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The heat island phenomenon has become a problem. For thermal environment improvement, solar shading is effective. 

Planning combined adequately with solar shading effects by buildings and trees leads to positive use of outdoor space. 

In this study, we analyzed the way of trees layout leading to positive use of outdoor space at open plaza and sunken 

garden in large composite facilities. We found that for effective solar shading, it is better to arrange trees distancing from 

south side building over 10m and from east and west side building over 6m. 
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Figure.1 Measurement point at Open plaza (left) 

Figure.2 Measurement point at Sunken garden(right)

2.2  
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Figure.3 A day’s integrated value of solar shading  

by building and trees at Open plaza 

Figure.4 A day’s integrated value of solar shading  

by buildings and trees at Sunken garden 

3.  

3. 1  

 
 
 

 

 

Figure.5 Layout of buildings and trees at Sunken garden

3. 2  

 

 
 

 

 

 

10 o'clock  Buildings(left),Buildings and Trees(right) 

 

 

 

 

 

 

 

13 o'clock  Buildings(left),Buildings and Trees(right)
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17 o'clock  Buildings(left),Buildings and Trees(right)

 Figure.6 Distribution map of direct solar shading of 3 times 

 

 

 

Figure.7 Distance from the building and solar shading of 10 o’clock 
South side building(45m)(upper left), South side 

building(154m)(upper right), East side building(bottom) 

 Figure.8 Distance from the building and solar shading of 13 o’clock 

South side building(45m)(upper left), South side 

building(154m)(upper right), West side building(bottom) 

Figure.9 Distance from the west side building  

and solar shading of 17 o’clock 

3. 3  

 
 
 

 

 

Figure.10 Distribution map of a day’s integrated value of solar shading 
and evaluation point
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Figure.11 Distance from the south side building  

and a day’s integrated value of solar shading 
45m in height(left), 154m in height(right)

 

 

Figure.12 Distance from the east and west side building  

and a day’s integrated value of solar shading

West side building(left), East side building(right) 

 

 

Figure.13 Simple model and evaluation point

South side simple model(left), West side simple model(right) 

20m in height 

40m in height

 

 

 

 

 

 

160m in height 

Figure.14 Distance from the south side simple model  

and a day’s integrated value of solar shading 

 

 

20m in height

40m in height

 

 

 

 

 

160m in height

Figure.15 Distance from the west side simple model 

and a day’s integrated value of solar shading
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Study on performance evaluation of the outdoor Heat Island measures technology 
in large composite facilities 

(Part4) Effects of ground covering materials and shading on radiation environment 
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Urban heat island measure technologies are adopted in large composite facilities. In this study, we evaluated effects of 

improving ground surface materials and shading on radiation environment, and studied appropriate selection of those 

measure technologies. Improving covering materials is effective for mitigation urban heat island, while from the point of 

view of evaluating thermal environment, shading by trees or buildings is appropriate. For providing thermal comfort in 

middle of summer, in addition to shading and improvement of ground covering materials, it is necessary to lower local 

temperature for example by spraying mist. 

 

 

Table.1 Physical property of ground covering materials 
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Figure.1 Building shape, trees and covering materials arrangement (left) 

Area ratio of each ground cover materials (right) 

Figure.2 Range of open plaza (left) 
Area ratio of each ground cover materials in open plaza (right) 

Figure.3 Range of rooftop garden (left) 

Area ratio of each ground cover materials in rooftop garden (right) 

Figure.4 Range of sunken garden (left) 

Area ratio of each ground cover materials in sunken garden (right) 

 

 

 

 

 

 

 

 
Figure.5 distribution map of surface temperature (left), 

distribution map of MRT (right) at 13:00 on August 11, 2013  

  

 

 

 

g ( g )

Range of open plaza (left)t

of sunken garden (left)t
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Figure.6 Diurnal variation of MRT on June 21, 2013 

Figure.7 Diurnal variation of MRT on August 11, 2013 

 

Figure.8 Diurnal variation of MRT on September 23, 2013 

Figure.9 Diurnal variation of surface temperature on June 21, 2013 

 

Figure.10 Diurnal variation of surface temperature 
 on August 11, 2013 

 

 

 

 

 

 

Figure.11 Diurnal variation of surface temperature  

on September 23, 2013 

 

 

Fi 10 Di l i i f f

i i l i i f f

Table.2 upper value of MRT read from sensitivity analysis of SET*at 10:00, 13:00, 17:00 on August 11, 2013 

Fi 6 Di l i ti f MRT J 21 2013

Fi 7 Di l i ti f MRT A t 11 2013
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Figure.12 Area ratio of thermal amenity 

at 10:00, 13:00, 17:00 on August 11, 2013 

 

 

 

 

 

 

 

 

 
Figure.13 Area ratio of shadow and sunny place 

at 10:00, 13:00, 17:00 on August 11, 2013 

 

 

 

 

 

 

 

 

 
Figure.14 Area ratio of ground covering materials in shade 

at 10:00, 13:00, 17:00 on August 11, 2013 

: 1 

1-2, 2014-3 

- 11 pp.134-137 1987 
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in large composite facilities 

(Part5) Effects of trees and obstacles on wind environment 

                  
                  

 
Kentaro AOYAMA*1  Hideki TAKEBAYASHI*1  Etsuko ISHII*1     

Makiko KASAHARA*2  Shingo TANABE*2  Makoto KOUYAMA*2 

*1 Kobe University  *2 Nikken Sekkei Ltd. 
 
Several technologies used as countermeasures against urban heat islands are being applied to redevelopment buildings. 

In this study, we evaluated the outdoor wind environment by focusing on the effects of buildings, obstacles and plants in 

an open plaza, a rooftop garden, and a sunken garden placed. In the open plaza, frequency of low wind velocity is high due 

to wind residence offered by obstacles. In the rooftop garden, frequency of low wind velocity is high due to plants. In the 

sunken garden, wind velocity is slightly low on the leeward side of high-rise building and further low by many plants.  

  
 

 

Figure.1 Wind vectors in the Open plaza (left) 
Figure.2 Wind vectors in the Roof garden (right)    

 

 
Figure.3 Wind vectors in the Sunken garden 
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Figure.4 Averaged wind velocity in the Open plaza 

 

Figure.5 Averaged wind velocity in the Rooftop garden 

 

 
Figure.6 Averaged wind velocity in the Sunken garden 

Table1.CFD calculation condition 

Figure7. Calculation domain

 

 
Figure8. Analysis domain 
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Figure9. Analysis models in three areas 

(buildings, obstacles, obstacles and plants) Figure10. Calculation results of wind velocity in three areas 

 (buildings, obstacles, obstacles and plants)

Figure.11 Wind velocity in the Open plaza  

(buildings, obstacles, obstacles and plants) 

 

Figure.12 Wind velocity in the Rooftop garden  

(buildings, obstacles, obstacles and plants) 

Figure.13 Wind velocity in the Sunken garden  
(buildings, obstacles, obstacles and plants) 
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Figure.17 Percentage of wind area in 3 areas 

(buildings, obstacles, obstacle and plants) 

Figure.14 Frequency distribution of wind velocity in the Open plaza  
(buildings,obstacles, obstacles and plants) 

Figure.15 Frequency distribution of wind velocity 

 in the Rooftop garden (buildings, obstacle, obstacles and plants) 

 
Figure.16 Frequency distribution of wind velocity  

in the Sunken garden (buildings, obstacles, obstacles and plants)
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Study on performance evaluation of the outdoor Heat Island measures technology 

in large composite facilities 
(Part6) the surrounding temperature and humidity environment 

by latent heat and waste heat height of air conditioning 
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In this study, we focus on the latent heat of the cooling tower exhaust heat and the height. To quantitatively compare the 

temperature and humidity distribution around, the simulation is performed in the case of changing the cooling tower to the 

air-cooled outdoor unit and of changing the height. Effect on the space for the use of people, is observed in both cases 

when the waste heat from the foundation part. In addition, the effect of exhaust heat air stagnation tends to be larger is 

confirmed in space where there are high buildings or walls on the leeward side.  

