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Air movement, comfort
and ventilation in
partitioned workstations

Office partitions do not necessarily present a significant
barrier to effective circulation or ventilation efficiency

By Fred S. Bauman, PE.;
Member ASHRAE

Edward A. Arens, Ph.D.;
Member ASHRAE

Randall S. Helm;
Associate Member ASHRAE

and William J, Fisk, P.E.

Member ASHRAE

David Faulkner, PE.;

oday’s office designs, technolo-

gies and work processes make it

increasingly difficult for conven-

tional HVAC systems to satisfy
the environmental needs of office workers
—especially as those workers more openly
express personal preferences about air qual-
ity and comfort.

In an open-plan office workplace, the
design and configuration of furniture and
partitions can, in certain cases, influence
the thermal and airflow conditions in
workstations. Some researchers believe that
partitions separating workstations may
obstruct airflow, resulting in poorly venti-
lated workstations.

Modern offices may also have large
amounts of heat-generating equipment
within workstations, requiring substantial

airflow for heat removal. Frequent recon-
figuration of the geometric layout and
thermal loads of open-plan offices places
additional demands on the HVAC system.
Data from several recent surveys of
occupants of large office buildings iden-
tify indoor air quality and air circulation
as two significant elements that contribute
to worker comfort and satisfaction.*’ A
1989 Environmental Protection Agency
survey of its own buildings found that
48% of the respondents from one facility
brought portable fans to their offices.5
This body of research seems to indi-
cate that lack of air movement is one of the
most common complaints in office
environments. The lack of air movement
is frequently attributed to the configura-
tion of workstations in open-plan designs.

This article presents the major e}
of a study examining the comfort an
tilation conditions in workstatio
rounded by partitions and ventilat
conventional ceiling supply-and-ret
distribution system.”# The study
tigated a wide range of partition co
rations and environmental parame
an attempt to bring greater thorou
to the testing methodology and to
more clearly substantiated conclus
the role of partitions in air circula

The overall objectives of this
were: to evaluate the conditions
which partition designs can impr
degrade air movement, ventilatio
formance and worker comfort; 214
evaluate the effects of an airflow ga

Continued on
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the bottom of partitions on air movement,
ventilation performance and worker com-
fort.

Experimental methods

Experiments were performed in a full-
scale controlled environment chamber
(CEC), with a conventional ceiling supply-
and-return air distribution system (see
Figure I'). The CEC measures 18 ft by 18 ft
by 8 ft, 4 in. (5.5 m by 5.5 m by 2.5 m). It
is designed to resemble a modern office
space while still allowing a high degree of
control over the test chamber’s thermal
environment.’

Three workstations were installed in
the CEC using typical modular office fur-
niture and partitions (see Figure 2). The
range of partition configurations and
environmental parameters were as follows.

e Partition heights: 75 in. (1.9 m); 65
in. (1.65 m); 42 in. (1.1 m); and no partitions

¢ Airflow gap sizes: 12 in. (0.3 m); 4
in. (0.1 m); 2 in. (0.05 m); and solid (no gap)

¢ Supply air volume: 0.2 to 1.0
cfm/ft? (1.0 to 5.0 L/s-m?)

¢ Return/supply temperature differ-
ence: 10°to 22°F (5.6 °F (5.6° to 12.3°C)

¢ Supply/diffuser location

¢ Heat load density: 11 and 18
Btu/h- ft2 (35 and 55 W/m?2)

¢ Workstation floor area: 60in. X 75
in. (I.5m x 1.9m) and 120 in. X 75 in.
(3.05m X 1.9m) '

¢ Cooling and heating mode

To compare the performance of solid
versus airflow partitions, replacement
panels (see Figure 3) for each airflow gap
were fabricated out of 0.25 in. foam core,
with velcro strips to secure them over the

~ gap. The replacement panel could be posi-

tioned to completely cover the airflow gap
(creating a solid partition) or to produce
different sized airflow gaps.

Also shown in Figure 3 are 10in. (0.25
m) extension panels that were designed and
fabricated to fit on top of the 65 in. (1.65 m)
partitions, thereby increasing the overall
partition height to 75 in. (1.9 m). The re-
placement and extension panels allowed
partition configurations to be quickly
changed without replacing entire partitions.

Heat loads were provided to simulate
typical office distributions and densities.
This included overhead lighting, and a per-
sonal computer, computer monitor and
task light at each workstation.

