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Study on Heat Cascade Use between Interior Zone and Perimeter Zone

Ot K £ A (RIRHSLRS)
s k&R (RIRISLR)
R B AT (RERHIZRS)

v H e ORBRTSER)
R IE B CRIRITSERSE)

Yoshiki SHIMIZU™  Masatoshi NISHIOKA™ Minako NABESHIMA™

Masaki NAKAO™

Akihito OHIRA™

1 Osaka City University

Heat cascade use is expected to reduce air conditioning energy. On the other hand, it causes the decline of processing

amount of heat, so it is important to introduce it properly. In this paper, heat cascade use between interior zone and

perimeter zone is examined. As a result of the experiment, water flow rates are reduced, but the indoor condition is getting

worse. From this result, the amount of heat that can be processed is calculated with the characteristic equation of air

conditioner, and the standard to sustain the indoor environmental is considerd.
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Figure 1  Air Conditioner (Flow of \Water)
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Figure3  Flow of Water (Cascade Running)

Table1l Measured Data

Parallel Cascade

Interior Perimeter Interior Perimeter
Vi 18L/min 7.4L/min 15L/min 15L/min
twin 8C 8C 8C 20C
twout 20C 22°C 20C 25C
tain 25°C 26°C 25C 28C
ta,out 17°C 20C 18C 25C
RH;, 55% 50% 55% 50%
RHy: 70% 70% 80% 60%
Viv : Water Flow Rates (L/min)
twin : Water Inlet Temperature (°C)
tw,out : Water Outlet Temperature ('C)
tain : Return Air Temperature ("C)
taout : Supply Air Temperature (‘C)
RH;, : Supply Air Temperature (%)
RH ¢ : Supply Air Temperature (%)
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qs Va a, V_w a, tain — tw,in a .
qs,0 B (Va,o) % (VW,O) % (ta,in,o - tw,in,o) ’ Equatlon !
qs = (cplaVu- (ta,in - ta,out) Equation 2
qs = (cPw " Vi * (tw,out — tw,in) Equation 3
qs : Sensible Heat (kW)
dso : Nominal Sensible Heat (kW)
v, : Air Flow (m®fs)
Vo : Nominal Air Flow (m°s)
v, : Water Flow Rates (m®/s)
Vo : Nominal Water Flow Rates (m®/s)
tain : Return Air Temperature ('C)
taino : Nominal Return Air Temperature (‘C)
Ew.in : Water Inlet Temperature (°C)
tw.ino : Nominal Water Inlet Temperature (C)
a;,a,,a; :Regression Coefficient (-)
(cp)a : Volumetric Specific Heat of Air (kJ/m® -C)
ta.out : Supply Air Temperature (C)
(cP)w : Volumetric Specific Heat of Water (kJ/m® -C)

tw.out : Water Outlet Temperature (°C)
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Table2 Input Condition

First Second
qs 30 kW
s.0 55.87 KW
A -
Vao 3m¥s
Wy
Viwo 162 L/min
tain 25°C 25°C
ta,in0 34C
twin 7C
tw.ino 7C
a 0.6980
a, 0.1652
as 0.8303
(cp)q 1.173 kIm>*C
twout 16C | 20C
(cP)w 4174 KIm>C
tw,out - ‘
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Table3 Resultl

First Second
qs Va Vw tw,out Va qs
kW) (MY  (Umin)  (C)  (m¥)  (KW)
5 05 14 59.4 0.0 0.0
10 1.0 49 36.5 0.0 0.0
15 14 10.2 28.1 0.0 0.0
20 19 17.3 23.6 0.0 0.0
25 24 26.0 20.8 0.0 0.0
30 28 36.3 18.9 0.2 14
35 313 48.1 175 0.6 33
40 38 61.4 16.4 10 59
45 43 76.1 155 15 9.1
50 4.7 92.2 14.8 22 12.8
55 52 109.8 14.2 2.9 17.0

Table4 Result2

First Second
ta,oul: Va Vw tw,out Va qs
(C) (m%s)  (LUmin) (C) (m®fs) (kw)
185 3.9 9.2 54,0 0.0 0.0
18.0 3.7 125 414 0.0 0.0
175 34 16.8 32.7 0.0 0.0
17.0 3.2 220 26.6 0.0 0.0
16.5 30 285 221 0.0 0.0
16.0 28 36.3 189 0.2 14
155 2.7 456 16.5 0.8 48
15.0 26 56.6 146 18 10.3
145 24 69.5 132 30 17.7
14.0 2.3 84.6 121 45 26.5
135 2.2 102.1 11.2 6.2 36.5
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Performance Evaluation of the Thermal Storage Radiation Air Conditioning System from the

Concrete Slab that Uses Underground Heat and Solar Heat Directly and Verification the System
by Comparing before from after Repairing Heat Collecting Device
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Thermal storage radiation air-conditioning system from the concrete slab that uses underground heat and solar heat
directly is an effective method for CO; reduction. Performance evaluation for this system was done in summer and winter
by verifying the temperature in the slub and the heat release extent etc. The purpose of this study is performance

improvement and spreading this system to be introduced into many buildings.
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Table.4 The Energy Consumption and the Heat Release Extent of before

and after Changing Flow
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The Effect of Viscosity for the Falling-Film Side Heat-Transfer Coefficient on Horizontal Falling-Film
Heat Exchanger

Ode¥r & CRBRHiZR) [N ON T VN D
TR IEE CRBRHNLRY) Ty—F L TrA7 (KIRHILREE)
g ST (RIRISLKR) il R ORBRITSZR)
HE ER] CREKSERS) BHE B (RAZ2Vv -T2 )

Hiroki KITANO*' Masatoshi NISHIOKA*"  Masaki NAKAO*'  Farnham CRAIG*!
Minako NABESHIMA*!  Shinpei TAKASE*'  Yoshinori KANJO*' Masaki NOMA*?
*! Osaka City University ~ *? Metal Techno Co.Ltd
Jacobi shows the estimation equation of liquid film heat transfer coefficient on Horizontal Falling-Film Heat Exchanger
using a viscous fluid as a liquid film by experiment. In this report, we perform a reproduction experiment for the high
viscosity fluid outside the applicable conditions range of expression of Jacobi, to grasp the viscosity characteristics. If the
viscosity of liquid film is 0.0100 ~ 0.242Pa - s, formula of Jacobi can be applied.

