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Verification and Evaluation of Indoor Environment and Energy Performance in Urban Hospital

Part 7: Evaluation of Heat Source System and Humidification System Performance

for 3 years after Starting Operation
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This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental load and

enrich the quality of cure environment. This paper shows the operative situation and performance evaluation of the heat

source system and humidification system for 3 years after starting operation.
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Table.1 List of heat source equipment

No. Cooling Heating | Unit
AHP-601 |Thermal storage 420 kW 308 kW lset
Non-storage 447 kW 309 kW
AHP-602 |Thermal storage 837 kW 656 kW lset
Non-storage 893 kW 659 kW
SR-B101 520 kW - 1
WHP-B101 39 kW 45 kW 1
HEX-B101 408 kW 338 kW 1
HEX-B102 816 kW 675 kW 1
HEX-B103 1,300 kW | 1,300 kW 2
CH-T 1,100m’ 1
AHP: Air source heat pump chiller
SR: Water source screw chiller
WHP: Ground source heat pump chiller
HEX: Heat exchanger
CH-T: Chilled and hot water tank
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Figure.1

Heating and cooling system diagram
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Figure.6 Comparison of outdoor temp. and heat source COP
(AHP-602 Heating)
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Figure.2 Comparison of product heat amount and outdoor temp.
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Table.2 Subject of evaluation for outdoor air handling unit

2' 1 j]uiit/x%jé‘d)wg System No. Type of AHU Ai:'n\:;)/l;:;'ne Syit:;:tic
é%ﬂg&:ﬁﬁ%ﬁﬁg ““}‘) j—é EJ}EI 'ﬁ_‘@:ﬁz\/l/f'\-v—{ﬁ% m Vaporizing humidifier & AC-0103 Compact type 4500 Radiation
IR L LESTRE VD, 2 OB O— I KKFIA ki A ’ oo
BRZNWZ LR DT OID, ZIUTERERMRF OB 6 ﬁ‘lfﬁfiﬁffﬁ?ﬁfﬁ ACg01 | COMPIRLPE | 3ggg | OPerating
EOILE, PHEOIMEIRE T EABIRL TS
& %2_ Ehé 3 Electnchklll::(-jti}filzre steam AC-0602 Com/;ie;;jtype 3,000 Icu
ABETIE, Z DA TEH L ZRWZER Y AT AT System(1) | Vap orizing humidifier & Bypass
ﬂiﬁa@ ( {Z':jju{ﬁii@ 96%) :ﬂfbmﬂ(ﬁﬁ'ﬁ%?*ﬁﬁ L/\ . Water Vaporizing
HIN AR AR5 i TOU SR LTS Flter_coil  humidifier
B OBMBIAIIBLE LR & LT, N EJ , =
2.2 FHEXROBE 0A WD @
Tab.2 [Z5Hiix5e & L7z AVULBRZEFR AT, Fig.8 12
ZEIRROBEAPN 2 77T, 5T, INE D E/R DD 3
R e L, Bypass  “yp
y ystem DX ZEFR N Vaporizing humidifier &
hnite =) [S (D] D&+ 22T S A Svstem(
SRRV 2R D DRER D A T 2 H&%W ) ystem(2) Electric heat-type steam humidifier
SHTIMBEEIT S, I E(2) [System(2)] OFEEAZE VaF’O”Z'”g humidifier
SR+ SACAIMBLEORIL, SN T 2 Filter co?f” o E'tiétrﬂﬁﬂﬁffdffyﬁf
HERA TV, AR5 2 AT IR Tl 0 . It 528
(3) [System(3)] IFHEAAZEXIMBARD AT K - TN % 00_>||_._5_ o 10—
175 T 5, 0 oW 2 A
2.3 HREBT R EDEER
Tab.3 K%éﬁﬂﬁiﬁ\/ VX —RORE R System(3) | Electric heat-type steam humidifier
B L TZE S o A VIS CEHA LR R B
AT L COP ODJ%#(%%L%)_ LT Lo TRROIREE Filter Lvatel  Electricheat type
coil steam humidifier
B ONRAK OIGEN AR D =3V — %3l L 7=, FEEAC
AR TR Lf:buﬂﬁﬁ(z)\‘ @y \TEJJD‘@%% . . EJ s TR
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¥ The numbers in this figure support with numbers in Table 3.

Figure.8 Schema of outdoor air handling unit
Table.3 Definition of outdoor air processing energy efficiency

Sign (1) Vaporizing humidifier 2 Vaporizing humidifier & 3) Electric heat-type
& Bypass Electric heat-type steam humidifier steam humidifier
1. State point in the air
diagram (DEntrance of water coil (DEntrance of water coil (DEntrance of water coil
(@Exit of water coil (@Exit of water coil (@Exit of water coil
(®Exit of humidifier (3Exit of Vaporizing humidifier (3Exit of steam humidifier
(@Exit of steam humidifier
QO @ ®
“: ©) g ® ? ®
o) B P o
1
2. E d © e X — MJ o X — MIJ - X MJ
nergy consume: D-0 Qe X5p M | ©O—-@ QX op MJ] |[©®-© QX op [MJ]
2-Q 0 MJ] [@-0 0 Ml | @-0 Epy X3.6 [MJ]
@@ FpuX3.6 MJ]
&t Qe X35 M1 | &E Qc x L E.x36 M) | &E Qc X L E.x36 MJ]
COP C copP hu C cop hu
Outdoor air
processing load L 1®-0 pxVx(hi-h2) MI] | O—-@ pxVx(hi-h2) Ml [O—-B3 pxVx(hi-h2) MI]
Outdoor air
4.  processing energy A vc [-] vc [-] rc [-]
efficiency

2% COP:System COP[-], Qc:Load of water coil[MJ], Ehu:Power consumption of Electric heat-type steam humidifier[kWh], h1:Enthalpy of AHU exit[KJ/kg(DA)],
h2:Enthalpy of AHU entrance[KJ/kg(DA)], Vaair volume[m3], p:Air density[kg(DA )/m3]
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Figure.11 Comparison of distribution of outdoor air processing
energy efficiency (System(1))

EX)

B AT DMIHOWTEGERAGAFOEEIZL Y SR D
COP 73] 4% & & 612, AHP @ COP 134 )0MERE
HEFFL CWND Z L2l LT,

IS AT T2 TIE, ARBEOSA, BT AT A
COP DHHIENZ & D EEAAZERINEAR L D H&
(EAMZERDIE 9 DIFVKILFLT R IL B —ZhRMPREN T &
AHER LT,

8 & XM

1) REFH - BiEM  FBHYRBEOENEREE - =RV —MERED
FRAIE « R (56 1 h~55 6 ), 25N -k Topasumal 3G
FERFEETLEE, 2014, 3~2016. 3

2) AEM - R - A - it RESTIAYRRE O SENERES « =X
JLF—MERBOORRGE - FHIIIIE (BB 1 #h~85 13 ) , Z5X@0Fn -
TR TR NGRS, 2013. 9~2016. 8

l ® System(1) xSystem(2) © System(3) ‘ BSystem(3) B System(2) lSys(em(l4

2.7 < =
; Average of period ra=A<2T
System(1):1.62

24 ey System(2):1.41
= System(3):1.18 21=A<24
221 oo TBRE X e
3 18=A<21
&OE) 1.8
g 18 oA - 5 -5~
5] : 15=A<18
> r
enl5 f------- -
Z 122A<15
g
212 fe--nn- o3
vg 09=A<12
S O
=t % ] 0.6=A<09
o :

0.6 [------ 0==---%- e (il

! ! 03=A<0.6
0.3 : :

0 200 400 600
Frequency distribution

100
Outdoor air processing load [MJ]
Figure.10 Distribution of outdoor air processing energy

efficiency (January 2016)
 January, 2014
27 - . — =
3 242A<27 .
_24 :
- : 215A<24
221 o
2 '
% 18=A<2.1
18 o
2 P
g 15=A<18 ro
on 1.5 I i
£ .
§ 122A<1S | |
212 P
o L i
g 09=A<1.2
509 = —
£ ; P
g i 0.6=A<0.9
06 -
' ' ' ' ' 3 ' ' ' 03=A<06 [
03 : : : : . : : : P

0 5 10 15 20 25 30 35 40 45 50

0 200 400 600
Enthalpy difference (h1-h2) [kI/kg(DA)]

Frequency distribution

o 2z 8 bS] 2 3 g 4 2

Yy Y Y Y vV VvV Vv v Vv Vv

M M x = * > > » *

I Vi vi Vi vi Vi
= Vi Vil " ° " ° b o o
£ 0= " = = & & 2 3 5 <
2 L
‘f:j I = January,
1 2014
z
g January
1 )
g 2016
2
=600

Figure.12 Comparison of distribution of outdoor air processing
energy efficiency (System(3))



A-26

#HHERREDERNIRE
(£ 8%R) MIE3II—

- TRILE—IEREDIREE -
AvIZB B E— Ry TF 5 —OREAMMERESEE

FH

Verification and Evaluation of Indoor Environment and Energy Performance in Urban Hospital

