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Table 1 Calculated peeling distance

Case|  Air Volume Movable Height of Outlet Air Velocity Peeling Distance
Blade h Uy Xmax

0.069 m 48m/s 7.6m

L 600 m¥h
O 0.069 m 48m/s 7.6m
0.069 m 2.4 m/s 43m

M 300m¥h
O 0.046 m 3.6m/s 55m
0.069 m 12m/s 25m

S 150 m¥h
@] 0.018 m 4.6 m/s 56m

3% Width of outlet: w=0.5m, Centerline velocity constant: K, =4.3, Temperature difference: At,=8.0°C

Table 2 Specifications of the full-scale test room

Dimensions 13.0m*580m x2.85m
Architectural Material 42mm Insulation Panels
Interior Decoration (Floor) Carpet

(Walls, Ceiling) Paint application

Maximum Air Volume: 3,000 m%h

Cooling Capacity: 22 kW

Heat Exchange Amount: 5.0 kW
Heat Transfer Area: 0.82 m?
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Table 3 Specifications of the radiation panels

Surface Aluminium Sheet
Thermal Insulation Material GW-32K 25t
Refrigerant Water
Temperature of Panel Surface 16.0-40.0°C
Panel Area 1.62 m?/panel
0.099 Wim?
Cooling Capacity Indoor Temperature: 22 °C,
Supply Water Temperature: 8.0 °C
0.159 Wim?
Heating Capacity Indoor Temperature: 26 °C,

Supply Water Temperature: 45 °C

Extension cord

Fig.9 Outline of the simulated load of people
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Fig.12 Experimental situation
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Table 4 Overview of thermal environment measurement

Supply Air Set Room . . . %
Temper Tomperature Air Volume Air Velocity Heat Load
CASE-1 160 C 260 C 890 m’h 44n/s 3.0kW
CASE-2 160 C 260 °C 622m’h 4.1m/s 2.1kW

*The structural heat load was simulated with 6 radiant panels on the wall facing the outlets.
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Table 5 Experimental conditions

Supply Air Set Room . . 5 "
T fure T fure Air Volume Air Velocity Heat Load'
CASE-3 18.0°C 26.0°C 1,364 m¥h 4.7 m/s 37kW

* Structure: 317 W, Light: 576 W, People: 966 W, Equipment: 1,800 W
*The structural heat load was simulated with 6 radiant panels on the wall facing the outlets.
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Table 6 Environmental measurement items

13,000 mm

1.500 mm

2.000 mm 1,000 mm 2,000 mm 2,000 mm 1,000 mm 2,000 mm

JERRElair flow

Vortex generation

Measurement Measurement I\/Il\le::uﬂ:eelrnoefn Measurement Measuring
Item Height Points Interval Equipment
Temperature
A| adtumidty | FL+600mm 3 1 min Thermo Recorder
onaDesk (TR-72nw)
Three-
dimensional
Air Velocity 0.1 sec ultrasonic
anemometer
O FL+1,100 mm 3 (DA-700-90T)
Radiation . Globe
1 min
Temperature thermometer
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Table 7 Average values of thermal environment measurement

1.500 mm

. 5 Temperature Humidity ona Radiation
Al Velocity onaDesk Desk Temperature
Point A 0.07 m/s 260 C 425 %RH 259 C
PointB 0.30m/s 258 C 44.7%RH 264 °C
Table 8 PMVand SET*
Point A Point B
Amount of Clothing
PMV SET* PMV SET*
Male 048 clo 01 248 C -03 242 °C
Female 053 clo 02 251 C -0.2 246 C
Comfort Range: -05=PMV=05
220°C=SET*=26.0C
Table 9 DR of Point A and Point B
Point A Point B
ta Local Air Temperature 260°C 258°C
vV Local Air Velocity 0.07 mis 0.30mis
VS d Standard Deviation of Air Velocity 0.03 0.13
Tu Turbulent Intensity 451% 438%
DR DR 27 282
Comfort range: DR <<20%
1.0
E 0.8
2 06
8
§ 0.4
= 02
= 0
0.0
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Fig.20 Time transition of air velocity (Point B)



Table 10 Subject overview

Number of Peaple 44 people (Male: 28, Female: 16)

Age 2010 69 years old, student or working adult

Amount of Clothing Male: 048 clo / Female: 0.53 clo

Short-sleeved shirt, inner short-sleeved shirt, socks, thin suit pants,

Mal
¢ pants, leather shoes

Clothing

Female Camisole, short-sleeved blouse, vest, skirt, stockings, pants, sandals
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Table 11 Questions about the thermal environment 2
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In the construction of office buildings, it is important to ensure economy, energy efficiency
and comfort. One such air-conditioning system that can reduce the amount of equipment
and materials required to build the air-conditioning system is a ductless air-conditioning
system using the Coanda effect. The Coanda effect was discovered by Henri Marie Coanda
and is known as the phenomenon in which fluid adheres to and moves on a smooth surface.
A ductless air-conditioning system using the Coanda effect conveys air without ducts, as air
blown from a wall flows along the ceiling surface due to the Coanda effect. By adopting this
method, duct space in the ceiling becomes unnecessary. In addition, there is an item in
CASBEE-Wellness Office stating that a refreshing space can be provided if there is a ceiling
height above a certain value and windows that provide outdoor information. The adoption
of this air-conditioning system in renovation work is also expected to improve the wellness
rating.

On the other hand, variable air volume control has become a mainstream energy-saving
technology in office buildings, and it is necessary to consider how to respond to this trend.
There are some examples of this air-conditioning system being applied in office buildings,
but none of them can be said to actively support variable air volume control, although
measurements and simulations have been made to take it into account.

Therefore, in order to make the air-conditioning system compatible with variable air
volume controls, we devised a system using air outlets with an opening area that is variable
with the use of internal blades. By using these outlets, air-conditioned air can be carried to
a farther distance even at a low air volume, and the entire room can be efficiently air-
conditioned.

In this study, full-scale experiments were conducted to verify the effectiveness of a Coanda
air-conditioning system compatible with variable air volume controls that meets the
economic and energy conservation requirements for office buildings.

First, we confirmed that a good temperature environment can be formed even at a small
air volume where temperature uniformity is disadvantageous and at a large air volume
where drafts could occur.

Next, thermal comfort was evaluated by subject experiments at a large air volume where
the airflow was easily affected. The PMV and SET*, which were comfort performance indices,
were within the comfort range at all points in the room, although large air velocity was
occasionally observed at the point where the air-conditioned air entered the occupied zone
(the air jet region). However, DR, which was the draft evaluation index, was outside the
comfort range in the air jet region. Based on these results, in order to verify the effect of this

airflow on human comfort, we conducted experiments on subjects in the jet flow and the still



air region. The results showed that the thermal environment was comfortable in both
regions.
These results show that this air-conditioning system is a Coanda air-conditioning system

that can maintain comfort regardless of the state of the variable air volume controls.



