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OFFICE VENTILATION SYSTEM
F.S. Bauman, P.E.
Member ASBRAE

L.P. Johnston H. Zhang
Student Member ASHRAE

E.A. Arens, Ph.D.
Member ASHRAE

ABSTRACT

Measurements were made of the thermal performance
of a floor-based, occupant-controlled ventilation system.
The experiments were performed in a controlled environ-
ment chamber configured to resemble an interior zone of a
modern office buiMing with modular workstation furniture
and partitions. Velocity and temperature distributions were
measured at six heights throughout the test chamber for
each test cot~guration. Tests were cotutucted to investigate
the effects of supply volume, supply location, supply
direction, supply/return temperature difference, heat load
density, and workstation size and layout. Temperature
differences in the range of 1 °C to 2.5°C between adjacent
workstations were observed, and stratification in the room
was strongly dependent on the supply air volume. The jet
flow characteristics of the floor supply outlets produced
high velocities in their immediate vicinity, increasing the
risk of draft discomfort in these regions. However, by
controlling the volume atut trajectory of the supply air
entering the space, office workers were able to control their
local environment over a wide range, giving them the
opportunity to fine-tune the thermal conditions in their
workstation to their personal comfort preferences.

INTRODUCTION

In today’s office environment, it is increasingly difficult
for conventional centralized HVAC systems to satisfy the
environmental preferences of individual office workers.
Office buildings are impacted by a large influx of heat-
generating equipment (computers, printers, etc.) whose
loads vary considerably from workstation to workstation.
Offices are often reconfigured during the building’s lifetime
to accommodate changing tenant needs, affecting the
distribution of within-space loads and the ventilation
pathways among and over office partitions. Compounding
this problem, there is a growing awareness of the impor-
tance of the comfort, health, and productivity of individual
office workers, giving rise to an increased demand among
employers and employees for a high-quality work environ-
ment.

Associated with this trend is the problem of how to
manage the increasingly large amounts of power and
communication cables. Raised-access floors are a flexible
way to solve this. With a raised floor in place, one can use
the plenum to distribute conditioned air into the direct
vicinity of the occupant. Floor-level air-conditioning
systems have attracted a great deal of attention in recent
years. For cooling applications, the dominant space-condi-

tioning requirement in the interior zones of office buildings,
a system that supplies air at or near floor level and returns
air near the ceiling has several advantages over conventional
ceiling supply/return systems. Floor-based systems distrib-
ute conditioned air directly to the occupied zone of the
building through numerous supply locations that are
substantially closer to the building occupants. With this
arrangement, improvements in the ventilation efficiency at
breathing level are commonly achieved. If airflow controls
are available, individual workers have the opportunity to
fine-tune the local environment to their individual comfort
preferences. Local controls or occupancy sensors can also
serve to optimize the distribution of space conditioning by
allowing each local supply unit to operate only when its
associated workstation is occupied. Floor-based, occupant-
controlled systems have the potential to provide stimulating
and diversified environmental conditions, which may, m
fact, be preferable to the more homogeneous and neutral
conditions typically maintained by ceiling-based systems.
Floor-based system designs are frequently combined with
raised-access floor installations, providing additional
advantages related to cable management and reconfigurabili-
ty.

In one of the earliest publications on occupant-c.on-
trolled underfloor air conditioning, David (1984) described
several of the systems commercially available at that time.
Relatively few experimental studies of underfloor system
performance have been reported in the literature. Sodec
(1984), Barker (1985), Barker et al. (1987), Tuddenham
(1986), Rowlinson and Croome (1987), and Hanzawa et 
(1989) present data from test chamber studies of several
floor diffusers. All of these investigators recommend swirl-
type diffusers for their higher degree of turbulence, in-
creased mixing with the room air, and reduced risk of draft
in the occupied zone. Barker et al. (1987) and Tuddenham
(1986) also describe subsequent commercial installations 
their tested systems. Wyon (1988) reports limited data from
field tests of a ventilated floor system. Others have de-
scribed design methods, energy issues, and operating
characteristics of floor-based systems (Appleby 1987.;
Croome and Lin 1987; Genter 1989; Heinemeier et al.
1990; Sodec and Craig 1990; Spoormaker 1990).

Under low supply velocity conditions, the performance
of floor-based systems resembles that of displacement
ventilation systems. In Scandinavia and Germany, displace-
ment ventilation has been used successfully for many years
in large spaces having high heat loads, such as theaters and
industrial applications (Skaret 1987; Svensson 1989;
Mathisen 1989). More recently, this type of ventilation
system has been installed in office buildings, and experi-
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mental studies have been carried out to compare its perfor-
mance with that of traditional ceiling-based "mixing"
ventilation systems (Holmberg et al. 1987; Sandberg and
Blomqvist 1989).

Floor-based ventilation systems are not without disad,’
vantages. Supplying cool air directly to the occupied zone
of an office building increases ’the likelihood of nonuniform
thermal conditions due to local drafts and temperature
stratification. Both of these conditions can lead to local
thermal discomfort despite the provision of acceptable
whole-body comfort; as specified by existing comfort
standards (ASHRAE 1981; ISO 1984). A new experimental
study has investigated this effect and found some limitations
with displacement ventilation in offices (Wyon and Sand-
berg 1990). Other research during recent years has studied
the impact of turbulence intensity on the sensation of draft
and concluded that further reductions in velocity limits
contained in the pres~rit comfort standards may be neces-
sary for airflows having higher turbulence levels (Fanger et
al. 1988).

While spatial and time-based variations in thermal
conditions may violate existing comfort standards, there is
some evidence that these variations, when occupant-con-
trolled, may, in fact, be desirable performance characteris-
tics of an office ventilation system, particularly in open-plan
offices having modular/partitioned workstations. Comfort
standards specify the optimal range and combinations of
relatively uniform conditions iequired to produce thermal
neutrality. Yet, even when the building is maintained within
this "comfort zone," the standards state that as many as
20 % of the occupants may be dissatisfied. A recent field
study of 10 office buildings suggests that this level may be
higher (Schiller et al. 1988). This study, along with other
surveys (e,g., Croome and Kollason 1988; Harris and
Associates 1989), has also indicated that stagnant air
conditions are one of the most common complaints in office
environments. By allowing office workers to control their
local environment, it should be possible to satisfy a larger
percentage of people than is currently possible with tradi-
tional centralized control. As more floor-based, occupant-
controlled ventilation systems are introduced, comfort
standards will need to be reevaluated in terms of this
broader context of acceptable environmental conditions.