Part 8: Longtime Performance Evaluation of Ground Source Heat Pump System

in Three Seasons after Completion
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This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental load and
enrich the quality of cure environment. This paper shows the longtime performance evaluation of ground source heat pump

system
operation time of ground source heat pump system.
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Table.1 Specification of machine

ks R R ik TERE (W)
AHIEES 39kW  COP:3.8
K  14°C > 6°C  71L/min
WHP-B101 ﬂfﬁi*ﬂﬁf AHEIK  30°C — 35°C 142L/min 10.21
o TFS— nqz&ﬁ%n 49kW  COP:3.9 _ 12.56
Bk 38°C — 46°C  88L/min
BJEK 12°C — 7°C 106L/min
PCH-B201 — RABKE VT 32¢ x 94L/min X 15mmAq 0.75
PCD-B101,102|  ZEKE VT 32¢ X 150L/min X 25mmAq 2.2

Table.2 Specification of heat exchanger
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Figure.1 Heating and cooling system diagram
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Figure.2 Sectional view of heat exchanger
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Table.3 Operation pattern in the winter
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FEE AT < H -9:00~19:0! SEH -9:00~19:0! £ H -9:00~19:01
BH | smw e &5t | BH | smw i &5t | BH | smw P &t
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We developed the automatic fault detection method for the office building eguipments which is based on the electric

power consumption data. This is one of the efficient technologies which are useful for energy saving of buildings. We

installed this detection system to an office building and verified its effectiveness after adjusting the parameters.
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Fig.2-a Number of operation fault detections per day
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Planning and Implementation of Best Mix Air Conditioning System
in the Commercial Facility
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*1 Takenaka Corporation

Hirakata T-SITE opened in May 2016 is a commercial facility that proposes lifestyle through books, planned in front of

Hirakata City Station located at the midpoint between Osaka and Kyato. In this building, we aimed for an air conditioning

system with energy savings, cost savings, and high environmental friendliness, by the best mixof GHP and EHP as

air conditioning system. We report on these plans and implementation based on actual energy consumption values after the

start of operation.
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Tablel Amount of monthly electric power

88 | 98 | 18 | 1A | 128 | 1A
KW
RiE(E 1,066 1,001 921 737 808 954
HmEE 1,563 1,329 1,086 804 956 1,144
RiEE (ZERADH) 403 338 258 74 145 291
EE (TFHDH) 900 666 423 141 293 481

Table2 Amount of monthly electric energy

88 | 98 | 1wA | uAg | 1A | 1A
KWh
(DEHP_ | _ 112203 _ 79745 39539 | 32473| _ 53945 _ 86227
EHRME |@GHP 5,161 4,197 2,558 1,498 1,853 1,882
D+@ 117,364 83,942 42,097 33,971 55,798 88,109
B (®EHP(GHP) 149,853 85,734 29403 32473 58,769 59,391
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D+® 262,056 165,479 68,942 64,946 112,714 145,618
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Planning and Commissioning on ESCO Project
by Institute of Laser Engineering ,Osaka University
(Part2) Commissioning and Improvements at the Second Year ESCO Service
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*1 Sanki Engineering Co Ltd.

Energy consumption has decreased in the second year of ESCO service period by 11 % in comparison with the previous

year to attain a reduction of 51 % from the value before the improvements owing to removal of the failures detected in the

first year of ESCO Project as well as due to the tuning for further energy saving by Institute of Laser Engineering, Osaka

University.
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Cascade Energy Use of Chilled Water for Air-Conditioning by Pipeline Renovation
Possible Introduction Conditions of Cascade Energy Use
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In cascade energy use, we use chilled water for air-conditioning more than once. It is expected to reduce air-conditioning

energy. In this paper, we consider the operation system and introduction effect of cascade energy use. Through some

simulations, we suggest two operation systems of selecting the number of the coil rows and distributing chilled water to the

first and second coils. It is shown that room temperature is properly maintained in the both operation systems, but sometimes

room temperature rises and falls in the former operation system. It is also shown that the both operation systems can conserve

energy compared to discrete heat source system.
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Table2 Thermal Load and Number of Coil Rows (Cascade(Typel))

Tablel  Coil Rated Value
4 Row Coil 8 Row Coil
qro 85.20 kW 146.88 KW
ds.0 54.97 kW 77.64 KW
qLo 30.27 kW 69.23 kW
Vao 3mds 3mdfs
V.o 280.8 L/min 561.6 L/min
taino 34°C 34°C
tw.ino 7°C 7°C
DP,, 22.09°C 22.09°C
qr.o : Nominal Total Heat [KW]
ds.0 : Nominal Sensible Heat [KW]
QLo : Nominal Latent Heat [kW]
Vao : Nominal Air Flow [m?/s]
Vo : Nominal Water Flow Rates [L/min]
ta.ino : Nominal Return Air Temperature [°C]
tw.in.o : Nominal Water Inlet Temperature [°C]
DP,, : Nominal Dew Point Temperature [°C]

Room Load Number of Rows
First Second First Second
Low Load 20kW 12kW 8 Row 8 Row
Medium Load 20kW 16kW 4 Row 8 Row
. @ 8Row | ORow
High Load 20kW 20kW
10h -0l @) ORow | 8Row
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Table3 Input Condition

First Second
Water Inlet Temperature 7°C -
OA Temperature and Humidity | 30°C - 50% | 30°C - 50 %
Setting Room Temperature 25°C 25°C
Room Volume 2000 m? 500 m?
Air Flow 3.0m3/s 3.0m3/s
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Table4 Operation Pattern (Cascade(Typel))

Number of Rows
First Second
11:00~11:30 4 Row 8 Row
8 Row 0 Row
11:30-16:00 0 Row 8 Row
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Study on heat recovery from hot spring
-Evaluation of degradation character of heat exchangers and discussion about potential for improvement
in their shape-
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In order to use the hot spring heat, we have considered heat recovery from hot spring at the community. A series of

experiment for evaluating the degradation character of heat exchangers (HEX) by scale in hot spring is conducted. As a result,
flat plate HEX has not been degraded its performance by scale in alum spring for a week. On the other hand, falling-film HEX
has been degraded its performance for 3 month. The degradation character is analyzed from the point of view of outside
temperature and scale. Consequently falling-film HEX has been affected by not only scale but also decrease in outside
temperature. We have also discussed about improvement of the experiments and shape of HEX by referring the formula for
estimation of the heat transfer coefficient from previous researches. As a result, a few improvements in both type of HEX are

indicated.
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Q :Exchange amount of heat(W)

p :Density(kg/m®)

c :Volumetric specific heat(J/(kg - K))

\Y :Clean source flow rate(m%s)

Tui :HEX inlet temperature of hot spring("C)

Two  :HEX outlet temperature of hot spring("C)

Tei ‘HEX inlet temperature of clean water("C)

Teo ‘HEX outlet temperature of clean water("C)
ATy, :Logarithmic mean temperature difference(K)
ATa Ty~ Teo(K) A :Heat-transfer area(m?)
ATs Ty~ Tei(K) K :Heat transfer coefficient(W/(m? - K))

Table 1 Specification of each HEX
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Heat transfer
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Figure 3 Aging of heat transfer coefficient of Flat plate HEX(Pipe type)

N
o
o
o

1,500

1,000

500

Heat transfer coefficient (W/m2K)

o

0 1 2 3 4 5 6 7 8
Elasped time (day)
Figure 4 Aging of heat transfer coefficient of Flat plate HEX(Pipe type)
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Figure 5 Specification of falling-film HEX

Figure 6 Aging of heat transfer coefficient(alum spring)
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Figure 9 Aging of heat transfer coefficient and corrected it
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Investigation of Influence of the geothermal heat-pump air conditioning system using well water

of Kyo-machiya dwellings to well water temperature

Ormifrir RS
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“IKyoto University
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“West Japan Railway Company

Today, using ground-source heat attracts a great deal of public attention. Traditional wooden dwellings unique to

Kyoto called Kyo-machiya require relatively large energy to heat during winter, but most of them have a well as a water

source, which can potentially be a great source of geothermal heating. In this study, the influence of the geothermal

heat-pump system operation to well water temperature was analyzed by both measurement and computational fluid

dynamics analysis. It was found that a certain amount of warm underground water flow in and out the bottom part of the

well and as a result heat was supplied constantly.
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Fig. 2 Temperature of well water during winter
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Table. 1 Material property used in calculation
Object Property Value
Density 997.5 [kg/m’]
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Well wall Thermal conductivity 1.395 [W/(mK)]
Specific heat 1130 [J/(kgK)]

NHR 3mOE SZHEF L TRE SN TV ERE LT,
Flo, REUE & FHF7KR OBNE TR IAHIRGE V IR
FEANE L A9 X912 60 (WK ISERE LTz, FHEICIT
IR 7 T Flow Designer &5 L7z,

FEATHART ORI F S RO 2Rk
& QIEEIHGANHTH STV D ATHED 2 /37 —
v L, ENENE & AHIROE Z IR % 2 DR
EEOEEERRFOFANEN D 52, KR, MR %
WIS 2 F N E D 77— A 126 LT Table. 2, Table. 3
THZ2 %,

3—2. RF—2QO : XFFROMATRER ()

AEOFIZBO L, T A2 WDKK EHFN
HROKIZIEE A EIREZEN R LW, HETF /KON
AN R 28R E A BEET . HFRE L HFKDIREZT
L OBREDHHEET D, ~F— L OOfMTET /WK




A-31

BlZ Fig. 5 1O, HFAKOEITENLZ NV OERETHE
PIVTND LRGE L, JEBEOSMANLE D HAE )~ & DR
MNZEVIRE T EHE LTz, A v 2803 47%47%264
TR L7z,