 

 

 
Ta out [ ] Qs

ρa Ca

G Tain

13



 

 
Xaout L0

(= ) Xain

Ql  

 
Table.1 Setting temperature and humidity 

Equipment Number 

( ) 

temperature( ) humidity(kg/ ) 

Cooling 
Tower 

24 35.5 37 0.0240 0.0273 

Outdoor 

Unit 

417 40.7  

Air  32.4 0.0163 

 

 
Figure.  (a) Position of the equipment(Vertical) 

 

 
Figure.1 (b) Position of the equipment(Horizontal) 

 
Figure.2 (a) Layout drawing 

 

 
Figure.2(b) Sectional view 

Rooftop 

Foundation 

a.CT+R      b.CT+F       c.OU+R       d.OU+F 

Rooftop 

Foundation 
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Figure.3 Evaluation area 

 

 

 
Figure.4(a)  Calculation result Leeward side ground (1.5m) 

temperature  

 
Figure.4(b)  Calculation result Leeward side ground (1.5m) 

humidity  
 

 
Figure.4(c)  Calculation result Rooftop space (38.5m) temperature  

 

 
Figure.4(d)  Calculation result Rooftop space (38.5m) temperature  

 

 
Figure.4(e)  Calculation result Roof garden (44.5m) temperature  

Roof garden (45+1.5m) 

Roof garden (43+1.5m) 

temperature( ) 

humidity 
(kg/ ) 

temperature( ) 

temperature( ) 

humidity 
(kg/ ) 

d.OU+F c.OU+R 

b.CT+F a.CT+R  

a.CT+R        b.CT+F 

c.OU+R d.OU+F 

a.CT+R        b.CT+F 

c.OU+R d.OU+F 

a.CT+R           b.CT+F 

c.OU+R d.OU+F 

a.CT+R           b.CT+F 

c.OU+R           d.OU+F 

Leeward side ground(1.5m) 

Rooftop space (38.5m) 
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Figure.4(f)  Calculation result Roof garden (44.5m) temperature  

 

 
Figure.4(g)  Calculation result Roof garden (46.5m) temperature  

 

 

Figure.4(h)  Calculation result Roof garden (46.5m) temperature  

 

  

Table.2  Summary of the effect 

Case Evaluation area temperature( ) 

degree of rise 

humidity(kg/ ) 

degree of rise 

a Ground 0 0 

Roof area 0 0 

b Ground 0.2 0.0004 

Roof area 1.3 0.0031 

c Ground 0  

Roof area 0  

d Ground 0.6  

Roof area 3.1  

 

  
Figure.5 The area impact is thought to have appeared larger 

 

 

 

Wind direction 

temperature 

( ) 

humidity 

(kg/ ) 

humidity 

(kg/ ) 

Equipment 

Large impact area 
c.OU+R            d.OU+F 

a.CT+R           b.CT+F 

a.CT+R           b.CT+F 

c.OU+R            d.OU+F 

a.CT+R           b.CT+F 

c.OU+R            d.OU+F 
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Heat Balance and Surface Temperature of Imitation Plant Leaves Heated by Solar Radiation 
 

  
Keisuke SADOYA*1  Masatoshi NISHIOKA *1  Minako NABESHIMA *1   

*1 Osaka city University   
 

Building greening has been studied as a countermeasure of the heat island phenomenon but building greening has a 
problem for maintenance costs etc. Our research proposes adaptation of the heat island phenomenon as building 
greening by imitation plant and considers lowering effect of the surface temperature of them. As the method, heat 
transfer coefficient of imitation plant and flat plate were calculated by using a moisture transfer coefficient and the heat 
balance. As the result, surface temperature of imitation plant was 6.6~7.5 degree lower and heat transfer coefficient of 
them was 2.03 times greater compared with flat plate. 

1)2)

 

 
 

1
2

0.2mm
70mm 55mm

250

 

(1) 
(2)  

 
Figure.1  Schematic view of test specimen of flat plate 

 

Figure.2  Schematic view of test specimen of imitation plant 
E=k( - ) 

=Lekc 
(1) 
(2) 

E Evaporation of filter paper [kg/ (m2 s)] 

k Moisture transfer coefficient [kg/(m2 s kg/kgDA)] 

 Specific humidity at saturation  
of filter paper 

[kg/kgDA] 

 Specific humiditypiof air [kg/kgDA]  
 Heat transfer coefficient [W/(m2 K)] 

Le Lewis number 0.83 [ ] 
c Humid air specific heat [kJ/(kgDA K)] 

3

 

(Eckert Drake )
(Eckert Drake ) (3) 3)4) 
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 (3) 

 Heat transfer coefficient [W/(m2 K)] 

 Prandtl number [ ] 

ν Coefficient of kinematic viscosity [m2/s] 

λ Thermal conductivity [W/(m K)] 

l Characteristic length [m] 

u Wind velocity [m/s] 

1

3 4
250mm 500mm 50mm

2

0.5mmφ
 

3
5 5

20.6(W/m2 K) 21.1(W/m2 K)
 

450mm 450mm

1

6

1

 
6

0.968
 

Table.1 Experimental condition 
 Thermostatic bath Duct 

Temperature 25.1  19.4  

Relative humidity 39.4  39.4  

Test duration 30 minutes 

Wind velocity 

(flat plate)  

(imitation plant)  

 

0.68m/s 

0.62m/s 

 

1.73m/s 

1.68m/s 

Number 

of experiment 

flat plate 3 

imitation plant2 3 
simple leaf 2 3 

flat plate 3 

imitation plant2 3 
 

Characteristic length 

(flat plate)  

(imitation plant) 

 

0.063m 

0.45m 

 

0.070m 

0.60m 

Figure.3  Filter paper over flat plate cross-sectional view 

Figure.4  Filter paper over imitation plant cross-sectional view 

 
Figure.5 Comparison of imitation plant and simple leaf 

 
Figure.6  Comparison of experimental value of test specimen  

and empirical formula 

Plan view

Filter paper

Plastic film

PVC plate

0.05m

0.05m
300mm

600mm

500mm

250mm

Measurement part of evaporation (50 50mm)

Thermocouple

Cross-sectional view

Plan view

Filter paper
Simple leaf

Thermocouple

Cross-sectional view

Measurement part of evaporation(70 55mm)

Plastic film

600mm

300mm

0

5

10

15

20

25

30

Imitation plant Simple leaf

He
at

 tr
an

sf
er

 co
ef

fic
ie

nt
 [W

/(
m

2
K]

y = 0.9681x + 5.3128

0

5

10

15

20

25

30

35

0 5 10 15 20 25 30 35

He
at

 tr
an

sf
er

 c
oe

ffi
ci

en
t o

f e
xp

er
im

en
ta

l v
al

ue
 

of
 te

st
 sp

ec
im

en
(W

/m
2

K

Heat transfer coefficient of empirical formula(W/m2 K

Flat plate of thermostatic bath Flat plate of duct
Imitation plant of thermostatic bath Imitation plant of Duct
Average

18



 

 
 

 

2014 12 24 ( )
13:17~13:20

13:26~13:29 13:47~13:49 3
13:17~13:20 1

2 3
 

45° 7

8
8

6.6~7.5

 

9
4  9

0

10 11
 

10
31.5~36.0(W/m2)

11

Figure.7 Photographing point of thermal image of test specimen 

 

Figure.8 Comparison of average surface temperature of test specimen 
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20.2(W/m2 K)

 

(1) 

 
 (2)

6.6
7.5

 
 

Table.2 Experimental condition 

 Time 1 Time 2 Time 3 

Temperature 9.9  10.5  10.8  

Solar ( ) 434[W/m2] 418[W/m2] 384[W/m2] 

Solar ( ) 77.2[W/m2] 72.0[W/m2] 61.4[W/m2] 

Longwave( ) 
Flat plate 

Imitation plant 

 
169[W/m2] 

137[W/m2] 

 
171[W/m2] 

135[W/m2] 

 
163[W/m2] 

132[W/m2] 

 

 

Figure.9 The heat balance of test specimen 

 
 
 

 
Figure.10 Calculation results of heat flow 

 

 
Figure.11 Calculation results of heat transfer coefficient 
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Study on improvement effects of hygrothermal performances for EIFS retrofitted condominium 
- Numerical evaluations with multi-zone models by Wufi Plus 2.5 and monitored IAQ -

 

   

   

Hideki SHIBAIKE  Hideumi WAKI  Yumi SAKANE 

Kyoto Institute of Technology 

 

One of the most awaited and urgent measures is the energy retrofitting of existing condominiums built in few 

decades ago. The EIFS renovation is the one of the important feasible solutions for the energy retrofitting of existing 

condominiums with the weaker thermal performance. However it could induce overheating in summer in the hot and 

humid climates. In this study, by using WUFI Plus Ver.2.5, multi- zone hygrothermal simulation results are presented for 

an existing condominium in order to evaluate the performance improvements introduced by an EIFS renovation. It also 

evaluates influences of higher performance windows and internal heat and moisture sources. 