PRESENT INVESTIGATION

The ventilation system selected for testing consists of
individual floor supply modules designed to be incorporated
into a raised-access floor system. Each module, measuring
2 ft by 2 ft (0.6 m by 0.6 m), can be located at any position
simply by exchanging it with a solid floor panel of equal
size. Figure 1 shows a cutaway diagram of the floor supply
module. A fan/motor assembly draws air from the subfloor
plenum and supplies it to the room through four 5 in. (127
ram) diameter discharge grilles. The grilles are molded of
durable, fire-resistant polycarbonate. Individual vanes are
inclined at 40° from vertical. A rotary speed control knob
is recessed into one grille and each grille can be rotated

LEGEND

I. Access; floor panel
] 2~ Electric fan
I 3 Airdischargc grille
] 4~ Speed control ..~

Fig~e I Floor supply modu&

jets converge at a height of 8 to 10 ~. (20 to 25 era) 
produce a strong ve~ical turbulent jet ~d rapid ve~ical
~x~g with ~e room air. For typical test conditions
~vestigat~ dung ~ese experiments, the ~c~m~es
number (~) r~g~ be~n 0.~1 ~d 0.~4, ~dicat~g
th~ the force of ~e~ia from the jet donates the buoy~cy
forces ~ the room. ~ is de~ here as g.~.~/(Vo:.T,),
where g is the acceleration due to gravity (~s~), ~ is the
outlet diameter (m), % is the outlet velocity (~s), ~T0 
the temperature difference at jet ent~ ~), ~d T, is the
room temperature ~).

~e largest number of ~s~llations of t~s system
occurs ~ South Africa, although there are now n~rly a
down ~ Noah ~efica. ~though t~s system produces
relatively ~gh vdociti~ ~ ~e vic~ity of floor supply
outlets, evidence ~dicates ~at provision for ~divid~l
contrd has a positNe i~act on office worke~. A r~ent
su~ey of ~ system ~s~llations fo~d ~at ~o-~rds of
the workers felt the ~derfloor ventilation system provid~
improv~ temperature ~d ventilation conditions compar~
with the overbid ventilation system ~ previous build~gs
(H~ge et al., ~ pros). Genter (1989) has also descfib~
a desi~ approach for such a system.

A series of la~rato~ experiments were ca~ out to
~vestigate the the~l ~d ventilation perforce of
floor supply module. ~e resul~ repo~ here focus on the
m~suremen~ of ~e~l enviro~ent for a varety of test
conditions. R~ul~ of the ventilation efficiency expermen~
us~g t~cer gas t~qu~ are descfib~ by Fisk et al.
(1990). ~e obj~tives of ~ch type of test perfo~ are
list~ ~low.

1. Tes~ ~ ~ empty room (wi~out ~re ~d
pa~itions) were conduct~ to evaluate ~ devil ~e
perforce of ~ isdatM floor supply module.

2. T~ ~ ~ open-pl~ office confi~ration were
~de to ~vesfigate the perforce of up to t~

360°, allowing office workers to control both the direction floor supply modules in a typical office environ-
and quantity of air supplied from the module, ment. Several tests were completed to study

When the fan is switched on, the floor supply module thermal performance as a function of several
can deliver between 90 and 190 cfm (40 and 90 L/s) from parameters, including supply volume, supply
a zero or very low pressure plenum. Over this same range
of airflows, the maximum outlet velocity measured at the
grille varied between 6 and 19 fps (2 and 6 m/s). The
manufacturer’s recommended operating procedures call for
the four grilles to be turned inward toward the center of the
module. At maximum air delivery, the four individual air

location, supply direction, supply/return tempera-
ture difference, heat load density, and workstation
size and layout.

Tests in the same open-plan office configuration
were made with a conventional overhead supply
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Figure 2a Section: controlled environment chamber

system for comparison with the floor-based sys-
tem.

Measurements were made at a representative
location in a workstation as a series of short-term
adjustments (fan speed and grille position) were
made to the nearby floor supply module. The
results were used to investigate the degree of
control and range of comfort conditions that could
be produced in the local workstation.

EXPERIMENTAL METHODS

Controlled Environment Chamber

All experiments were performed in a controlled
environment chamber (CEC) measuring 18 ft by 18 ft by 
ft, 4 in. (5.5 .m by 5.5 m by 2.5 m) and located in 
university laboratory. The CEC is designed to resemble a
modem office space while still allowing a high degree of
control over the test chamber’s thermal environment
(Bauman and Arens 1988). The floor is fully covered with
carpet tiles, finished gypsumboard walls are heavily
insulated and painted white, triple-pane windows in the two
exterior walls provide a view to the outside, the suspended
ceiling contains patterned acoustical tile, and six 2 ft (0.6
m) square recessed dimmable lighting fixtures are mounted
in the ceiling. As shown in Figure 2a, a raised-access floor
system provides a 2 ft (0.6 m) high subfloor plenum, and
the suspended ceiling provides a 1.5 ft (0.5 m) ceiling
plenum.

A reconfignrable air distribution system permits ducted
or plenum air to be supplied to and returned from the test
chamber at any combination of ceiling and floor locations.
Figure 2a shows the airflow configurations used during the
tests reported here. All tests of the floor supply module
used a subfloor plenum supply. In the empty room test, a
single supply module was placed near the center of the floor
and air was returned through the ceiling plenum after
passing through slotted ceiling tiles. During the office

1 --workstation #1
2--workstaron #2
3--workstation #3
4--desk
5-sidetable
6-.beokshelf
7-overhead storage

9--floor supply module
lO--ehair
l l--~amular space
[2--floor register

Figure 2b Chamber plan

configuration experiments, a floor supply module was
located within each of three modular workstations, as
indicated in Figure 2b. For comparison with the floor-based
system, a limited number of office tests were performed
using a conventionally ducted ceiling supply-and-return
system. In this case, a single perforated ceiling diffuser was
used for supply air. During all office configuration tests,
the slotted ceiling tiles were closed off and air was returned
at the ceiling level through a single ducted, perforated
return grille (Figure 2a).

The CEC air distribution system also allows a separate-
ly controlled supply of air to be provided through the
plenum wall construction of the two exterior chamber walls.
Airflow through this annular space was used to control the
interior window surface temperature at a level equal to the
average room air temperature.

