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SUMMARY

The mechanism of the structure of indoor air environment and thermal environment in the hy-
brid air-conditioned office room is investigated by the measurement with the pulse method of
tracer gas and CFD analysis. The room is air-conditioned by under-floor air supply outlets for
task zone and the ambient zone is naturally ventilated by the special ventilation openings located
below the ceiling near the window. Local mean age of air, CRI3 (contribution ratio of indoor cli-
mate No.3) and SVE4 (scale for ventilation efficiency No.4) were calculated by means of tracer
gas pulse method to investigate the distribution characteristics of fresh outdoor air in the room.
In addition, CFD analysis was conducted for the measured room. The simulated values showed
good agreement with the measured values, and the effect of the outside wind direction and out-
door temperature on the air streams in the office room were examined by CFD.

INTRODUCTION

The target building has hybrid air-conditioning system of task air supply and natural ventilation
[1]. The building was designed so as to make an effective use of the prevailing wind from the
west and that is located in Osaka, Japan. In middle sea- A
son, the task zone around the occupants is air-conditioned oL s ?@H%?é;’f
by task outlet on the floor and the general ambient zone '

is air-conditioned by natural ventilation. Fig. 1 shows the

floor plan of the office room. There are 20 natural venti- e
lation openings in total on each floor; 6 in the east, 4 in N —————
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installed on the ceiling near the windows. There are 226 task outlets on the floor. One task floor
outlet is provided for each person in principle. Fig. 2 shows the section of the entire building.
Natural ventilation is introduced to 14 — 17th floors and 27 — 34th floors, and the object of mea-
surement is the 30th floor (GL + 131M). In this paper, based on the results of measurement and
CFD analysis, the influence of each supply opening on the airflow around the occupants will be
investigated.

DEFINITION AND MEASUREMENT OF VENTILATION INDICES

Definition

* Local mean age of air for the specific supply opening [2]

The local mean age of air is defined as the average time of air to travel from the supply opening
to the measurement point P in the room. The mean age at point P is expressed by the following
equation. This index is different from the normal index of local mean age of air.

_ j t- A, (t)dt
Tip = (1)
[ A, mar

where :

A, (1) : the number of molecules arriving at the point P from the i-th supply opening after the
elapsed time ¢

* Scale for Ventilation Efficiency No.4 (SVE4 [3])

SVE4(P,i)=C,(P)/C, (2)

where:

SVE4 (Pi) : contribution ratio of the i-th supply opening at the point P

C.(P) : concentration at the point P where tracer is generated at the i-th supply opening at
generation rate g (m?/s)

C,, : concentration of the tracer at the i-th supply opening, C,,=¢q / O,

q : tracer gas generation rate at the i-th supply opening (m?¥/s)

0, : air flow rate at the i-th supply opening (m?/s)

* Contribution Ratio of Indoor climate No.3 (CRI3 [4])

CRI3.(P)= AT,(P)/ AT, (P) 3)

where:

AT,(P) : for heat sink (W; <0,AT;(P)<0) , temperature drop at a point P with the i-th heat
sink of W,

,(P): for heat sink (W, <0), absolute value of temperature drop at a point P with all

tUta

the heat sinks including virtual heat sinks in exhaust openings

Measurement of ventilation indices by tracer gas pulse method
* Local mean age of air for the specific supply opening

Usually, in order to measure the local mean age of air by pulse method, a bulk of tracer gas is in-
jected into the air in the duct supplying. In the measurement of this research, however, the tracer



gas was emitted in each supply opening. Local mean age of air for the specific supply opening is
expressed by the following equation.

_ j t-C, (1dt
Tp="— 4)
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where :

C,, (2) : the concentration response of tracer gas at the point P at time ¢ after the pulse of volume
v (m?) is generated at the i-th supply opening

v : tracer gas emission volume at the i-th supply opening (m?)

* Scale for Ventilation Efficiency No.4 (SVE4)

R,, () is concentration response at the point P after the unit pulse input of tracer gas is generated
at the i-th supply opening. R, (¢) is given by equation (5).

C, (1)

1%

R, ()= (5)

The SVE4 (Pi), which is contribution ratio of the i-th supply opening at the point P, is developed
by the following.