 

30%

EIFS  
WUFI Plus Ver.2.5

EIFS

 
 

(Table.1,figure.1)
EIFS

EPS
75mm 40mm

Table.1
 Figure.2

Zone1:ENT
Zone2:BATH Zone3:LDK Zone4:MB Zone 5:CB

Figure.3 Figure.4
EPS 75mm

40mm  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WUFI Plus Ver.2.5.4.0
 

 
 
 
 
 
 

Table.1 Summary of the investigated condominium 

Construction site  Kyoto Prefecture Kyoto City 
Completion Build in 1976 
Structure ReinforcedConcreteConstruction 
Building Scale 7 storied building 

 191 units 
Floor area/1 unit 57[m ] 

Figure 1 Model of the condominium unit in WUFI Plus 

21



5 CO2

 

Figure.5 Figure.6
LDK

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure.7 , Figure.8

Figure.9

Figure.10
Figure.11

Figure.12 Figure.13  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

Figure.5 No AC temperature profiles w/o insulation Figure.6 No AC temperature profiles w/ EIFS 

Figure.7 Monthly cooling and heating loads w/o insulation 

Figure.3 Wall assembly w/o insulation 

Figure.8 Monthly cooling and heating loads w/ EIFS 

Figure.2 Occupancy Conditions for the model Family 

Figure.4 EIFS wall assembly 
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Figure.14

LDK LDK LDK
Figure.15 Figure.17

LDK LDK
Figure.18 Figure.19

Figure.9 Monthly dehumidification loads w/ EIFS 

Figure.12 Humidity ratio profiles w/o insulation Figure.13 Humidity ratio profiles w/o EIFS 

Figure.10 Humidity ratio profiles w/o insulation Figure.11 Humidity ratio profiles w/o EIFS 
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EIFS
WUFI Plus Ver.2.5

 
80%  

 

 
    

Figure.14 Mean Water Content of Concrete Figure.15 Monitored temperature profiles in the West unit 

Figure.16 Monitored temperature profiles in the South unit Figure.17 Monitored temperature profiles in the East unit 

Figure.18 Monitored humidity ratio profiles in the South unit Figure.19 Monitored humidity ratio profiles in the East unit 
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Study on Heat and Moisture Properties of Desiccant Cooling System
with Phase Change Materials and Desiccant Materials

(Part6) Time Variation of Moisture Content, Temperature Distribution and Humidity of
Packed Bed with Silica Gel and PCM 

Shunsuke TANAKA*1    Yoshihisa MOMOI *1     Kazunobu SAGARA*1

Toshio YAMANAKA*1     Hisashi KOTANI*1  　

*1  Osaka University  
 

 Recently, desiccant cooling system has attracted our attention, from the point of view of global warming and in order to 

to verify the reduction of the temperature rise by using desiccant cooling system with phase change materials and desiccant 
materials by experiments and numerical simulation. In this paper, the results of measurements and calculation of moisture 
content, temperature distribution and humidity of a PCM and silica gel packed bed are reported.

PCM Phase Change Materials

PCM

PCM

PCM
PCM

Figure 1

WAKO
190-00471 A

10L/min
A&D GX-8000

2

ESPEC SH-221
25

20 50 80 93
376.4g

PCM Figure 2
PCM

JSR GP011
10L/min

PCM Table 
1 200mm

40mm 5 K
(1) (5)

silica gel packed bed

perforated plate
hygrometer

(ESPEC RS-13)
mass flow controller

babbling tank

dry air

wet air

silica gel tank

thermostat bath
ESPEC SH-221

temperature-controlled room 25

maximum flow rate:10L/min

P

valve

feedbackelectric balance (A&D GX-8000)

stainless steel pipe
φ100mm

200mm

40mm

40mm

Figure 1 : Measurement Device
(Moisture Content Measurement)

PCM packed bed

perforated plate

temperature-controlled room 25 or 38

stainless steel pipe
φ60mm

thermal insulator

thermocouple

PC

data logger
(cadac)

200mm

(1)
(2)
(3)
(4)
(5)

40mm

same as fig.1

Figure 2 : Measurement Device
(Phase Change Temperature Measurement)
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37 PCM
25

38

PCM
PCM

Table 2
Figure 3

Figure 4
PCM

12cm PCM 20cm
PCM 2.8mm

4.0mm
vaisala HM70

MICHEAL JAPAN
OPTIDEW Remote

1)
110 3

201.9g

2)

70 30%

3) PCM
86.4g 25

PCM

4) 25

70%
5) K

6)

(1)
4

Figure 5
A

PCM Figure 6,7

31
35 Table 1

Figure 
8,9

PCM 48

(1)
(2)
(3)
(4)
(5)

Outlet
Temperature

20
0m

m

(1)
(2)
(3)

12
0m

m

Silica Gel Packed Bed PCM & Silica Gel Packed Bed

Outlet
Humidity

Inlet
Temperature

Outlet
Temperature

Outlet
Humidity

Inlet
Temperature

Figure 4 : Measurement Points
Table 2 : Measurement Condition

temperature [ ] relative humidity [%] humidity ratio  [g/kgDA] temperature [ ] relative humidity [%] humidity ratio  [g/kgDA]
Silica Gel Only 25 70 14.0 70 30 65.1 5.0 2.94

PCM & Silica Gel 25 70 14.0 70 30 65.1 5.0 2.94

flow rate [L/min] face velocity [cm/s]regenerative air (initial condition)process air

Figure 5 : Moisture Content Curve
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Figure 3 : Measurement Device

packed bed
(h=120or200mm)
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same as Fig.1

P

Table 1 : Property of PCM
name

CALGRIP® PM507
product part number

GP001
material part number

PM507
melting point [ ]

32
freezing point [ ]

33
latent heat of melting [J/g]

200
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Figure 10 (2)
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Figure 10 : Adsorbed Amount and Moisture Content
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Figure 11 : Equilibrium Achivement Ratio
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Influence of the cavity structure between the particle inside that gives it to evaporation 
properties of granular water-holding materials and the particle 

 
        

 
Yorikazu YASUI*1  Atsumasa YOSHIDA*1  Shinichi KINOSHITA*1 

*1  Osaka Prefecture University   

 

The water retentive pavement by porous materials is proposed as one of the mitigation measures for urban heat island

For the deterioration of evaporation performance of  the materials in the drying process, performance improvement by 

means of granular porous media is considered. The effect of internal pore structure and particle size related to the 

inter-particle void structure on the evaporation performance of granular water retentive material are experimentally 

evaluated by drying tests with thermostat and wind channel. 
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Table.1 Physical properties of porous media samples
Carbon 

particle 

size 

m

Specific heat 

[kJ/(kg K)]

Moisture 

conductivity 

[ 10-10m/s] 

Permeability 

[ 10-9m/s]

Thermal 

conductivity 

(Dry condition) 

[W/(m K)]

100 1.45 7.06 3.49 0.260

6 1.94 7.04 2.53 0.244
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Fig.2 Direct picture of wind channel duct 
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(c) 100 m 3     (d) Non-carbon 15 

Fig.3  Porous clay ball samples 
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Fig.4 100 m carbon mixed sample (a) temperature transition 
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Fig.5 6 m carbon mixed sample (b) temperature transition 
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Fig.6 100 m carbon mixed 3 sample (c) temperature 
transition 
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Fig.7 Non-carbon sample temperature transition 
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Fig.8 100 m carbon mixed sample (a) temperature transition 
in higher humidity 
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Fig.9 Non-carbon sample (d) temperature transition in higher 
humidity 
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Fig.10 100 m carbon mixed sample (a) temperature 
transition in higher wind speed 
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Fig.11 No carbon sample (d) temperature transition in higher 
wind speed 
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Fig.12  Moisture content transition 
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Fig.1 Measurement Point 

Fig.2 CFD Calculation Domain 

 
 

Simulation of thermal environment in districts with unpaved alleys during summer 

 

 
Yuichiro NOGUCHI*1  Noriko UMEMIYA*1  Tomohiro KOBAYASHI*1   

*1Osaka City University 

 
To ascertain unpaved alley effects on heat island mitigation, a survey was administered in Osaka during summer 

2012. In this study, using CFD, the predicted values of temperature were compared. Furthermore, the temperature 

distribution and SET* distribution were analyzed. Major findings are presented below. 1) For the directions of 

unpaved alleys that parallel the wind direction, the mitigation is greater than when they cross the wind direction. 2) 

In the case of high wind speed, SET* is mitigated up to 0.6 K, but temperature is not mitigated. 3) In case of rainfall, 

temperature is mitigated up to 0.3 K; SET* is mitigated up to 0.4 K. 
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Fig.8 base model:temperature distribution(18:00) Fig.9 base model:temperature distribution(0:00) 
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Fig.17 SET* Difference 0:00  

Fig.16 Temperature Difference 0:00  
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Study of techniques for inter-regional comparison about air temperature sensitivity of electric 
power supply

Talahiro MITSUKURI*1  Hiroshi MIYAZAKI*1  Kosuke KITTAKA*1

*1  Kansai University

air temperature sensitivity of electric power consumption in 
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Impact of Changes in Power Generation Mix on Air Pollution in Kansai Region 

 

 ( )  ( )  ( ) 

Takashi OGAWA*1  Ryusuke YASUDA*1  Atsumasa YOSHIDA*1 

*1  Osaka Prefecture University 

 

We estimated the emission from thermal power plants in Kansai region when all nuclear power plants were shut down, 

and evaluated the influence on air pollution in Osaka region using WRF/Chem model under a typical mid-summer 

condition. The results show that when all nuclear power plants were shut down the emission from thermal power plants of 

general electricity utilities in Kansai region which has highly depended on nuclear power generation became about twice. 