Instrumentation and Equipment

Detailed air velocity and temperature measurements
within the test room were accomplished by using a light-
weight sensor rig fabricated of aluminum tubing that
allowed a vertical array of sensors to be positioned at
desired measurement heights and moved around the room
to map out a grid of selected measurement locations (Figure
3). By positioning the sensors within the space defined by
the structural elements of the rig, protection was provided
against damage from accidental encounters with office
furniture and other obstacles. At each location in the room,
air velocity and temperature were measured at six heights:
4 in. (0.1 m); 2 ft (0.6 m); 3 ft, 7 in. (1.1 m); 5 fi, 
(1.7 m); 6 ft, 7 in. (2.0 m); and 7 ft, 9 in. (2.35 m). 
0. l-m, 0.6-m, and 1. I-m levels correspond to recommend-
ed measurement heights for seated subjects, and the 0. l-m,
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aaernorneters and temperature 5 portable compu[er
probes at 0 Ira, O,6m, I lm, 1.7m, 6 signal conditioner
20m, 235m heights 7 equipment can

clamp

Figure 3 Sensor rig and data acquisition system

1. l’m, and 1.7-m levels correspond to heights recommend-
ed for standing subjects, as specified by ASHRAE (1981).
Velocities were measured with spherical-element omnidirec-
tional anemometers having a range of 0 to 600 fpm (0 to 
m/s), and temperatures were measured with shielded
thermistor temperature probes. A commercially available,,
portable, computer-based data acquisition system was used
to record the readings from the velocity and temperature
sensors mounted on the aluminum sensor rig.

All sensors were calibrated prior to testing; a precision
calibration unit was used for the anemometers. The avail-
able air pressure in the laboratory allowed an ll-point
calibration to be performed over the range of 0 to 80 fpm
(0 to 0.4 m/s). Although this represented a small portion 
the total range of the probes, it covered the range of
velocities most commonly measured in the subsequent
experiments. Calibration curves produced for each ane-
mometer were found to agree with the calibration standard
to within +4 fpm (+0.02 m/s) over the range tested. Each
temperature sensor was calibrated by placing it in an ice
bath and adjusting its output (if necessary) to the reference
voltage level. A subsequent side-by-side comparison of all
sensors at room temperature found agreement to within
0:2°F (0,1 °C).

Supply and return air volumes were monitored with a
high-precision flow measurement setup consisting of a
series of small-diameter, straight-length pipes with pitot

, tubes mounted to measure the fully developed flow. The
volume of supply air entering the test room through a floor
supply module or ceiling diffuser was checked and balanced
with a flow hood. Tests to measure the air velocity and

turbulence intensity at a single point in the room were
performed with an elliptical-element omnidirectional
anemometer. This anemometer was used because of its
relatively quick response time (0.2 s for 90 %) and associat-
ed signal conditioning and recording unit. Flow visualiza-
tion of the room’s airflow patterns was performed with a
helium-filled bubble generator.

Additional temperature measurements in the ducts and
room were made with thermistor elements contained in duct
immersion or wall-mounted units. These, along with other
test parameters, were monitored and recorded through the
PC-based direct digital control system for the CEC. Globe
temperature was measured with a 1.5 in. (38 ram) diameter
table tennis ball, as described by Benton et al. (1990).
Room surface temperatures were scanned with an infrared
thermometer.

Test Procedures

Empty Room In the first experiments, a detailed
evaluation of the floor supply module was performed in an
empty room. All measurements were made under steady-
state conditions. With the floor supply module located near
the center of the room, thin roll-out resistance heating
elements were placed over the surrounding floor area to
simulate an evenly distributed heat load in the space. Under
full power, the temperature of the heaters reaches about
90*F to ll0°F (32°C to 43°C). Power to the heaters was
switched on and off by a proportional temperature control-
ler to maintain a constant reference temperature of approxi-
mately 75°F (23.9°C) based on a sensor located near mid-
height of the room (4.5 ft [1.4 m]) and away from the
direct influence of the floor supply jet. Supply air tempera-
ture was controlled at 65°F (18.3°C), and annular space
temperature, used to control the window surface tempera-
ture, was maintained at 75°F (23.9°C) during the tests.

Measurements using the sensor rig were made to map
out a detailed cross section of velocity and temperature
distributions in the room, oriented perpendicularly or
diagonally with respect to the floor supply module. Figure
4a shows the test positi.ons for the perpendicular cross
section, in which a finer grid of points (every 4 in. [10
cm]) was measured directly over the module, compared
with a 1 ft (30 era) spacing over the surrounding floor area.
After positioning the sensor rig at the desired measurement
location and waiting 15 to 30 seconds, all sensors were
sampled over a one-minute measurement period. Prelimi-
na.~ tests had determined the length of this period as the
mtmmum sampling time that still produces acceptable
repeatability between consecutive measurements at the same
position. At the end of each sampling period, the data
acquisition system calculated and stored average, maximum,
minimum, and standard deviation values for each sensor.

Oflieo Configuration To study the performance of the
floor supply module in an office environment, a modular
workstation configuration (shown in Figure 2b)was
installed in the test chamber. Solid partitions (65 in. [1.65
m] tall) were set up to produce two small 60 in. by 75 in.
(1.5 m by 1.9 m) workstations and one double-sized 120 in.
by 75 in. (3.0 m by 1.9 m) workstation. The arrangemeat
of the furniture, including desks, side tables, and overhead
storage bins, is also shown in the figure.

Heat loads for the office tests were provided to simu-
late typical office load distributions and densities. A
personal computer and monitor (.~ 90 W total) were placed
on each of the three desktops. Each workstation had a 75-W
task light above the desk. A second 75-W light bulb was

556 ASHRAE Transactions: Symposia



Figure 4a Test positions: empty room

, ~

’ 2

morning and allowed to warm up the room until the
expected temperature balance point for the upcoming
experiment was reached (75°F to 82°F [24°C to 28°C]
during these tests). Figure 5 presents a time plot of temper-
ature control provided by the mechanical system during the
warm-up and subsequent steady-state test period for a
typical experiment at 270 cfm supply volume. During the
warm-up period, primary air was provided directly to the
test room through flexible ducts pulled up through open
floor panels. This avoided heating up the subfloor plenum
and allowed the desired test conditions to be reached much
more quickly. After completing the warm-up, the supply
ducts were returned to the plenum, the access floor was
closed up, the supply air volume and temperature were
adjusted to their selected setpoints, and conditions in the
room were allowed to further stabilize. Figure 5 shows that
as the room temperature balance point is reached, the
cycling of the chiller is evidenced by the fluctuating
temperature of the primary air supplied to the subfloor
plenum. These fluctuations are largely damped out by the
time the air passes through the floor supply module. Typical
control of the supply air temperature entering the room was
64.5°F _+I.0°F (18°C +0.5°C). Also shown is the return
temperature of the annular space airflow, demonstrating
how it was controlled to a level close to the average room
temperature. Room humidity levels were not controlled
during the tests.