1EL&HIC Estimated formula of heat-transfer coefficient from the liquid film side
TIKALERESC OVGIEDIH LR TR Z I\ T LA N Formula of Hofmann

BT ) BRI T SSOICHERF T B0 205[ mo® ]{3.4@5%,33-31@-46 } o

B0, AFETIE, AT F o ARES THIIEEN D L (w 19)

IDIRORIEGE MR AR (UL T, A igs L9 D) Formula of Jacobi

DU KBS, Jacobi 1THEBRICL Y, KPERAEEE  Drople e
Btk & TR BB OIS E RO ERE  Mode  Nu=0.13 Re°'85Pr°'85[phgz°J (S] @
FU ULinL, (L5 Jacobi (oatovis A HGE o %
AOERERETH Y, PRSI TS L 208 o
PEIZRA 50T 720> TRV, £ 2 C, ATl Jacobi Mode  Nu=1.378 ReO-“Pr“{phzg?:] (S] 3
DRI IS DRV C Jacobi O FH: & P
OERFBRAEITY, RN £ HWIERAEERED  sheet

o]

020, oor
R 2 RIS 5, Mode  Nu=1.378Re"* Pr°-“(ph;g?°3j (;J @
h [¢]

2 EERIE NE

2.1 HHERIAIZ DT e =N/ (Ej ®
AREBRTIL, PO T3 oMk e LT Symbol about formula (1)

X U Na KIER A V5, TAX S R Y D AI30K he : Heat-transfer  coefficient from  the falling-film side

(SRR REIARTH Y, 1%KIEKITRE 0.371Pa - s [keal/(m?hK)],m : Flow rate of the unit width(one side)[kg/(mh)],

DR TH D, IKA~DVEIFEENT I O IRIROKEE 2] Dy : Outside diameter of heat transfer pipe[m],C, : Specific heat of the

fifiL, Jacobi (DR FZAFREFAN ORLL & i FH A falling-film [keal/(kgK)],z4 : Viscosity of the falling-film
DRSO REE DIRIEBEARZABRR T D, REEEDFHAN T FBRAE [kg/(mh)], oy : Density of the falling-film [kg/m?]k, : Rate of

TRRITHEEERT TR D, conduction of heat of the fallingfilm [kcal{(mhK)],g : Gravity
acceleration [m/h?]
2.2 EEREE Symbol about formula (2)~(5)

AREFRTHW DGR 2 Ir oD &3 2 F2hdkiE % Nu : Nusselt number[-]Re : Reynolds number[-],Pr : Prandtl
Figure 1, Figure2 (Z/x9~, FASHAERILT 7 U MARODPR LA, number[-]s : Interval of pipes[m], h; : Heat-transfer ~ coefficient from
T THAE L 4 ROl MR & 1 ADREVERTE the falling-film side [W/(m2K)], k, : Rate of conduction of heat of the
SUS304,EIEE 14mm, E4ME 20mm, & & 250mm)iZ &Y falling-film [W/(mK)],v : kinematic viscosity [m%s],g : Gravity

R ST D, F7=, Jacobi DFEFRITE & EDOMITIE acceleration [m/s?]

BLER T L— MELT, 7'b— b 2T 2)ZREETITD
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PLEIZERE L, Figure 31T L2 ICNEIC I — R Y » o Fating-Film [ 1 . T
By — AR L, P D i RN s |
BB, WELEIC I S TR R A T A LR T i s — L
2 OHE L, B L DR PR hestexchm Tl
B A B RN T F RS 21 & A e |
BRENTH L, BEBENOI— Y vt —F—2kD caonlnlg watei | ;.
MEAT %, 2L T, Bty Mo DEEH L, WmEKEE pool
CXVIRHILI%, BT 5, i |
3 FEEER

HRIEEERIIEASH TR AT O ([T > T —F —D3E Figure 1 Experimental equipment
BENERBI MG S, FERICNMEN BN F 2T 5
WEND D, 2T, RN SRS (K% \ 800 |
TERSH, b — & —DFERIRI B KD B ER %5k ) |
DL ETERVETE O OB E DD D, FEENEITE Heat EXC“a“ge“\\il 400 3 -
FHZ LD 15 fEHIEST - 72 EE 374W % FV 5, === . 150
Table 1124 TR 517 7 IS e & U RAR, BT Faling-Film : 1+
KT, UGN 1 L0 REWGERH DN, #ihal ' 640
IGEVMEERRLTRY, BEERDEVES, b—F— “wmmm@ﬂ%/;
FRBD S~ SN TS D, KHOTIE () *<i§§
Ko RN LB SRS, N \x\j/
4 %Eﬁ{% % iﬁiCOOIing water
4.1 EEREH Circulation

RFEBRIT I % ELA % Table 217, Jacobi D% svetem
B CiERR SN HEE O S REHN O IR & L CFh Figure 2 Experimental equipment
JE 0.010Pa - s, Jacobi D=0 SR DFBR & L
TCHEE 0.0144~0.242Pa « s DOIRIEEAR A V= S8R 21T Cross section view_ | Pront view |

VY, TRV A L 2R IR R R D BRI OV T
Egt D, ki, BUSHAIR B BE AT R
HH TR VIBEDEMRREZAT 5 728, & LEDMICT
L— MR CHBRAAT O 2%, K 0.242Pa - s ORI
HIZEA LT L— hZED BRUOVZIRAE TOFER BTV, Figure 3 Cross section view and front view of heat exchanger tube
7' b— M K D IRBEME R~ OB A B 53T 5,

L
g™
T
!H
E
5

Temperature measurement points

Table 1 Flow rate of the Falling-Film and heat balance

4.2 HIEREMEERETE A% Flow rate of Falling-Film
RFBRCIIRIEHE A DR, (SEVE RIEEE 2 BVvExt No he acquisition Heat belance
WX VEHIIL, SRR A SRR L 0 EH Lz, #(6) ' Falling.Film amount of
~ (O IREEMR R OB HLEFE, Figure 4 ICREA A heat
—Vard, NEITFHIMEA AT 2 F L e —F— L/min w
INOIRIEAEUG LT B 2 RIET 5, TR T LIS, 1 159 435 111
TR D BTG 2 AR ChR L 7B A AR BVE N B A 2 2.72 377 096
AT ~DORRE & T 5, () Trvd L 9 1B & iRkEE 3 3.00 364 093
] & RIS ODIREE 72 2 B Ol L, B LA RE L, 4 368 469 1.20
KON K D IS DA B R R O SR E 5 450 368 0.94
E9 %, 6 5.22 478 122
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431 R RIEMEE R DEERE & HEEEDLLER

3.2 TIRA7= 1L TR D T R R =R 0O FERfE &
Hofmann (1)) & Jacobi D (X (2)~ (5)) THers L=
BEAEIFZE DRI 5D  RIBRIEMEE=R(BA T, HEEE &
W5 D Flsshit R 2 7~ U, IR R R O R EERFE IS D
WTHEEST 5, RGEE 0.010Pa s DIRIEIA A FV V7~ Jacobi
DD A HEFHN O FERAE & HEEE % Figure 5 12
T, LA IVRED 204 D & & Jacobi D H00sM L
L3, FOMD LA IV REITEB T HERMEITIZIE
Jacobi DR & RIZEDEE R LTZ, F£7=. Hofmann O T
IR L A L R DBIM L CRIBIRIEM SR )N
< 72 DAHBEIDVRE TN DS, Jacobi D TITEIE L A
VAR OHET U CHRIBEMAEERI T H F D L
TRVMERIS RS IVTUNVD, RS RIT Jacobi DDA
I FELTWD EWZ S,

