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FIELD STUDY OF A DESKTOP-BASED TASK
CONDITIONING SYSTEM
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Takashi AKIMOTO*, Fred S. BAUMAN**, Charles C. BENTON ***
and Edward A. ARENS****
B IC 2 2, Fred S. BAUMAN, Charles C. BENTON,,
Edward A. ARENS

Field tests were performed in an office to (1) investigate the desktop task conditioning system
(DTC) performance in situations when demand for the local control capabilities may be increased;
and (2) compare DTC performance to that of a conventional overhead system under similar high
heat load conditions.

When the wall thermostat temperature was maintained at 26°C to 27.5°C, DTC was able to maintain
average temperatures in the workstations to be 1 to 2°C lower than the thermostat temperature.
Under increased activity levels, DTC could be adjusted to maintain similar comfort conditions,
although each subject had different responses to the same environment.

keyword: task/ambient conditioning system, localized thermal distribution, thermal comfort
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1. INTRODUCTION

The field study was performed in a demonstration
office set up by a California utility company. Previous
field measurements have been made in an earlier
configuration of this office in which occupant-controlled
desktop task conditioning systems (DTCs) were installed
in four of the workstations, with the remaining four
workstations being conventional design (no DTCs). The
results of this earlier work are described in detail by
Bauman and McClintock” and Bauman et al.? In late
1993 and early 1994, the California utility company
remodeled the demonstration office to allow four more
DTC:s to be installed, so that all eight workstations now
have DTCs. In addition, they renovated the air
distribution system serving the office to allow greater
flexibility in our tests. The reconfigured air distribution
system contains three variable air volume (VAV)
terminal boxes that control the air flow into the office
through three separate supply lines. In the previous
demonstration office, two air distribution systems, one
serving the DTC units and one serving conventional

overhead diffusers, operated simultaneously. With this
configuration, the overhead system dominated the
overall airflow in the office (the overhead supply air
volume was typically four to six times that of the DTC
system), making it difficult to extract meaningful
conclusions about the DTC performance. However with
the renovated HVAC system in place, there was much
greater control over the thermal conditions in the
demonstration office. In this paper, we describe a series
of four one-day field tests that were performed in the
office during October and November 1994. The field
tests took advantage of the renovated HVAC system
serving the office (Bauman and Akimoto™). The major
objectives of this work were to: (1) investigate the
desktop (DTC) system performance in situations when
demand for the local control capabilities may be
increased (e.g., when room temperatures are near the
upper boundary of the comfort zone (ASHRAE®), or
under increased activity levels); and (2) compare the
desktop (DTC) system performance to that of the
conventional overhead system under similar high heat
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load conditions.

2. DESKTOP TASK CONDITIONING SYSTEM

A sketch of a typical DTC installation is shown in
Figure 1. The DTC is a desk-mounted unit supplying
conditioned air at desktop level. It uses a self-powered
mixing box that is hung in the back or corner of the knee
space of the desk, and connected by flexible duct to two
supply nozzles on the top of the desk. The supply vents
may be rotated 360° in the horizontal plane and contain
outlet vanes that are adjustable +30° in the vertical
plane. The mixing box uses a small variable-speed fan to
pull supply air from a zero or very low pressure plenum
either under the floor (as indicated) or from flexible
ducts in the office partitions supplied from the ceiling
(this is the duct configuration used in the demonstration
office). A second fan pulls air from the knee space
through a mechanical prefilter. Both supply air and
recirculated room air are drawn through an electrostatic
air filter. The relative fractions of supply air and
recirculated air are controlled by dampers on each of
these two lines. The main supply line damper is never
allowed to close completely, thus ensuring the delivery
of fresh ventilation air at all times. The unit has a
desktop control panel containing adjustable sliders
controlling the speed of the air emerging from the vents,
its temperature (produced adjusting the ratio of supply to
recirculated air), the temperature of a 200 W radiant

deskiop supply module
deskiop control panel
desktop supply nozzle
radiant heating panel
task light
flexible supply duct
cecircutated room air
personal computer
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Figure 1 Desktop task conditioning system (DTC)
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" heating panel located in the knee space, the dimming of