FHELHARTIX 2015 4F 12 A 2 H 71730 43~16 IFF 00 43 &
L. FEFESR & ik UTe, fEbT DR RS % Table. 2 (2
Y, AKIRITHEBOKIROFEHNED S 18.5°C TRAREHE
—LTREL., FEELFHICEPETHE UL 185°CE L
THRIE L, £, AFOFBIIIH A KOEEK TR
F D HEA TR REIROTE ZIREEITH 10~11[°C].
B39 8 [L/min] THERE L TV V=,

FEHIE T & TS L OOIRFE D e % Fig. 6 13, A~
BUROH OIREE, KIROSMR & BICKIE—EH L TnH 2
LGN D, ZOT D, OB I
NI I R /KT & 2 BB OB 25215 72 <
Th, HED D OEMAE DA I KIRARIET S Z
EbroTe,

3—3. RF—LQ: XFPROMBITRR (RE)

AZROFHE I TR 2B A L & 0 HRE
BLOEIHAEOIREDZE LK T LT ST, Hik

‘Well wall

(mortar)

Basic simulation Constant

model

|

surface temperature

1500

Fig. 5 Schematic of calculation model in pattern 1

Table. 2 Calculation condition in the pattern 1
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Fig. 7 Schematic of calculation model in pattern 2

Object Property Value

‘Well wall outer surface Temperature 18.5[°C]

Table. 3 Calculation condition of pattern 2
Object Property Value
Temperature 17[°C]
Ground water flow - P
Fluid 3.5X 107 [m’/min]
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20

Water (lower)
Wate! (midl]]n)

Temperature(°C)
=
<

QOutlet antifreeze solution

IS

Inlet antifreeze solution

Heat pump operation

7:30 9:30 11:30 Time 13:30 15:30

Fig. 6 Measured and calculated temperature profiles in pattern 1
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Fig. 10 Water flow in well during heat pump operation in pattern 2
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Prediction of Thermal Storage Performance on
Temperature-stratified Water Thermal Energy Storage Tank with Vertical Inlet/Outlet Diffusers
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Haruna YAMASAWA™ Kazunobu SAGARA™ Toshio YAMANAKA™
Hisashi KOTANI™ Yoshihisa MOMOI™ Takeshi IWATA"™

"' Osaka University

"> Mie University

Water Thermal Energy Storage (TES) system is used to cut down heating and cooling cost in the daytime. When disigning
a TES tank, it is common to design in accordance with experience and past case, and there is no good tool for it. Using CFD
is one method to design a TES tank, but because of the effort and time it takes for simulating all the conditons, a more simple
and quickly usable tool is needed for spreading usefulness and effectiveness of TES system. This study aimes to evaluate the

performance of temperature-stratified water TES tank by using a simple and quick tool.
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Table 1 CFD analysis condition

CFD code STREAM V13(RC2)
Turbulence model RNG k-¢&
Finite difference scheme QUICK
Volume expansion coefficient Function of water temperature
Initial water temperature 7°C
Inflow water temperature 15°C
Inlet Defined flow rate
Boundary Outlet Defined flow rate
condition Tank wall Adiabatic, Wall: Generalized log-low
Water surface Adiabatic, Free slip
Symmetry Adiabatic, Free slip

Punchig metal

Pressure loss with Rectification

Table 2 CFD analysis case

Mesh 293,150 , 480,850
Water exchange time 0.25h (I5min.) , 2h
Time step 0.25h 0.0625,0.125,0.25,0.5, 1,2
[s] 2h 0.25,0.5,1,2
Diffuser depth 50mm

Tank size

Im’=1mx1mxm(Depth)

Diffuser size

1m’=150mmx=450mmx50mm(Height)

1,000

Fig. 3 CFD tank condition
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Table 4 R, and Storage of heat

Diffuser depth e;’\cl}e:;rge c R Storage of heat [-]
[mm] time [h] ase CFD Model
0.25 Cascl mem | 0.412 0. 808 0. 805

0.5 Case2 0. 171 0.92 0.916

10 1 Case3 === | 0.080 0.96 0. 967
o 2 Cased 0. 049 0.973 0. 968
4 Case5 === | 0. 036 0.971 0. 968

8 Case6 === | 0. 051 0. 961 0. 958

0.25 Case7 === | 0. 154 0.927 0.911

0.5 Case8 0. 083 0.96 0.944

25 1 Casc9 mmm | 0.054 0.974 0.957
o 2 Casel0 0. 035 0.975 0. 963
4 Casell === | 0. 037 0.971 0.96

8 Casel2 === | 0. 048 0. 961 0.954

0.25 Casel3 === | 0. 088 0. 949 0.921

0.5 Casel4 0. 062 0. 966 0.933

50 1 Casel5 === | 0. 060 0. 968 0. 935
A 2 Casel6 0. 054 0. 963 0. 938
4 Casel7 == [ 0. 061 0. 956 0. 937

8 Casel8 == | 0.072 0. 949 0.933
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Table 3 Model calculation condition

Programing language VBA
Execution program Excel
Finite difference scheme MAB’
Thermal diffusivity 0.0005 m /h
Boundary condition Water surface Adiabatic
Tank wall Adiabatic
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o
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Storage of heat [-] by CFD

Fig. 11 Storage of heat at t*=1
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Table 5 Tank efficiency
Diffuser |Water exchange Case TES tank efficiencyl -]
depth [mm] time [-] CFD Model
0.5 m— CaseA 0. 786 0. 781
1 - CaseB 0. 889 0. 884
10 2 = CaseC 0.911 0. 908
© 4 - CaseD 0. 898 0. 900
§ - CaseE 0. 865 0. 862
0.5 e CaseF 0. 889 0. 866
1 e CaseG 0.917 0. 892
% 2 e CaseH 0.916 0. 895
0 4 - Casel 0. 897 0. 879
8§ Casel 0. 863 0. 851
0.5 mem CaseK 0. 897 0. 864
) CaseL 0. 895 0. 856
SAO 2 e CaseM 0. 874 0. 848
4 = CaseN 0. 850 0. 828
8§ CaseO 0. 824 0. 802
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Design and implementation of demand response ice thermal storage system
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Recently, the reestablishment of supply-and-demand structural balance on electric power is the subject of interest. This

will regulate the amount of electricity by the amount generated, instead of generating electricity to exceed consumer

demands of electric usage in the daytime by power plants. One of the major methods is “peak shift” and “peak cut”. This

paper will introduce the ice storage for “peak shift”. It will also explain the new ice storage system to “peak cut” when its

demand-supply situation is tight in the daytime. This paper will also describe the use of new system to accommodate

thermal energy of sewage water regenerated in the sewage plant by utilizing unused thermal energy in urban areas.
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Fig.3 Conceptual diagram of using regenerated sewage water
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Table.1 Quality-test results of regenerated sewage water

SS mg/L (70) 1.0 1.0
EROAR mg/L 120 (60) 3.8 4.9
D AEAR mg/L 16 (8) 0.14 0.55
RIGEREEC | 8/ en® (3000) 100 340
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BOD mg/L (20) 1.0 2.4
oD mg/L 160 (120) 7.7 9.8
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Fig.5 A new system for accommodating thermal energy by using
sewage water regenerated in sewage plant
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A Study on the Possibility of Using PCM Circulation System

O/h=fF HEh (SLARRER)
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Tomoyuki CHIKAMOTO*!

*1 Ritsumeikan University

Phase change material (PCM) is effective for peak shift of the power demand because PCM can store heat in the night

and suply heat of constant temperature at the daytime. But this method has problems because a lot of PCM is necessary. This

study proposes the new system using a small amount of PCM that can convey heat value effectively by circulating PCM

naturally. The purpose of this study is verifying the possibility of realization of this system.
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Basic Study on Olfactory Threshold and Sensory Evaluation Measured in Colored Small Spaces
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It is not sufficient, although the effect of color on odor evaluation has studied. In this study, Twenty participants sniffed
acetone and alpha pinene in the evaluation boxes, those innner walls were colored white, blue and red. Olfactory thresholds
and sensory evaluations were compared among three colors. There was no significant difference among thresholds in three
color boxes. Intensity and hedonics of odor were also not effected by color, except for impression of "warmth". However,
evaluation of "warmth" might be include not only impression of odor but also color or total impression of small space,
which only meant that these tendency were according to Hue-heat Hypothesis. Totally, there might not be little relationship

in the threshold and the psychological evaluation of odor.
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Figure 1 Colored small space



Table 1 Thresholds of acetone in white space

Table 4 Thresholds of alpha-pinene in white space

Congentration | Indivisual

Congentration | Indivisual

Partici | Logarism of dilution ratio from concentration of original odor ~ LogtoD of original odor| threshold Partici | Logarism of dilution ratio from concentration of original odor ~ LogioD of original odor| threshold

ol T1as] 2 |248] 3 [a48| 4 48] 5 |548] 6 |Logoon| G, (CECn BT T ol ) Tous| 5 [sas| 4 |448] 5 |s548| 6 |LogoDn| [ C |CEC/Dn
No. ’ ’ ’ - - [ppm] [opm] No. ’ ’ - ’ ’ [opm] [ppm]