O3 concentration decreases near the emission sources while increases in remote area. 
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Fig.1 Annual NOx emission of KEPCO[1] 
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Fig.2 Annual NOx emissions from each GEU in each case 
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Table 1 Calculation condition 

 Grid1 Grid2 

Grid Interval (km) 6 2 

Number of Grids 60×60 52×52 

Central Coordinate (lat., lon.) 34.672 135.480 

Number of Vertical Grids 28 

Vertical Grid Interval (m) Lowest Layer 57 

 

 

Fig.3 Thermal power plants in calculation area 
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Fig.4 NOx concentration in Base Case (Grid2) 
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Fig.5 Difference of NOx concentration (No Nuclear Case – Base Case) 
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Fig.6 O3 concentration in Base Case (Grid2) 
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Fig.7 Difference of O3 concentration (No Nuclear Case – Base Case) 
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Fig.8 AOT60 in Base Case (Grid2) 

 

 
Fig.9 Difference of AOT60 (No Nuclear Case – Base Case) (Grid2) 

 
Fig.10 Difference of AOT60 (Energy Saving Case – No Nuclear Case) 

(Grid2) 

 

2

50-100ppb h 5.4% 100-150ppb h
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1.0% 200-250ppb h 17.0%
250-300ppb h 5.3%  
 

Table 2 Number of grids by accumulated concentration 

[ppb h] 50-100 100-150 150-200 200-250 250< 

Base 635 387 298 242 38 

No Nuclear 601 412 295 283 40 

Energy Saving 600 407 294 278 40 
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Validity assessment of air quality model in Inner Mongolia 
 

     

     

     

So SUGASAWA*1  Tatsuya KOJIMA*1  Hikari SHIMADERA*1  Akira KONDO*1  Yoshio INOUE*1  Hai BAO*2 

*1  Osaka University  *2  Inner Mongolia Normal University 

 

The fast economic growth of China caused significant increase in air pollution emissions. During 2000-2009, IMAR had 

the best economic growth rate in China. In this study, the Community Multiscale Air Quality model (CMAQ) driven by the 

Weather Research and Forecasting model (WRF) was used to evaluate the air pollution in IMAR. The validity assessment 

of the model was showed that it reasonably captured the observed meteorological variables and PM2.5 concentration. In 

addition, the backward trajectory analysis indicated that IMAR’s high concentration days were caused by large 

anthropogenic emissions in Central China and the dust from deserts. 

 

 

2471 118.3 km2 1/8

2000 2009 9
 

 

 

United States Environment Protection 
Agency: US EPA
Community Multiscale Air Quality system CMAQ

CMAQ

Weather Research Forecasting model WRF

CMAQ
Model for Ozone and Related Chemical Tracers version 4

MOZART-4   
 

2013 12 27 2014 8 31
2014 12 27 12 31 5
2014 1 1 2014 8 31

45 km
WRF 140 100 CMAQ

 128 88
100 hPa 30  

PM2.5

4 1 PM2.5

6 1
CMAQ

Figure.1  
WRF  

WRF 3
3.5.1

WRF
4

Planetary Boundary Layer: PBL

WRF Table.1  
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Figure.1 Calculation domain and observatory 
 

Table.1 WRF configurations 

configuration

Version ARW 3.5.1

Initial and boundary NCEP FNL, MSM-GPV, RTG-SST-HR

Land use USGS 24-category data
Horizontal grid number 140 100

Vertical grid number 30 surface -100 hPa layer

Explicit moisture WSM-6

Cumulus Kain-Fritsch

PBL YSU scheme

Surface layer Noah land-surface model

Radiation RRTM and Dudhia

FDDA 3.0 10-4 s-1
 

CMAQ  
CMAQ 3

5.0.1 CMAQ

CMAQ Table.2  
CMAQ NOX SO2 CO NH3 VOC PM2.5 Coarse 

Particle NOX PM2.5

VOC CMAQ
Shimadera

 

INTEX-B Version1.2 REAS Version1.11  

JATOP Emission Inventory-Data Base 
2011 Automobile Source JEI-DB2011-AS

EAGrid2010-Japan  
Arctic 

Research of the Composition of the Troposphere from Aircraft 
and Satellites ARCTAS

 

Table.2 CMAQ configurations

configuration

Version 5.0.1

Horizontal grid number 128 88

Initial and boundary Made from MOZART-4

Honrizontal/vertical advection Yamartino/WRF-based scheme

Horizontal/vertical diffusion Multiscale/ACM2

Photolysis calculation CCTM in-line calculation

Gas phase chemistry SAPRC-99

Aerosol AERO 5  

 
Model of Emissions of Gases and 

Aerosols from Nature MEGAN 2.04

 
 

WRF CMAQ
R

Mean Bias Error MBE Root Mean Square Error RMSE
Index of Agreement IA  

Emery

MBE ≤ ±0.5 °C IA ≥ 0.8
MBE ≤ ±1 g /kg IA ≥ 0.6 MBE 

≤ ±0.5 m /s RMSE ≤ 2 m /s IA ≥ 0.6 
knot

 

UTC 
0 12

PM2.5

6
4

 

 
2m

10m 4
2014 1 1 0 8 31 23 UTC

12 2014
1 1 0 7 31 23 UTC+9

Table.3
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Table.3 Meteorological variables and statistical indicator 

Obs Sim R MBE RMSE IA

Beijing
Temperature[ ] 15.53 15.80 0.98 0.27 2.20 0.99
Mixing ratio[g/kg] 7.20 6.13 0.96 -1.07 1.97 0.96

Shanghai
Temperature[ ] 16.80 16.76 0.96 -0.04 2.72 0.98
Mixing ratio[g/kg] 10.70 10.42 0.98 -0.27 1.23 0.99

Shenyang
Temperature[ ] 10.99 10.77 0.98 -0.22 2.65 0.99
Mixing ratio[g/kg] 6.89 6.68 0.97 -0.21 1.40 0.98

Hohhot
Temperature[ ] 9.43 8.78 0.98 -0.66 2.46 0.99
Mixing ratio[g/kg] 4.60 4.19 0.93 -0.40 1.47 0.96

Osaka
Temperature[ ] 15.51 14.00 1.00 -1.51 1.80 0.99
Mixing ratio[g/kg] 8.00 7.13 0.99 -0.87 1.18 0.98  
 
Emery

MBE IA 20 17
MBE

MBE 3

R RMSE

 

45km

 

1knot m/s
0.514

 
CMAQ

WRF

 
PM2.5

U.S. Department of State Air Quality 
Monitoring Program  

Table.4 PM2.5 concentration and statistical indicator  

PM 2.5 [μg/m3] Obs Sim MBE RMSE IA R

Beijing 97.00 128.06 31.07 49.74 0.90 0.88
Chengdu 84.43 100.08 15.65 37.58 0.84 0.76

Guangzhou 49.53 75.11 25.58 38.63 0.69 0.68
Hohhot 40.00 33.23 -6.77 21.56 0.79 0.70
Shanghai 49.94 79.11 29.17 37.58 0.77 0.88
Shenyang 69.74 70.86 1.12 25.29 0.87 0.78

Osaka 19.83 16.55 -3.28 7.10 0.90 0.86  
 

5 UTC+8 1 PM2.5

 

  
6 2014 1 1 0 8 31 23

UTC+8 2014
1 1 0 8 31 23 UTC+9

Table.4 PM2.5

Figure.2 PM2.5

Figure.3 PM2.5

 
PM2.5

Zhao

 
 

PM2.5 3
Hybrid Single-Particle 

Lagrangian Integrated Trajectory version.4 HYSPLIT4

1 5
1 3

PM2.5 Figure.4  
Figure.3 2 24
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1 31 4 22

Figure.4(a) PM2.5

Figure.4(b) PM2.5

Figure.4(c) PM2.5

Zhang
PM2.5

 

 

 

Figure.2 Time series of PM2.5 concentration in 

(a)Beijing, (b)Osaka 

 
Figure.3 Time series of PM2.5 concentration in Hohhot 

and high concentration days 

 

 

 
Figure.4 PM2.5 concentration distribution and Backward trajectory 

analysis on (a)31-Janualy, (b)24-Februaly, (c)22-April 
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( 2 ) 
Analysis on detailed energy consumption structure in the large composite facility 

 

  

      

  

Hiromi OKUBO*1 Kohei TAKU*1 Kazuki MITAMURA*1 Yoshiyuki SHIMODA*1  

Hiromasa TANAKA*2 Shingo TANABE*2 

*1Osaka University *2Nikken Sekkei Ltd. 

  

In this study, the detailed energy consumption in the large composite facility is analyzed. The results are as follows. : 1) 
The primary energy consumption of heat demand accounts for a large percentage and that is influenced by the outdoor 
temperature. 2) The energy consumption of kitchen equipment and city gas has a high correlational relationship with 
number of visitors. 3) There is cold water demand on Fan coil unit (FCU) in winter because of excessive heating by the 
Outdoor-Air Processing Unit (OPU). 4) There is slightly hot water demand on FCU in summer because of the hunting 
phenomenon. 