the occupant’s task light, and a white noise generator in
the unit that issues a rushing sound through the supply
vents. The control panel also contains a motion-
detector-based occupancy sensor that shuts the unit off
when the workstation has been unoccupied for a few
minutes.  The control panel is connected to a
microprocessor-based programmable controller
contained inside the main DTC unit located under the
desk. The controller receives the incoming setpoint
information from the control panel and provides the
necessary output signals to control the operation of all
DTC components. The controller utilizes an RS-485
communication link allowing multiple controllers to be
networked together and to be connected to a central
system controller. This communication capability was
used to set up a DTC monitoring network in the
demonstration office. Each DTC unit is capable of
providing approximately 20-70 Us (72-252 m*/h) of air.
Even when its internal fans are turned off, the system is
designed to deliver 20 Vs (72 m’/h) to satisfy minimum
ventilation requirements. In a laboratory at UC Berkeley
(UCB), the maximum outlet velocity measured at the
face of the 58 x 100 mm supply vent varied between 2
and 7.5 m/s over the same range of airflows described
above. In operation, 13°C is provided by a variable air
volume HVAC system at the terminal box or underfloor
plenum, with desk-level outlet temperatures in the range
of 18°C.

UCB and Lawrence Berkeley Laboratory have been
studying DTC performance for the past five years.
Laboratory experiments have been completed in UCB’s
Controlled Environment Chamber to investigate the
thermal and ventilation performance of DTCs. Results
indicate that the DTCs are capable of controlling over a
wide range of thermal conditions, allowing office
workers the opportunity to fine-tune the Jocal
workstation environment to their individual comfort
preferences (Arens et al.”, Bauman et a1.6), Bauman et
al.”). Under optimal operating conditions, the DTCs
were able to provide true task ventilation (i.e., increased
ventilation at the location of the occupant), with
significantly lower ages of air at the breathing level in
the workstation compared to that of the air leaving the
room through the return grille (Faulkner et al.”’).
Computer modeling studies of DTC energy use have
concluded that DTC installations may use more or less
energy compared to a conventional air distribution
system depending primarily on operating strategies
(Heinemeier et al.”, Seem and Braun®, Bauman et al.'”?).
Recently, a draft document has been developed to
present and discuss engineering and application
guidelines and recommendations that encourage the
intelligent design, installation, and operation of
task/ambient conditioning (TAC) systems in commercial
buildings (Bauman and Arens'").




3. EXPERIMENTAL METHODS

The demonstration office is located on the first
floor of a two-story office building in San Ramon,
California.  Figure 2 shows the floor plan of the
demonstration office. The 149 m? office space has been
subdivided into a 111 m’ main office, the subject of all
field tests, and two side offices at the northwest corner of
the space. The main office accommodates two very
similar workstation clusters, each containing four
workstations.  An occupant-controlled desktop task
conditioning system (DTC) was installed in each of the
eight workstations (DTCI-DTC8). The workstations are
divided by 1.65-m high partitions. The cluster design
provides a central access area that proved to be
convenient for installing the DTC air supply duct and the
workstation monitoring networks. This central core was
extended to the ceiling, forming a hollow column
through which the air supply duct was run down from the
ceiling to serve the four DTC units in each workstation
cluster. Entrance to the main office is from a central
corridor adjacent to the south wall. The larger 23 m® side
office contains one employee and the smaller 14 m® side
office serves as the home base for the data acquisition
system. A conference room located to the south of the
main office space is not a part of this study.
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Figure 2 Demonstration office floor plan

In the renovated HVAC system, conditioned air is
provided to the office through three supply lines which
split off from the large incoming trunk line from the
rooftop air handling unit. Airflow through each supply
line is controlled by a variable air volume (VAV)
terminal box. These three supply lines are described as
follows. (1) One serves only the eight DTC units. A
flow switch allows the VAV box to completely close off
this line when a second conventional overhead supply
line is in use. (2) A second VAV box controls air
supplied to six overhead diffusers, serving as a

conventional base case configuration. This line is
completely closed off at the VAV box when the DTC
supply line is in use. (3) A smaller, continuously
operating VAV box serves an overhead perimeter system
(with reheat) for conditioning of the area adjacent to the
exterior windows. The VAV box on the DTC line is
designed to maintain less than 2.54 mmAq static
pressure, according to DTC installation guidelines.
Under design conditions, even with its fan turned off,
each DTC will provide approximately 20 Is (72 m’*/h) of
supply air to satisfy minimum ventilation requirements
to the local workstation. Airflow control by the VAV
box of the ceiling-based air distribution system is tied to
the operational room thermostat, located on the west
wall.  The air distribution system utilizes a ceiling
plenum return with one centrally located return grille
and two perimeter return grilles in the main office area
and two return grilles in the side offices. The ceiling
plenum is open and connected above the main and side
offices, as well as above parts of the adjacent office
spaces in the building.