During thermal measurements, the
sensible heat load from a typical office
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Figure 2. Arrangement of three workstations in the controlled environment ¢
(To change inches to millimeters, mulitiply by 25.4.)
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AN

(To change inches

worker was simulated using a 75 W (260
Btu/h) light bulb near the edge of the desk.
During tracer gas measurements of ventila-
tion performances, a heated mannequin
seated in front of the desk simulated the
occupant load to produce realistic airflow
patterns at the breathing level.

Under steady-state conditions, mul-
tipoint measurements were made to charac-
terize the thermal environment and
ventilation:

® Air velocities and temperatures were
measured along with radiant (globe) tem-
peratures to characterize the key environ-
mental variables affecting thermal comfort.
A lightweight sensor rig allowed a vertical
array of sensors to be positioned at six
heights (including those recommended by
ASHRAE!?) and to be moved around the
test chamber, mapping out a grid of 26
measurement locations.

® The tracer gas step-up procedure
was used to determine the ventilation per-
formance within the test chamber.!!-13
Supply air was labeled with tracer gas
(SF) and the tracer gas concentration was
measured at knee level, breathing level and
near the ceiling at up to eight locations in
the room, as well as at four locations within
the HVAC system.

The test results were analyzed and
compared to evaluate the relative perform-
ance of each test configuration. Data
analysis was performed using the following
methods: the ASHRAE Air Diffusion Per-
formance Index (ADPI) method! was
used to quantify the overall air diffusion
performance; the Fobelets and Gagge two-
node comfort model'® was used to predict
characteristic comfort indices at typical
work locations within each workstation;
ASHRAE Standard 55-1981'° was used
with the thermal data to determine thermal
acceptability; and the age-of-air method!
was used to evaluate the spatial variability
of ventilation. A complete description of
the testing methodology is presented in
Bauman, ef /.8

Results

The major findings from this study
are presented below. In discussing the
results for different workstations, the
reader is referred to Figure 2, which depicts
the plan view of the test chamber.

As shown, the partitions and furniture
were set up to produce two small worksta-
tions (WS#1 and WS#2) and one double-
sized workstation (WS#3). The overhead
position of the nine-by-nine grid of 2 ft by

2 ft (O._6 m by 0.6 m) suspendeq e
panels is also shown with dasheg |,
the figure,

For the tests discussed below, yi;
supplied through a single perforateg
diffuser located near one side of th
at(x =5,y = 2), usinga three-way'
pattern away from the adjacent wa
ceiling return register was located at (x - ¢
y = 9) during all tests.

Figure 4 presents average air vélocisa
measurements in the three workstationg y
four different solid partition heights, 75
(1.9 m); 65 in. (1.65 m); 42 in. (L1 m); g
0 in. (no partitions),

The tests were performed under sig;
lar thermal conditions: supply air volug
of 0.9 to 1.0 cfm/ft? (4.5 to 40 /sty
supply air temperature of 62.6° to 65,0
(17.0° to 18.3°C); average room temper§
ture of 75.7° to 77.4°F (24.3° to 25,2,
and heat load density of 18 Btu/h-fi
W/m?2), '

The diffuser manufacturer’s specifica
tions indicated that the supply volume usf
in these tests provided a throw withiz th
acceptable range for good room air diffi
sion in the test chamber. Figure4 shOws'the
average velocity in front of each deskatfi
of the six measurement heights above th
floor, and is organized by workstatio

In Figure 4, the largest differencs
between tests occur in workstation
(WS#1), which was the closest workstaton:
to the supply diffuser. Within WS, th
no-partition test shows the highest ve
ties at all measurement heights, although
the differences are only significant at the
in. (0.1 m) and perhaps the 2 ft (0.6 m)le¥

Differences of 6 fpm (0.03 n/s)orks
were considered experimentally insig’
cant. This significance was determi®
from a combination of anemomet
calibrations (+4 fpm; +0.02'm/)
empirical repeatability tests under
test conditions.”

The next highest air velocities at the
same two heights occurred for 75 n.
partitions and decreased with decre@%
partition height to their minimum ¥ a
for 42 in. (1.1 m) partitions. The Up¥ |
entrainment of air by the overhead SubP
diffuser, combined with the bl{‘)yh
driven airflow produced by the high
loads within the partitioned worksta®
generated these characteristic veloclﬂ?ﬁllf
In WS#2 (further away from the s,gm
ply diffuser), the no-partition test %
shows the highest overall velociti® }
ever, this result is not as significant &2
in WS#1. Velocity differences 2%

Continued 0nP*
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partition height effects are quite small and
follow no observable pattern.

