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ABSTRACT

This paper presents the results of experimental measurements and computational fluid
dynamics (CFD) simulations of the indoor environment of an open-plan office. The
measurements were conducted in the Indoor Environment Research Facility (IERF) at
IRC/NRC, in which six mock-up were setup to simulate an interior open-plan office. Two
scenarios were investigated: isothermal and non-isothermal. The main focus of the
isothermal case was on how to use measured data to specify the CFD boundary
conditions for the supply air.  Good agreement between the measured and predicted
results was obtained for both the isothermal and non-isothermal cases.

INTRODUCTION

Numerical simulations based on CFD techniques have been increasingly applied to
investigate ventilation, thermal comfort, and air quality in rooms [1, 2, 3, and 4]. To gain
acceptance of the CFD results, a validation study is routinely carried out to determine
the accuracy of the simulation results, particularly for cases with complex layouts of
furniture and air diffusers. This paper presents the results of experimental studies and
CFD simulations conducted on a mock-up open-plan office. The purpose was to
establish the benchmark data for determining the accuracy of the simulation results, and
assess the suitability of using CFD techniques to study the effects of workstation size,
supply air diffuser locations, and workstation partition heights on the ventilation and
indoor air quality conditions inside and outside individual workstations of open-plan
offices.

This work is one of the tasks of a multi-year project to investigate the effects of reducing
the size of workstations and increasing occupant density on ventilation, indoor air
quality, lighting, acoustics and occupant satisfaction in open-plan offices [5].

EXPERIMENTAL FACILITY

The experiment took place in a 12.2 x 7.3m indoor environment research facility (IERF),
designed for acoustics, lighting, ventilation, and indoor air quality research [6] (Figure
1). For this experiment, the IERF was furnished with six mock-up workstations to



simulate a windowless open plan office space (Figure1). Modular systems furniture with
1.7 m partitions (66”) were used to provide six 2.8 m long × 2.1 m wide (WS1 to WS6)

workstations. In addition, there were file cabinets and printers at both ends of the room.
Each workstation had a computer with a 14-inch colour monitor. The furnishings and
contents (tables, bookcases, and cabinets) of the workstations were identical. The
ceiling light fixtures were 1'x4' 16-cell parabolic louvered fixtures with 2 lamps. Six linear
ceiling supply air diffusers were used, one for each workstation. For this study, the
linear diffusers were adjusted so that they discharged air straight downward to the floor.
There were eight return air grilles on the ceiling. Figure 2 is a perspective view of this
facility.

Six human body simulators were constructed to simulate the metabolic heat generated
by office workers.  For simplicity, the human body simulator consisted of three 25 W
light bulbs and a mixing fan enclosed in a rectangular aluminum block. The rectangular
block measured 0.45m long × 0.4m wide × 0.9 m high, which represents a standard

adult with a surface area of 1.71 m2 [7].

MEASUREMENTS

The measurements were conducted under two conditions: isothermal and non-
isothermal. For the isothermal condition, the focus was to determine the appropriate
velocity boundary conditions of supply air diffusers. For both conditions, the return air
was controlled at 23±0.5°C and 50±10% relative humidity.

The measured parameters included airflow rate, and velocity and temperature profiles.
The supply air velocity was measured with a portable velocimeter. The vertical velocity
and temperature profiles below the centre of each supply air diffuser were measured
with hot-film probes and thermocouples (Photo 1). These measurements were
conducted in two steps, each step covered three workstations.

CFD SIMULATIONS

CFD simulations were performed under the same conditions as the experiments. Due to
symmetry, only one-half of the space was considered, as shown in Figure 2. Based on
Chen’s work [8 and 9], the Re-Normalization Group (RNG) k-ε model [10] was used for

the simulations. In addition, the authors found that it was easier to get convergent
solution with the RNG k-ε model than the standard k-ε model for this particular case. As

the linear supply air diffuser had two slots, two grids were used. The aspect ratios of the
grids in the whole space were less than 1:4. The grid numbers used were 157 (x) × 34

(y) × 34 (z). Other calculation conditions are described below.



ISOTHERMAL CONDITION

The linear diffuser had two slots. In this study, the diffuser had a vertical velocity
component only, i.e., the air discharged downward to the floor. The velocity profile in the
length direction for each slot was measured with a portable velocimeter.  The results
were use to determine the boundary condition for CFD simulations. Figure 3 shows the
measured velocity profile for both slots. The turbulent intensity was estimated to be
50%.

The vertical velocity profile below the center of the linear diffuser was measured in each
of the six workstations while the simulation was conducted for three workstations only.
Thus, the measured data for each pair of symmetrical workstations are shown together
in Figure 4.

Good agreement in the measured velocity profiles was obtained between each pair of
workstations, particularly for workstations 1 and 4. The agreement between the
predicted and measured results was also very good, particularly in the occupied zone,
suggesting that the specified velocity boundary conditions were appropriate.

NON-ISOTHERMAL CONDITION

For the simulation runs under the non-isothermal condition, the velocity boundary
conditions were assumed to be the same as the isothermal case. The supply
temperature which was measured at 18.2°C was used as the thermal boundary

condition for CFD simulations. Table 1 shows the heat loads in the space [11]. These
data were used to define the heat boundary conditions for lighting, occupants and
computer.

Flowfield - Figure 5 shows the predicted and measured velocity profiles. Good
agreement was obtained for the measured velocity profiles for each pair of symmetrical
workstations. The simulated results also agreed very well with the measured results.

Figure 6 illustrates the predicted velocity vectors under the non-isothermal condition.
The supply airflow from the diffusers flowed straight downward to the floor. The airflow
in the occupied zone was stronger than that of the isothermal case, as the supply air
was cooler than the surrounding air (Figures for isothermal scenario are omitted). In
addition, the airflow circulation around the heated body was also stronger than that for
the isothermal condition. These two factors were responsible for a more active air
circulation within the workstations in comparison with that under the isothermal
condition.

Temperature field - Figure 7 shows the simulated and measured temperature profiles.

Good agreement was obtained.

Figure 8 illustrates the temperature distribution in the space. The temperature
underneath the diffuser was lower than that of the surrounding area. The temperatures



in the occupied zone varied from 22°C to 23°C, except for a small area where the
temperature was below 22°C. The temperature distribution in the occupied zone was

fairly uniform both inside and outside the workstations.

CONCLUSIONS

Good agreement was obtained between the measured and simulated results for both
isothermal and thermal cases. Based on the results, CFD simulations will used mainly
to determine the effects of diffuser layouts, workstation sizes, and partition heights on
the ventilation and indoor air quality conditions of open-plan offices.
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Figure 1  Indoor Environment Research Facility (IERF)

Table 1  Heat loads
Lighting Occupants Computers Total (W)

Number 20 6 6

Power per unit (W/unit) 50 75 50

Heat load (W) 1000 450 300 1750

 

Photo 1  Hot-film probes and
a thermal couple tree



 
Figure 2  A perspective view of the analyzed space
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Figure 3  Supply velocity for CFD
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Figure 4  Comparison of velocity profiles
between simulated and measured results for isothermal scenario
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Figure 5  Comparison of velocity profiles
between simulated and measured results for thermal scenario
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Figure 6  Predicted flowfield for thermal scenario
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Figure 7  Comparison of temperature profiles
between simulated and measured results for thermal scenario
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Figure 8  Predicted flowfield for thermal scenario
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