11010 | x 174 5000 91 11O |]O |00 | x 274 200 0.36

20 0|0 | x 1.74 4250 71 2000|0100 x 4.24 220 0.013

3 0] 0|0 |0 | x 2.74 4250 1.1 3 O] O | O | x 2.24 220 1.3

4010 |0 | x 2.24 5000 29 4000 |]O0O|]O|]O|O|O | X 4.74 280 0.0051

50|00 |0 |0 | x 3.24 5000 29 5000|000 ]|x 3.74 280 0.051

60| O | x 1.74 4800 87 60| O | x 1.74 230 4.2

71010 |O | x 2.24 5000 29 710 | O | % 1.74 200 36

8 0] 0|00 ]O0O|]O0O|]O]|]O|O]O|x 5.74 4800 0.0087 8 OO0 |00 | x 274 230 0.42

90|00 |0 | x 2.74 4250 11 90| 0|0 |0 |0 | x 3.24 230 0.13

100 |0 |0 |0 2.74 4250 11 100 |0 |O | x 2.24 250 1.4

1M O |0 | x 1.74 4250 71 1M1 0|0 |0 |0 |O|O|O|O[O|O|Xx 5.74 250 0.00045

12l O | O | % 1.74 4250 71 121000 ]O0O|O]O|]O|]O | X 4.74 300 0.0055

13 O | O | x 1.74 4750 86 BO|O0O[O0O|O[O]|]O|O]|x 4.24 280 0.016

14/ O | O | O | x 2.24 4250 24 14 010 [0 | O[O |0 | x 3.74 290 0.053

15010 |0 | % 2.24 4250 24 1501 0[O0 | O[O |O|O | x 4.24 300 0.017

16/ O | O | O | x 2.24 4250 24 16/ O | O | O | % 224 300 1.7

1710 | O | % 1.74 4250 77 171 0] 0 | O | O | x 274 290 0.53

180 | O |0 |O | x 274 5000 9.1 18O 1 O[O | O | x 274 300 0.55

9900|000 |0 |0 | X 4.24 5000 0.29 1901 0|0 | O[O | x 3.24 200 0.12

200 O | O | x 1.74 5000 91 20 O | x 1.24 200 12

Mean 16 Mean 0.15

Table 2 Thresholds of acetone in blue space

Table 5 Thresholds of alpha-pinene in blue space

Congentration | Indivisual

Congentration | Indivisual

Particiy Logarism of dilution ratio from concentration of original odor LogioD of original odor| threshold Partici‘ Logarism of dilution ratio from concentration of original odor ~ Log10D of original odor| threshold
—pants — —pants -

[ Ct=C/Dn C Ct=C/Dn

No. 1 |148| 2 |248| 3 |348| 4 (448| 5 |548| 6 |LogioDn [opm] [opm] No. 1 |148| 2 |248| 3 |348| 4 (448| 5 |548| 6 |LogioDn [ppm] [pom]
11O | O | x 1.74 5000 91 11O | O | x 1.74 200 36
2000 |0 |0 | x 274 4250 1.1 20|00 |O|O O 10 | x 5.74 220 0.00040
3 O] 0 |0 | x 224 4250 24 3 0] 0] O |0 | x 2.74 220 0.40
4 0|0 | x 1.74 5000 91 4 0]0]O0O|]O0O]|]O|]O]O|O]|x 4.74 280 0.0051
500 |0 | x 2.24 5000 29 500|000 |]O0O|O|O|O ]| X 5.24 280 0.0016
600 |0 |0 | x 2.74 4800 8.7 6l O | O | x 174 230 4.2
770010 OO O ]O | X 4.24 5000 0.29 717010 | % 1.74 200 3.6
8 OO0 |0 |0 | x 2.74 4800 8.7 8 0|0 |]O0O|]O O | x 3.24 230 0.13
9900 |0 | x 224 4250 24 90|00 | O | x 274 230 0.42
100 ][]0 |0 |0 |0 | x 3.24 4250 2.4 1000|1000 |0 | x 3.24 250 0.14
11 O[O |0 | x 2.24 4250 24 MO0 100|000 |00 |O]|x 5.24 250 0.0014
12| O | x 1.24 4250 245 1200|1000 |0 |0 | x 3.74 300 0.055
13 OO | O | x 2.24 4750 27 B8O |00 |O0|]O |0 |0 ]| x 4.24 280 0.016
14 0| O | O | x 224 4250 24 14 0|0 [|O0O]O|O]O|O ]| x 4.24 290 0.017
15 0 | O | O | x 2.24 4250 24 1501 0[O0 | O[O |]O|]O|O | X 4.74 300 0.005
16/ O | O | O | x 2.24 4250 24 60 |0 |]O0O|]O OO |O | X 4.24 300 0.017
171 0 | O | % 1.74 4250 77 1770100 |0 [0 |0 |O | x 4.24 290 0.017
18 O | O | O | O | x 2.74 5000 9.1 18O | 0[O0 |O0|]O0O|]O |0 ]| x 4.24 300 0.017
90|00 |O0O|O0O[O|O]|O]|x 4.74 5000 0.091 19/ 0 | O | O | x 224 200 12
2000 | O] O | O | x 2.74 5000 9.1 20 O | x 1.24 200 12
Mean 14 Mean 0.07

Table 3 Thresholds of acetone in red space

Table 6 Thresholds of alpha-pinene in red space

E’:{:ﬂ;‘y Logarism of dilution ratio from concentration of original odor ~ LogioD go;r?;ﬁglasi;;r {Eg:g;ﬁ% ?:;:fsiy Logarism of dilution ratio from concentration of original odor ~ Log1oD 30;:;:;?;:; {Ef'e\gﬁgﬁ,l
[ Gt=C/D C Ct=C/D
No. 1 |148| 2 |248| 3 (348| 4 |448| 5 |548| 6 |LogioDn [opm] [opm] n No. 1 |148| 2 |248| 3 (348| 4 |448| 5 |548| 6 |LogioDn [opm] [opm] n
1100 |0 | x 2.24 5000 29 110100 |0 |O|O|O]|x 4.24 200 0.012
210 | O | x 1.74 4250 77 20O |O | x 224 220 1.3
3] O o (6] o o X 3.24 4250 2.4 3] O [e) o X 2.24 220 13
4010 | O | x 2.24 5000 29 40]0]O0|O]O]O OO | X 4.74 280 0.0051
50100 |0 | x 2.4 5000 9.1 5000|000 |O]O]| X 4.24 280 0.016
6/ O | O | x 1.74 4800 87 60|00 |0 | x 224 230 1.3
711010 |0 | x 2.24 5000 29 710 | O | % 1.74 200 36
8OO0 | OO | x 274 4800 8.7 8 O] 0|0 |0 | x 274 230 042
90 |0 | O | x 224 4250 24 9/ 0 | O | O | x 224 230 1.3
1000 |00 |0 |0 | x 3.24 4250 24 1000 1O | O | x 2.24 250 1.4
1] 0 | O | % 1.74 4250 71 1M 0|0 |0 |0 |O|O|O|O|O|x 5.24 250 0.0014
12001010 |0 |0 | x 3.24 4250 24 120010000 |0O|x 3.74 300 0.055
130100 |0 | x 274 4750 8.6 B8O |00 |O0|O0O |0 |0 ]| x 4.24 280 0.016
14 O | O | O | x 224 4250 24 14 0|0 OO |0 ]| x 3.24 290 0.17
150 | O | O | x 224 4250 24 15010 ]0]O0|]O0O|O0O|]O0O|]O|O|O | X 5.74 300 0.00055
16/ O | O | O | 0O | x 274 4250 711 16 O | O | O | % 224 300 1.7
171 0 | O | x 1.74 4250 71 1710 | O | O | x 224 290 1.7
18| O | O | x 1.74 5000 91 18O |00 |00 |0 |00 |0 x 5.24 300 0.0017
190 10 |0 | O | x 274 5000 9.1 190|000 |0 | x 3.24 200 0.12
200 O | O | x 1.74 5000 91 20l O | x 1.24 200 12
Mean 20 Mean 0.14
3 ==
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Figure 2 Comparison of thresholds among color spaces
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Figure 6 Relationship between odor concentration and familiarity (acetone)
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Figure 9 Relationship between odor concentration and warmth (acetone)

Table 7 Significant differences in multiple comparison
(comparison of warmth among color conditions)
(1) 126 [ppm] (2) 420 [ppm] (3) 1260 [ppm]

Wh | Bl | Re Wh | Bl | Re Wh | Bl | Re

White * | ok White White *

Blue Blue * Blue *%
Red Red Red

(#x:p<. 01, *:p<.05)
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Effect of Odor Preference on Olfactory Threshold and Sensory Evaluation
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*1 Setsunan University

There is little knowledge about the effect of odor preference on odor evaluation. It is useful to obtain the effect on odor
evaluation and threshold quantitatively. Each ten participants, those like, dislike and were indifferent about the odors of
osmanthus and gasoline, measured their thresholds. There were no difference among attributes of preference. Next, at least
fifteen participants, those like, dislike and were indifferent about the above two odors, evaluated about intensity, acceptance
and impressions. There were no difference in odor intensity evaluation. On the other hand, acceptability and some items of

impressions were effected by preference of odor.
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Figure 5 Comparison of relationships between odor concentration and impressions among odor preference
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Effect of Essential Oils of Woods on Relationship
among Mental Work Performance, Stress and Mental Fatigue
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*1 Setsunan University

In the previous research on mental work performance, the effect of aroma had large deviations among participants. It is
neccesary to reveal indivisual tendencies of the effect. Ten participants were made the mental work in the room filled
with aroma, those were emitted from essential oils: cypress in Kiso, cypress in Aomori, eucalyptus, pine, orange and
control(water). Flicker fusion frequency, saliva amylase and evaluation of moods, those were measured before and after
mental work, were compared among aroma conditions. Consequently, it was found that work efficiency was improved and
work stress was suppressed in aroma conditons of woods except for eucalyptus. Indivisual patterns of aroma effects were

approximately classified.
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Figure 1 Impression evaluation of wood oils
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In the previous study, it was suggested the possiblity that the preference for fragrance might affect work peformance
and stress. Thus, the experiment was conducted used more participants, more advanced method of workloads and other
odors in the indoor environment. Participants those were classified in their preference of odors, garlic and liquid poultice,
conducted mental works in the room filled with each odor. In the condition of odor exposure, participants, those liked each
odor, increased their mental work performance and also their stresses. However, this tendency was different from that of

the previous study. It was neccessary to supplement more data.
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Proposal for Optimum Sniffing Method Based on Odor Concentration
in Triangle Odor Bag Method
(Part3) Prediction of Sniffing Concentration on Gap between Mask and Face by CFD Analysis
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*1 Setsunan University

The triangle odor bag method is the most popular sensory measurement method of odor concentration. The method is also
adopted by the Offensive Odor Control Act. However, it was revealed that this method which was called "self-suction
method" had the problem in the point of decrease of the suction odor concentration in the previous study by using CFD.
Therefore, we suggested "discharge and suction method" as an alternative to "self-suction method". In this study, the case
of "discharge and suction method" was investigated by using CFD. It was cleared the concentration of suction odor by
"discharge and suction method"was higher than that by "self-suction method".