Using the communication link between DTC
controllers, we set up a monitoring network to measure
DTC and office thermal performance. Within each DTC
unit, the controller allows the status of several control
parameters and two temperature sensors to be monitored.
These include (1) discharge air temperature setpoint, (2)
radiant panel setpoint, (3) fan speed setpoint, (4) task
light setpoint, (5) occupancy sensor status, (6) discharge
air temperature, and (7) workstation air temperature. To
monitor selected HVAC and room air conditions, we
utilized the analog and digital input capabilities of three
additional controllers that were connected to the
network.

3.1 Thermal Comfort Measurements
Once the monitoring network had been configured

and checked for accuracy, a series of one-day field tests

were performed to investigate occupant response and
thermal comfort for different air distribution system
configurations and operating conditions.

Each field test involved seven subjects, except Test

4 which had only three. During each test, an inhouse

portable measurement system (Benton and Brager'z))

was used to assess thermal comfort conditions within
each workstation and for each participant. A total of
four tests were completed as outlined below.

1. Test 1. Desktop supply system (30 Sept. 1994)
Using only the DTC units to provide all significant
supply air to the office, the office was controlled to
be near the upper boundary of the comfort zone and
occupied by seven participants.

2. Test 2. Overhead supply system (4 Oct. 1994)
Using only the conventional overhead distribution
system to provide all significant supply air to the
office, the office was controlled to be near the upper




boundary of the comfort zone and occupied by

~ seven participants.

3. Test 3. Desktop supply system (8 Nov. 1994)
Using only the DTC units to provide all significant
supply air to the office, the office was controlled to
be near the upper boundary of the comfort zone and
occupied by seven participants. This test was a
repeat of Test 1.

4. Test 4. Desktop supply system with three different
activity levels for subjects (11 Nov. 1994)
Using only the DTC units to provide all significant
supply air to the office, the office was controlled to
be near the upper boundary of the comfort zone and
occupied by three participants. The subjects were
instructed to do the step exercise following the
special exercise protocol for Test 4 to obtain
particular metabolic rates.

During all the tests, heat loads were increased (32 -
38 W/m®) to maintain the average room air temperature
at 26 - 27.5°C, near the upper boundary of the comfort
zone. We used electrical heaters for the heat loads in
addition to printers originally set in the office space.
Detailed energy measurements of the DTC units on a
component basis were performed in the previous study
(Bauman and McC]intock”). According to that, the
minimum power consumption of the DTC is about 5
W/unit, when the occupancy sensor is off (DTC
deactivated). This minimum value increases to about 20
W/unit, when the workstation is occupied, even with all
other control settings at their minimum levels. The DTC
fan uses 70 W/unit of real power at its maximum setting.
The amount of power required by the DTC task light is
basically dependent on the fixture, however, in the
office, almost all the task lights consume about 50 W of
real power at their maximum setting. The DTC radiant
panel consumes by far the most energy of any DTC
component, using about 200 W/unit of real power, at its
maximum setting. Average total supply air volume was
approximately 190 I/s (684 m*/h) during all the tests.
Task/ambient conditioning (TAC) systems can be
designed to have separate task and ambient conditioning
systems, or the task supply diffusers can be used to
provide both types of conditioning. This would be most
common with floor-based diffusers. In this field
experiment, we wanted to completely turn off the
overhead system when we were using the DTCs to
provide improved control of the experimental conditions
in the room. In other words, we didn't want to have to
“fight" the cooling effect of the overhead system while
trying to raise the ambient temperature to test the
occupants use of the DTCs.