 
 

1)

BEMS 2)

 
3) 2013 9

2013 7
2014 6

 
 

1  
Table 1

127,000
(

) 56,000 44%

VAV

3) A
B 249   
 

2  
1)  

Table 1 Information of the building 
Information A building B building 
Location Osaka City, Osaka Prefecture 
Floor number 38 floors above ground/3 floors under ground 
Total floor area About 300,000m2 About 200,000m2 
Main use 

 
Office, Hotel, Serviced residences 
Convention, Commercial facility 

Heat source 
equipment Central heat source system (gas and electricity) 

Air conditioning 
system 

Fun coil unit (the load of internal processing) 
Outside air treating air conditioner  

Commercial 
facility 
The hours of 
operation*  

Retail:9:00 21:00 Retail:9:00 21:00 
Restaurants: 
11:00 28:00 

Restaurants: 
11:00 23:00 

Restaurants(Sunday and 
national holiday before 
weekdays): 
11:00 23:00 

*There is 
exceptions by 

stores. 

Tenant 75 stores 174 stores 
Tenant area About 30,000m2 About 26,000m2 
Period for 
Investigation July 1,2013 June 30,2014 

Figure 1
( )

( )
 ( ) FCU

2)  ( )
64(TJ/ ) 21%

98(TJ/ ) 31% 3

Figure 2
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Figure 1  Breakdown of Primary energy consumption in each 

usage 
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Figure 2  Changes of primary energy consumption per day 
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Figure 3 Breakdown by industry group (Left: primary energy 

consumption, Right: floor area) 
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Figure 4  Primary energy consumption per unit 
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Figure 5 Primary energy consumption per unit (except for heat 

demand) and Visitors ratio 
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Figure 6 Relation between primary energy consumption per 

unit & visitors ratio (Restaurant)  
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Table 2
11 00 4 00

11 00 23 00

Table 3 4)

 

3.36 GJ/m2

3.16 GJ/m2 Table 
3

3.26GJ/m2

3.59GJ/m2

5)

4.4%   

23%

 
Table 2 Primary energy consumption of Commercial facility 

 
Total 
(TJ/year) 

Energy Intensity 
(GJ/m2/year) 

An entire Commercial 
facility 428.8 3.36 
Except for log hours of 
operation stores 394.8 3.16 

Table 3 Primary energy consumption by business type (DECC 
Data base)  

 
6  

Figure 2 FCU

Figure 7
10 ~21 1
FCU

FCU

 
(12 2 ) B FCU

Figure 8
B1F 2F 3F 5F

Business 
type 

Sam
ple 
size 

Floor area( m2) 
Primary energy 
consumption per unit 
(MJ/m2/year) 

Average standard 
deviation Average standard 

deviation 
Department 
Store 92 3.26×104 2.5×103 3.26×103 8.4×102 

Shopping 
center 245 3.4×104 3.56×104 3.59×103 1.77×103 
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FCU

Figure 2
FCU

Figure 9
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Figure 7 Hourly cold and hot water demand (winter) 
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Figure 8 Primary energy consumption on FCU for every floor 
(B building) 
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Figure 9 Hourly cold and hot water demand (summer) 
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Relation between Outdoor Thermal Environment 
and Fall Accidents Incidence in a Home for Elderly People Receiving Care 

 
   

   

 

Yuya AZUMA*1  Noriko UMEMIYA*1  Tomohiro KOBAYASHI*1  Maito TAKAGI*1 Yusuke NAKAYAMA*1 

*1 Osaka City University 
 

This study analyzed the relation between the outdoor thermal environment and fall accident incidence in a homes for 

elderly people receiving care during the past three years. Fall accidents account for most accidents of elderly people. After 

analyzing 1) temperature, 2) relative humidity, 3)PMV, and 4) air pressure as outdoor environment, results showed that 

temperature, relative humidity, and PMV are affected strongly by differences among seasons. However air pressure has no 

relation. Results demonstrate the possibility of reducing fall accidents through adjustment of air-conditioning. 
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Fig.4 Location where Fall Accident occurs Fi 4 L ti h F ll A id t
Number of Month 

s
Sum 

Private Room 
Dining Room 
Etcetera 

Corridor 
Dressing 
Room 

Entrance 
Bath Room 

Fig..1 Nursing Care Level and Fall Accident 
Number of Month 

Sum 

Support 1 

Nursing  
Care 3 

Support 2 

Nursing  
Care 4 

Nursing  
Care 1 
Nursing  
Care 5 

Nursing  
Care 2 

0  

5  

10  

15  

20  

25  

30  

H22 H23 H25 3

Fig.3 Time when Fall Accident occurs 

3 years 

5 

10 

15 

20 

25 

Pe
rc

en
ta

ge
 

(Data are converted each time into in one hour.) 

N
um

be
r o

f C
as

es
 

Number of Month 

Number of Cases 
Number of Cases by the Person who Fall Down  
More than Twice (During One Month) 
Real Number of Cases 

Fig.2 Number of Fall Accident according to the Month 

(Data are the totals for three years.) 

1 2
1 2

 80 90

Fig.2
2

3

1
 

Fig.3
1

9 00 11 45

Fig4

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig5 Fig8 PMV

 
Fig.5 3

Percentage 

Percentage 

58



 

Fig.6

3

22 23
60

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7

1.00 0.58
0.92 1.53

-10  
-5  
0  
5  

10  
15  
20  
25  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

Spring(3 5) 

-10  
-5  
0  
5  

10  
15  
20  
25  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[

Tenperature[ ]

Summer(6 8)

-10  
-5  
0  
5  

10  
15  
20  
25  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

Autumn(9 11)

-10  
-5  
0  
5  

10  
15  
20  
25  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

Winter(12 2

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

H22

-4  

-2  

0  

2  

4  

6  

8  

10  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

H23

-4  

-2  

0  

2  

4  

6  

8  

10  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

H25 

-4  

-2  

0  

2  

4  

6  

8  

10  

0  5  10  15  20  25  30  35  

In
ci

de
nc

e[
]

Temperature[ ]

3years

Fig.5  Temperature and Fall Accident 
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Fig.6  Relative Humidity and Fall 
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Fig.7 PMV and Fall Accident 
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Fig.8 Air Pressure and Fall Accident 
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Design Methods of Community Space in School Building
Field Survey on Actual Usage of Countryard and Adjacement Indoor Space 

 in Junior and Senior High School

 

Jun HANADA*1    Takeshi SAKAGUCHI *2  Toshio YAMANAKA*1  Hisashi KOTANI*1   
Yoshihisa MOMOI*1  Kazunobu SAGARA*1 Cheng ZHANG*1  

*1Osaka University　*2Takenaka Corporation

( )

1

(Fig. 1 - Fig. 2)

Fig.2

  In this study, design method of community space in school is proposed. Recently the community space in school have 
been important factor when students choose new school. Environment elements(such as temperature, globe temperature, 
relative humidity, wind velocity, illuminance and solar radiation), questionnaire and visual survey in court and indoor space 
to comprehend feature of the place were investigated. In this paper, the result of the research in   spring.

Table 1

　Fig. 2 ■ 1
1 2 2

10

4

Fig.2 Plan of Object Space

Visusal Investigator
Measurement Point

Hall West

Hall East

Court North

Court South

Fig.1 Layout Drawing 

Playground

Court

Schoolhouse

Schoolbuilding

Area of Fig. 2
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Table.1 Measuring Equipment

Fig. 7  Wind Velocity in 1st day(6/16)
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Fig. 5 Relative Humidity in 1st day(6/16)
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Fig. 8  Wind Velocity in 2st day(6/17)
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Fig. 10  Solar Radiation in 2st day(6/17)
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Fig. 12  Illuminance in 2st day(6/17)
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Fig. 11  Illuminance in 1st day(6/16)

Fig. 6 Relative Humidity in 2nd day(6/17)

Measuring item Measuring Equipment point of height(mm) 
Temperature T&D RTR53 500
Globe Temperature CLIMATEC C-BB-7.5cm 800
Relative Humidity T&D RTR53 500
Wind Volocity Field Pro 200-WS01B-5 1100
Illuminance T&D TR-74Ui 650
Solar Radiation Field Pro SP110B-L3 650
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Fig. 15に
Fig. 16に

Fig. 15 、

Fig. 16

(a) Diurnal Variation of Number of Occupants at Court and Hall  in 1st day (6/16)
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(b) Diurnal Variation of Number of Occupants at Court and Hall  in 2nd day (6/17)
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Fig.15 Visual Investigation of Diurnal Variation of Number of Occupants

(a) in 1st day(6/16)
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Verification of the Effects on Energy-saving Technique in an H-Office 
Part 1 Effectiveness of Lighting and Air Conditioning Control System 

by Detection Sensor that can count the Number of Human 
 

    
   

Ryohei OTA *1 Tomoyuki CHIKAMOTO *1 Katsumi OKA *2  Syunsuke NAKAJIMA*2 Myonghyang LEE *1  
*1 Ritsumeikan University, *2 Osaka Gas Co., LTD. 