1. [XFL®IC

SR RAEE, RRORBELZHET 5720
ICHERR TIE R < RE 2 AWV D ERELIEEDO N EE T
H5DH, TOFETIE, S0 (BERE) X, AU =
FLoT L7 L— NITTEE L ORIZH T AEN
T2 ETRIELIRTEND, 3D B 1
I RRD, EY o2 J I ERZEZINEASR
TEY, RFAFR)VZFLLFLT7HL— RO
WSRO BRHTE, BEONNE D XD ICHEICEM
RS LYTTC, WITFTHTREDENZNTT
ICHOWABNZ K> TIRNRK AR LT, ARE
B UZRESETEEIET L EShTns Y, B
RBEGIEEICR T 2 BKQEERRAFE S 5 K 912
2o CUKE, ZL<FHESNTEERTIETH > 7208,
—F T, FFETIE, 8 TARAIEICRDSZ LT
BRIEI 72 E0n B D Bl THMT DO ZERDTRA DR E S,
BRE[OBENEERE LY & KBTI 27
BEMEABEWEEZ O, £2T, B#Y Tlaed
T AW B W5 5 2 U AT 1 5 ([ FEAT
RN ZRE LTz, ZORE T, &b T~Di %
KON DFBEDOMIZ S Wg| B Thd THITHE
TET 22ER[DORGIDEER NI RN &0, B
LR THNEXDIRAIZE D BE~DORF| R DOHR
T RABRESND T ERB N7z,

AR TIE, BEROBFHRE RO, WaRER XY
EL TEDEEZLNICEBWRICFETHE IO E
NEMZ THENEKEZHUH L THRET 2 Tikico
W, BUERRHTIC B D S ME Lo/ R IC O W TRds
T %,

2. REIERLFUBRRZESREHEEDEIE
BAEMHTICB VT, A0 0 0W5| &4 H OEER
Sl ITBWEEREIE 2 o L TR &N A TR
EANOERFMELE L THRET LD, &HTEITBN
WrAnTEnZnoiaEllEE R %1772, Fig. 1
WL FEBRIEE O 2R LT\ 5, a) OWF|EEDH
ETIX, 8dTo Rl KAt & > (KEYENCE
L FDAL0) ZHU D fH1F, £72. b) DIZBNEND
OHEHEORE TIE, ICBWRICEY 5 Tw
4HH T A By % (KEYENCE #: %4 FDA35)
ZIO AT 2, WSl EOWPEIX, 2015410 H 20 H
IR CTEmL, BRI T2 RoFEIL (B
Mask

Flow meter
§| Pipe
)

Air
= -
a) Suction flow rate measurement
JJ' Odor bag (3¢
Mask

Pipe \

Air \
=

ﬁ \ Flow meter

b) Discharge flow rate measurement
Figurel Outline of experimental apparatus




84, & 14) L, &b TEARERIRY AR DBTA
LAWK D ICHEFmICHF LY T, 0.5 B CTENHT
Sl X oML ENENS FEHIIZIT 72, F£70.
WZBWENLS O EORIEIX, 201646 49 H, 8
H 29 BIZ 2 [N THERFCHEM L, #BREIx
20RDFEIL (BT14, k24) L, Hbh
CH3VDRY ZF LT L7 X L— hIDIZEWE
WA 7 THRESKKZBE L ER e Bl ST
BE, 20PMTCREEZHEH T2 L9 ITHERL, £
FR 3 EIFZIT 72, 2 2 TIEEEMNITEIZ 4 508,
FROWSIRFEIXEE N 0.5 BLLE, 2B W5
OPEHEFRIT 15 UL ETH -T2, £ HD 5 REOWE]
BXOR3IBEIOHEEANEZ—FIZEAERI L Tho T
25, B NfEDOW B S — % 3 FRIERE I KRBT &
52, Fim, HEHARZ — 3R 600, BEEEOW
SIS R THEHIR BIRIL D I VR 2572,
F 2 TCARMTIE, Fig 2 1R TRGIE & g &%
REL LTHNITZIT o7z, a) OWSIIREITW SRR
DK 1.3 B, R DB KRB IR &L 0. 12 0 /s, KA
X 1M4n0TH D, ZHUTx LT, b) OHEH R EIE
PEHIRF 25 16. 2 7. B[ D 5 RPE T REIE 0. 230/,
FeaHEH BITR 2500m 0 TH D, Z OWSIVER & HEHTE

0.25

02 r

0.15

Qs [W/s]

0 05 10 15 0 10 20
t [s] t [s]
(2) Suction flow (b) Discharge flow
Figure 2 Characteristic suction and discharge flow

Outlet

100

Space : ( /
(b) Side view
Figure 3 Outline of calculation model

(a) Front view

BEBMEMIICB T 2HD E ANOEERSEMEE LT
BRIE LT,
3. BUBRRT A%

Fig. 3 \ZHUEMNTE T NV ERT, FHREET VTR
. BB TES, ISRV L EH CICHERSNDI T T
AEEIC L > THER SN TWD, 2 TEVERI[S
EFTLE L CHELE 12mm O SO EN 1 2O MEIC
BMLTEBRE L THY, BAAANGHAE TOR
B2 % 60mm & U7z, BT AEEITLITA R 7 —H—
EZAEUCIVWE 30) IZIRV bR THnD b DL
IFEALERUBIRT, 7 AEFONZEE 10m, X
Z 60mm & L, SJedEh HF) 15mm B L7 T Z
AEHAZRE LTz, £z, b URELA F=7 —
— AR SR Uk E L, BICEAT 5
XS N B DR D B FifiE L T D, Bl
MriciswT, ARBERIEL A T EROIZ 3R I
HOER 2 BPEmimm e L, ZRENIcE8 0V EE i
SR 2P E & BILIZR T LW a1 & & i
T LT,

AL T, b TEHHEREICES ST L &I
EULBEEZBEEL-TTVE, B CEEEEID
BEL7-G a2 E LT ET VAR LTz, Zod.
A (X sm b CoBERmE ONEMIZEE (6 =0.5, 1mm)
a0, BEFERRNOEH TEREEL (L=5,
10, 20mm), ZALEIVINBD O DKL A TE D
X ELE, AADLIATDEMEE Gas-A, F]
HIDOWREEIN O T T ZEER, Bd TH., SIS FE
LTV D RME%E Gas—B, FMI D &d THERA~IEAT
L5 % Gas—C £ LTz, TZT, IZBVWEKSEET
KBEIT Gas—A DA TH Y, B2 TORKIL 25COIEE
MatEDZER & UTe, SRR IZ 3 W\ TR UL BGRR
fi##T > 7 k7 =7 ANSYS CFX16.1 & My, &LiET
JUIE SST (Sheer Stress Transport) ET/LZEEH L.
BTN ZAT 72, 7ol R TIHITRBVE
25 GAS-A ZHEH LARD T 1 Bk I 5] & BRAA T
HEITHEELT,

4 REZEZORSIRETFR

EFTHOIC, HOERICBWTREE W53
5l ITBVWENS B TNERICRR & HE
HEEE EORENSMCONTHRFZIT- 2,
Fig 418 H CLEFXHOFM 6 2 1. 0mm D E
D Gas—A O FE A DR ZELER"$, Z 2T,
REDAAILEEIEICX T 5 Gas-A DERFERIA &R
LTW5, REFOBEIZEV, & TITHAT S
Gas—A X & H THNEL D Gas—B Z BRIE 2> & SR ER~ 47
H L, &5 THEO Gas—A DREITEL 725, i,



#0. 8 PR ITIXEENTR O H I E T D Gas-A DIRE
DA 80% LA & 720 | DIREOREIIR 2 ITEm < 72D
H DD, Gas—A DIREZAOMBANITIZIER U TH -7,
Z D RIENERD Gas—A O L3R O 135 8> T & B
NHBELTEGE BIRERETH T, 2O &b,
ICBWEZM X 2 CTaL THNHOREE P L%
ZIEH A8 &8 TREI Z BT 5 15X, WEIDRIC
K DWBIFIEIZHART, FLOND RERNTICET
Gas—A NRA L TWNWB7Z0IC Gas-A 2% < W54 52
EMTEDHLEEZLND,