SVE4(P,i)= 1S9 (6)
C,
j q-R,(1)dt o
q/Q;
- '[:Qi ‘R, (t)dt (8)
Substitution of the equation (5) in equation (8) leads to equation (9)
o C. (¢t
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* Contribution Ratio of Indoor climate No.3 (CRI3)

CRI3 is intended to be calculated by the CFD analysis, but it can be calculated by the measure-
ment with tracer gas pulse method. When the air supplied from the i-th supply opening is a factor
of the temperature drop at point P in a room, supplied heat rate W, at the i-th supply opening is
given as

W, =cp(6,-6,)0, (10)

where :

0, :supply air temperature (°C)

6, :exhaust air temperature (°C)

O, :air flow rate at the i-th supply opening (m?/s)

¢P : volumetric specific heat (J/m?*°C)

Response of heat rate to the pulse input W, can be written by equation (11).



cpB,,(1)=Wdt- R, (1)=cp(6,—6,)Qdt - R, (1) (11)

where :
6,,() : temperature change by the supplied air at the point P at time ¢ after the pulse of heat

W, -dt is generated at the i-th supply opening
On steady supplied heat rate from the i-th supply opening i, the temperature change at point P is
defined by the equation below.

A6, = [76,(ndi=]"(6,-6,)0, R, (t)dr (12)

CRI3 by the i-th supply opening at the point P is developed by the following.

. A6,
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Substitution of the equation (5) in equation (14) leads to equation (15).
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METHOD AND RESULTS OF MEASUREMENT

Method of measurement

Local mean age of air, CRI3 (contribution ratio of indoor climate No.3) and SVE4 (scale for
ventilation efficiency No.4) were calculated by means of tracer gas pulse method to investigate
the distribution characteristics of fresh outdoor air in the room. SF6 was used as a tracer gas. In
this report a new measurement method of the pulse method was presented. The measurement was
conducted during the time when the natural ventilation was carried out steadily in the day time
of October 30th, 2005. During the measurement the outdoor wind direction was from the west. A
mannequin (60W) was placed instead of a occupant in the west side of the office. The tracer gas
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same time produced the pulse. For the floor outlets, a balloon filled with SF6 of 800ml placed
under the faceplate of floor outlet and exploded as shown in Fig. 5. Black lamps of 60W were in-
stead of person, laptop PC and ceiling light was installed as an internal heat load.

Results of measurement

* Influence of supply opening on the environment of occupant zone

The local mean age of air of the specific supply opening is defined as the average time of air to

travel from the specific supply opening to the measurement point in the room. The calculated re-
sult of this index is shown in the Fig. 6. All every height, the value of the floor outlet T-3 and nat-
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Table 1 Supply and exhaust air temperature

Exhaust air
temperature

Tl T2 T3 T4 T5 T6 T7 T8 T9 TI10 [W1+2|W3+4 [degC]
213 | 212 | 21.1 | 20.1 | 20.1 | 21.3 | 212 | 21.1 | 209 | 209 | 16.8 | 16.6 22.6

Supply air temperature [degC]




At the higher measurement point, SVE4 of the Table 2 Outlines of CFD analysis
natural ventilation opening becomes larger,

AR X Code FLUENTG6.2.16
which indicate that more volume of air reaches =

£ h 1 lati At FL40.1 SVE4 Turbulence model Standardk —¢
rom the natur% V?Iltl ation. At -1m, Algorithm Steady state(SIMPLE)
of floor outlet is bigger than that of natural ven- “Analysed arca 57.6x2.8x18(m) + 3x2.8x7 2(m)
tilation. Among all supply opening the SVE4 of convectoion term scheme QUICK.

T-3 is the largest and thus the influence of T-3 Wall boundary condition Standard log-low, Adiabatic
is dominant. At the measurement points 1 and Number of meshs 288x15x90 + 15x15x36

2 (FL+1.1m, 1.6m), the influence of air supply

L. . . Table 3 Bound diti
from the natural ventilation is dominant, and at av’e » Soundary conditions

Boundary conditions of flow rate

the measurement point 3 (FL+0.1m), the floor Number [Each flow rate | Supply temperature
outlet is dominant. Fig. 8 shows the result of Fiooroutlet 210 110m’/h 23degC
CRI3 calculation, which indicate the influence _Celling exhaust 294 78.6m’/h
of the supply opening on the indoor tempera- Boundary conditions of internal heat load
ture decrement. Tablel shows the supply and _Source Number _|Each heat load
exhaust air temperature Fig. 8 shows the similar Heatloadby person 1208 60w
results of SVE4 at each measurement point (Fig. -=22°2PC L 2%
7). However CRI3 of the natural ventilation _ 60% on setting position
openings is larger than SVE4. That’s because Lighting atcelling 294 40% on floor, desks and
there is about 4 degree difference in temperature walls
between the outdoor air and the supply air. This Table 4 Analysis conditions
indicates that the natural ventilation openings Outdoor 1 Outdoor wind | Outdoor wind
has a great influence on the air temperature at temperature | _ direction velocity
the position of mannequin. From the above re-  geeeof 15degC | West
sults, it is concluded that the air from the natural outdoor temperature ~ [209c8C | West Smis
ventilation openings has a great influence on the 23degC et
airflow and thermal environment around the oc-  Effect of West .
cup ants. outdoor wind direction |17-5degC EorthweSt s
orth
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let was assumed to be a 400x400mm horizontal plan and the air direction was vertical. Table 3
shows the boundary conditions of CFD. Lighting equipment and exhaust openings were installed
on the ceiling. The total flow rate of exhaust air is equal to the total amount of air from the floor
outlet. The outdoor condition for CFD analysis is shown in Table 4. In order to compare the re-
sults with the measurement, the outdoor temperature was set at 17.5 degree and the wind direc-

tion was set at the west.