 
The purpose of this study is inspecting effectiveness of lighting and air conditioning control using detection sensor that 

can count the number of human. Measurement and questionnaire survey were conducted in the office having the sensor 

control in summer. With the control, electric energy of lighting was reduced. Furthermore, the result shows that the air 

conditioning control is some possibility of reducing GHP gas consumption when there are few workers in the office. It 

improved the comfort of workers by controlling range of room temperature. 
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H

 

 Tab.1 H 1
2 3

 
 
 
 
 
 
 
 
 

H
2 8 3 14 6

8

1
Figs.1  

 
 
 
 

Figs.1 Detection sensor and photography image

Detection sensor 

Tab.1 Building outline
Location Kobe City, Hyogo

Total floor space Approximately 2100 
Building area Approximately 700 

Number of floors 3 floors
Building use Office
Construction Steel construction

Office workers Approximately 200
Completion year November, 2013
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Fig.3 1
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Tab.2

 

7 28 8 10
9 1 9 14 3

1
2

 

2 3 Tab.3
Fig.4 PMV

2 3 1 PMV

BEMS

 

Fig.2 Lighting control flow chart 

Humans  No human 

One minute later, the lighting 
turns OFF. 

When there are humans in the 
area, the lighting is ON. 

When there are no human in 
the area, the lighting is OFF. 

No human  Humans 

The lighting turns ON as soon 
as humans enter the area. 

Tab.3 Measurement items  
Mark Measuring

equipments Measurement items Interval Points

Detection sensor Number of human 1 min.
1 point

in each area
Sensing range - - -

PMV meter
PMV,Air temperature,

Humidity,Radiation
temperature,Velocity

10 min. 2F 1point
3F 2 points

Thermometer and
Hygrometer

Air temperature,
Humidity

1 min. 1 point
in each area

Fig.3 Calculation method of increase and decrease of human 

 
 

 
 

25min. 
mean 

It is applied for the setting 
from 9:30 to 9:59. 

Increase and decrease of human 
5min.mean 25min.mean 

5min. 
mean 

Fig.4 Plan and measurement position 

2F 3F 

1  3  5  7  

2  4
 

6  8  

The square number 
is area number. 

North 

South 

2  
 

4  6  

1  3  5  

7  9  11  13  

8  10  12  14  

Tab.2 Preset temperature table of the air conditioning in summer 

+0.5 +1.5
±0.5

-1.5 -0.5
-1.5

Indoor temperature

Continue the last setting temperature

+1.5

Increase and decrease 
of human 
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Fig.5
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Fig.6
 

 Fig.5

Tab.5
2

21% Fig.6
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Fig.7 Fig.8

Fig.8
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Seated place Gender Age Occupation Clothes Return 
time Dwell time Cooling room use or not Ceiling fan use or 
not Thermal sensation vote Humidity sensation Air current 
sensation Comfortable sensation 

Tab.4 Questionnaires 
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Fig.5 Integrated quantity of lighting consumption  
and mean number of human 

Lighting consumption Mean number  of human

Lighting consumption in North Lighting consumption in South
Mean number of human in all Mean number of human in North
Mean number of human in South

2F 

3F 

 Automatic control 
using detection sensor 

 Manually operated 
control  

 Automatic control 
using detection sensor 

 Manually operated 
control  

Tab.5 Weekday total electric energy of lighting 

Area
Automatic control

using detection sensor
Manually

operated control
2F

3F North
3F South
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Fig.6 Change of lighting consumption and the number of human 
in representative day

Fig.7 Change of gas consumption and the number of human 
in representative day 
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Verification of the Effects on Energy-saving Technique in H-office 
Part 2 Influence Investigation of Optimum Temperature and Perfume in Cooling-room 

 
 

    
   

Myonghyang LEE *1 Tomoyuki CHIKAMOTO *1  Ryohei OTA *1 Katsumi OKA *2  Shunsuke NAKAJIMA *2 

*1 Ritsumeikan University, *2 Osaka Gas Co., LTD. 

 
Cooling-room is the air-conditioning space that can provide feeling of coolness by turn down air-conditioning or the 

airflow by fan to remove the outside worker’s thermal storage in summer. It is assumed that outside worker want to turn 
down air-conditioning temperature if the outside workers enter the work room soon after return to office. However, the 
desk worker may feel cold at that temperature because metabolic rate is low. Also, the cooling load is increased to turn 
down air-conditioning of the work room. In this study, the influences of temperature, stay time, airflow and perfume in the 
Cooling-room are verified by questionnaire survey. Furthermore, optimum temperature in the Cooling-room is calculated 
from hot/cold sense declaration value of questionnaire survey. 
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Fig. 1  First floor plan 

 
Photo 1  Cooling-room appearance Fig. 2  Cooling-room plan 

Tab. 1  Outline of Cooling-room 
Installation location Near the first floor entrance 
Total floor area About 82 m2 

Dimension Width 2,660 mm Depth 3,095 mm 
Height 2,610 mm 

Equipment Air-conditioning, Ceiling fan 

1
2 3

2 1 1
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Tab. 2  Measurement summary 
Object persons Field workers 

Questionnaire survey days Jul.  
Aug. 

28 
25  

Jul.  
Sep.  

29 
2 

Set point temperature 
of air conditioning.  

Office 27 deg. 
Cooling-room 25 deg. 

Ceiling fan User selectable 
Perfume Peppermint or Vanilla 

Tab. 3  Questionnaires 
Age / Gender / Job description / Clothes / Sensitive to heat or cold before 
entering the Cooling-room/ Posture / Stay position / Stay time / Return to 
office time / Ceiling fan use or not / Air current sensation / Comfortable 
sensation / Thermal sensation / feeling of coolness 

 
(1) Temperature 

 
(2) Relative humidity 

 
(3) Mean radiative temperature 

 
(4) Velocity 

Fig. 3 Measurement value 
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Tab. 4  Analyzing conditions 
 Parameters Conditions 

Case 1 Temperature of 
Cooling-room 

Under 24 deg. 
Case 2 Above 24 deg. 
Case 3 

Stay time 
1 to 3 minutes 

Case 4 3 to 5 minutes 
Case 5 5 to10 minutes 
Case 6 Above 10 minutes 
Case 7 Airflow With ceiling fan 
Case 8 Without ceiling fan 
Case 9 Perfume Peppermint 
Case 10 Vanilla 

 
Fig. 4  PMV and thermal sensation vote 

 
(1) Temperature (2) Relative humidity 

Fig. 5  The influence of temperature and humidity 
on sense declaration value 
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(1) Cooling-room 

 
(2) Work-room 

Fig. 6  The influence of Temperature (Thermal sensation) 

 
(1) Thermal sensation 

 
(2) Comfortable sensation 

Fig. 7  The influence of stay time in work-room 
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(1) Cooling-room 

 
(2) Office 

Fig. 8  The influence of ceiling fan (Comfortable sensation) 

 
(1) Comfortable sensation 

 
(2) Feeling of coolness 

Fig. 9  Influence of perfume 
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1)

2)

　 3)

Table 
1 0.70Mpa

 In a room where odor is a big issue to keep the indoor air quality good, odor is basically reduced by increasing air change rate.
If it is possible to decrease odor by using deodorant, air change rate can be decreased, which makes a contribution to energy 
conservation and decrease of running  cost. This study focuses on prediction of the deodorizing effect for mist sprayed with a 

Deodorizing Effect of Deodorant Mist Sprayed with a Misting Nozzle 
（

Toshihiro NISHIDA*1 Toshio YAMANAKA*1 Hisashi KOTANI*1

Yoshihisa MOMOI*1 Kazunobu SAGARA*1 Yuta AWAMURA*1

*1 Osaka University

( )
Fig. 1

100mm 700mm 100mm
Table 2

1mg

Fig. 2
0°,30°,60°

Manufacture
Model Number 1/4M KB 80063N S303-RW

Nozzle Hole Diameter[mm] 0.22
Fluid Pressure[MPa] 0.70

Initial Mass Flow Rate of Mist[L/hr] 2.00

H.Ikeuchi&Co,Ltd

Spray Pattern

Spray Angle[°]

Hollow Cone

80 Spray
 Angle[°]

Table 2  Spray Time at Each Vertical Position [s]
100mm 200mm 300mm 400mm 500mm 600mm 700mm

80 120 900360300 900900
Fig. 2  Rotation Angle for Measurement 

of Mist Flow Rate Distribution
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0° Fig. 3
Fig. 3 LINE A LINE B

30°,60°

Fig. 3
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Fig. 3  Change of Mist Flow Rate Distribution in Vertical Position
in case of Ratation Angle 0°
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Fig. 6  LDV Instrument Layout  Plan & Elevation

Fig. 8  LDV Coordinate Axis
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  [kg/{m2 s (kg/kgDA)}]

  [J/(kgDA K)]

  at constant pressure
    =1004.6 [J/(kgDA K)]

  at constant pressure
    =1846.0 [J/(kg K)]
:mass transfer rate [kg/(m2 s)]
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kx