Fig. 5 IZFRM & 2% 1T, 2BV LA E HEH
SR BICESI LIZBE D8 THNER DI E 54 &
R E R, 2B, ZhHDORIXITBWVEN D Gas—A
U LA CT1RZICESI AL, 2 5120.8
BRIZHT-5 1.8 RITB T 2T REZRL TV 5D,
EHTEHEERRMOMOREZAE L= 6 =0. 5mmn DY

Concentration ratio
of Gas—A

w

i) 6 =0.5mm
0 1

Concentration ratio
of Gas—A
i) 6=1.0 mm q

a) Concentration ratio
of Gas—A

0

/
/

Concentration ratio
of Gas—C

b) Concentration ratio
of Gas—C

AL IZBWEN S B H THIICHEAT % Gas—A [F &AL
(2o THiAL, BIENENICB DT EWIREIC R -
TW5, Fio, WEIRFOFEICH L TZBWE B HE
HENDHIEN 2 55 bREWVTEOIZ, HAITHRA
L& N2 ho 7z Gas—A X &b THEBIZ R GFTEL
Tz Gas—B ZBREINHHEHT 5 L i, Gas—B &R
AL TED THIIZRINT 2, TOH, b TN
MHIRAT 2 Gas—CIXIE & A EIE, § =1, 0mm DA,
8 =0. 5mm DFFE IR T Gas-A D& THNE DL E
EOTNIEL D bOD, RESHOMMILIZ L
NERILTTHo T,

Fig.6 IR TEHEEEMOOLEELZSEEDED T
WD Gas-A, C DIRESA LI E R~ T, FXUED
TEEESCHFLIC DWW TCIL Fig. 5 LREETH D, Gas—A X
SALIZH o THAL, B O OHHELICEDL LT
B TELOBIENEED Gas—A O ¥4I R

¢) Streamline

Figure 5 Flow pattern in mask with narrow gap (t=1.8s)



i) 0 =5 mm

ii) 0 =10 mm
[ .
0 1

Concentration ratio

of Gas—A

iii) 0 =20 mm
a) Concentration ratio
of Gas—A

0 ‘ 0 '
- Concentration ratio Velocity [m/s] 2/
of Gas—C ﬂ

/4
b) Concentration ratio
of Gas—C

2.5

¢) Streamline

Figure 6 Flow pattern in mask with space (t=1.8s)

BTholz, 7o, BILITMA L ENRM - 72 Gas—A
TEICRORBETLIZ T HFND Gas—B &R Z AL 72 )
bbb TOINB~IRH T 5, 2D L&, Gas—Climd
THFBICRVAEN D X O IC&HTO EFIBIA
T5, LML, GO TLHOBERMRRE £DIFE
Gas—C D & & THEB~DOFARITID L, sPZERNEIC
TEANT D Gas—C DRI A2 DA % 7R L7z,
Table 1IZBIHIENEL D550 1 EOWSIZE
FOBEXREDOREZRT, T TEBEOLDIIK
BlOBZDORERY R LTWD, WBIOHZDOBE,
MR C & % Gas—A OB EIZHAD L TLE D 2
Enb, EEOREIZITE L TWRWEWR D, £
AUZHF LT, IZBWERORIEZ Gl HEE S8 1
B#%ICRs b5 L, R TEBEICESES YL
TR H o2& LTH 80% LA E, &b TEHE N
5 20mm B L723A TH - TH 60% & D Gas—A & W3]
THEWIRERAEE, Ll Gas—C DY 5| Eid &
bTEHEIEM TN EL bR ERoT-, 2
T EH CHEITEMNIT 2354, Gas—A X GasB %%
CEEAALNTEROMLTORMOHMHB L, <0
Gas—C 3D BN BIRAT 5, ZHICK LT, &d
THEN LN TZ5513, Gas-A DIEHIZHE S Gas—B
DEXIAHLEDD L, IBREKED Gas—B D LD 5
HENEL DD TH D,

Table 1 Concentration ratio respective gases
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Proposal for Optimum Sniffing Method Based on Odor Concentration
in Triangle Odor Bag Method
(Part4) Experimental Study of Effect of Suction Method on Olfactory Threshold
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*1 Setsunan University

In the triangle odor bag method, there are some original methods for the purpose of improving accuracy, for example,
measuring without mask and so on. In this study, olfactory thresholds of acetone were measured with or without plastic
mask, which was specified to be worn by the Offensive Odor Control Act. In the condition without the mask had the lowest
threshold concentlation. The second lowest threshold concentlation was obtained in the condition of self suction with the
mask, which was official method. Moreover, it was supposed that the suction odor velocity might effect on the threshold
based on comparison between the above threshold measurement and the measurement of suction volume.
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Table 1 Experimental conditions

Method Mask Push |Suction
S s0.5 Self suction with - 0.5[s]
S_s3 Self suction with - 3[s]
M_p3_s3 |Push & suction| with 3[s] 3[s]
M_p5_s3 |Push & suction| with 5(s] 3[s]
N_p5_s0.5|Push & suction|without| 5[s]| 0.5[s]
N_p5_s3 |Push & suction|without| 5[s] 3[s]
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ELTHWLRTW DAL —EREWEE X T
acetone £ H U, JFLA1E 4200 [ppm] FREEICH — L 7=,

INFE, TR ANT 77 B A—ZEKE T4 (5
M4 g, 34 205 5) T, £EN A
e R AR & LT,

R D72 DI E L2 s | FIEIEER LITRT Y
T, S RASEICB T A FAINTETH L AL
WHlE (S &) D3, BNEXZFTHHL TR
K[AEWRLT LM LERSHELREL, &b TEZHN
LG M&M) tabThLofd NEi) &L
oo TN, BEWSIEIXRSIRM O A, FH L
BRI LR S &0 TREOZRMFEZRE L T,
HIEEO AT 5 72,

=REEARAET, JRRZ 35RIITHINL T3
EHAELZICBWE T4 R 7 —4— b 28,
A 3[L], PETH) o 1fEICE AL, Y D 2{HD
MER 7S F N L AT 3O h b A R
FVIZEE S/ D FET, ETHIES HICH R
Bam<< L CRHMliZ2 80K L, RIEMRIZR 5 7R 0
A BRAE H & LT O A RS B D ek Ui oo HR NS S kv
DEMENTET D EE2 L FETH S,

AREHE, R REMEFEELZES TAREST
BY . #HERE I, BE LA Ao T2,

2.2 BIEEDLLER
K2 REBARGERSRE R T, KPP [X)



FllZ, &/ SRR ARIEM & 7p o T2 m R G5 e~ &
> TLogbhn) 1%, RIEfR7E - =@ G4 L. ERTD
FRMES OO E L TR LA Z & oM
IS T 2 JFEN O ORGSR (AR oxt

Table 2 Results of triangle odor bag method
(1) S_s0.5

Logarism of dilution ratio

panel|1.00 |1.47]2.00|2.47[3.00(3.47|4.00(4.47|5.00|5.47 |LogDn
o

1 (@) X 1.74
2l O] O X 1.74
3] O] O X 1.74
4 0l0lO0[O0 O[O [x 3.74
5i0/lolo0lo|0O [x 3.24
6l O] O O X 2.24
770/0[0[01lO0l0OIl0O O[O x |52
(2)S_s3

Logarism of dilution ratio

panel|1.00 |1.47]2.00|2.473.00|3.47|4.00|4.47|5.00|5.47 |LogDn

11O | O | O | O X 2.74
20| 0O O | x 2.74
3| O X 1.24
40| 0|0 |0 | x 2.74
50O | x 1.74
6l O | O | O X 2.24
71 O | O X 1.74
(3) M_p3_s3

Logarism of dilution ratio

X

panel|1.00 |1.47|2.00|2.47|3.003.47|4.00|4.47|5.00|5.47 |LogDn
©) 1.24

X 1.74

1.24

1.24

X 2.24

1.74

~No|a|h~(wiN

O|0|0[x|x|O
O|x|O

O |0 | x 3.24

(4) M_p5_s3

Logarism of dilution ratio

panel|1.00 |1.47|2.00|2.47|3.00(3.47|4.00|4.47|5.00|5.47 |LogDn

1lolo] o] x 2.24
2l Ol O | O | x 2.24
3] O] x 1.24
4 OO | OO | x 2.74
5 O] O | x 1.74
6] O] O | x 1.74
71 O x 1.24
(5) N_p5_s0.5

Logarism of dilution ratio

panel|1.00 |1.47|2.00|2.47|3.003.47|4.00|4.47|5.00|5.47 |LogDn

1010 ]0 | X% 2.24
2l 0|0 |0 |0 | X% 274
3 OO0 |0 | x 224
4 OO0 |0 |0 | x 2.74
5 0] O | x 1.74
6l O] O | O | x 224
71 olo ] OO | x 2.74
(6) N_p5_s3

Logarism of dilution ratio

panel|1.00 |1.47]2.00|2.47[3.00(3.47|4.00|4.47|5.00|5.47 |LogDn

11O|O|O|]O|O|O | X 3.74
2l 0] O | x 1.74
3] O x 1.24
4 0|0 |0O0 0O | x 2.74
5000 [0 |0 | x 2.74
6] OO | O | x 2.24
770/0]O0OJOJO O |x 3.74
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M_p5_s3 1.84 61