ECENRUKZ 0K U, R & B 25 BAs
FRICBI LT, HKHEE 0.0146Pa - s DOVGTRARIFRUA L LT
Wit T3 2FREAT o7, BEREIREE &R RO
B 2 F O TE(B) ~2RO)IC L 0 IR G R D R
EOBEEEITV, KiEE 0.0144Pa + s DT /LK % Na KiA
W% FAVNTIT > 72 Jacobi OFFHLFEER & i35, Z 03
BRCIE, (nENVE R R M BEVE R CBVEF O RIS
IO AT 5 FE TR L 7=, Figure 6 0 7L Na
KRR & % B C13 Hofmann Dz X 0 Jacobi DU
VME, S SNz, UL, 15TRFBRO ERRMEI Lk
LA 7 v ZHHS 26.3 D & & Jacobi DFUZITY MEAE 5
WTHODD, HRIEL A )V REH 52.7 D & %1% Hofmann
ORITIEVMEDG B, HEERDNOHIEL A Vv ZH b
B R ORIR A HEE T 5 F IR, ZAUT
THIRDSKEEE LIS O Z B U CRBIZ2 3 22 &
HEEZOND ET ASBERNIZIT e —# — TRl
BMFUK D@ TV D T2 OB —E TRV, [nEVER
R OFHADFIEDENC X D FHASE OZ=RFT- &
Wz D,

HEEE 0.242Pa + s DIREIAIZEI LT L — FOFHEIC
K D MRIAEM R OFERE A i L, 7 L— MZ X5
WEREST D, Figure 7 X0 il FBRICIH WL TUREE LW
EZ7LTEY, Jacobi O=iEASMFIHE KE<HBL
DHREEETIH 5N Jacobi DEUTUTVME, EHEERLZ, Z
DFDNHFEEE 0.242Pa + s DRI B U CHEIEAEMA
EREWET LD, T L— NOFEZ L 5L EE
L2 CRWER Tz, 7' L— MEFRIT A DK
KL~ TR D ERR L 7 L — N AT RSB Ok E
DFEERIZINT Jacobi DU K A HEEE & 3TV VFEBR{E A
BoNT-T20, ARFEERTI T I=#PHOREE ORI CI3 >’
L— M X DEBINITENF LT 5,

Table 2 Experimental condition

Applicable .
Flow rate of Plate making
L range of
viscosity the the
. . Formula of ) ]
Falling-Film . Falling-Film
Jacobi
Pa-s L/min
0.010 22~59 Inarange o
0.0144,0.0275,
0.0385, 0.0600, 1.8~6.0 Out of range o
0.0930, 0.242
0.242 2.0~58 Out of range X
/ Making the
""" Falling-Film tube
Making the
Falling-Film plate
e Falling-Film
Ts _Tfo Y
R = R FRPRRERLE Heat exchanger
q | tube
"
Rf

Figure 4 Calculation method of  Falling-Film side Heat-transfer
coefficient

Falling-Film side Heat-transfer coefficient

Qf :Cfo(Tfo _Tﬁ) ©)
_Q
q= A )
R _Ts_Tfo @®)
Yo

1
=R ©

Symbol about formula (6)~(9)

Qr : Falling-Film Acquisition amount of heat [W],

C; : Specific heat of the Falling-Film [J/(kg - K)],

M : Flow rate of the Falling-Film [ka/s],

T : Falling-Film outlet temperature ['C],

Ty : Falling-Film inlet temperature [1C],

T, : Surface of Heat exchanger tube temperature [C],

q : Heat flux between the inside the tube and Falling-Film [W/m?],
A : Heat-transfer area [m?,

Ry : Falling-Film side thermal resistance [mK/W],

h : Falling-Film side Heat-transfer coefficient [W/(m?K)]
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TRIEABEMIEER OBIRE Figure 8 12k L, AT S, TR
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1)Jacobi DOFit F4-#EFHN T d> HK5EE 0.010Pa + s DR
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Figure 8 Comparison in  viscosity characteristics
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Indoor Environment of Convective/Radiative Air-conditioning System
in Office Building Supplied from Whole Ceiling with Punched Metal
(Part1) Outline of Air-conditioning System and Ventilation Performance in Office Room
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Toshihiro TARA™ Toshio YAMANAKA™ Hisashi KOTANI"' Kazunobu SAGARA™ Yoshihisa MOMOI™*
Kazuya UCHIDA™ Kitarou MIZUIDE™ Yu GOTO™
"' Osaka University "~ Sanki Engineering Co.Ltd. ~ Nikken Sekkei Ltd.

The new cooling system was developed and designed for the brand-new existing building. The experiment in the real building was
conducted to know the performance of the convective/radiative cooling system. Air temperature distribution and ventilation effectiveness
were measured in comparison with the conventional cooling system in which air is supplied from the ceiling supply opening and exhausted
through the ceiling grille, it is generally used in many offices in Japan. As the result of the experiment, the air temperature distribution
and ventilation effectiveness of this new cooling system is not much different from that of the conventional system.
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Table 1 Flow rate of supply air
(Convective/radiative air-conditioning system)

Sampling point Flow rate [m®/h]
SA1 221
System 1 SA? 151
SA3 124
SA4 306
System 2 SAS 386
SA6 600

Table 2 Flow rate of supply air
(Conventional air-conditioning system)

Sampling point | Flow rate [m3/h] | Sampling point | Flow rate [m3/h]

SOA1 80 SA1 178
SOA2 124 SA2 322
SOA3 114 SA3 210
SOA4 140 SA4 184

SA5 280
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Fig. 8 Normalized CO, concentration in occupied zone
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Fig. 10 Air temperature difference between at supply air opening
and at a sampling point in occupied zone
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Detailed Investigation of Heat Movement Phenomenon of Ceiling Radiant Panel System and
Energy Saving-Related Comparison between Ceiling Radiant Panel System and Conventional System
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The performance of the radiative ceiling air-conditioning system, which can select the water for cooling, supply/return

water from/to heat sources and water which uses underground heat and solar heat, is verified in summer and winter by

measurement. The measurement was done using two rooms, one has radiative ceiling air-conditioning system, and the

other has normal convection type air-conditioning system.
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Table.1 Summer measurement case

| RS ZEER=E TERERE ﬂﬁ“@l_ilzmé
ZH pselmml VY AE |GHP| AR N
B " (°e) [(L/min) (°C) [(m/h) O i_fﬁ .
1-1 4K 20 [ 38 '"“’f‘:
AEl 1-2 )| 22 38 " Oﬁﬁm)ﬁ FL+1.1m
Z = BEE
1-3 24 [ 38 | 26 [ 840 ¢ T BE
() A | O (2 anm
= T .22 | wga
o R =
u I S
BB B0 GRAT)
AL soum
BERE
- x5 O | g | 2B
H 8
s @ =5EE FL3on
— * z%éﬁl Z57E
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Table.3 The heat movement rate and the thermal loss rate
when air-conditioning
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Fig.6 The panel heat exchange amount when air-conditioning
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Table.3 Winter measurement case
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Indoor environment evaluation of the exhibition facility which adopted radiation cooling and

heating system
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In late years the radiation cooling and heating system which an adoption example increases to is often used in an office

building. We introduced an aluminum radiation panel in consideration for design characteristics and the flexibility that we

produced newly into exhibition facility. And we performed the performance test in the simple substance and an indoor

environment eval uation under real environment.
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Perfomance Evaluation of Personal Air-Conditioning System by Ceiling Diffuser

