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Thermal Characteristics of a Partition Supply System
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ABSTRACT: A partition integrated air supply system can provide highly personalized envi-
ronmental control. The supply air is brought up through raised floors and supplied to outlets
located on the partition panels. The purpose of this paper is to find out the best design of
outlets for optimal occupant comfort within a personal task area.

Real scale experiments were conducted to allow for comparisons of outlet designs within a
personal task area. Experimental results indicate that the location of an outlet is the most cri-

tical factor in improving the efficiency of supply air distribution of a personal task area.

Thermal characteristic comparisons were made between the under-floor and the partition sup-

ply systems. Experimental results suggest that the partition supply system is more efficient
than the under-floor supply system in terms of cooling. Such a system allows occupants to

personally control their immediate environment, resulting in higher productivity.

1. Introduction

Conventional HVAC systems of large office
buildings supply air from the ceiling. This re-
sults in the inability to adjust the volume and
direction of the supplied air according to the
individual needs of the occupants. Another is-
sue is the inability to remove excess heat gen-—
erated from office equipment near an occupant’s
personal task area.

There is a need to develop an individual air
distribution control system for a personal task
area in office buildings to improve the air and
the thermal comfort of occupants, thereby, in-
creasing the occupant’s productivity. Based on
these concepts, we developed a partition inte-
grated air distribution system to provide an
individualized environment. In the partition sup-
ply system, air is supplied to the personal task
area through the partition panels by means of
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a raised floor and returned through the ceiling.
This paper aims to find out which arrangement
of partition panel outlets would best serve the
purpose of keeping occupants comfortable with-
in a personal task area. The supply air distri-
bution of the under-floor and the partition air
supply systems of a personal task area was
measured.

2. Experimental apparatus and test
procedure

All experiments were performed in a con-
trolled environment chamber (CEC) with a 44m
by 29m floor and a 2.7m high ceiling. The
CEC resembles a modern office personalized
space. A supply air distribution box, located
under the floor, draws air from an air-handling
unit (AHU) via a flexible duct. After passing
through the distribution box, supply air exits
through partition panels via outlets located on
the partitions. Some air is supplied from out-
lets on the floor surface. Air was exhausted
from the chamber through a ducted return grill
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Table 1 Operational ability of CEC

Temperature | Humidity

Control range 10~40C 30~75%
Control accuracy | +/— 05T +/~ 3%
Differences +/— 15T +/~ 5%
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Fig. 1 Concept diagram of a CEC.

Fig. 2 Partition supply system.
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Fig. 3 Dimensions of partition panels (mm).

on the ceiling. Table 1 shows the operational
ability of CEC and Fig.1 is the concept dia-
gram of CEC. Fig. 2 shows the partition supply
system and Fig. 3 details the dimensions of the

partition panels.

Table 2 Experimental conditions
Case 1 Case 2 [ Case 3
Under~ o
Supply system floor Partition
Outlets None 2 I 3
Initial temp. 30C
Desired temp. 24C
Humidity 40%

Py

Fig. 5 QOverview of experimental chamber.
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Fig. 6 Location of measurement points.

3. Resuits and discussion

3.1 Comparison of supply air temperature

Three different conditioning systems were in-
vestigated in a CEC. The supply air distri-
bution between the under-floor and the parti-
tion air supply systems for the personal task
area were measured.

In the under—floor supply system, the air tem-
perature distribution at a height of 1.1 m rang-
ed from 23.7C to 24.3C. The temperature on
the floor outlet was 21.8C and it was lower
than average. The temperature of the mani-
kin’s breathing zone was 255C, 1.3C higher
than the average, due to the generation of heat
from the manikin, Finally, the temperature above
the PC monitor was 305C and it was 9C

higher than the average because of the excess
heat generated from the monitor. This indicates
that the under-floor supply system is not suf-
ficient in removing excess heat generated from
office equipments.

The partition supply system supplies air from
under—floor to the ambient area and also sup-
plies air from partition to the personal task area.
This study compared 2 outlets and 3 outlets
on a partition panel.