The supply air volume provided to the subfloor plenum
was balanced with the flow requirements of the floor supply
modules, thus producing the desired low-pressure plenum.
Pressure measurements across the access floor indicated
pressure differentials between -0.001 and +0.001 in. I-I20
for the range of test conditions investigated. Transient load
effects of heat storage in furniture, partitions, and room
surfaces were also minimized by running the experiments
under steady-state conditions. Floor, wall, and ceiling
surface temperatures were monitored with an infrared
thermometer before and after each test period as a check of
these storage effects.

Table 1 presents a list of the average conditions
maintained during each test in the office configuration.
Various combinations of one, two, or three floor supply
modules were investigated. The most common total supply
air condition was 190 cfm (90 L/s) at 64.5°F (18.0°C) 
plied through one, or split between two, floor supply

Figure 4b Test positions: office co~guration

located at the 1.1-m level near the edge of the desk to
simulate the sensible heat load from a typical office worker.
The six overhead lighting fixtures had a total power rating
of 600 W. Energy balance tests indicated that only a small
fraction of the overhead lighting load contributed to the
room load. During the test, the experimenter and computer-
based data acquisition system added approximately 150 W
to the total load. Two different office heat load densities
were studied during the experiments. The heat sources
described above generated a load density of approximately
11 Btufh.ft ~ (35 W/m~). A higher load density of 
BtuPa.ft 2 (55 W/m2) was produced by placing a 200-W
electric radiant heater on the floor under each desk to
represent larger computer processing units.

As with the previously described empty room test, all
experiments were carried out under steady-state conditions
chosen to represent an interior zone of an office building.
To achieve these conditions, the electrical heat sources in
the room and the mechanical system were turned on in the

SO

4S

4O

0 I 2 ~

Figure 5 Temperature control." controlled environment
chamber
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modules. The supply/return air temperature differentials
ranged between 6°C and 10°C (ll°F and 18°F), depending
on load and flow conditions. Note that the room tempera-
ture reported in Table 1 was measured at a typical wall
thermostat location and, due to the effect of the warm
adjacent wall, is quite close to the return air temperature.
As indicated, the effects of grille position were studied for
three orientations: (I) grilles turned inward, toward the
center of the module; (2) all grilles turned toward the desk
in the workstation; and (3) a combination of the above,
usually with one or two grilles turned toward the desk and
one or two turned inward or away.

Measurements using the sensor rig were made at 2-ft
intervals, with the vertical array of sensors centered over
one of the access floor panels. Figure 4b shows the mea-
surement locations used during most tests, which focused on
the thermal conditions within each of the three worksta-
tions. The measurement protocol at each location was
identical to that used in the empty room test.

Offico Co~figur~on with Oved~md Supply For
comparison with the floor-based system, a limited number
of tests were performed with a conventional overhead
ducted supply-and-return system. The ceiling supply
diffuser was positioned near one side of the room at (x 
5, y = 2), as defined by the 9 by 9 grid of 2 ft by 2 ft
panels shown in Figure 4b. The internal pattern deflectors
of the diffuser were adjusted to produce a three-way airflow
pattern, away from the adjacent wall. The ceiling return
register was located at (5,9) during all tests. For consisten-
cy, the supply air volume was controlled at 190 cfm, equal
to the volume used during most of the floor supply tests.
For this airflow rate, the throw of the diffuser was slightly
below the minimum level recommended by the manufactur-
er to achieve acceptable room air diffusion. Supply air
temperature was controlled at 55°F (12.8°C), a typical
value for overhead supply systems. Tests wer2e performed
only for the higher heat load density (55 W/m ).

Controllability and Comfort To investigate the degree
of control and range of comfort conditions that an office
worker could produce in the local workstation, a series of
short-term adjustments (fan speed and grille position) were
made to the floor supply module in workstation #3, and the
resulting thermal conditions were monitored at the nearby
desk. As with previously described test procedures, the
room was allowed to warm up and stabilize until the room
temperature balance point was reached. A constant volume
of 190 cfm primary air was supplied to the subfloor plenum
throughout the test, and its temperature was controlled to
maintain an 18.0°C (64.4°F) supply air temperature, 
averaged between the three floor supply modules.

Initially the floor supply module in workstation #3 was
turned off; the 190-cfm supply air volume was split equally
between workstations #1 and #2 by adjusting the fan speed
to its minimum flow setting in each of the two floor supply
modules. Since floor modules #1 and #2 maintained their
constant air volumes throughout the test, when floor module
#3 was turned on, a flow imbalance existed between the
primary air supply and the three floor modules. In this
case, rectangular floor grilles located around the perimeter
of the chamber were opened to allowed the air supply
requirements of the floor modules to be made up with room
air (see Figure 2a). This design has bee;a used successfully
in practice (Tuddenham 1986; Genter 1989).

The sensor rig was placed directly in front of the desk
at the normal working position, 4 ft (1.2 m) from the center
of the floor module. Globe temperature was also monitored
at the 1.1-m height to allow the calculation of mean radiant
temperature. Sensor readings were recorded at two-atinute
intervals throughout the test.

After recording the conditions with floor module #3
turned off, the floor fan was turned on and the speed knob
and grilles were adjusted. The settings were maintained for
15 minutes, after which a second adjustment was made to
the floor module. This procedure was repeated for a total

TABLE 1
Office Test Conditions

CHAMBER
Supply Return Supply

Air Heat I Air Air Room
Test Volume Load I Volume Temp. Temp*

Number (efm) ~’W/sq.m)[(elm) (deg C) (deg C)

IA 195 55 I 139 17~9 25.7
1B 194 55 I 139 18~0 2&0
1C 192 55 I 140 18.0 26.2
2~ --’-~92 55 I 141 18~ 1 27.5
2B 192 551 139 18.0 27.7
3 191 55t --]-~-- 18.0 25.9
4 281 55[ 245 17.9 25.1
5"-----’-~--136 55 I 104 18~ f 27.3
58 142 551 100 18,0 27.8

" 6A 188 -- ~1 141 18.0 23.9
68 192 351 137 17~9 24.1
6(2 193 35 I 143 18.0 24.6
7 193 -- 35 [ 142 17.9 24.8
8 192 35 I 142 lg.0 24.5
9 191 351 141 18.0 24.9

10A 13~-- 35i -101 18ol 25ol
10B 138 35 I 101 18.1 25.4

-- IIA 137 35 [ ---]-0~-- 18.0 25.9
liB ~ 137 35 ~ 103 18.0 25.7

-- 12A 192 55[ ---’~-- 18~5 26~1
12B 191 35 I 141 18.2 24.1

*Room Temperature measured at 4.5 ft (1o4 m) height on the

WORKSTATIONS
Return #1 #2 ~

Air Supply I Supply I~ "~upp[y
Temp. Volume [ Temp. ] Grille Volume
(deg C) (elm) t (deg C) I Position (elm)