Cpm
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Cpv

M

:Reynolds number [-]
:indoor velocity [m/s]
:distance from leading edge [m]
:kinematic viscosity of air [m2/s]
:convective heat transfer 

2 K)]
:thermal conductivity of air [W/(m K)]
:Nusselt number [-]
:Prandtl number [-]
:humidity ratio [kg/kgDA]
:Lewis number [-]

Table 3 4), 5)

(3) (5)
(6) (7) (8)

[m] [s]
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18
45 0.5[m/s]

17 30
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Table 3  Evaporation
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Fig. 10  Z-Mist Flow Velocity Distribution

Fig. 11  XY-Mist Flow Velocity Distribution
below 700mm from the Nozzle

Fig. 12 Comparison of Air and Mist Flow Velocity
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Table 1
Fig. 1 

Deodorizing Effect of Deodorant Mist Sprayed with a Misting Nozzle
(Part 10

Yuta AWAMURA1    Toshio YAMANAKA*1    Kazunobu SAGARA*1

Hisashi KOTANI*1    Yoshihisa MOMOI *1    Toshihiro NISHIDA *1     
*1  Osaka University

 Predicting the behavior of spray from the nozzle is necessary to establish the design method of spray 
deodorant system. Therefore, this study focuses on predicting the behavior of spray from a one-fluid nozzle. 
In this paper, the characteristic length ratio of mist flow to airflow is determined from measured value, and the 
impacts to analysis results given by two unknown characteristic values are examined by parametric analysis.
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Basic Study on Unsteady Olfactory Response
(Part 14) Evaluation Method of Odor Intensity by Cross Modarity Matching

 

Ryota TAKAHASHI*1    Toshio YAMANAKA*1    Akihisa TAKEMURA*2  
 Hisashi KOTANI*1    Yoshihisa MOMOI*1  　Kazunobu SAGARA*1　  

*1  Osaka University  *2  Setsunan University    
 

It is necessary to investigate into response olfactory in order to realize suitable environment. But it there are no method 
to evaluate adequately variation in olfactory response affected by adaptation. In this study, the subjects were exposed to 
odor and they evaluate odor intensity with cross modarity matching because we  of odor 
intensity. They mathed odor intensity to A-weighted sound pressure level. We understood it is necessary to study on 
subject's difference of sence of sound volume and the possibility to evaluate odor intensity by A-weighted sound pressure 
level.
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(Part 1) Perceived Air Quality Evaluation by Visitors and Occupants 
by Odor Free Room Method

Kyoko YAMADA*1 Toshio YAMANAKA*1    Akihisa TAKEMURA*2

 Hisashi KOTANI*1 Yoshihisa MOMOI*1 　Kazunobu SAGARA*1　  Kaoru IKEDA*1

*1  Osaka University *2  Setsunan University

  

2

2 1000

2

2

　1000

1

2

2015 1

2

1 6

2

T&T
22 25 6

Table 1

Man* Woman*
2015/1/6 12(3) 10(0)

2015/1/13 10(3) 8(0)

11(3) 8(0)

Remarks columnNumber of OccupantsDay
During the experiment:
One man and one woman entered the room.
Two men and two women exited the room. 

2015/1/20

During the experiment:
One man  entered the room.
Two men  exited the room. 
During the experiment:
One man  exited the room. 

( ):Number of Smokers*

45604560
9120

4510

a

b

c
d

e

f

g

hCO2 recorder
Thermo-hygrometer

Circulator

Air conditioner Air conditioner

Opening
(w*h=800*2040) Opening

(w*h=1010*2060)

Corridor

Elevator hall :

Partition wall
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Evaluation 
(Part 2) Perceived Air Quality Evaluation by the Window Type Odor Free Room Method  

Kaoru IKEDA*1    Toshio YAMANAKA*1    Akihisa TAKEMURA*2

Hisashi KOTANI*1    Yoshihisa MOMOI *1   Kazunobu SAGARA*1　Kyoko YAMADA*1    
*1  Osaka University  *2  Setsunan University    

 
  There is a CO2 concentration standard to keep indoor environment good. CO2 concentration is an index of perceived air 

. However, we call for different perceived air quality in each case. Accordingly, we 
should examine the method of perceived air quality evaluation. This paper shows the results of the exposure experiment of 

 and we consider to the scale for evaluation and the difference between occupants and visitors.
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Fig. 1 Laboratory plan
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Study on Energy Conservation by the Installation Interval of Air Conditioner Compressor Unit

Masahiro ORUI*1 Hiroyuki KITAHARA*2

*1 The Kansai Electric Power Co., INC *2 Total System Lab.

The purpose of this study is the verification for Energy Conservation by the Installation Interval of Air Conditioner

Compressor Unit. If the interval at the back is small, there is a concern of stopping air conditioning by the high pressure

breakdown. And if the interval at the front is small, there is a possibility that air conditioning capacity and overall

efficiency is reduced by a short circuiting of the exhaust air. A result of examining the appropriate the intervals, at the back

was found to be 10cm or more, at the front was found to be able to open as much as possible.

5cm

1)

1

Table.1 Specifications of the air-conditioner for experiments

11
1

JIS DB7 /WB6
DB35 /WB24

25
LDK

18

2,338

5.4

6.3

2,200

7.1
1,850

2,490

760

2,340

780
Air blowing amount of Air-conditioner indoor
unit Strong wind (m3/h)

air-conditioning

heating

The rating ability kW

The rated power consumption W)
Air blowing amount of Compressor Unit

Rapidly (m3/h)
Air blowing amount of Air-conditioner indoor
unit Strong wind (m3/h)
Air blowing amount of Compressor Unit

Rapidly (m3/h)

heating

annual electricity consumption (kWh)

AFP

air-conditioning
The rating ability kW

The rated power consumption W)
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Figure.2 Relation between Power consumption and Air blowing the

wind velocity of compressor Unit (heating)

Figure.3 Relation between Temperature difference of Suction –
Blowout air and Humidity of Intake air for Air-conditioner indoor unit

(heating)

Figure.4 Relation between Ability and COP (heating)
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Figure.5 Relation between Power consumption and Air blowing the

wind velocity of compressor Unit (air-conditioning)

Figure.6 Relation between Temperature difference of Suction –

Blowout air and Humidity of Intake air for Air-conditioner indoor unit

(air-conditioning)

Figure.7 Relation between Ability and COP (air-conditioning)

Figure.8 Relation between Power consumption and Temperature of

Intake air ,Air blowing the wind velocity of compressor Unit (heating)

1.0
1.2
1.4
1.6
1.8
2.0

3.0

4.0

5.0

6.0

20cm 10cm 5cm 2cm Po
w

er
co

m
su

m
pt

io
n(

kW
)

A
bi

lit
y

fo
rh

ea
tin

g(
kW

)
C

O
P

The Space at the back of Compressor Unit

Ability for air-conditioning(kW)
COP
Power comsumption(kW)

0.0
0.5
1.0
1.5
2.0
2.5
3.0

12.0

12.5

13.0

13.5

14.0

20cm 10cm 5cm 2cm

H
um

id
ity

di
ff

er
en

ce
of

In
ta

ke
ai

r&
B

lo
w

ou
ta

ir
g/

kg
')

Te
m

pe
ra

tu
rd

iff
er

en
ce

of
In

ta
ke

ai
r&

B
lo

w
ou

ta
ir

The Space at the back of Compressor Unit

Temperatur difference of Intake air & Blowout air
Humidity difference of Intake air & Blowout air

95



Figure.9 Relation between Temperature difference of Suction –

Blowout air and Humidity of Intake air for Air-conditioner indoor unit
(heating)

Figure.10 Relation between Ability for heating and COP (heating)

Figure.11 Relation between Power consumption and Temperature of

Intake air ,Air blowing the wind velocity of compressor Unit (air-

conditioning)

Figure.12 Relation between Difference of temperature of Suction –

Blowout air and Humidity of Intake air for Air-conditioner indoor unit
(air-conditioning)

Figure.13 Relation between Ability and COP (air-conditioning)
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Resduction of Transmitted Solar Gain Using Evacuated Tubular Collectors on Building Façade  

Heat Balance of Building Skin and Effects of Solar Heat Utilization for Air Conditioning  

 
 

Tomokazu YOKOTA*1 Masatoshi NISHIOKA Minako NABESHIMA*1 
*1 Osaka city University   

 
Since transparent solar radiation contributes to the cooling load increases, the thermal barrier technology is required. In this 

study, we propose a thermal barrier heat collection mechanism to reduce cooling load and heat dissipation. Based on 
condensing experiments, it was studied effect of solar heat utilization for air conditioning by LCEM tool. At oblique incidence, 
condensing magnification decreased with increasing of focal line width. Result of estimation, direct solar radiation reaching 
windows of 40-50[%] in Case1 is heat collection amount in sunny day. Case1 using solar heat is 2.3 [MWh] accumulated 
energy is smaller than Case4 that isn’t utilized. 

