
: ’..‘ ] e A
Total Sensible Heat Eftective Sensible Heat
. .Space Total Heat Gain, . Btwh L w 5 Btu/h w
368005 89852, , 235902 57299
1SN L i € el 1
Effective Sensible Heat Gain 64.1%
17 (% of Total Sensible Heat Gain) e
"ot ! ) » 2 s S T [T e LT d
Note: Example-shown is based on an intermediate floor of a multistory building designed for Chicago. Il
1) Outdoor design conditions are 91°F (33°C) dry bulb, 74°F.(23°C) wet bulb. Indoor design‘is 75°F (24°C) and 50% RH'
2) People; lighting; equipment and pe imeter zone skin loads are as follows:
a) Occupancy based on an average of 88 £ (8.2 m2) per pefson resuhmg in a sensiblé load of 2.75 Btuhiﬁ2 (8.7 W/mz] B
- b) Lighting load used is 3.5 W/ft? or 12 Btuh/ft? (37.9 W/m ) " b g oint o
') Equipment loads average 12.7 Bwt/f? (40:W/m2)’ 'i= 0 AT SRS Sy
b) Perimeter zonc skin loads average 12:5 Bmhlftl (394 W/mz) (RO LSS B e 1Y ! B LR
3) Effective heat gain factors shown arc based on a 9 ft (2.74 m) ceiling and a 4 ft (1.2 m) diffuser mixing zone. .
Shiere - G e b Liges e gpply aitfibw rate, cfm (L/s);
At = temperature differential (°C) between the room air (at the el ol L T
P 0 i ’ ( Ts = supply air temperature, °rF (°C).

1.2 m.level) and the entering supply air (°C, as determined - : ¥ ' . i ; . .
from Table 1). . .~ While itis not pertinent to;other spacercalculations; atcu-

Once the supply air temperature and volume have been rate identification of the: return air temperature and moisture
determined, the return air temperature (typlcaIIy several‘" evel i is 1mportant because it is used in the calculation of the
degrees higher than that of the room) can be predlcted o Jmlet (mixed) air condltlons at the air-handling unit. These
'_’parameters are major determinants of the required refrigera-
tion’ capacrty of the system.

Return Air Temperature (°F) A e M1
(Space TSHG) 1(Qs % l l) + Ts (°F) &, T VRIS

U VG e T ADVANTAGES OF UNDERFLOOR AIR SYSTEMS
Return Au‘ Temperature CCp=~= = sEcals !
.(Space TSHG) / (Qs % 1.232)+ Ts (OCL s 15in Underﬂoor air dlsmbutmn systems offer savings oppor-
o S Trec s .. tunities that affect both initial equipment sizing and mechan-
where = : e ~ "~ ical systein operational costs. In addition, space ventilation
TSHG = total sensible heat gain, Bawh (W); and flexibility benefits are also inherent with these systems.

v
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1.00

The following subsections identify some of these savings and

T beneﬁts (summarwed in Table 3).

0.95

=i == - 4,

MECHANICAL EQUIPMENT SIZING

0.90

L Underfloor system supply fan capacity requirements are

13

0.85

“typically reduced (over conventional overhead systems) when
diffusers are selected and sized such that their mixing zone

depth does not exceed 5 ft (1.2 m). The amount of reduction

\

to be expected is inversely proportional to the depth of this

0.75

zone. Reduction or elimination of much of the ductwork

' beyond the terminal units is commgn in underfloor systems,

Ratio of ESHG to TSHG

\
\

0.70

| & & which results in reduced downstrcam static pressureﬁ,,The

0.65

cduced airflow and higher return air temperatures inherent to
_ underfloor systems often lead to lower required refrrgera‘tlon

40

equipment capacities as well. ;

NI

6F 8F
(33°C) (44°C)

10F
(5.6°C)

Recommended Differential* between Room (Tc) and
Supply Air Temperature (Ts) :

12F
(67°C)

Finally, terminal unit and terminal reheat coil capacities
are reduced due to the lower supply air requirements, although
their costs may not be significantly reduced since physical size
restraints often limit their capacity accordingly. -’

14F © 16F  18F  20F 2%
(7.8°C)  (89°C) (10.0°C) (11.1°C) (122°C)

e

REDUCED OPERATIONAL COSTS

Figure5 Supply air 'temperature determination.