TSR EREC I, K (D oL DI L TRAT
Fe < ENZER A B ORSNE L FAEOFIETERT S
iz, @) I UREMEROMEFETHY . %K
SHEE LTI LIEE DA &R LiZ, WalIc>
WX, EBRBINEIZ0.5,3[s] TOWS| 2R Lz
FEE ., B TOBEICEMT IHSICT vya T —
7 (= h A Xt EPDM ) THiBhZITo TEH LD
PR oW 2R L CERLE IGR&ESHT) TR
RO 2 oA e U7 S, IE BLATIC &K 2 R B
® acetone & B I 7-1%12, RREK T HRET
% EARE ST T oW IR E S A i L7,
P L EHIESM: 3,50s] HiR) D254 Abt
Tt 8 SRefF & EMi L7z, A TIX, 0.5,3[s] TO®
FlEER LTIegb e TR D T FMEORHET 5,
FEBSMEBEIL, 28
D = i AR AR A
REANT 4L ik
AR BR D EER S I
TH4E Lz, RV T
AT IE, BEYEO M
DT, 0.5, 3([s]
FRREMEoWE % 2

Mask

Gas flow meter

(1) Suction volume measurement

Odor bag (3L)

Gas flow meter
e

e e .
(2) Extrusion volume measurement @;%fﬂﬂ L/ﬁ—o
Figure 1 Measurement method
-‘—,;2'0 Panel 1 Panel 5
2‘1 5 Improved mask
o || _—Mask 2 Improved mas|
s | Mask_2
21.01] i
2 ﬂ Mask_1 [//X\ Mask_1
c {
205 f
- N
o A
=3 \
R \
770!20 Panel 2 Panel 6
N
=15 M
[$) \
E i /‘ s\
\
\
&= \
c A
205 FA-4t
B i \\\
A \
? 0
72'0 Panel:3 Panel 7
3
=15
% f“\ 1
IS !
ol I
?D/T \
&= \ i
c \ \
20.5 |
S L )|
> 1 \
7 | \

g
co

0 1 2 3 4 5
Time from the start of suction [s]

3

Suction flow rate [L/s]
S -
o o c
_/

0 i
0 1 2 3 4 5
Time from the start of suction [s]

(1) Panel with experience

3.2 BIEEDF AR LLER

4 212, 0.5[s] COWBIZFER LIZGEDOERS
e Z & WS EDORRZE A R~ T, P OEFD
Mask_n] 2’n[H B ORITE~T, REEH T I1X
AR Con Lie, 2% L CR%SIRREIX 0.5~ 1. 0[s]
PRI o7z, 73%L 1, 31300 1 [Bl B O 5| 23
<L SRV A TR RWAITEEN 2 BB CTrEnwas,
MBI L TRV, #MhaEssIamnE S x5,

BEAEH T EOBTE, XXM LsThT
DN S T ERIIA LN, FERBINE 8 %
PRIJIERERERIIAON o, EFHE 27
LHBUROE G TOBEE ORMARLNIZBE L TR
PRBEE L 2o TR WATREME R & 5,

(1) BRBREREL (2) RRBREREDO LI TIE, ARARER
FRED T 3 EMENT I RS ENME S R DO%K
SINHFCEETE CTORWAREMENE X BTz,

312, K2 ERBRDEFL T, 3ls] TOWHI A+
R UGS ORI RO Zb & R~d, &f%im
LT 5 BEREIE 2.0 ~ 4. 0[s] FEE T, FRERMNE
W2 DR ERFRNC G L CRE SR O S 2o & 23
K&Emolz,

A4, K2, 300RHHLEERSME Z &L OWR
glE LR LU ERA L R~T, (1) BRBREFET
2 [A] 4 U E & 0 L 7= 2%, 0.5, 3[s] fRm4eft:

g
=)

= Participant Participant_12
~
215
2
i . Improved mask
511N Pl
2 {1__Improved mask /
§051 | A
BV InL_Mask \ Mask
3 N |\
7 g \
20 Participant ! Participant_13

(3
— —

It

{ A4
¥ |
i i
\ |
\ |
/
\ i

Partigipant_10

N |
\ \

0 1 2 3 4 5
Time from the start of suction [s]

Suction flow rate [L/s]
o

I—
—

o
o1

g
oo

Participant_14

o

o
o

Suction flow rate [L/s]
o

g
co

Participant_11

3]

o
3]

i
il
1
]

]

\
A
0 |

0 1 2 3 4 5
Time from the start of suction [s]

(2) Inexperienced participants

Suction flow rate [L/s]
o

Figure 2 Temporal change of indivisual suction flow rate (suction in 0.5[s])



g
o

Panel; 1 Panel 5

3

Imprioved mask

ety I Mask_2 Mask_2
f A Maskt [/\\,é Mask_1

\

\ \
4 \
| \

1=}
<4
o
<
[

4

Suction flow rate [L/s]
o
N

o

g
=]

Panel 2

ﬁ

.~
RSN

Suction flow rate [L/s]
o
(4]

o

g
o

Paneli7

o

8

e

ja

o
7

Suction flow rate [L/s]
o

\
1R

Time from the start of suction [s]

g
o

Panel 4

3

[&

I~

—
o 1 2 3 4

Time from the start of suction [s]

(1) Panel with experience

o
o

Suction flow rate [L/s]
o

o

’_w‘2.0 Participant_ Participant_12
~
215
3
o
Em Improvedimask Improved mask
c i e AL
5051/ T / ‘-\.w\ Mask
o / Mask \ as
2 / ) d 4
72'0 Participant_ Participant_13
~
=15
2
o
2101
é l A‘/‘\I%’»---mw& e
505 ! v\A‘\ i r N
= / | N
o 4 | \
3 g L N
2.0 T T
i Participant_10 Participant_14
~
=15
3
o
z1.0
)
&= Fa\
< N p
2057 N <
S| AT . /
& o T / x
2.0 n 0 1 2 3 4 5
© Participant_11 Time from the start of suction [s]
|
=15
3
o
210
el
(=
805 S
] / \
S 4 \
[ZI) \

0 1 2 3 4 5
Time from the start of suction [s]

(2) Inexperienced participants

Figure 3 Temporal change of indivisual suction flow rate (suction in 3[s])

WTITH t MEOHFEZIIHm ST, BB
"o Sl L7,

PRERE L L RIRBRA ROl T, 0.5[s] HIRE
T (1) FREREBETIZA 60[mL] O E|&EE -7~
DITHKF LT, (2) RRBRFRETIT 30 [mL] F2EE & D ET,
tEIC K DA EE (p<01) bt &z, 3ls] &
HTH (1) BRREHEO ST NELETE ST2m, t REDH
BEIRH SN 20272,

B TOHRKE OB TIX, FHMETIE (1) &%
BREMETIE THUREDH T OF RPN EIZ- T,
(2) T TUBEEHT] OFBRLETHY ., 3ls] fBrr
FMETIE L REIC L DAEZE (p<05) At I,
RERE I L > TEHBEFOSH T TOWRSFIETH+
DTHDLN, RRFRE TR T TIERd T L
DN D DA AR D > 72720, [ B&H T

Table 4 Suction volume [mL]
(1) Panel with experience

(2) Inexperienced participants

TSI RN L 72 AT REME N B 5,
4. BBbHYIC

AR TIE, BERE & Wo | &1 E R A T, &
W5 FEO R AR Lz, M LRSIETIE, &
b TaZMHWZRWE D BRIRE DR Z /3T LT
Ao o7, RERE & RRRE Tix, WEI &K
CINV -l AP Ui G E=y A TRy

AWFGE O —H L, BT R Ak 28 AR EEAFZE B EIC K B,
CZICRLTHEERLET,

SE XM

1) IR - BAR OB IEE SRSk~ =2 7L,
2RV - 3B BEEH S, 2015

2) NS = AR AR T 3T S AR BRI S < ik
SHEICET 2098 (2D 1) WBIHRE MO 7= O L 13l
TR T B, ZEXGATN - A TR S SR AN e
RS ICHE (pdf), 2016

3) EARG ¢ AR AR B D AR RS < Al
W NEIZBE T 2898 (2D 2) fiikh CFD fi#fTicFE-S < Wksl
PR PR, 22N « M54 T R T s S T e SR,
pp. 105-108, 2016

4) EARD ¢ =R AR I B

Suction in 0.5[s] Suction in 3[s] Parti- | Suction in 0.5[s] | Suction in 3[s] B NP HE D < el 51351

Panel| Mask_1 [Mask_2 [Imp.Mask | Mask_1[Mask_2[Imp.Mask  cipants | Mask | Imp.Mask |Mask [Imp.Mask BI4 2098 (£ d 3) CFD fighric

1| 81.3] 302 308 112.3] 1386 2105 8| 123 345 1149] 1743 KoEbTLHEEOMRBIZET S

2| 344 376 37.6| 1084 1070 1587 9| 307 39.8| 222.4] 2802  WRA|JREE T, ZeS AN - AT

3| 105.0 73.1 70.8| 228.3| 3015 265.2 10 38.0 33.7 449 1221 T B RN T R R

4 427 70.9 435 443 199.9 117.7 11 19.2 226| 132.2 128.0 £ (pdf), 2017

5 56.3 474 23.2| 202.1| 133.1 90.2 12 37.3 33.3 88.3 1255 5)1S016000-30, Sensory testing