26.4 0 I - - 0
25.5 0 I - - 0i
25.9 0 I - - 0
27.7 92 I 18.2 I Toward 0
27.8 92 I 18,2 I Comb. 0
26.~-" 971 18.21 Comb. 94’

27.6 0 I - - 0
28.0 0 I - - 0
23.5 01 - - 0
23.8 0 I - - 0
24.4 0 I - - 0
25.2 96 I 18.1 I Toward 0

25.2 0 I - - 0
25.4 ~- - 0
25.8 137 { 17.9 Inward 0

__ 25.8 137 I 18,0 Comb. 0
26,0 90 I 18.3 Inward 90
24.1 90 [ 19,3 { Inward 90

Supply Supply Supply
Temp. Grille Vol~ Temp. [ Grille
(deg C) , Position (cfm) (deg C) I Position

- - 195 17.9 I Toward
- - 194 lg.0 I Inward
- - 192 18.0 I Comb.
- ’ 100 17,9 I Toward
- - 100 17,9 { Comb.
17.7 Comb. 0 - , -

-- 17.8 ’ Comb. 90 17.6 [ Tow~rd
- - 136 ~8,0 [ Toward
- - [42 18.0 { Inward
- - 188 18.0 I Toward
- - 192 17.9 I Inward
- - 193 18.0 { Comb.
i~- 96 17.7 ] Toward
17.7 ’ Toward -- 0 - , -

¯
- --’ - 138 18.1 ] Toward
- -__] 1_____~38 18.1{ Inward

~9.-VInward Vat. Va~. I V--qE--r.
18.0 Inward Vat. Var. I Var.

no,th walt
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TABLE 2
Controllability Test: Floor Supply

Module Control Settings

No. Airflow G~ille Position

50%
50%
OFF

toward
inward
inward
toward
toward

combination

of eight different flow settings, as listed in Table 2. The
test was performed at both the higher (55 W/m2) and lower
(35 W/mz) office heat load densities.

RESULTS

Empty Room

m-EL

Figure 6a

2.5 m~

Velocity and temperature distributions measured in a
vertical cross section of the empty chamber are presented ,
in Figures 6 and 7 for two different grille positions of the ~
floor supply module. During both tests, the supply volume 0.~ m±
was 180 cfm, close to the maximum value for the module. 0o0 m~-

In Figure 6 the grilles are turned inward, producing a high-
velocity vertical jet directly above the module. Although
measurements were made only up to a height of 2 m, flow
visualization confirmed that the jet easily reached the
ceiling. Figure 6a shows how the high-velocity region is
confined to the narrow space directly above the floor
module. As expected for the grid of measurement locations,
the highest recorded velocity (2.14 m/s [7.0 fps]) occurred
at the 0.6-m height, directly above the point at which the
four individual jets converged. Outside of the supply jet,
velocities were quite acceptable throughout the room, with
virtually none greater than 0.2 m/s. The highest velocities
in this area were encountered along the floor due to the
entrainment effect of the emerging supply jet. The temper-
ature distribution in Figure 6b shows how the coolest
temperatures occur within the narrow supply jet region.
Due to strong vertical mixing, temperatures in the surround-
ing space are quite uniform, with no observable stratifica-
tion. In comparison, tests with a minimum supply volume

5.4 m

Figure 7a

~ V>I. m/s
~-~’-2 0.5- t m/s

~’~.~ 0,2-0,5 m/s
:’;:’.: :’:i;’::~:’.:::i:,:i;~ ~i; V<O,2 m/s

Velocity distribution: empty room test

5.4 m

~ V>0.6 rn/s
¯ ~i~ 0,3.0.6

:~’¢?:’:~g!& T 0,2-0.3 m/s

Velocity distribution: empty room test

5°4 m

Figure 6b Temperature distribution: empty room test

and same room temperature setpoint (reduced heat load)
found a 1 °C stratification.

Figure 7 shows the performance of the floor supply
module when all four grilles are turned in one direction. In
Figure 7a, the slanted trajectory of the supply jet is indicat-
ed, which is lower in speed compared with the vertical jet
of Figure 6a. This supply configuration produces increased
air motion over a larger room volume on the jet side of the
module. On the opposite side of the floor module, velocities
are again uniformly low, except along the floor. Associated
with the region of increased air movement, cooler tempera-
tures are observed in the same area (Figure 7b).

q

2,5 m &

2,0

0,1 m_"
0.0 rn~-

Figure 7b

~ T<21.6"C
T:" :q: 21.,6-22,.6"C

:~:~;i;i~;i~ 22.,6-22o9"C
~::i:.!~ :i:!i;i~:ii:~,::.:::;22.9-23~9"C

Temperature distribution: empty room test
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Office Configuration

The currently available literature provides few studies
of the effects of partitions on air movement in office
environments. Hart and Int-Hout (1981) tested the influence
of 5 ft (1.5 m) acoustical screens placed at various locations
with respect to continuous linear diffusers. Huvinen and
Rantama (1987) tested ventilation efficiency in a 3 m by 
m (10 ft by 10 ft) partitioned office space within a larger
open-plan office. Both studies concluded that airflows were
strongly dependent on the inlet/outlet configuration and the
control objectives of the mechanical system. The results
presented below describe the performance of the floor
supply modules in the partitioned office configuration
shown in Figure 2b.

Due to the large amount of experimental data, a limited
number of tests have been selected from the list shown in
Table 1 for presentation and discussion. A more complete
data set is contained in Bauman et al. (in press). The
emphasis of the data presented here is on the local thermal
conditions within each workstation. For brevity, average
conditions at a given height in a workstation are defined as
the velocity or temperature calculated by averaging the
measured values obtained from the four locations directly
in front of the desk. Referring to Figure 4b, average
conditions in workstation #1 (WS#1) are based on points
13, 14, 15, and 16; workstation #2 (WS#2) is based 
points 17, 18, 19, and 20; and workstation #3 (WS#3) 
based on points 3, 4, 7, and 8.

Heat Load Effects Table 3 presents the average vdocity
and temperature results for tests 2A and 7. Test conditions
are identical for both tests (minimum flow setting in both
WS#1 and WS#3), except 2A has the higher heat load. Also
shown in the table are maximum velocities and minimum
temperatures obtained for each height at individual measure-
ment points. These are the most critical parameters neces-
sary to analyze the potential for draft discomfort resulting
from the floor supply module. Note that measured velocities
of 0.03 m/s (6 fpm) and less can be considered zero due 
the transducer error at these low levds. Figures 8a and 8b
present average temperature and vdocity results for the
above two tests. The observations are as follows:

27 28 29 30

27 28 29 30

B~ VELOCITY

HEIGHT (rn) 0 0,05 0.1 0 15 0~2 025

2,0 LEGEND:

~
SEE FIG~ 8A

o.~ x ~ ~’~ ~"
0 0=05 0~I 015 0.2 0~25

VELOCITY

Figure 8 Heat load effects: temperature and velocity

The effect of higher heat loads is clearly visible as
all temperatures are increased by 2°C to 3°C
(3.5°F to 5.5°F) between tests. The relative shape
of the vertical temperature profiles, however, is
quite similar.