FH

(Part 1) Airflow characteristic of Personal Diffuser and Experimental Evaluation by using

Thermal Manikin
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Hiroshi ABE*' Seiji MIYAZAKI*? Youichi NAKASHIMA**
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This study is aimed to evaluation of thermal environment and energy conservation for the personal air-conditioning

system by ceiling diffuser. In this paper, we report perfomance evaluation on the Airflow characteristic of the personal

diffuser and experiment evaluation of thermal environment using thermal manikin.
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Controlling Method of Indoor Environment in Sickroom with Ceiling Induction Diffusers

(Part 2) Indoor Thermal Environment under Cooling Condition

in Sickroom with Four Beds

Ying LI*' Toshio YAMANAKA*' Hisashi KOTANT*'
Kazunobu SAGARA*' Yoshihisa MOMOI*' Yun CHEN*'

*'Osaka University

In hospital wards, the odor from patients or diapers is often claimed, which can cause the adverse psychological impact
on patients or medical workers. Therefore, high quality of indoor environment in sickrooms is essential. In this study,
experiments using full scaled model room with four beds were carried out by the tracer gas step-up method and decay
method (using carbon dioxide, CO,), to verify the characteristics of the air-conditioning method with Ceiling Induction
Diffusers on the ceiling. (Cooling condition was simulated) The investigation aimed to examine the influence of relevant
parameters on the distributions of indoor temperature. At last, how examined parameters affect the indoor environmental

1. Introduction

In recent years, the issue of indoor environment in sickroom
attracted widespread attention. In hospital wards, the odor from
patients or diapers is often claimed, which can cause the adverse
psychological impact on patients or medical workers. A lot of
studies on ward with displacement ventilation have been carried
out by the domestic and foreign researches (Hua Qian et al,
2008). Moreover, multiple-bed wards are commonly seen in the
world, which are often subdivided into bays containing 4 or 6
patients (Clive B. Beggs et al. 2008). Four-bed sickroom is very
common in Japan (Tastumi Daiki et al, 2014), so the odor
problem is particularly serious. Therefore, the indoor thermal
environment is also an important factor which affects physical
comfort and health of patients. Therefore, high quality of indoor
environment in sickrooms is essential, especially in multiple-bed
sickrooms.

In this paper, the air-conditioning method by ceiling induction
diffusers with low velocity is proposed, by which airflow rate can
be decreased. It aimes to examine the influence of four relevant

parameters on the distributions of indoor temperature according to
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Fig. 1 Plan of laboratory [mm]

the result of 32 cases, which have been conducted by changing the
four parameters and turn out how examined parameters affect the
indoor environmental quality in sickroom with ceiling induction
diffusers.
2. Methodologies

Experiments are conducted in a full scaled model room with
four beds on November 2nd, 2015~November 20th, 2015, in
the showroom of KIMURA KOHKI Corporation. The size of
experimental room is 7.35m(d)x5.35m(w)*2.42m(h), as shown in
Fig.1 and Fig.2. The north wall is insulated with polystyrene foam.
Two square return louver (275mmx>275mm) and four rectangular
supply inlets (1200mmx=500mm) with induction panel are located
on Ceiling above beds (one for each bed). Rigid diffusion fins
are installed on each of aluminum inlet plates. Air-conditioning
method with ceiling induction diffusers is different from the

traditional air-conditioning system. As a result of air pressure,
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indoor air is induced and mixed with the primary air. The
proportion of indoor air is 60%, by comparison, the primary air
accounts for 40% in total mixed air. The mixed air is rectified and
blown into the interior, as shown in Fig.3. The exhaust opening
is a crevice, which locates under the floor. The size of exhaust is
865Smmx7mm.

3. Experiment method

The mannequins with heating-cable is used as human simulators.
Heat generation rate of each mannequin is 40W as sensible heat
load of patient. Black lamp, which assumed equipment heat was
set aside of each bed at the height of 1000mm from floor. The
power of each lamp is 90W. There are four pieces of heating
carpets used as hot air flow from windows, which are pasted on
the both side of polyethylene foam, the thickness of the set is
150mm. The heat generation rate of each is 250W, that is heat flux
is 1000W in total. In addition, the calorific value of illumination
in the labouratory is 182W, in total. The tracer gas step-up method
and decay method (using carbon dioxide, CO,) are applied, then
32 cases have been conducted by changing four parameters:
dosing positions of tracer gas (simulating contaminant), with or
without curtain around beds, airflow rate of outdoor air and with/
without two standing person simulators. Experimental conditions
of cases mentioned in this paper are shown in Table 1.

CO, as tracer gas was emitted from the chest of each heated
mannequin. Flow rate of CO, is controlled at 1.5L-min” by mass
flow meter. Wall surface temperature and indoor air temperature
were measured after the steady state confirmed. The measurement

Table 1 Experimental conditions

points of temperature are shown in Fig.4. The wall surface
temperature is collected at 3 points vertically (W1-W9), that is
27 points in total, using T-thermocouple. Twelve straight bars
were set in the laboratory. And 8 measurement points were set
on every bar. The air temperature is measured at 12 points (P1-
P12) horizontally and 8 points vertically, i.e. 96 points in total. It
is worth mentioning that, on each bar, the temperatures of four
heights of 100mm, 600mm, 1100mm and 1700mm were collected
using CO, recorders, and the rest four points were measured by
T-thermocouple. Namely, the temperatures of red circle points on
bars were collected by T-thermocouple, and temperatures of green
square points were measured by CO, recorders. Then every 30
seconds, the instantaneous value was recorded with the two kinds
of measuring instruments. The detail information of measurement
instruments is shown in Table 2.

Table 2. Measurement instrument

Instrument name Manufacuturer Amount
Data logger Cadac 3 Etodenki Corporation 4
CO, recorder (TR-576) T&D Corporation 15
CO, recorder (TR-76Ui) T&D Corporation 31

4. Influence of parameters on vertical temperature
distribution

The diagrams (Fig.5-Fig.10) shows the relationship between the
vertical profile of temperature and the height. In Fig.5-Fig.10, solid
circle and square shows the temperatures at measurement points
were collected by T-thermocouple, while, hollow circle and square
indicates the temperatures at points measured by CO, recorders.

4.1 Influence of positions of tracer gas

Case Condition Comment
The cases, in which CO, was emitted from the right bed near

Case 1 2-PR-C . .. .

2: air change rate of outdoor air is 2 times/h

i iris 4 ti Table 3 Airflow rate

Case 2 2.PR-NC 4: air chan'ge rafe of outdoc?r air is 4 t'1mes/h

PR: CO;, is emitted from right of perimeter Airflow rate of outdoor air | Supply air flow Return air flow | Outdoor air flow
Case 3 2-IR-NC IR: CO, is emitted from right of interior [1-h"] [m*n] [m*h] [m*h]

C: with curtain

Cased | 2-PR-NC-S NC: without curtain 2 853 653 200
- P S: with two standing person simulators 4 25 a7 408




window (we assumed the perimeter side) and the right bed near
door (interior side) were conducted, under the condition of air
change rate of 2 times-h™', without curtain around bed and no
stangding persons (case 2 and case 3). Fig.5 shows the measured
results of vertical profile of temperature.