In WS#3 (also further away from the
supply diffuser and twice the size of WS#1
and WS#2), velocity differences between all
four tests are insignificant. This result is not
surprising, as the magnitude of partition
effects should diminish with distance from
the diffuser as well as with increasing work-
station size; approaching, in the limiting
case, air movement conditions found with
no-partitions present. :

In all other test results, only small
differerices were detected in air velocity
between solid and airflow partitions (solid
partitions versus partitions with gaps near
the floor). Also, in most cases, the meas-
ured differences were experimentally insig-
nificant. Even in the instances where the
velocity increases with airflow partitions
were the highest, comfort model predic-
tions indicated no improvement in comfort
conditions, S

Except for a few isolated data points,
measured velocities at all locations within
the occupied zone (4 to 67 in.; 0.1 to 1.7 m;

height) for all tests were within the accept-

able summer limits specified by ASHRAE
Standard 55-1981 (50 fpm; 0.25 m/s). 10 It is
not surprising that changes in velocity at

this relatively low range have little effect on
overall comfort conditions.

The ASHRAE ADPI range for ac--

ceptable air diffusion is 80% or higher.}
The air diffusion performance for 17 tests
covering the full range of test conditions
exceeded that standard because all calcu-
lated ADPI values fell between 89% and
99%.

Heat loads in partitioned worksta-
tions had a significant impact on air tem-
peratures, mean radiant temperatures and
overall comfort conditions. As the heat
load density increased or the workstation
size decreased, thermal conditions became
less comfortable.

Figure 5 presents results from six.

representative tracer gas tests. The figure
shows the average measured age of air at
the return grill and at different heights in
and above partitioned workstations: knee
level, 16 in. (0.4 m); breathing level, 43 in.
(1.1 m); and near the ceiling, 83 in. (2.1 m).
The age of air is the time elapsed since the
air entered the building from outside.
The error bars extend two standard
deviations above (shown) and below (not
shown) the measured values. The error bars
are based on tests of precision and the num-
ber of values of age of air used for each

_average.

Results are shown for 65 and 75 in.
(1.65 and 1.9 m) partitions, both solid and
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airflow (open gap) partitions, supp
volumes from 0.17 to 0.62 cfm/ft2 (
3.1 L/s-m?) and for an equal nump
cooling mode and heating mode te

In the cooling tests, the age of
the return is not significantly differey
the age of air at the breathing leve],
on these and other results, the partit;
not produce preferential ventilation
or outside the partitioned worksta

In the heating tests, the age of
the return grill is slightly less than the
air at the breathing zone in the wor i
tions. This indicates a small amo
short-circuiting of air from the g
diffuser to the return grill. This ef
most likely because of the buoyancy
warm supply air and not because
partitions.

A complete analysis of all trac
measurement data led to the concl
that neither the height of the partitio
an airflow gap at the bottom of th
titions had any signifi¢ant impact o
variation of age of air with height,
circuiting or uniformity of workst
ventilation.

Conclusions

Although members of the build{i
engineering community continue to expig|
concern over the potentially detrimen
effects of office partitions on air mov-{
ment, comfort and air quality, the resultsof
this study based on an extensive sericsof §
experiments in a controlled environment [
chamber do not support this contention.

A ceiling-mounted supply-and-retum {
air distribution system supplying air toth
test chamber over the range of 0.2 to }-0
cfm/ft2 (1 to 5 L/s-m?2) was able to provide.
uniform ventilation rates into all three par
titioned workstations. The range of tested
air supply volumes represented rates th
were both below and above the manuf
turer’s recommended minimum levels
acceptable diffuser performance. Var
tions in solid partition height produc
only small differences in overall therm
performance and had no measur
impact on ventilation performance.

While the existence of an airfl
opening at the bottom of office partitd
can, in some cases, produce slight inere&
in air velocities near the floor, there are
significant improvements in comfort 0
ditions or deviations from uniform ver
tion within the workstations comparé
results obtained for solid partitions. :

Test parameters that were foul 'r.
have a more substantial impact O

Continued on POt
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Figure 5. Results of six representative tracer gas tests. (To convert rneters to feet, divide by 0.3048. To convert m/s to fpr deeb

movement and comfort included heat load
density and distribution, supply air temper-
ature and supply diffuser location.

Comparison of the results of this
study with future field-based research in
large partitioned offices is necessary before
general conclusions can be drawn. How-
ever, it is important to know, based on the
research presented here, that office parti-
tions do not necessarily present a signifi-
cant barrier to effective circulation or
ventilation efficiency.
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