Results from these four tests have been analyzed
within the context of existing thermal comfort standards.
This process includes the calculation of standard
comfort indices, comparison of acquired data to similar
data from a ten building sample of Bay Area office

buildings, and comparison to existing ASHRAE and ISO
standards (ASHRAE?, 1SO'»19),

Portable measurement methods were used to assess
the thermal comfort of subjects occupying the office. A
second-generation physical measurernent system was
developed in 1991 and used for the current study. The
system design was based on an earlier version that had
been developed and used for a field study of thermal
comfort in 10 San Francisco Bay area office buildings
(Schiller et al."”, Benton et al.'®), Figure 3 shows a
sketch of the measurement cart. The new thermal
measurement cart takes advantage of recent
technological developments in data acquisition hardware
and transducers by packaging these in a frame smaller
and more maneuverable than the original cart design.
The new cart, like its predecessor, collects a complete set
of detailed measurements characterizing the local
thermal environment using an automated approach. We
collected data for air temperature, relative humidity, air
velocity, globe temperature, and radiant asymmetry to
satisfy the requirements of ASHRAE Standard 55-1992
(ASHRAE®) and ISO Standard 7726 (ISO'). The
portable measurement system also included a laptop-
based subjective survey that was administered to the
subjects before each workstation visit. The survey asks
questions relating to current thermal sensation, current
satisfaction with the environment, recently used methods
to make changes to the local thermal environment (e.g.
turn on fan, turn on heater), current emotions, current
clothing, and recent activity levels.
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Figure 3 Sketch of measurement cart




3.2 Metabolic Rate Measurement for Test 4

In real office spaces, the occupants are usually
involved in various levels of activity, including sitting
quietly, standing and talking, frequently walking around,
and even a short-term exertion (e.g., going up or down
several flights of stairs). The increase in activity results
in increased physiological effort, metabolic heat, and
perspiration, all of which may affect people’s sensation
of comfort. It is important to investigate the relationship
between specific metabolic rates, frequently be seen in
the office, and reactions of the occupants under that
conditions. We therefore decided to test the human
subjects at three different activity levels, representative
of typical office work. The design of the exercise
protocol has been described by Arens et al.'” and
involves the subject getting up from his/her seat at
regular intervals, and stepping up and down a specific
number of times on a nearby 0.2-m step. The subject
then returns to his/her seat. The three different activity
levels that the subjects simulated using this approach are
defined as follows: (1) 12 steps / 10 minutes (=~1.2 met);
(2) 20 steps / 5 minutes (=1.6 met); and (3) 40 steps
one-time, rtepresenting a short-term exertion of
approximately 4-5 met. In order to determine metabolic
rate accurately, physiological measurement were made
of selected subjects in an exercise physiology laboratory
on UCB campus. During these tests, an oxygen
consumption measurement apparatus was used to
measure (through indirect calorimetry) the metabolic
rate for each subject as they repeated the same sequence
of activities to be used in the subsequent field study . A
total of eleven subjects (six male and five female) were
tested in the exercise physiology laboratory. Subjects
arrived one hour before the test and spent this time
sitting quietly to reach their sedentary metabolic rate. At
the beginning of the test period, each subject was
monitored while sitting for the first 20 minutes to
estimate his/her sedentary metabolic rate. All subjects
then repeated two sets of the 12-step exercise over the
next 20 minutes, followed by 20 more minutes of sitting
quietly. Finally seven subjects repeated two sets of the
20-step exercise over the next 10 minutes followed by 20

45
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Figure 4 Metabolic rate for exercise protocol

minutes of sitting quietly. The other four subjects
performed one 40-step exercise followed by 30 minutes
of sitting quietly.

Figure 4 displays a timeline of the exercise protocol
used in Test 4 in terms of the average metabolic rate for
each activity level that was quantified from the above
tests. In Figure 4, these results are repeated for each
step-cycle during the course of the experiment to show
the approximate metabolic rate versus time. In the above
exercise protocol, the choice of a 90-minute duration for
the first activity period at 1.2 met was made to ensure
that the subjects would reached equilibrium with their
thermal environment. This was based in part on the
results of Berglund'® who found that the responses of
subjects under similar test conditions typically reached
quasi-steady values at or before 60 minutes of exposure.
The subsequent activity periods were significantly
shorter (20 minutes or less) and were intended to test the
response of subjects to realistic short-term variations in
their activity levels. Results from these later periods
were not intended to represent steady-state responses.

3.3 Field Measurement Protocol

A pool of five utility company employees and five
graduate students from UCB were originally selected to
participate in the demonstration office comfort study,
including six females and four males. Since the 8-
workstation office was only partially occupied by 3-4
utility company employees on any given day, it was
decided to have graduate students occupy the vacant
workstations and participate in the study on the test days.
In this way, we were able to have seven subjects
participate in each of Tests 1, 2, and 3 (one workstation
was used as a printer station). Test 4 occurred after the
utility company had vacated the office completely, and
we therefore used only three available students for this
test.