TABLE 3
Workstation Veloeit ¢ and Temperature Results: Tests 7 & 2A

WORKSTATION #1 WORKSTATION g2 WORKSTATION #3
Sensor Velocity
Height Avg Max
(m) (m/s) (m/E)

TEST #7

2.35 0.04 0o07
2,00 0.02 0.09
1,70 0.03 0.08
1.I0 0.10 0.26
0.60 0.17 0.25
0.10 0.12 0o13

TEST

2.35 0.04 0.07
2.00 0.02 0.09
1.70 0.01 0.07
1.10 0.06 0.13
0.60 0.21 0.39
0.10 0.11 0.12

Temperatm’e
Avg Min

(deg C) (d~g C)

25.4 25.4
25.2 25.1
25.2 25.1
22.7 22.4
21.3 20.8
22.1 22.0

.

27.7 27.7
27.5 27.5
27.5 27.3
25.7 25~4
23.5 22.9
24.5 24. I

Velocity Temperattu’O
Avg Max Avg
(m/s) (m/s) (deg C) (d~g 

0,03 0.06 25,4 25,4
0.01 0.01 25.2 25ol
0~02 0.02 25~ 1 25,0
0.01 0.01 23.8 23.6
0.02 0.03 23.1 22.8
0.00 0o01 22~8 22.5

0.09 0o15 27.7 27.6
0.132 0.05 27.3 27.3
0.02 0.06 27.3 27.2
0,03 0.06 26,7 26.5
0.03 0.07 25.8 25.6
0.03 0.04 25.4 25.2

..... Velocity "~ Temperature
Avg MaxI Avg Min
(m/s) (m/s) I (’~g (d~g c)

0.03 0.04 25,3 25,3
0.00 0.01 25o’1 25,1
0.00 0.03 25,0 24.9
0.19 0.33 22.9 22.5
0.20 0=47 22.4 22,0
0.10 0.14 22.6 22.9

0.05 0.08 27,9 27.9
0,,01 0.03 27,6 27°5
0.00 0.00 27°5 27.4
0.13 0.23 25,2 24.’7
0~20 0.55 24.5 22.4
0.06 O.Og 24.g 24.3
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2. l~or these conditions, a temperature difference in
the range of I°C to 2.5°C (2°F to 4.5°F) can be .emHr
maintained at the 0.6 m (2 ft) level between
adjacent workstations. As expected, the warmer
temperature always occurs in WS#2, where the 2,0
floor supply module is turned off.

3. Under minimum flow conditions, the supply air
jets do not reach the 1.7 m (5 ft, 7 in.) level, 
evidenced by the minimal velocities above this
height. Instead, the cool supply air remains near
the floor, producing conditions similar to displace-
ment ventilation. The vertical temperature profiles
indicate that the characteristic stationary front
separating the cool lower zone and warm upper
zone occurs between the 1.1 m (3 ft, 7 in.) and o.1

1.7 m (5 ft, 7 in.) heights, in agreement with other
experimental results (Sandberg and Blomqvist
I989).

4. The stratification produced in WS#1 and WS#3
exceeds the comfort limits for a vertical tempera-
ture difference of3°C (5°F) between the 0.1 m 
in.) and 1.7 m (5 ft, 7 in.) levels (ASHRAE
1981). In fact, due to the angle of the supply jet,
a larger temperature difference exists between the
0.6-m and 1.7-m levels.

5. Under similar supply air conditions, WS#1 (the
smaller workstation) is always cooler than WS#3.
This suggests that floor supply modules should be
located with caution in small workstations, such as

0a
WS#1, where the supply jet enters directly into a
regularly occupied space. The occupant of a small
workstation will have fewer control options for 0.1
delivering a minimum supply of fresh ventilation

0
air while providing acceptable comfort throughout
the work area. The larger WS#3 allows the module Figure .9
to be positioned further away at a location that is
only occasionally occupied.

6. The higher average velocities in the occupied zone
of WS#1 and WS#3, compared with WS#2, where
no floor supply is provided, are clearly visible in
Figure 8b.

~ Sut~ly Volume Effects Table 4 oresents the
average, minimum, and maximum conditions for tests 8 and

TABLE 4
Workstation Velocity and Temperature Results:

-- WORKSTATION #I WORKSTATION #2
i

Velocity.. iiii T~mpcrature , Velocity _ _ " Temperature...
Avg ] Min Avg t Max Avg i MmHeight Avg Max

,, (m~, (m~)
TEST #8

2.35 0.03 0.03
2.00 0.00 0.00
1.70 0~00 0.02
1o10 0.12 0.29
0.60 0.13 0.17
0.10 0.08 0oli

2.35 0,17 0.19
2.00 0~18 0.23
1.70 0,25 O.33
1.10 0.35 0,38
0.60 0.26 0,38
0.10 0.31 0.67

0.05 0.1

2.35

~ [2/2~

1o7 ~ U

A, TEMPERATURE

22 22,5 23 23.5 24 24.5 25 25.5

25.5

TEMPERATURE (dltg C)

B VELOCITY

0,15 0,2 0.26

LEGEND;
SEE FIG. 9A

VELOCITY (m/s)

Local supply volume effects: temperature and
velocity

9. In these tests, performed at the lower heat load level, the
total supply volume to the chamber remains the same. The
local supply chaiacteristics vary, however, as WS#1 and
WS#2 are set at minimum flow in test 8, while in test 9 the
total air volume is supplied in WS#1, s.et at maximum flow.
Figures 9a and 9b present average temperature and velocity
results. The observations are as follows:

24.9 ] 24.8 I 0,03 I 0,03 24.7 i 24.0

24.6I
24.5 I 0.00 I 0.00 24.3 ! 24.3

24.5 24,4 I 0,00 I 0.01 24,3 [ 24.2
22,,7 ! 22.2 I 0.08 I 0.14 22.9 I 22.4
22.1 i 22.0 I 0.16 I 0.26 21.4 ! 21.2
22.3I 22.3 [ 0,12 I 0.18 22.1 I 21,.9