The temperature decreases gradually with the increase of height.

The rang of variation is from 22°C at the floor to 20°C at the height
of 2110mm. Except for P12, the temperature profile is slightly
high at the height of 1700mm. It may be caused by apparatus
error of measurement instruments. At the height of 2320mm and
2420mm, the temperatures rise to the level which approximates
the temperature of the floor. It is also seen that the temperatures of

Solid circle and square:
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Hollow circle and square:
Points collected by CO, recorders

PR
(case 3) z(case 2)
2420 4 - -
2000 r r— <
E 1500 » P I
S 1000 ! A A 1
2 4 4 4
o . J\= Pl ) ‘L P2 ) J\= [P3] ) L [p4
15 17 19 21 23 25 15 17 19 21 23 25 1517 19 21 23 25 15 17 19 21 23 25
Temperature ['C] Temperature ['C] Temperature ['C] Temperature ['C]
2420 » » -
2000 r r r r r
T s b $ b N
< oo |4 4 4 i
Sh
2 0 o 3 4 A
& L [ps b [P12 J_ [P7 ) ‘Eé‘_ P8

15 17 19 21 23 25 15 17 19 21 23 25

Temperature ['C] Temperature ['C]

1517 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25

Temperature ['C]

Temperature ['C] Temperature ['C]

Fig.5 Vertical temperature distribution
(contaminant source position:PR and IR, without curtain, without standing persons, air change rate of outdoor air is 2 times-h™")

Airflow rate of outdoor air is 4 times-h"!

Airflow rate of outdoor air is 2 times-h"!

case 5) (case 2)
I £ & T - P
T 1500 PP 23 R Ay
S 00 b 44 I N
2| dd nd L d )
o . H\‘ [P1 ) é_i\‘ P2 J‘ué- [P3] ‘[é_ [p4
Temperature ['C] Temperature ['C] Temperature ['C] Temperature ['C]
i EF ra L &l P
Zis00 |7 by i e by by
= 000 | d id .d L Ll
2 g0 | dd L4 I d { J
o Lt Ll m IS I ‘ [7s

1

L

15 17

2325 1517 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25

Fig. 6 Vertical temperature distribution
(contaminant source position:PR, without curtain, without standing persons, air change rate of outdoor air is 2 times-h" and 4 times-h™)

‘Without curtain
(case 2

B

?ﬂ.

Height [mm]
)
(=3
S

m
j=3
(=]
?:0\0—-0’
P
.
T~

Pl

° L P2

15 17 19 21 23 25 15 17 19 21 23 25

Temperature ['C] Temperature ['C]

With curtain
(case 1)
<

7
i

ias
%&k«

[p3 P4

L L
15 17 19 21 23 25 15 17 19 21 23 25

Temperature ['C] Temperature ['C]

&

O £ %-
E 1500 ¥\EF
= 100 4 bl
) 500 dd

'S

RSN

- P6
15 17 19 21 23 25 15 17 19 21 23 25

Temperature ['C] Temperature ['C]

-

15 17 19 21 23 25 15 17 19 21 23 25

Ra=iet

Nt

P7 P8

1517 19 21 23 25

Temperature ['C] Temperature ['C] Temperature ['C]

Fig. 7 Vertical temperature distribution
(contaminant source position:PR, with and without curtain, without standing persons, air change rate of outdoor air is 2 times-h™" )



With standing persons
cage 4

e N =
=T Ei=
E)D 1(5)22 J r! With, u(l stan%ing persons J{ E{[
case
o . ‘L‘Pl ) ‘L_‘PZ “ L_ [P3] . L_‘PA
1517 19 21 23 25 15 17 19 21 23 25 1517 19 21 23 25 15 17 19 21 23 25
Temperature ['C] Temperature [C] Temperature ['C]  Temperature [C]
2420
2000 — & Ll 4l e &
] e il ] i
ERN ] i ] /
£ 500
&= P5 X ‘L‘PS L P12 X ‘rL_ 1P7 X X P8

0

1517 19 21 23 25 1517 19 21 23 25 151

Temperature ['C] Temperature ['C]

Temperature [C]

19 21 23 25 15 17 19 21 23 25 15 17 19 21 23 25

Temperature ['C] Temperature ['C]

Fig. 8 Vertical temperature distribution
(contaminant source position:PR, without curtain, with and without standing persons, air change rate of outdoor air is 2 times-h™)

P4 and P8 are slightly higher than others, which are affected by
the influence of heat air flow from windows. Theoretically, there
should be no difference of temperature by changing position of
tracer gas, as the the position of CO, generation seems not to have
some effect on temperature distribution. Actually, in Fig.5, the
values of each relevant position are absolutely same, that is to say,
the two curves coincide. This coincidence of temperature shows
the accuracy and steady condition of experiments.

4.2 Influence of airflow rate of outdoor air

On the premise of the other three conditions fixed, the experiment
was carried out by changing the air change rate of outdoor air from
2 times-h" to 4 times-h"'. When the airflow rate of outdoor air is 2
times-h™ and 4 times-h”, the volumes of air supply, air return and
outdoor air are shown in Table 3. Vertical profile of temperature is
shown in Fig.6.

There are similar vertical temperature distributions in both cases
(case 2 and case 5). However, it can be found that temperature
under the condition of airflow rate of 4 times-h™ is lower than that
of 2 times-h™. The temperature differential between the two cases
is about 2°C .

4.3 Influence of with or without curtain around beds

Fig.7 demonstrates temperature profile compared with the
condition of hanging curtain (case 1) and without curtain (case
2). The diagram indicates that the similar vertical temperature
distribution in both cases. It is apparent that in case 1 (with curtain)
temperature is higher than that in case 2 (without curtain). The
result may be caused by the difference of outdoor air temperature
and the operation of air-conditioning.
4.4 Influence of with or without two standing person simulators

In case 4, the mannequins with 60W-heat generation rate of each
mannequin as sensible heat load are placed on each side of bed,
which is near to the window and on the right side. Keeping other
conditions constant, case 2 and case 4 were conducted. Vertical

profile of temperature is arranged in Fig.8. There is no large

difference between case 4 and case 2. The trend of temperature
distribution is consistent, except for the slight temperature
difference at P8 (near the two standing persons). It is
caused by the sensible heat load of the two standing person
simulators.
5. Conclusion