In the early moming on the day of a test, several
electric heaters were positioned throughout the office
and turned on to raise the average temperature in the
space. By mid-morning, the average room temperature
was close to 26°C and some of the heaters were turned
off to allow the temperature to stabilize at this elevated
level. During all four tests, heat loads averaged 32 - 38
W/m’ in combination with an average total air supply
volume (either through the DTC or overhead system) of
about 190 /s (684 m*/h) to maintain the average room air
temperature at 26 - 27.5°C, near the upper boundary of
the comfort zone. The collection of subjective and
physical data through visits to the subjects in their
workstations began after 11 am and continued until the
end of the day (around 5 pm). Twenty-three online visits
were made during both Tests 1 and 2; during Test 3, 19
online visits were made. Each visit lasted approximately

10 minutes for the combined subjective and physical
measurements.



The field measurement protocol of Tests 1, 2,and 3
closely followed that developed in our previous thermal
comfort field work. While a physical measurement is
collected at a particular workstation, the field worker
looks for potentially available subjects to take the
subjective survey. Having found the next subject, the
field worker enters the subject’s identification number
into the laptop computer and places it on the subject’s
desk. While the subject takes the online survey, the field
worker retrieves the cart from the previous workstation
and moves it to the vicinity of the subject taking the
survey. When the survey is completed, the field worker
removes both the laptop computer from the subjects’
desk and the subjects’ chair from in front of the desk.
The cart is then placed in the location and orientation of
the subjects’ chair and the measurement period is
initiated by flipping a switch on the cart. During the next
five minutes, the cart collects physical data at the
workstation.

4. RESULTS

In this section we present and discuss the
measurement results of the four field tests, including: (1)
thermal comfort assessment from the portable survey
and measurement cart, and (2) DTC performance from
the installed monitoring network. The first three tests
were conducted to compare the performance of the
desktop (DTC) supply system (Tests 1 and 3) with that
of the overhead supply system (Test 2) under warm
conditions. Test 4 studied the occupant use patterns and
response to the desktop system under three different
activity levels representative of a range of typical office
work.

4.1 Room Temperature Control

During all four tests, the intention of environmental
control was to maintain the same elevated average room
air temperature in the office, as measured at a typical
wall thermostat location. Figure 5 shows a comparison
of wall thermostat (T-TS) and workstation (T-WS)
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Figure 5 Comparison of thermostat (T-TS) and workstation

(T-WS) temperatures: Tests 1 - Desktop Supply; Test 2 -
Overhead Supply; and Test 3 - Desktop Supply

temperatures from Tests 1, 2, and 3. The figure shows
that the wall thermostat temperature was generally
maintained in the range of 26 - 27.5°C over the duration
of the tests, and this temperature agreed to within 1°C for
all three tests. Each data point in Figure 5 represents
measurements from a single workstation visit. The
figure indicates that the workstation temperatures for the
desktop supply system (Tests 1 and 3) averaged 1 - 2°C
lower than the wall thermostat temperature, and these for
the overhead supply system (Test 2) averaged less than
1°C lower than the wall thermostat temperature. This
finding clearly demonstrates the local cooling capability
of the individually-controlled DTC units in comparison
to a conventional air distribution system having no local
air supply within the workstations.

4.2 Thermal Comfort

Each data set from the four tests as measured by the
portable measurement cart and online survey includes,
for each workstation visit, values for each of the major
physical comfort parameters, variables characterizing
the subject’s assessment of the thermal environment, and
calculated values for the major thermal comfort indices.
To complete the data sets, we calculated the standard
comfort indices (PMV, PMV#*, DISC, TSENS, ET*,
SET*, and HSI) for each workstation visit using the
Fobelets and Gagge'” two-node comfort model. The
model accounts for the combined effects of air
temperature, air velocity, mean radiant temperature,
relative humidity, clothing level, and activity level. The
measured and calculated values from all studies are
summarized in Tables 1 - 2. Table 1 shows a comparison
of Test 1 (Desktop supply system), Test 2 (Overhead
supply system), Test 3 (Desktop supply system), and
Test 4 (Desktop supply system with three different
activity levels for subjects), to the average results from
ASHRAE RP-462, a field study of ten office buildings in
the San Francisco Bay Area (Schiller et al.'™). Since we
found a significant seasonal variation in conditions
through the ASHRAE study and the first two
demonstration office tests occurred during what could be
a swing season, Table 1 includes both the winter and
summer data from RP-462.