Note: Differentials shown are maximum

allowable

in
temperaturé difference of no more than 5°F
(2.8°C) between the 4 in. (0.1 m) and 4 ft

Numerous operanonal cost advantages are inherent to
underfloor air systems. The previously cited reductions in
supply fan airflow and static pressure result in substantial ait
moving operational cost reductions. In addition, other
mechanical system operational cost reduction opportunities

order to maintain a

1.2 m) level.of th 5 AP
(1.2 m) level.of the space e 17
1 ‘1. Im_proved Chiller Efficiencies. Since ‘underfloor systems
i § TABLE 3 :
“Summary of Underfloor Air Advantages
Advantages = _Exéigna}ion and Comments

Improved Space

1. Single vertical passage of supply air through the occlipied zone iansports heat and removes airborne con-

Ventilation taminants from space. ‘
2. Introduction of venilati‘on';,:ir throngh the fioor ensutes its delivery to the soace occupants. i -
3. Occupants are afforded control gver the delivery of the outlets within their work space. -
Reduced Mechanical | 1. The single vertical air passage isolates convective heat gains that occur above the occupied space, eliminat-
Equipment Costs ing them from supply airflow calculatlons This’ resultS'm supply fan alrﬂow requ1rement reductlons of as

1 [Ttd £ AL

much as 20%.

2. Most or all of the ductwork downstream of zone terminal units is eliminated. This also results in lower fan
static pressure requirements. :

A A2y

3. -Syst'e']t"r'l réfri'gcrati‘on! 7requ'irements may be reduced as the percentage of exhausted return air is increased.

Reduced Operational Costs

L |

1: The reduced fan:airflow! and pressure requirements result in lower fan horsepower requnrements thus
reducing mechanical ventilation costs. ntl Sl

2. The mcréasad supply air temperamre of underfloor systems results m hlgher chlller retum water tempera- .
turés and substantially hlgher ‘¢hiflér efficiencies.” (il

3. Periods of “frec cooTlng are exlended due to the higher supply air temperatures mherent to underfloor sys-
tems. Thi''is particularly attrdétive in areas of mild climate.” wl AT

Flexnblllty

Enhanced SPace
a \ ."

1 Quuets can b(; egul,\( 1;elocgtqd ‘to accommodate changes in the space and in response to occupants”individ-
fcrc ces.

2. Outlets can:be easilyjadded and/or relocated in responsg tp changes in tenants or uge of the space.

3:'Outlets carf be added and/or relocated to accommodate increases in space sensible loads.

b1 . P A ol i
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correspondingly higher. Higher return water temperatures
allow the chiller to operate at efficiencies up to 40% greater
(Houghton 1995), resulting in proportional operational cost
reductions. ‘

2. Periods of “Free Coaling” are Extended. As the supply air
temperatures for underfloor systems are higher (see above)
than conventional overhead systems, periods of “free”
coohng are extended. This is of particular bencﬁt in rela
tlvely mild chmates

3. Perimeter Reheat Requtrements are Reduced. Reduced
airflow requirements and highcr supply air tempz.rgatures of
underfloor systems result in reduced rcheat requirements
(as the temperature dlf‘ference between supply and room air

is less) [

IMPROVED SPACE VENTILATION
AND OCCUPANT COMFORT

Underfloor air distribution systems are more effective in
ventilating open office spaces than their ovetlicad counter-
parts. Ventilation air (delivered through the floor) is mixed
within the occupied zone then escapes along a-vertical path to
OVCICad Ietum outlcis, u.auxuus in veiitilation cffeciiveicss
ratings in excess of 1.0 regardless of the supply. airflow.
Contaminant levels in the exhausted air always exceed those
of the space. e A o5 oo