!
23.1 ] 22.9 I 0,05 I 0.05 24.5 24,5
23,0 22.8 I 0.05 I 0.08 24.3 24.2
23.2 23.0 I 0,05 I 0.07 24.3 I 24.1
22.9! 22.5 I 0.03 I 0,05 23,9 i 23~8
22.9] 22,61 0,03 I 0.05 23.5 I 23.5

22"-61 22.5 I ,Q.OOj o.oo 23.3 I 23.2

Tests 8 & 9
WORKSTATION

V l i_w ......
Avg Max Avg Min

0.02 0.03 25. I 25. I

0.00 0.01 24.9 24.9

0,00 0.01 24.9 24.8

0.03 0.06 24.0 23.9

0.03 0.05 23r I 23. l

0.05 0.07 22.8 22.9

0.04 0.08 24.8 24.6
0.06 0.18 24,4 24,1
0,08 0.19 24.3 24.1
0.07 O. 12 24,1 24.0
0.06 0.06 23.8 23,7
0.02 0.06 23.4 23.~4
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1. As in tests 2A and 7, the conditions of test 8
resemble displacement ventilation performance.
Due to the lower heat load level, the 3°C (5°F)
vertical temperature difference limit is not exceed-
ed in any workstation.

2. In test 9, when the air is supplied in a strong
vertical jet, the degree of stratification is reduced
at all locations in the room, despite the existence
of flow obstacles (partitions and furniture) in the
room. This effect is very visible in WS#3, which
has no local supply air in either test.

3. Due to the reduced mixing of the low-speed supply
jets in test 8, temperatures near the floor are
actually cooler than those obtained in test 9. This
occurs in all three workstations.

4. Temperature profiles above the partition height
(1.65 m [65 in.]) are all quite similar and exhibit
only slight stratification, except those above WS#1
in test 9. At these same levels, velocities are
higher in test 9 compared with the negligible
values found in test 8.

Room Supply Volume Effects Table 5 presents the
average, minimum, and maximum conditions for tests 3 and
4. In these tests, pertbrmed at the higher heat load, the total
supply volume was changed between tests. The local supply
characteristics were maintained at the minimum flow setting
for all operating floor modules. Figures 10a and 10b
present average temperature and velocity results. The
observations are as follows:

In test 3, which is similar to tests 2A and 2B, a
large stratification exists in the occupied zone (0.1
m to 1.7 m), exceeding the 3°C comfort limit in
WS#1 and WS#3.
In test 4, all three floor supply modules are at their
minimum flow settings, maintaining the same
displacement flow characteristics. However, by
increasing the total supply volume by about 50 %,
the vertical temperature difference in the occupied
zone is reduced below 3°C in all workstations.

HEIGHT (m) 22 226

2,35

20

0~6

A. TEMPERATURE

23 23~6 24 24~5 25 25r5 26 265 27 27.5

TEMPERATURE (deg C)

B~ VELOCITY
HEIGHT (m| 0 0A 0.2 0.3 0~4

2.35
LEGEND~

20
~Zh~,(L~

SEE FIG 10A

1~7

VELOCITY (m/o)

Figure 10 Room supply volume effects: temperature and
velocity

In both tests, air velocities at the 1.7-m level and
above were minimal. The average velocity at the
0.6-m height in WS#1 is seen to be quite large due
to the high maximum value obtained (see Table 5).

TABLE 5
Workstation Velocity and Temperature Results: Tests 3 & 4

WORKSTATION #1 WORKSTATION #2
-Velocity Temperatm’e

Height j Avg I Max Avg

TEST #3

V¢l_.__~i~__ Teral~rature
WORKSTATION

- Velocity ! Temperaturo

2.35 0.04 I 0.05 26.5 26.4
2.00 0~03I 0~09 26.3 26,2 I

0.02 I 0,09 26.2 26.1 [1.70
1.10 0.07 I 0.09 25.0 24,.7
0.60 0.35 I 0.68 22.9 22.2
0.10 0.09 I 0.23 23.5 23.4

Avg Max I
(~,) (m/O!

0,07 0,14 26.3 I 26.2 0,05 0.08
0,02 0.08 2600I 25.9 0o01 0.05
0.01 0,06 25,9 I 25A 0~01 0.08
0~ 11 0.16 24~5 24~2 0.04 0.09
0.14 0.16 23.5 23.4 0~05 0.08
0.07 0.09 23°4I 23.2

[
0.05 0.09

Avg Max Avg ] Min
(m/s) (m/s) (deg (2) (de~ C)

TEST #4

2.35 0.07 I 0~12 25,4
2.00 0.03 I Q,02 25.2
1.70 0,03 I 0.10 25.1
1.I0 0.15 I 0.21 = 23.~
0~60 0.38 I 0A9 22.6
0.10 0,09 I 0,18 ! 23,3

0.07 254 25.31 0.04 0.08
0,07 : 25.1 t 25.0 0.02 0.06
007 24,9 I 24.9 0.00 0.05
018 236 I 23.4 0.2l 0.37
0.15 22.’7 I 22.5 0.19 0.49
0.12 j 22.8 I 22.7 0.06 0.09

25.4 0~04
25.1 0.04
25.0 0.04
23~3 0o14
22~0 0~ 11

Avg Min
(de~ C) (,~ C)

26.9 26,8
26.7 26.6
26.6 26.5
25.7 25.6
24.3 24.2
23.6 23.5

25.8 25.7
25~6 25~5
25.3 25.2
23.7 23.2
23.1 23.2
23.3 23.1
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Office Configuration with Overhead Supply

Available velocity and temperature data from the
overhead supply test were limited to WS#1 and WS#2, plus
four points outside these two workstations. Data collected
within the occupied zone (0.1 m to 1.7 m) at these same 
measurement locations for test 3 of the floor-based system
were used to make the comparison. The ASHRAE-specified
ADPI method (ASHRAE 1990) was used to evaluate and
compare the air diffusion performance of the two systems.

The calculated ADPI for the overhead system was 90 %
compared with 52% for the floor-based system. This
demonstrates that overhead systems can perform quite
adequately in a partitioned office under the right conditions.
The rather poor performance of the floor-based system was
largely due to the stratified displacement ventilation flow set
up by the conditions of test 3. Nearly 75 % of the points
that did not meet the ADPI criteria were the result of warm
stagnant air at the 1.1-m and 1.7-m heights in the room.
The remaining points in violation of the criteria occurred at
low heights in WS#1, where cooler high-velocity air was
produced by the floor supply module.