Our physical measurement results indicated that the
air temperatures maintained in the space were
approximately near the upper boundary of the summer
comfort zone as we intended. As shown in Table 1,
workstation air temperatures measured by the portable
cart averaged 25.3°C, 26.3°C, 25.5°C, and 25.9°C for
Tests 1, 2, 3, and 4, respectively. These values were 2-
3.5°C higher than the winter and summer averages from
the ASHRAE RP-462 field study. In all test, average
room air temperatures measured by the thermostat
sensor on the west wall were maintained at 26 - 27.5°C,
The relatively higher air temperature of Test 2 was
produced by the overhead supply system configuration.
Average air velocities were slightly higher than the



summer averages measured in the previous ten-building
field study (0.14, 0.11, 0.12, and 0.18). The effect of the
DTC diffusers on local air motion is demonstrated by the
results of Tests 1,3,and 4, which have slightly higher
average velocities and significantly higher maximum
velocities compared to Test 2 (overhead system).
Radiant effects in the demonstration office were
insignificant. Dewpoint temperatures were all within the
limits specified by the ASHRAE 55-92 comfort
standard. The average clothing insulation values
reported by the study participants for Tests 1 and 3 were
in the normal range, for Test 2 was slightly lower, and
for Test 4 was higher compared to the others. The results
for effective temperature (ET*) and operative
temperature (both indices that combine other physical
parameters into a “temperature” index) were 2 - 3°C
higher than the summer average calculated for the
ASHRAE RP-462 field study, primarily due to the
higher air temperature.

Table 2 shows a comparison of overall average
values of landmark variables of subjective response and
comfort. Results are presented for the Tests 1, 2, and 3.
The ASHRAE thermal sensation vote (ASH) is a
subjective declaration of thermal sensation on a -3 (cold)
to +3 (hot) scale. On this scale, the central value of 0
represents thermal neutrality and ASHRAE considers
the central three values of -1 (slightly cool), 0 (neutral),
and +1 (slightly warm} to be thermally acceptable.
Average thermal sensation votes were 0.40 and 0.75 for
Tests 1 and 3, representing results that were slightly
higher than the neutral point. However, for Test 2, the
average thermal sensation was 1.27, much higher than
the neutral point, reflecting the higher air temperatures at
workstations. The Mclntyre thermal preference scale
(MC) is a three-point scale in which subjects are asked if
they would prefer to be warmer (-1), have no change (0),
or be cooler (+1). As shown in Table 2, average results
from thermal preference vote found a greater preference
to be cooler for Test 2 (0.87) in comparison with that for
Tests 1 and 3 (0.52 and 0.58). The calculated comfort
indices of SET* (Standard Effective Temperature),
DISC (Discomfort), and PMV (Predicted Mean Vote)
for Test 2 were also relatively higher than Tests 1 and 3.
The general comfort scale is a six-point scale ranging
from very uncomfortable (1) to very comfortable (6).
Average results were 4.30 and 4.47 for Tests 1 and 3.
However, the Test 2 subjects voted 3.48, a significant
drop in general comfort compared to the others. The
ventilative comfort is a six-point scale in which the
subjects describe their ventilative environment as being
stuffy (1) to breezy (6). The Tests 1 and 3 subjects, as
expected, had a higher average ventilative comfort rating
than the Test 2 subjects did because of the DTC
diffusers. Also included in Table 2 are average air
velocities at each of three measurement heights (0.1, 0.6,
and 1.1 m). While all velocity results were very similar

between each height for Test 2, the average velocities
was noticeably higher at the 0.6 m height for Tests 1 and
3(0.15 m/s). This demonstrates that the desk-mounted
DTC supply nozzles have a significant impact on air
movement at heights near the desk level.