Through comparison analysis, the impact of the indoor
temperature distribution caused by the relevent parameters
is examined. It is conspicuous that the parameters of dosing
positions of tracer gas and the existence of two standing person
simulators have slight affect on indoor air temperature. What's
more, the bigger the airflow rate of outdoor air is, the larger the
vertical temperature difference will be. Apparently, the airflow
rate of outdoor air plays an important role in decreasing indoor
temperature. The most important advantage of air-conditioning
method by ceiling induction diffusers with low velocity is the high
comfort air-conditioned environment, which includes the uniform
and stable temperature distribution in the horizontal direction and
vertical direction.
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In sickrooms, there is the odor problem from patients and diapers. In this study, as a method of obtaining high indoor air

quality in sickrooms, the authors propose the air-conditioning method with Ceiling Induction Diffuser (CID) on the ceiling. In

previous studies, thermal environment and thermal comfort of occupants in the room with this diffusers were investigated by

experiments. However, the distributions of contaminant concentration and temperature were not clarified. In this study, the

effect of various parameters on indoor environmet was examined by experiemnt.
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Ventilation and Air Conditioning Design of Sickroom by Low Velocity Fabric Air Diffuser on Ceiling
(Part9)Indoor Environment of One-bed Sickroom in Heating Season
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In this study, the air-conditioning with low velocity fabric air diffusers on a ceiling which works like displacement

ventilation as a means of obtaining high indoor air quality in sickrooms

was proposed. The previous paper showed

the results of the experiment to examine temperature and contaminant concentration profiles of cooling and heating
condition using the full-scaled mock-up of a four-beds sickroom. In this paper, the outline of the field measurement in
the one-bed sickroom and temperature and contaminant concentration profiles in the heating condition are reported.
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Table 1 Experiment conditions
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2500 - T —— Air temperature
: V| e
2000 0 1 —4—Wh
= : T r : = = = Qutdoor temperature
51500 H ' O Exhaust above bed
z
2 H ' ®  Exhaust above hand washer
$1000 T T
N i ig 1 —#— Wall temperature
' '
500 : : Supply
' i O Return air
0 - . . ! © MRT
0 10 20 30
Temperature[C]

(d) case4 (Radiative mode, CO,:Supply opening)
Fig. 4 Vertical temperature distribution
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In order to compensate the poor performance on building envelopes, it seems to be tough to keep the hygrothermal 1AQ

by a residential air-conditioner as the primary equipment. Since the proper latent heat load processing makes the indoor air

overcooled. Otherwise the partial processing of the dehumidification load leave behind the humid indoor air. For the

improvement of the hygrothermal 1AQ and the reduction of HVAC loads, the residential heat pump desiccant ventilation

system is expected for proper processing of separated sensible and latent heat loads effectively. In this paper, the practical

performances of the residential heat pump desiccant ventilation system are evaluated as the residential equipment applied to

the highly insulated and airtight house.
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In this paper, numerical simulations are to be executed for illustrating hygrothermal performances of the intermediate

residential model unit in the RC condominium by using the Windows application WUFI Plus 3.0 that can estimate non-

linear transient hygrothermal performances of multi zone buildings. The location of the model unit is assumed in Tokyo

and the extended AMeDAS reference year is to be applied as the weather condition.

Temporal profiles of heating and cooling loads including latent heat loads supplied by an air-conditioning equipment are to

be compared for the four kinds of building envelopes with different insulation thicknesses and installation positions.

The four kinds of building envelopes are those satisfies 1) the cavity and 2) continuous insulation for the next generation

standards for building energy conservetion 1999, 3) the continuous insulation for International Energy Conservation

Code 2015, and 4) the continuous insulation for the voluntary standard associated by NPO Corp. Exterior Insulation

Promotion Council.
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Figure 1 Model of the condominium unit in WUFI Plus
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Table.1 Heat transmission coefficient

U-Value | unit 1999out | IECC | EIPC | 1993in
Wall W/mK 0.821 | 058 | 0.337 0.681
Window | W/mK 342 | 322 2.33 342
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In this study, the two-story timber frame houses are numerically examined by using the Windows hygrothermal

application WUFI Plus 3.0. The three levels of thermally different building envelopes are selected, that is, GOJ IBEC 1999

level with cavity insulation, IECC (International Energy Conservation Code) 2015 level with continuous insulation (c.i.)

and PHIUS (Passive House Institute US) level with the thicker c.i.. The outdoor climate conditions are selected to Tokyo
(Zone 1Vb in IBEC climate classification and Zone 3A in IECC) or Sendai (Zone Il and Zone 4A) and the extended

AMeDAS reference year weather data are assigned respectively to compare the performances. For the selected two zones,

the model of the same exterior appearance shape can be utilized.
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Table.l The Thermal performances of Opaque envelopes in Tokyo

U-value (W/m?K) Continuous thermal Insulation Filling Insulation
Roof 1999x1 0.16 - GW=2 185mm
IECC 0.18(0.17) PFx®  90mm (100mm)
PHIUS 0.1 PF 90mm (100mm) GW 140mm
Wall 1999 0.28 - GW 90mm
IECC 0.23 PF 20mm GW 80mm
PHIUS 0.14 PF 40mm GW 140mm
Floor 1999 0.21 GW 140mm
IECC 0.16 GW 184mm
PHIUS 0.12 PF 40mm GW184mm
1991 HHARAE = 1 FHE
CW** 7T 27 —/b (BMREER 1 2=0.032W/m-K) PP = /) U w7 7 4 —2 (BMRER : 2=0.019W/m-K)
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Tokyo
1999 IECC PHIUS
Heating load (KWh/m?) 38.53 33.84 11.77
Humidification (kWh/m?) | 5.42 4.32 4.74
Cooling load (kWh/m?) 32.16 29.02 16.95
Dehumidification (kW/m?) | 11.45 11.32 11.55

Table.4 Annual Air-Condi

tioning Loads  (in Sendai)

Sendai
1999 IECC PHIUS
Heating load (KWh/m?) 66.12 57.20 22.59
Humidification (kWh/m?) 6.22 5.14 5.72
Cooling load KWh/m?) 15.44 13.96 7.37
Dehumidification (KW/m?) 7.96 7.87 7.99
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A four storied residential project is progressing to get the certification of PHIUS+ 2015 Standard. In order to optimize

the hygrothermal performances of building envelopes and HVAC systems including the operational strategy, WUFI Plus

3.0 simulations are carried out. In particular, the better combination of the proper specification on the continuous

insulation, OA volume flow rate for the summer night purge and the thorough operation of solar radiation shading is to be

find out. It can reduce the accumulated air conditioning load in total, since the cooling load is slightly increased and the

reduction of heating load can cover it. The quantitative evaluation can be provided on both sensible and latent heat load

including dynamic interaction of moisture transfer with envelope materials. The durability of building envelopes is

examined by checking the annual profiles of the water content of plywood substrate in the envelope assemblies.
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Evaluation of the Indoor Environment of the High Insulation House
using the Vertical-Type Radiation Panel
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The air conditioning method is the main way to heating and cooling of the indoor air by using the air-conditioning
equipment. However, this method is concerned problems such as discomfort by wind having directivity, unevenness of
temperature and noise. In this study, a test house that introduced the vertical-type radiation panel is measured. Also, the
features of heat transfer model to radiation panel calculation is explained, and the accuracy of the calculation is verified by

comparison with the monitoring results. Furthermore, the effect of the radiation panel performance and the building

performance are clarified by the parametric analysis.
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Table2 The building configuration
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Table4 Calculation condition
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Simplified Design Method of Air-conditioning using Ceiling Fan in Room
(Part3)Effect of Installation Interval and Distance from Wall on Velocity Distribution
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*I' Osaka University

The purpose of this study is to simplify the design method of the air-conditioning system using

ceiling fans by airflow pattern data of CFD simulation. There are two purposes in this paper. One

is to disucuss the effect of the installation interval between ceiling fans on the velocity distribution.