ADPI may not be the most appropriate method to
evaluate floor-based system performance, since it does not
allow velocities to exceed 0.35 m/s within the occupied
zone. This is a very strict require~nent for any floor-based
system except low-velocity displacement ventilation sys-
tems. For example, for the conditions of test 9 (Table 4),
the high supply volume in WS#1 produces air velocities
greater than or equal to 0.35 m/s at all heights within the
occupied zone. The calculated ADPI was 71% for this test,
which is an improvement over the performance for test 3
but still not as satisfactory as the overhead system results.

Controllability and Comfort
Potentially the most significant performance characteris-

tic of the floor supply module is its controllability by
individual office workers. As described previously, two
tests were performed in WS#3 to determine the range of
thermal conditions that could be achieved in a relatively
short period of time (15 minutes) by simply adjusting the
fan speed and grille positions of the floor supply module.

Figure 11 presents plots of temperature and velocity vs.
time for a series of adjustments made to the floor supply
module during test 12A. The boxed numbers along the top
of each plot refer to the flow control settings listed in Table
2. The observations are as follows:

1. Initially, with the supply turned off, the work-
station experiences warm, stratified, low-velocity
conditions.

2. When the flow is set to 100 % and the grilles are
turned toward the desk, the stratification disap-
pears and maximum velocities reach 0.6 m/s.

3. When the grilles are turned inward, only small
stratification persists and the globe and air temper-
atures at the 1.1-m level rise because they are no
longer in line with the supply jet. Velocities in the
occupied zone do not exceed about 0.25 m/s.

4. When the flow is reduced to its minimum level,
stratification reappears as the temperatures at the
upper levels increase and those near the floor
decrease. Velocities in the upper region approach
zero.

5. When the grilles are turned toward the desk, the
temperatures are reduced and velocities increased
at the lower levels.

Figure I1 Floor system controllability: temperature and
velocity

6. When the flow is increased to 50 % of maximum,
the conditions are quite similar to those achieved
with maximum flow for the same grille position.

7. A combined grille position, with two toward and
two inward, produces an improved temperature
distribution with velocities no greater than 0.3 m/s.

8. Finally, conditions return to their initial levels
when the floor supply module is turned off.

Three-minute turbulence intensity measurements at the
1.1-m height found a range of 35 % to 45 % for the condi-
tions of the above test. Turbulence intensity (Tu) is defined
here as

ru =
where

v’ = fluctuating component of velocity
v,, = mean velocity.

All conditions produced a value of 45 % except the
maximum flow setting with grilles positioned toward the
desk. These turbulence levels are in agreement with
representative measurements reported by Hanzawa et al.
(1987) using the same sensor. However, if more restrictive
velocity limits are applied in relation to increasing turbu-
lence levels, as suggested by Fanger et aL (1988), almost
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all flow fields in the vicinity of an operating floor supply
module would experience some excessive velocities in the
occupied zone.

The Fobelets and Gagge (1988) two-node comfort
model was used to predict the characteristic comfort indices
for each of the flow control settings studied. Measurements
recorded at the end of each 15-minute test period were used
as input to the model along with assumed values of 50 %
relative humidity, 0.5 clo, and 1.2 met. The model was run
for two sets of data for each test condition: (1) data record-
ed at the 1.1-m level, representing the head/neck region of
a seated person and recognized as the most sensitive area to
draft discomfort, and (2) data averaged for the 0.1-, 0.6-,
and 1.1-m levels, representing a whole-body average for a
seated person.

The comfort model predictions for effective tempera-
ture (ET*), discomfort index (DISC), and predicted 
vote (PMV) are listed in Table 6. The two control settings
producing the most comfortable conditions are (1) minimum
flow setting (= 90 elm) with grilles turned toward the desk
and (2) 50% flow setting (~-135 cfm) with grilles 
combined position. As previously discussed, the 3 °C (5°F)
limit for vertical temperature difference is often exceeded
under minimum flow conditions. In all probability, the
second, intermediate setting represents the most comfortable
control setting tested.

CONCLUSIONS

Measurements have been made of the thermal perfor-
mance of a floor-based, occupant-controlled ventilation
system. The experiments were performed in a controlled
environment chamber configured to resemble a modern
office space with modular partitioned workstations. Tests
were conducted to investigate the effects of supply volume,
supply location, supply direction, supply/return temperature
difference, heat load density, and workstation size and
layout. The major conclusions are as follows:

1. The jet supply characteristics of the floor supply
module produced high-velocity air in the vicinity
of the module. The risk of draft discomfort did
exist in this region. However, under certain condi-
tions, within short distances (less than 1 m) of the
module, the velocities reduced to more acceptable
levels.

2. This system would be most appropriately installed
in an office configuration spacious enough to allow
the floor supply modules to be positioned out of
the heavily used areas.

3. Under maximum flow conditions from a floor
module, the stratification in the surrounding office
space was greatly reduced.

4. Under minimum flow conditions from a floor
module, significant stratification was produced,
which, depending on heat load levels and total
supply volume, exceeded the 3°C (5°F) vertical
temperature difference limit specified by ASHRAE
(1981).

5. Also under minimum flow from a floor module,
the overall ventilation performance of the room
resembled that of displacement ventilation systems.

6. Using existing ASHRAE test methods, an over-
head supply system received a significantly higher
performance rating.

7. Short-term tests indicated that the floor supply
modules could be controlled over a wide range,

TABLE 6
Test: Comfort Model Results

No.* Set

1 1.Ira
1 avg
2 l.lm
2 avg

(a~g c) DISC PMV
26.5 0.58 0.59

3 1.1 ra 26.6 0.62 0.61
3 avg 26.5 0.57 0.59
4 1.1 m 26.6 0.63 ,. 0.60
4 avg 26.5 0.56 0.58
5 1.1 m 24.4 -0.01 -0.07
5 avg 24.3 0.05 0.05
6 l.l m 23.7 -0.09" "0.32
6 avg 23.0 -0.03 -0.26
7 1.I m 24.7 0.08 0.05
7 "h avg 24.4 0.08 0.08
g \, 1.I m 26.5 0.55 0.58
g avg I 26.4 0.52 0.57

Table 2

giving workers the opportunity to fine-tune the
local environment to their individual preferences.
The perceived comfort benefits of having personal
control over the local environment are not account-
ed for in existing comfort and performance stan-
dards.

Future work on occupant-controlled ventilation systems is
needed to address the following issues:

1. Performance testing of other occupant-controlled
ventilation systems.

2. Investigation of the effects of nonuniform heat
loads.

3. Optimization of comfort control with human
subject studies in laboratories.

4. Occupant comfort field surveys of operational
systems.

5. Investigation of energy and productivity issues
related to these systems.

6. Investigation of mechanical system control require-
ments for occupant-controlled systems.

7. Evaluation of compatibility of existing comfo~ and
performance standards with occupant-controlled
systems.
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