We adjusted temperatures in three cases, equ-
ally, when the measurement was started. In
comparing the temperatures of the supply air
duct, the temperature of the supply air duct in
the partition supply system (PSS) was higher
than that in the under-floor supply system
(UFSS). This indicates that the PSS is more
effective than the UFSS in cooling down the

Table 3 Comparison of supply air temperatures (C)

Case 1 Case 2 Case 3
Supply system Under-floor Partition Partition
Outlets None 2 3
Initial temp. 30
Desired temperature 24
Supply air temperature on floor 18.1 199 19.6
Outlet temperature on partition None 234 23.0
Ventilate air temperature on ceiling 23.7 245 24.2




(f) Top view of partition supply System with
three outlets
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Fig. 7 Sectional and horizontal distribution of temperatures (C).

(e) Cross section of partition supply system
with three outlets
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desired room temperature with relatively higher
supply air temperature. Our findings indicate that
the PSS can meet the desired room tempera-
ture at higher temperatures in supply air duct
than the UFSS. This suggests that the PSS is
more effective as an energy saving design (See
Table 3 and Fig. 7).

3.2 Comparison of temperatures in breathing
zone

In order to compare the air distribution to
the occupant’s breathing zone, three cases were
considered with equal amounts of air supplied;
under-floor supply system (UFSS), partition sup-
ply system with two outlets (PSS2), and par-
tition supply system with three outlets (PSS3).
The air temperature of the manikin’s breathing
zone was higher than that of other locations
due to the heat generated from the manikin,
Then, the temperature of the manikin's breath-
ing zone in the PSS was lower than that in
the UFSS. This suggests that the PSS is more
effective than the UFSS in cooling down the
air temperature around occupants within the
personal task area.

Also the air temperature above the PC mo-
nitor was higher than at other locations. This
was due to the fact that heat was generated
from the monitor. Air temperature above the
monitor in the PSS was lower than that in the
UFSS. This result indicates that the PSS is
more efficient than the UFSS in removing ex-—

cess heat generated from office equipments near
an occupant’s personal task area (See Table 4
and Fig. 7).

Experimental results indicate that the PSS
with three outlets is better than the other two
systems in removing heated air from the area
above the monitor. This is due to the fact that
one of the three outlets is placed at the center
location near the monitor. The locations of the
outlets are shown to be instrumental in ven-
tilating stagnant air.

In examining the air distribution from the
front partition, we compared cases of panels
consisting of two outlets and three outlets. In
the case with three outlets, air speed in breath-
ing zone was measured at 0.1~0.7m/s, higher
than ASHRAE standard 0.15~0.25m/s. To fur-
ther increase the comfort of the occupant, the

Fig. 8 Adjustable grills to redirect the direc-
tion of supply air.

Table 4 Comparison of temperatures in breathing zone and above monitor (C)

Case 1 Case 2 Case 3
Supply system Under-floor Partition Partition
Outlets on partition None 2 3
Initial temperature 30
Desired temperature 24
Horizontal temperature on 1.1 m height in task area 23.7~24.3 24.0~24.6 23.8~245
Manikin’s breathing zone 259 24.3 242
Temperature above monitor 305 29.0 278
Supply air temperature on floor plane 181 19.9 19.6
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outlets should consist of operable directional
grills that the occupant can control to open,
close, and redirect the supply air vertically or
horizontally (See Fig. 8).

4. Conclusions

In the study, comparisons were made between
the under-floor and the partition air supply sys-
tems. Experimental results suggest that the par-
tition air supply system is more efficient than
the under—floor supply system in terms of cool-
ing. Furthermore, experimental results indicate
that the location of an outlet is the most cri-
tical factor in improving the efficiency of the
supply air distribution of the personal task area.

Air supply control needs to be transferred to
the occupants through the use of a partition
air supply system. Such a system will allow
an occupant to individually control their imme-
diate environment, resulting in higher produc-
tivity. We suggest that these outlets should
have operable directional grills that the occu-
pant can control to open, close, and redirect
the supply air vertically or horizontally for com-
fort.

Finally, a key issue that remains to be ad-
dressed is the fact that the experiments were
conducted in a controlled environment chamber
during hot seasons. In order for this partition
supply system to be feasible, it must demon-
strate the ability to efficiently and economically
increase occupant comfort in the actual con-

dition throughout the year.
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