The other is to clarify the velocity distribution corresponding to the distance between the ceiling fan

and the wall. This paper shows that CFD simulation is conducted and these studies are discussed.
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Table 1 Analysis Case (Casel - Case9)

Room size | Speed of rotation| Number of mesh
[m] [rpm] L]
Casel 80
Case2 | 3.6x3.6x2.6 160 228,096
Case3 320
Cased 80
Caseb |5.1x5.1x2.6 160 457,776
Caseb 320
Case7 80
Case8 | 7.2x7.2x2.6 160 912,384
Case9 320

Table 2 Analysis Case (Casel0 - Casel2)
Room size| distance from the wall | Speed of rotation| Number of mesh

[m] [m] [rpm] [

Casel0 1.8
Case11]20x20x2.6 2.5 160 4,160,000
Casel2 3.6
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Fig. 2 CF airflow model
(F-M111W-W, ¢1100mm, 160rpm)
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Table 3 CFD Condition

CFD Code FLUENT16
Turbulence Model Standard k-eModel
Convection discretization scheme QUICK
Algorithm Steady State(SIMPLE)
Temperature Condition Isothermal

2.4 CF OEERE— K

Table 4 |Z, CF OIEHAGAF 277, CF OXIt 7ML
- PEEIAARE L TFImE & L, BN 80pm (Y
7 NElR - §9IEES - EERD 9 B Y 7 NEERICFE Y
T %), 160pm (35iERRICAHY 9 %), 320mpm (GRS
73 260pm TS 72D, sRiEEREI » HiRE) & L7,

Table 4 Condition of CF

Airflow direction Downward flow
Speed of rotation[rpm] 80 | 160 | 320
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CFD Analysis on Airflow in Room with Linear Slot Diffuser
Part3. Airflow Pattern and Application for P.V. Method widh Single Linear Slot Diffuser
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Many building service designers today are becoming to use Computational Fluid Dynamics(CFD) analysis when they
take account of how indoor environment are achieved by HVAC equipment in the process of diffuser layout design.
However there are some problems in using CFD analysis for the room which has complicated shape diffusers. One is
difficulty of setting boundary conditions for CFD analysis. The other is requiring too much computational time because of
a huge number of computational grids to represnt the shape of the diffuser and the supply jet from it faithfully. The purpose
of this study is make a study on applying P.V. method for horizontal airflow from a single linear slot diffuser.
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Table 1 Experimental Condition

Velocity[m/s] 2.0 Fan
Airflow Rate[m¥h] 259 S
Temperature Condition Isothermal (O) ;
Inlet Direction Horizontal
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/| Diffuser (

X

T
Ceiling z/ Ceiling
Sn/m g
v/

CCD Camera

e Laser

CCD Camera

- "
Floor A Floor

Laser 300

Fig. 3 Experimental setup
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Table 2 PIV Condition
Program Davis 8.5
CCD Camera Imager ProX 2M
Laser Output 50mJ/pulse
Camera Frame Size 1600x1200pixel
Sampling Frequency 14Hz
Sampling Time 21.4s
Algorithm Direct Cross-Correlation

passl: 64x64pixel
pass2: 32x32pixel

Interrogation Window Size

Fig. 4 Flow model

Table 3 Location of Cross Section
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CFD Analysis on Airflow in Room with Linear Slot Diffuser
Part4. Airflow Pattern and Application for P.V. Method with Double Linear Slot Diffuser
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Many building service designers predict to airflow pattern in room for the optimization of the diffuser layout design.

Today, they often use CFD analysis. However, there are some problems. One of them is too much computational time.

This is because that they need a huge number of computational grids to predict precisely supply jets from complicated

shape diffusers. The purpose of this study is to decrease the number of grids and computational time by P.V.Method. In the

previous paper © , the target is linear slot diffusers. The application of P.V.method to a double slot diffuser is studied in this

paper.
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CFD Code ANSYS FLUENT 16.1
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Personal Air-Conditioning System with Outlet can be switched Directivity or Diffusibility

(Part4) Effect of Local Air Velocity on Human Physiological Responses and Thermal Sensations
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In this study, the effect of local air velocity on human physiological responses and thermal sensations by subjective
experiment and analysis by thermal model of human body was investigated to develop the rule for using the personal
air-conditioning system using outlets that can supply the alternative of directed air flow or diffusive air flow alternatively.

As a result, it was suitable to change a current of air after office occupants who is in high metabolic rate, have local

cooling for ten minutes.
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Characteristic of the Vortex Ring Experiment using the Pulse Airflow Control Device
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Thermal sensations differ from person to person. Also, relaxing room temperature is required because of energy-saving. In

this study, focused on the vortex ring. It has straightness and low diffusivity. By using it, it is considered that the necessary

amount of heat get fewer. Moreover, each person feel comfortable by controlling the interval of sending out the vortex ring.

The purpose of this study is to grasp the characteristic of the vortex ring through the experiments.
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Design Method of Wind and Buoyancy Induced Natural Ventilation System

for High and Medium Rise Office Building
(Partl) Natural Ventilation Rate based on Wind Tunnel Test and Flow Network Model
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The purpose of this work is to propose a general and design method of natural ventliation system for office buildings.

This paper first presents the wind tunnel test to obtain wind pressure coefficient of an existing office building. Then, natural

ventilation rate of the building is evaluated by flow network model. Based on a parametric study varying the ventilation

opening area and resistance of the flow path, a correlation between flow rate and these parameters is finally shown.
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This study aimed to measure the efficiencies of natural ventilation by measuring the wind from the natural ventilation

system at the urban office in Osaka. We measured indoor temperature, indoor concentration of CO2, and the wind velocity

through windows. We also did the questionnaire survey to clear up how the people feel when the natural ventilation system

is carried out. In conclusion, natural ventilation slightly improved indoor thermal environment and the subjects felt

comfortable for indoor temperature and air quality. However, they complained to noise from outside. (87 /100)
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Table.2 Measurement items
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The number of buildings where natural ventilation system was introduced has been increasing for the purpose of saving energy. In such

buildings, it is expected that comfortable thermal environment can be achieved without using air-conditioner especially in spring and fall.