Open | office areas generally 1nclude partitions that
surround workstation areas. These areas may be as small as 60
ft? (5.6 m2) and house a s1ngle occupant Overhead systems
oftett attempt to supply 300 ft? to 600 ft? (28 2 to 56 m?) of
floor space (five to ten office cubicles) with a single supply
diffuser: These partitions restrict roomy air movement, effec-
tively elumndlmg any pUbblbllll,}’ that the supply. and room air
will become sufficiently mixed to climinatc stngnauon and
properly ventilate the occuplcd space, | lnderﬁnnr air distribu-
tion systcms allow ‘supply outlets {0 bé placed directly within
each workstatiaon, ensuring that ventilation air is delivered to
each occupant and room air movement is maintained.

, Finally, floor-based systems offer. provisions. for the
accommodation of individual occupany, comfort: The location
of the outlets makes them very acccs51ble for occupants to
adjust them t6 their personal preferenée The employtnent of
the pressurized floor pledum® ensures that these -adjustments
may be accomplished with minimal effect on the rest of the air
distribution system, ———— o

ENHANCED SPACE FLEXIBILITV

Owners demand raised access floor systems due to the
ﬂexxblhty they offer. Relocanon of poWer and data ables in
response to space changes may be accomplished quickly and
easily, - resulting iti: minirnal “interruptionZito-workers and
processes within the area. This flexibility, however, dees not
come without a price. Rmsed access floor, systems may result
inasUSSto 7 US$ per squarc foot additive cost over conven-
tional floonng Utilization of an underfloor air distribution

strategy expands this flexibility to the mechamcal system
where relocation problems of supply outlets potenually dwarf
those of an electrical system. In addition, much of the addmve
cost of the raiscd fleor system may be offset by the prevrously
cited reductions in mechanical system installed costs-that are
inherent to underfloor systems.

. When prcssunz’cd plenums are utilized, floor outlets can
be added removed, or relocated by simply removing, reposi-
tioning, and/or rcpldcmg the floor tile in which they are
mounted! This allows the space airflow delivery to be modi-

fled to accommodate chan ges resulting from the followmg
C
1. C hanges' in S_pace Con figuration and/or Utilization.

Outlets can be moved in response to relocation of partitions
and/or occupants within the spaée. This often involves
nothing morc than relocating the active floor tiles that
contain supply outlets and/or cable receptacles.

2. Changes in Space Equipment or Occupancy Loads. Addi-
tion or. relocation of space equipment and/or occupancy
loads can often be accommeadated hy adding outlets. Since
the addition of a supply air outlet only involves tapping it
into the supply air plenum, minor changes can often be
accomnhshed by adding or relocating active floor tiles and
makmg minor adjustments to the terminal units serving the
space. Substanna! changes may mvolve adjustment of the
supply air fan and/or refrigeration equi pment but still result
in mmtmal space dlslurbance

3. Personal Occupant C omfort Accommodatton Supply
outlets can be added, removed, or relocated to suit individ-
ual preference. Outlets may also be movcd to adapt to indi-
vidual office . rearrangements (addition/movement of

.. furpiture, etc.) performed by the occupants.

UNDERFLDOH AIR DISTRIBUTION SYSTEM'
DESIGN_C_ONSIDERATIONS o

Underﬂoor alr distribution offers the designer a, number
of opporrumtles for ‘equipment and operatlonal cost savings
when applled tg an open, office envu’pnmcnt In addition,
owners and occupants stand to beneﬁt from the lmproved
space ventildtion and flexibility that is inherent to the system.
In grder tq realize the full benefit of an.underfloor air system,
certain considerations; should \ti),c_.made. R o

1. « Use high-efficiency mixing type floor diffusers. The selec-
- tion af/floor diffusers shonld be based on the depth of the
... . diffuser.s mixing zoneand the radius of the clear:zone. The
1, mixing zone, depth: js.¢ritical for-creating the upper level
stratification necessary to efficiently, isolatg space convec-

tive loads. Selecting a diffuser with a mixing zane depth

++  greater.than about 5 ft.will usually-not-allow sufficient load

. ... i80lation;; resulting in significantly -higher supply airflow

.1, Tequirements. A mixing zone-depth-af 4 ft to-5.ft (1.2 m to
3 1 5 m) is. cons1dqred optimal for. office space .applications

%5

o where statiqnary ocgupants are seated, Diffuser clear zone

. Jadii should be mlmnu;ed because this, represents the

\\\\\\

" distance at which diffusers should bg 10cated from station-
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™ ary spacé occupants. Increased clear zone radii make propcr

location of outlets more difficult ‘and limit thﬂr potennal
i reloczmon because it reducesthe space that may be comfort-
" ably utilized.