Results of CFD analysis

The temperature distribution at the height of FL+950mm is shown in Fig 11. The outdoor air

flows into the office room through the
west-side openings and the indoor air
flows out through the north part. There-
fore, the average temperature in the east-
side zone becomes higher than that in the
west-side zone. This shows a similar ten-
dency as the measurement result. How-
ever, the temperature of the CFD result
is higher than that of the measurement
result by about 2 degrees. This might be
because the thermal storage in the floor,
walls, furniture and equipment is not con-
sidered in CFD besides errors of bound-
ary condition. Fig. 12 shows the velocity
distribution at FL+1100mm. It is con-
sidered that the outdoor air flows along
the ceiling surface in the room due to the
coanda effect. At the point about 20m
away from the west wall, the wind veloc-
ity was about 0.2~0.5m/s, and on the east
side the velocity was less than 0.2m/s. At
FL+1100mm, the air flows through the
passage.

Effect of the outdoor temperature on
the indoor airflow pattern

Fig. 13 shows the temperature distribu-
tion on the west side of AA’ section when
the outdoor wind direction is west and
the outdoor temperature is 15°C, 20°C
and 25°C. Temperature gradient at the
upper part of the room becomes uniform
distribution as the outdoor temperature
goes up. This implies that when the out-
door temperature is higher the air from
the natural ventilation openings does not
drop down near the openings, and it drops
at the area farther away than. The SVE4
distribution at the height of FL+1100mm
at AA’ section is shown in Fig.14. In the
figure, the ratio of each supply opening
represents the degree which supply open-
ing control the environment in the office.
For all cases the SVE4 of natural ventila-
tion openings is higher in the west-side

(2) CFD (FL+950mm)
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Fig. 12 Velocity distribution
(at the height of FL+1100mm)
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zone, while ratio of the floor outlet is higher in the
east-side zone. In the east area where the outdoor
air from the natural ventilation has a little effect, the
indoor airflow was influenced by the floor outlet.
The SVE4 value of the floor outlet becomes large as
the outdoor temperature goes up. That of the natural
ventilation in the east at the outdoor temperature of
25°C is almost zero. This is because the inflow air
flows along the ceiling and flows out through the
natural ventilation openings in the north side.

Effect of Outside Wind Direction on the Indoor
Airflow Pattern

Fig. 15 shows the temperature distribution in the
west side zone of AA’ section for the wind direction
of west, northwest and north at the outdoor tem-
perature of 17.5°C. The inflow openings are W1~4
and E3 for west wind, W1~4, N1~4, N7 and N8 for
northwest wind, N1~4 and N7~10 for north wind. In
this figure, the temperature range around the natu-
ral ventilation openings is about 18~20°C, and the
temperature around the occupants is about 21~22°C.
There are large temperature changes near the ceiling
surface due to the influence of the wind direction.
Fig. 16 shows the SVE4 distribution at the height
of FL+1100mm at AA’ section. For all the wind di-
rections, the SVE4 of natural ventilation opening
takes a large value around the natural ventilation
openings. SVE4 of the natural ventilation openings
shows higher value for northwest wind than west or
north wind. This implies that the effect of inflow of
the outdoor air is large in the case of northwest wind
because the depth of the room is shorter.
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Fig. 15 Effect of wind direction
on temperature distribution in AA' section
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CONCLUSION

This paper showed the results of measurement and CFD analysis for the indoor airflow patterns
and thermal environments of an office room when indoor is air conditioned by the natural ven-
tilation and floor outlets. The measurement results suggest that the airflow of natural ventilation
have a great influence on the airflow pattern and the thermal environment around the occupants.
The influence of the outdoor wind direction and temperature on the indoor airflow pattern and
the thermal environment was examined based on CFD analysis. As the result, when the outdoor
temperature is higher the air from the natural ventilation openings does not drop near the open-
ings, and it drops at the point farther away than when the temperature is lower. The SVE4 value
of the floor outlet becomes large as the outdoor temperature goes up. For all the wind directions,
the SVE4 of each natural ventilation opening takes the large value around the natural ventilation
openings at the area of near the west-side wall.
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