TABLE 1
Distribution of Physical Data: Comparison of Test 1 - Desktop Supply,
Test 2 - Overhead Supply, Test 3 - Desktop Supply, and Test 4 - Desktop
Supply / Three Activity Level to ASHRAE RP-462 Measurements

uilding Tost § Test 2 Test 3 Test 4 Winter Summer
est Date 30 8ep. 1994 4 Oct. 194 W Nov, 1994 11 Nov, 1994 ASHRAE RP.462
Sample Size 23 23 19 [ 1308 1034
Clothing (cto)
mean 0.5t 0.47 0.54 0.77 0.58 0.52
sddev.  0.06 0.06 0.13 0.36 0.14 042
minimum  0.39 0.35 639 0.53 0.24 .16
maximum 0,59 0.55 0.82 1.44 114 1.44
Air Temperature (°C)  (mean of 3 heights)
mean 253 263 25.5 25.9 2.8 233
siddev. 0.6 07 08 0.6 12 13
minimum  24.2 249 236 246 1.5 20.7
maximum 261 21.3 26.7 26.6 298 29.5
Vapor Pressure (torr)
mean 113 113 9.2 79 7.8 129
suldev. 0.4 0.1 0.3 0.3 1N 13
minimum  10.6 IE] 86 73 46 86
maximem __ 12.1 VLS 9.7 82 118 17.7
Dew Point Temperature (°C)
mean 138 13.1 100 7.7 7.3 15.1
sthdev. 05 0.1 05 0.6 33 16
miimum 12,0 2.8 89 6.6 a0 9.0
maximum 14,1 13.3 10,8 8.2 13.7 20.2
Air Velocity (m/s)  (mean of 3 haighis)
mean 004 o 012 018 0.06 6.0
stddev.  0.07 0.02 0.04 0.11 0.05 0.09
minimum 0,10 0.10 0.10 0.10 0.00 0.00
maximum _ 0.34 0.15 0.24 0.45 0.56 124
Operutive Temporature (°C)  (mean of 3 heights)
mean 5.4 26.4 25.6 26.0 229 235
sdev. 06 a7 09 0.6 1.2 12
migimum 243 249 23.6 246 178 A3
maximum_ 26.3 27.3 26.9 268 28.5 29.5
ET*(°C)  (mcan of 3 heights)
mean 253 26.2 25.3 25.2 25 25
siddev. 0.6 0.7 08 0.9 14 13
minlmum 243 248 23.5 239 174 202
maximum 26,1 27.1 26.7 262 283 29.0
TABLE2
Landmark Variables of Subject Response and
Comfort Averages for Tests 1 - Desktop Supply;
Test 2 - Overhead Supply; and Test 3 - Desktop Supply
Test 1 Test 2 Test 3
Thermal Sensation (ASH) 0.40 1.27 0.75
Thermal Preference (MC) 0.52 0.87 0.58
General Comfort 4.30 348 4.47
Ventilative Comfort 335 2.52 -3.21
Lighting Comfort 4.35 4.13 379
Estimated Temperature (°C) 23.81 26.88 24.86
Metabolic Rate (met) 1.1 1.1 11
Clothing Level {clo) 0.51 0.47 0.54
Effective Temperature* (°C) 253 262 253
DISC 0.22 0.40 0.27
SET* (°C) 244 252 24.6
PMV 0.24 0.45 0.30

Velocity at 1.1 m (m/s) 0.15(0.35) 0.08(0.32) 0.09(0.42)
0.15(0.29) 0.08(0.26) 0.15(0.32)

0.07 (0.23) 0.09(0.23) 0.07(0.22)

Velocity at 0.6 m (m/s)

Velocity at 0.1 m (m/s)
Turbulent Intensity is shownin ( )




Averaging the subjective votes together, as in the
tables described above, can tend to mask some of the
underlying patterns inherent in the data. Figure 6
compares occupant assessment of thermal comfort on
the ASHRAE thermal sensation (ASH) and the MclIntyre
thermal preference (MC) scales. Results are shown for
Tests 1, 2, and 3. As described above, convention holds
that the middle three categories of the thermal sensation
scale (-1.5 < ASH < +1.5) are considered thermally
acceptable, and, according to ASHRAE Standard 55-92
(ASHRAE"Y), 80% of the building occupants should fall
within this range. Figure 6 shows that about 80% of the
Tests 1'and 3 subjects meet this criteria. On the other
hand, 39% (9 out of 23) of the Test 2 subjects votes fell
outside of the central “thermally acceptable” categories.
Also shown in Figure 6 are the results from the McIntyre
scale, which illustrates comfort on the basis of thermal
preference. During Tests 1 and 3, 48% (11 out of 23)
and 42% (8 out of 19) of the subjects preferred to have
no change in their thermal environment. In Test 2,
however, the distribution of thermal preference votes has
changed considerably. Despite 61% (14 out of 23) of the
subjects voting to be thermally acceptable on the thermal
sensation scale, only 13% (3 out of 23) of the subjects
voted for no change on the Mclntyre scale. Almost as
many subjects, 87% (20 out of 23), preferred to be
cooler. It is considered that personal control is an
inexact process. There is some tradeoff between
maintaining absolute preferred thermal conditions, and
having to spend too much time adjusting the DTC. On
the other hand, this demonstrates that people who have
access to personal control are more tolerant of variations
in their local environment. Despite the fact that more
than 50% of the subjects desired to be cooler (based on
MclIntyre scale), at least 80% of them indicated that the
environment was acceptable (based on ASHRAE
Thermal Sensation scale).