1980
[1]

2

+ 60 [%] [2] Figure 1  
[3]

Figure 2

 
[3]

 

 

 

1
Figure 3

Figure 4  

2014 12 2015 1
G  

 

 
Figure 1 Double skin heat 

balance in the summer [2] 

Figure 2 A thermal barrier

heat collection mechanism 

  
Figure 3 Cross-sectional 

view of a Fresnel lens 

Figure 4 Condensing of 

linear Fresnel lens 
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Figure 5

XYZ

Table 1

8 
[mm]  

Figure 5

150 150 [mm] 150 [mm]
XYZ

Table 2  

2 [mm] 8 [mm] 60
5.7 [%]   

 (1)  

 (2)  

X
Figure 6

60  

XYZ

Figure 7 XYZ
 

a X  
X

X 21.7 [-]  

 
Figure 5  Experimental 

apparatus(Above: plan view, 

below: side view) 

Table 1 Experimental 

apparatus constructs 
 

1.optical axis alignment device 
2.solar radiation sensor 
3.solar radiation sensor 
4.installation base 
5.solar radiation sensor 

Table 2  XYZ stage 
 measurement range[mm] 

X-axis 0 50 
Y-axis 0 50 
Z-axis 30 +28 

 

  (1) 

  (2) 

IC condensing solar radiation [W/m2] IS sky solar radiation 
[W/m2] rC condensing magnification [-] ID direct solar 
radiation [W/m2] F opening ratio [-]  
subscript net net m measurement point N normal surfacfe 

  
Figure 6 Measurement of condensing solar radiation 

 
Figure 7 Condensing magnification on the XYZ axis 

 
b Y  

Y Y=0
21.4 [-] Y=1 1 [-]  
c Z  

Z 22.4 [-]
Z=0

8 [mm]
Z= 7.6

7.6 [mm]  

10 30

 

0
5

10
15
20
25

0 1 2 3 4 5

[-]

X [cm]

X

0 1 2 3 4 5
Y [cm]

Y

0
5

10
15
20
25

-3 -2 -1 0 1 2 3
Z [cm]

Z
1/24
1/25

98



Hecht[4]

Figure 8

f

Z
Table 3  

1/24 Figure 9  
a 10  

Z=0.2[cm] 9.8 [-]
Table 3

 

b 20  
Z=0[cm] 9.2 [-]
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10  
c 30  

Z 10
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10 30
Figure 10 Y
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BLine Figure 11(a) rcollect

1 [-] BPipe BLine Figure 11(b) rcollect

1  (4)  
c  

 
Figure 8 The focal 

plane of the lens [4] 

Table 3 The focal point of the 

theoretical 
Lens rotation 

angle 
10  20  30  

Distance 
from the lens 
center [mm] 

152.3 159.6 173.2 

Z  [cm] 0.23 0.96 2.32 
 

Figure 9 Condensing distribution on Z-axis when the lens rotation 

 
Figure 10 The focal 

line width at the 

oblique incidence 

 
(a) BPipe BLine (b) BPipe BLiine 

Figure 11 Heat collection situation 

  (3) 

IC condensing solar radiation [W/m2] ID direct solar radiation [W/m2]
Al lens area for condensing solar radiation reaches the sensing part [m2]
As Sensor sensing part area [m2] F opening ratio 5.7[%]  

  (4) 

  (5) 
rcollect heat collection surface arrival rate [-] Bpipe heat collection surface 
width [m] BLine Focal line width [m] Bl Lens width [m] r’c
Light collection efficiency that was transparent lens correction [-] 

 
Figure 12 Incident angle and the heat collection surface arrival rate 
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LCEM
 

3 [K]

 

[5]

Table 4 4

87.4 [m2] 30
174.7 [m2]

 

8/10
6/1 9/30  

Case1 3 8/10
Figure 13 Case1 Case2 60

Case1 40 50 [%]
  

6/1 9/30 122
Figure 14 Case1

Case4

Case4
1.48 [MWh] 41.5 
[MWh] Case3  

 

 
 

Case1

40 50 [%]
Case1

Case4 2.3 [MWh]
 

Table 4 Estimates conditions 

Conditions 
Solar energy utilization 

form 
Outside air 
processing 

Room load 
processing 

Case1 

Linear Fresnel lens 
(rotation tracking) 

+ Evacuated Tubular 
Collectors (fixed) 

Desiccant air 
conditioner 

cooling 
dehumidification 
air conditioner 

Case2 

Linear Fresnel lens (fixed) 
+ Evacuated Tubular 

Collectors (movement 
tracking) 

Desiccant air 
conditioner 

cooling 
dehumidification 
air conditioner 

Case3 
Plate type heat collector 

(wall fixed) 
Desiccant air 
conditioner 

cooling 
dehumidification 
air conditioner 

Case4 
Solar power panel 

(wall fixed) 
Desiccant air 
conditioner 

cooling 
dehumidification 
air conditioner 

 
Figure 13 Comparison of the heat collection amount 

(Tokyo standard years 8/10) 

 
Figure 14 Cumulative power consumption of the cooling period 
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Indoor Thermal Environment and the Verification of the Effect of Renovation in 
Existing Staircase Type Apartment House in Summer 

 
       

Hiroyuki OGINO*1 Tomoyuki CHIKAMOTO*1 Yoichi TANABE*1 

*1 Ritsumeikan University 

 

The purpose of this study is to examine the indoor thermal environment in the old existing staircase type 

apartment house by the questionnaire and the measurement, and to verify the effect of the improvement by 

the renovation, e.g. high insulation of the wall and window, in summer. 

 

 
 
 

 

 
 

Table 1 Outline of the apartment building 

Figure 1 
Plan of entering  
north type apartment (3DK) 
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Table 2 Outline of the subjects

Table 3 Living activities(Subject E) 

Figure2 Skin and room temperature 

Table5 List of the renovation 

Figure5 Measurement points 

Figure3 Location of the renovation  

Table6 
Measuring instruments 
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Figure7 (case1) Room temperature (left: before renovation, right: after renovation) 
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Figure6 Study case plan 

Figure8 (case2) Room temperature (left: before renovation, right: after renovation) 

Figure9 (case1) Room humidity (left: before renovation, right: after renovation) 

Figure10 (case2) Room humidity (left: before renovation, right: after renovation) 
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Figure11  Vertical temperature distribution in north room 
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Figure14 (case2) Window & ceiling & floor temperature 
(up: before renovation ,down: after renovation) 
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Figure13 (case2) Globe temperature 
(up: before renovation ,down: after renovation) 
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(up:case1,down:case2) 
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Verification of Energy Saving Efficiency through the Partial Repair of Fusuma and Ceiling  
for Kyo-Machiya House 

 
 
 

. 
Kazuyuki HARADA*1  Tomoyuki CHIKAMOTO*1  Mitsuo TAKADA*2  Shushi DOI*2  Keiichiro NARUKAWA*3 

*1  Ritsumeikan University  *2  Kyoto University  *3  Kyoto City Housing Corporation 
 

Houses that have low energy-saving performance need to be more airtight and high insulation. Therefore, we repaired 

"Kyo-machiya", traditional house in Kyoto, to improve the insulation performance in this research. On the repair work, 

we did not insulate all over the outer wall currently in use, but repaired partially adjusting the residents' lifestyle. It’s thermal 

environment was analized in this paper. 
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Survey on Hot Water Supply System in a Fitness Club
 

         

      
Shotaro SAKAI*1 Shuichi HOKOI*1 Tsutomu GOI2* Shinichi DOI2*

*1 Kyoto University  *2 Kansai Electric Power Co. INC.

 
In Japan, there are 1,040 fitness clubs and they have almost three million members. In a fitness club, large heat loss 

from a hot water supply system may be expected because a large amount of hot water is circulated almost all day long. In 

this study, the temperature and the hot water flowrate were measured to calculate heat loss in a fitness club in Kansai area, 

which has a swimming pool, four large baths, and showers.
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Figure 1 Hot water supply system
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Figure 2 Hot water system on the roof floor

Figure 3 Water leakage from piping on the roof floor

Figure 4 Discoloration of pipe insulation on the roof floor

Figure 5 Heat bridges of hot water storage tank

Figure 6 Heat bridges of piping on the roof floor

Figure 7 Thermograph around the filter unit for bath

Figure 8 Hot bulb and sensors
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Fig. 9 Water temperatures and flowrate at inlet/outlet of hot water tank 
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Figure 10 Hot water temperatures and electric consumption for pomp 
of pipes between hot water tank and cogeneration system
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Figure 11 Temperature and flowrate of supplied water

to hot water tank
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Figure 12 Temperatures of circulating hot water for heat supply 
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Fig. 13 Temperatures of hot water flowing in heat exchanger for pool 
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Fig. 14 Thermograph around heat exchanger for pool (not operating) 

 
Fig. 15 Temperatures of hot water around heat exchanger for bath 
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