) Bt

2. Use the lowest supply air températiir'e that still results in
htgh comfort levels. Floor dlﬂ'users that have small clear
zones confine their supply ar jet to a ‘small ‘area where
uncomfortable conditions : are hkely to exist. Outside this
area, the supply air has been sufﬁc1 ently mixed with room
airto ehmmate the potential for such conditions. The supply
air temperature in an underfloor systern is the predominant
determinant of the required supply airflow quantity, so
unnecessary elevatlon of the supply air temperature will
result in higher supply arrflows more outlets, and less clear
space!

3.: Do not overestimate the required supply air quantity. The

single most common complaint (heard by this author)

" tegarding underfloor systems‘is that actual return air
temperatures are in fact lower than the designér expected.

This 1is 1nvar1ably due to the fact that thc reqmred supply

alrﬂow was overestimated! fhe relum air temperature is a

’ function of thc supply air quannty (and temperature) and
the space 'total heat gain. Adding a generous “'safety factor”

to the calculated supply air quantity results in a lower return

air temperature and, thus, inefficiencies in the condltlonmg

of the space

4. Consider using fan terminals with reheat capabilities in
perimeter zones where cold downdrafts (from windows) are
expected durmg bearmg seaspn Mtl}ouphdt i ﬁdvmm_
geous to limit the vertical. pro;ecuon oEthc aupply arrprream
while cooling from the floor (for load 1solauon purposes) it
rpay be necessary to increase’ ‘the suppiy air penetranon
when cold peérimeter downdrafts exist. Undeffloor fa.n
terminals that 1nduCe (and reheat) room a1r and dlschargc it
" \ip'the wall should be cons1dered for' such apphcauons

5¢ C onstder using boostér fan terminals for spaces'with rapid
(cooling) load shifts. Despite all their viftiiés; undérfloor
. systems are relatively passive when subjected:to.rapid load
« shifts that mmght be expécted to ‘oceurin conférence areas
“. and other spaces with rapid load'shifts; I thése spaces, use
of‘dbooster fan terminal (which'draws air from thé under-

7 floor plenum) éan supplément natural system response

AL PP AL BRI F I SR T D IO
6. Make sure théunderfloor. termmals wzdtks dmwt exceed
122 in.{(0.56 m)iRaised-dccess floors igenerally fsé panels
i that are nommally 24-n.:(0.61¢m) square Support pedes-
- tal$; Whichiare located at each éomer;‘extend from thé floor
“slab to the botton of the floor panels. Termmal units should
_be’sizéd to"fit between ‘theSe pedestals ad’ w1thm the
“prescribed floor cavity dépth. T
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Raised access floor systems have become increasingly
popular for use in open office applications due to the space
flexibility they offer in terms of the’ ‘relocation of power and

ddtad cabling. Underfloor air distribution systéms utilize the

cavity created by the raised floor as a supply a1r “plenum,
extenditig’ the flexibility of the access floor sIIategy to the
mechanical system. The resultant air delivery system can be
easily Modified to accomiiiodate §pace and/or tenant changes
while ‘providing 1mpr0ved space ventilation. Numerous
installed and operatlonal cost saving opportunities_ are inher-
ent to thesé systems. Table 3 summarizes some of' the benefits
of underfloor air distribution.

In order to maximize these opportunities, certain consid-
erations and modifications should be applied to theé design and
load analysis.procedures. This papgr has attempted to identify
some of these considerations and establish methods for apply-
ing;conventiobally generated coohng loads to underﬂoon
distribution systems i “
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