100 ASHRAE 5502
90l — ASH Intent minimum of T
e / 80% comfortable
" —
70 [__‘EH_ —
_mc had

Percent of Subjects
g
-
=

SO

Test 1 Test 2 Tostd
{MASH<-18 DA5<ASH<15 OASH»15 OMCx-1_ _OMCs=0 BMCul]

Figure 6 Comfort votes on ASHRAE Thermal Sensation (ASH)
and McIntyre (MC) Scales:Tests 1 - Desktop Supply;
Test 2 - Overhead Supply; and Test 3 - Desktop Supply

4.3 DTC Performance

Average discharge air temperature monitored at
each DTC unit were 18.6°C (SD 0.2), 19.1°C (SD 0.5),
and 18.7°C (SD 0.2) for Tests 1, 3, and 4 respectively.
The low standard deviation shows that subjects did not
change the discharge air temperature setpoint often
during tests periods. However, subjects used different
settings of fan speed for Tests 1, 3, and 4. Figures 7, 8,
and 9 present the comparison of the thermostat on- the
west wall and the workstation temperatures, and the fan
setpoint for Test 4. In Figures 7 and 9, the fan setpoints
are turned up according to the gradual increase of
temperatures and the metabolic rate change. In figure 8,
however, the fan setpoint is only adjusted to 38% at the
first moment of the test, and is maintained until the end
of the day despite the gradual increase of temperatures
and the metabolic change. The results show that office
workers tended to increase the fan speed setpoint with
increasing metabolic rate during this test. However, as
would be expected, each office worker had his/her own
individual response to the thermal environment. None of
the subjects in Test 4 did anything beyond putting the
setpoint of discharge air temperature at the coolest
setting (0%). We believe this is the position in which the
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Figure 7 Comparison of Thermostat (T-TS), Workstation (T-WS)
temperatures and fan setpoint for Test 4 (Subject 1D #6)
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Figure 8 Comparison of Thermostat (T-TS), Workstation (T-WS)
temperatures and {an setpoint for Test 4 (Subject ID #7)
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Figure 9 Comparison of Thermostat (T-TS), Workstation (T-WS)
temperatures and fan setpoint for Test 4 (Subject ID #10)

setpoint control usually remains during most of the time.
The temperature setpoint control on the DTC is not very
effective, and as a result it is rarely used.

5. CONCLUSIONS

A series of four one-day field tests were performed
in the office to (1) investigate the desktop (DTC) system
performance in situations when demand for the local
control capabilities may be increased (e.g., when room
temperatures are near the upper boundary of the comfort
zone, or under increased activity levels); and (2)
compare the desktop (DTC) system performance to that
of a conventional overhead system under similar high
heat load conditions. ~When the wall thermostat
temperature was maintained at 26°C to 27.5°C, the
desktop system, with its local air supply and individual
control, was able to maintain average temperatures in the
workstations to be 1 to 2°C lower than the thermostat
temperature. These conditions were considered to be
comfortable by 80% of the subjects according to the
ASHRAE thermal sensation scale, although 55% of the
subjects preferred to be cooler according to the Mclntyre
thermal preference scale. In comparison, under the same
elevated wall thermostat temperatures, the overhead
system maintained the average workstation temperatures
to be only 0 to 1°C lower. These conditions were
considered comfortable by only 61% of the subjects, and
87% of the subjects preferred to be cooler. Under
increased activity levels, the desktop system could be
adjusted (primarily by increasing the fan speed) to
maintain similar comfort conditions, although each
subject had different responses to the same environment.
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