6 64.5 96.9 91.8| 181.5| 205.0 145.4 13 441 516| 1534 172.0 of indoor air, 2014

7| 435 456  39.3| 1316 189.1] 1904 _ 14| 230  157| 634 658 ) K[ D : ALrEERCESIEC L
Mean| 61.1| 574|  48.1| 1441 1820 1683 Mean| 29.2|  330| 117.1] 1525 & ‘iuyEooBfEiliEss i, At

sD| 231 219 225 589| 599/ 547 _ SD| 106 107] 5550 620 FiNo. 17, pp.77-89, 1990




A-40
[CEVDTRF U THRICET HEMIBRR
(ZD 1) AMBZRAV-AREENED TR T U I HRDRE
Basic Study on Odor Masking Effect
(Partl) Masking Effect of Wood Aroma Oil on Evaluation of Contained Materials in Body Odor
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*1 Setsunan University

It is not necessary to increase ventilation volume for decreasing indoor chemical materials not harmful to human health.
However, we need to improve sensuously uncomfortable indoor odor environment. The sensory deodorization using the
masking effect may be able to reduce odor intensity or discomfort, without excessive increase in ventilation volume.
Therefore, it was conducted sensory evaluation of the combination of body odor and wood odor. Moreover, we measured
one of the combination odor concentration by triangle odor bag method. It was revealed that some combinations reduced

body odor. On the other hand, odor concentration of one combination was higher than the sum of both components.
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Figure 2 Comparison of intensity among body odor, wood odor and mixed odor
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(4) Cedar wood (C)
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(Multiple comparison ** : p<.01, * : p<.05)

Figure 3 Comparison of hedonics among body odor, wood odor and mixed odor
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Table 2 Result of triangle odor bag method
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Evaluation Method for Perceived Air Pollution Caused by Human Bioeffluents

(Part 6) Influence of Body Odor Control of Occupants on Subjective Evaluation of Odor
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It is specified in Japanese code that CO, concentration in non-residential buildings should not be more than 1000 ppm. CO,
concentration standard is an index to determine ventilation requirements for visitors not to feel uncomfortable due to the body odor
when they enter a room. It is the purpose of our study to clarify olfactory evaluation of body odor. Accordingly, this paper shows
results of occupants' and visitors' evaluation of body odor in cases of body odor control and uncontrol. And we also conducted an
experiment even under the condition that occupants sweated. The present results provide the difference between occupants and

visitors and experimental conditions.
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Fig. 1 Laboratory plan
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Table 1 Quantitative analysis of chamber indoor air

(ng/m?)

Minimum Uncontrolled Sweat
L. . Blank Blank
Detection ingredient (No ventilation) | (Wih yentilation) 2016/10/13 2016/10/27 2016/11/22 2016/10/20 2016/10/22
Folmaldehyde 4.6 2.6| 7.7 7.4 9.9| 17 12
Acetaldehyde 1.6 1.5 3.2 2 26 5.7 4.1
Tolene 4.0 ND(<0.8) ND(<0.8) ND(<0.9) 5.1 0.93 ND(<0.9)
Xylene 0.92 ND(<0.8) NIX(<0.8) NID(<0.9) 1.9 0.85 ND(<0.9)
Ethybenzene 0.82 ND(<0.8) NIX(<0.8) NID(<0.9) 25 ND(<0.8) NIX(<0.9)
Styrene NIX<0.8) ND(<0.8) NIX(<0.8) NID(<0.9) 27 0.95 NI(<0.9)
p-Dichlorobenzene ND(<0.8) ND(<0.8) 0.89) 1.4 1.5 2.5 ND(<0.9)
Nonanal 3.9 4.5 12 14 10| 20 6.8
nTetradecane 1.5 1.7 3.0 1.5 1.1 2.7 1.2
DBP 0.86 0.92 ND(<0.8) ND(<0.9) NID(<0.8) 1.3 ND(<0.9)
DEHP ND(<1.4) 24 L5 3.6 ND(<1.4) 2.8 1.8
TVOC 18 31 100* 220* 220* 170* 150*
Butanol 1.7 ND(<1.0) ND(<1.0) ND(<1.1) ND(<1.0) ND(<1.0) ND(<1.1)
Hexanal ND(<1.0) ND(<1.0) 1.4 ND(<1.1) 1.2 32 ND(<L1)
a-Pinene ND(<1.0) ND(<1.0) ND(<1.0) ND(<1.1) ND(<1.0) ND(<1.0) ND(<L.1)
Octanal ND(<1.9) ND(<1.9) 22 ND(<1.1) ND(<1.0) 57 ND(<2.1)
Limonene ND(<1.0) ND(<1.0) 13 16 ND(<1.0) 2.1 12]
Decanal 32 4.1 7.6 12 93 22 5.7
Levomenthol ND(<1.0) ND(<1.0) 1.1 42 13 3.6 6.6
Nonenal ND(<1.0) ND(<1.0) 1.1 54 32 2.0 2.8
Isovaleric acid ND(<1.9) ND(<1.9) ND(<1.9) 37 2.5 ND(<1.9) 19)
1 Butyric acid ND(<L.9) ND(<1.9) ND(<L.9) ND(<2.1) 3.6 ND(<1.9) NDE2.D| 4 11vsis by
6-Methyl-5-Hepten-2-one ND(<L.0)] 16 37 2.1 46 7.3 ND(<2.1)| K ancka Techno
3-Methyk2-Hexenoic acid ND(<0.8) ND(<0.8) ND(<0.8) ND(<L.1) ND(<0.8) ND(<0.8) ND(<L.1)| Research Corporation
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CO, concentration is an index of perceived air pollution caused by human bioeffluents. However, occupants' predicable
(such as sex, age and nationality) has enough possibilities to affect room odor environment. It is very meaningful for
making indoor condition better to approach problems related to body odor. This paper shows the results of the exposure
experiment of human bioeffluents and we consider how occupants' predicable affect room odor and the difference of the

evaluation between occupants and visitors.
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(Please tell us about likes and dislikes about the odor you smelled earlier.

And what was 1t like? Please tell us it in detail.)
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(Example) the smell of chicken, sour smell, the smell of bond)
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Fig. 1 Answer sheet of odor quality
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Table. 1 Quantitative analysis of chamber indoor air

(ng/m’)
Under 25 age Over 35 age Foreign nationality
Detection ingredient (No \il:ttil]kation) (Withlf}:nﬁation) 2016/10/20 2016/10/24 2017/1/14
Folmaldehyde 4.6 2.6 17 15 14
Acetaldehyde 1.6 1.5 5.7 4.9 35
Toluene 4.0 ND(<0.8) 0.93 ND(<0.9) 0.95
Xylene 0.92 ND(<0.8) 0.85 ND(<0.9) ND(<0.5)
Ethylbenzene 0.82 ND(<0.8) ND(<0.8) ND(<0.9) 0.56
Styrene ND(<0.8) ND(<0.8) 0.95 ND(<0.9) 0.66
p-Dichlorobenzene ND(<0.8) ND(<0.8) 2.5 33 4
Nonanal 3.9 4.5 20 12 16
n-Tetradecane 1.5 1.7 2.7 ND(<0.9) 4.8
DBP 0.86 0.92 1.3 ND(<0.9) 0.6
DEHP ND(<1.4) 2.4 2.8 1.8 1.3
TVOC 18 31 170* 140* 460*
Butanol 1.7 ND(<1.0) ND(<1.0) ND(<I.1) ND(<0.6)
Hexanal ND(<1.0) ND(<1.0) 32 1.6 53
a-Pinene ND(<1.0) ND(<1.0) ND(<1.0) ND(<I.1) ND(<0.6)
Octanal ND(<1.9) ND(<1.9) 5.7 3 9.3
Limonene ND(<1.0) ND(<1.0) 2.1 ND(<I.1) ND(<0.6)
Decanal 32 4.1 22 15 47*
Levomenthol ND(<1.0) ND(<1.0) 3.6 ND(<I.1) 2.0
Nonenal ND(<1.0) ND(<1.0) 2.0 2.0 53
Isovaleric acid ND(<1.9) ND(<1.9) ND(<1.9) ND(<2.1) ND(<1.2) ”
n-Butyric acid ND(<1.9) ND(<1.9) ND(<1.9) ND(<2.1) 1.9 Analysis by
6-Methyl-5-Hepten-2-one ND(<1.0) 1.6 7.3 5 19| Kaneka Techno
3-Methyl-2-Hexenoic acid ND(<0.8) ND(<0.8) ND(<0.8) ND(<I1.1) ND(<0.5)| Research Corporation
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Table. 2 Results of questionnaire about odor quality
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(Part 18) Evaluation of Time Changing Odor Intensity
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by Language Rating Scale, Line Length Scale and Sensation of Sound Pitch
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It is important to understand olfactory response to design comfortable indoor environment. However, the method to

evaluate odor intensity have to be considered because there are large individual differences among panels. In this study,

two experiments in evaluation on odor intensity were conducted. One was to compare three evaluation methods (the

language rating scale, the line length scale and sound pitch), and the other was to know the characteristics of olfactory

adaptation and recovery. The result of the experiments is adapted the olfactory response model.
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Fig. 7 Intensity variation and relation between odor intensity and ethyl acetate concentration (Language rating scale)
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Fig. 8 Intensity variation and relation between odor intensity and ethyl acetate concentration(Line length scale)
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Fig. 9 Intensity variation and relation between odor intensity and ethyl acetate concentration(CMM of Sound pitch)
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* Analysis by Kaneka Techno Research Corporation
Table. 1 Result of concentration analysis of ethyl acetate
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Fig. 11 Intensity variation and relation between odor intensity and ethyl acetate concentration(Language rating scale)
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