This paper shows the results of the questionnaire survey about the opening areas and the ventilation performance in many natural-ventilated

buildings in Japan. The purpose of this study is to find the relationship between each opening area and the ventilation performance in the

natural ventilated buildings.
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Table 1 Questionnaire items

Building name Location

Building usage Completion year

Maximum hight [ m ] Total floor area [ m* ]

Floor ( Ground/ Basement )

Basic information - —
Floor intended natural ventilation ( Ground )

Standard floor area ( Ar) [m? ]

Area[m’]
Discharge coefficient [ - ]
Area[m?]
Discharge coefficient [ - ]
Area[m’]

Discharge coefficient [ - ]

Inlet and outlet opening ( Ao )

Opening area
Discharge coefficient
(Standard floor)

By-pass opening ( Ap)

Void opening or stack opening ( As)

Standard floor area intended natural ventilation ( As') [m* ]

Ceiling height (h) [m ]

Ventilation performance |Air change rate (N) [1/h] ( predicted / measured )
(Standard floor) Flow rate (Q) [mh ] ( predicted / measured )

Ventilation strategy Chosen from Fig. 1

Other (Standard floor) Internal heat generation (W ) [ W/m? ]( predicted / measured )
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Void type Shaft type
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Vel
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Fig. 1 Ventilation strategy
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Table 2 The number of replies

Ventilation strategy Building usage
+ Inlet and outlet Cross-ventilation type 9 Office building 31
opening -
. Void type 12 School 2
: By-pass opening
- Stack opening Shaft type 20 Government office 3
Laboratory 3
(a) Schematic plan (b) Schematic cross-section Others 2
Fig. 3 Opening areas of "shaft type" building Total 41 Total 41
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A Study on Natural Ventilation in the High-rise Office Building
with Environment Symbiosis Technologies
Part6 Estimation of Natural Ventilation Rate using Room Temperature by BEMS
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In a high-rise office building with wind-forced ventilation system and BEMS, we measured differential pressure of some
flow path and temperature in elevator shaft. Using temperature data gotten from measurement and BEMS, flow network
calculations were conducted. To estimate flow rate by natural ventilation opening, we made the calculation. We verified the
precision of the calculation to compare the calculation result to flow rate evaluated by measured differential pressure.
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Table.5 Comparison of Measurement and Calculation (Closed)
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Heat Load Reduction Effect by Mechanical VentilafedLayer with Aluminum Seat in Wall &
Evaluation of Thermal Insulation Efficiency in Cateration of Common Type of Insulation Method
in Summer
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The objective of this study is to evaluate the pennce of ventilated air layer with aluminum seathie wall by the
measurement in outdoor experimental houses. Tiperpshow the effect that the low emissivity of inrsairface of
mechanical ventilated air layer cuts down radibatral transfer and induces the increase of exiaast Furthermore, we

found the mitigation of indoor daily temperaturaga and the improvement of indoor radiant enviramnie summer.
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Fig.8 Air layer and wall temperature Case-1 (8/28)
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Design Method of Natural Ventilation Shaft in High-Rise Office Building
(Part 5) Effect of Outdoor Environment and Building Material on
Natural Ventilation Performance
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*' Osaka University * Osaka City University

Natural ventilation system has been introduced in many office buildings in Japan. Natural ventilation is driven by wind and the difference
of air density. However, it is difficult to design the natural ventilation system with the high performance because there is few researches
about that. In order to design the natural ventilation system, it is important to determine adequate the size of the openings on the route for the
natural ventilation. This paper shows that the relationship the different shatt size, intake opening size and pass opening size in the schematic

office building with 15 floors was examined by NETS.
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Figure-1 Schematic diagram of studied "Shaft-Type" office building
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Table-1 Analysis condition

- - Analysis code | NETS
Multilayer wall @ Ver.9.12.4
Multilayer wall @ Outdoor air .
temperature 20°C
30m | o
L | Heat generation _ N\ Initial .
| rate: 19764 [W] g temperature | 20 °C
1(36.6 [W/m?] . )
= x (30 x 18) [m?]) q Wind velocity | 3.0 m/s
o 30 m i Wind direction | South
Multilayer wall (D) Multilayer wall @
L?V'\E glass Tile Concrete Insulating Tile Concrete Insula.ti?g
materials materials
Air space / / / Air space / / / Air space
E /Ejﬂasterboard % /EjPlasterboard
B [
6126 10 180 252512 10 180 252512

Figure-2 Composition of the wall
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Figure-3 Effect of intake opening area on airfow rate
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Figure-4 Effect of intake opening area on room temperature
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Natural Ventilation Performance of High Rise Office Building with Corner Voids
(Part 12) Indoor Environment of One-Floor Office and Partitioned Office Room
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"' Osaka University "~ Nikken Sekkei Ltd.

Utilization of natural energy attracts attention from a rise of energy conservation demand. Natural ventilation is one of
methods for utilizing natural energy in high-rise building. Recently one office building uses natural ventilation system
which is combination of buoyancy ventilation and wind ventilation. Area of one floor is large, so the building is used as
one-floor office or partitioned office. In this paper, the measurement of the air temperature and CO, concentration and the
occupancy evaluation for the indoor thermal environment were conducted in the one-floor office and the partitioned office.

The relation between the measurement results and the occupancy evaluation was discussed.
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Fig. 6 Relation between Indoor Environment and Occupancy Evaluation
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The Natural Ventilation Assist Chart and Thermal Environment with using the various HVAC
modes in the High-Rise Office Building with the Cross Ventilation System
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When using natural ventilation, it is important to use it at correct seasons and times. Additionally, in case of tenant office

building, heat load and pattern of its changing are different by each occupier. This paper shows the natural ventilation assist

chart for the high-rise office building with the cross ventilation system. It designate dynamic change of availability for NV

by seasons and cope with changing of heat loads of each tenant and acceptability temperature of each season. Additionally,

this shows the expansion of availability for NV with deregulation and room environment with using hybrid ventilation and

outside air cooling.
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\ Occupire select control modes
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Qutside Air Cooling
Fig.1 System flow of HVAC system in the building

Table.1 Conditions for each system
conditions C1(NV/HV) C2(OAC)
enthalpy indoor > outdoor
outdoor temp. > 16°C | >10°C,<24°C
outdoor humidity < RH90%

< 10m/s
no rain

wind velocity
rain

Table.2 Air change rate setting of assist fan

indoor temp. | zone 1,3,4,6 | zone 2,5

e ¥ e
exhaust route

< 26°C stop 1.8 -;»-;\---tgtﬁentgrtvfom
26-28°C 18 3.9 it gt s
> 28°C 3.9 3.9
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Fig.2 The natural ventilation assist chart
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A Study on Semi-Displacement Ventilation using Radial Wall Jet

(Part 7) Prediction of Vertical Temperature Distribution using Block Model

based on Numerical Experiment by CFD
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The Impinging Jet Ventilation (IJV) system is an air-conditioning method to form thermal stratification. This system

mixes air more moderately within the occupied zone than the Displacement Ventilation. The final objective of this work

is to establish a simplified prediction method of vertical temperature distribution based on the Block Model. As numerical

experiments, a parametric study on supply air momentum is first conducted by CFD in this paper. Based on those

results, appropriate value of turbulent thermal diffusivity in the Block Model corresponding to the supply air condition is

determined, because it is of great importance on vertical temperature distribution.
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Table 2 Analysis Condition for Parametric Study
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Fig.8 Air Flow Rate and Heat Balance of Block Model

Table 3 Calculated Method of Block Model

Air flow rate of plume

1
v, =0.005x W3 x(h- h0)§

Air flow rate balance of wall down flow

Vo LK) =V, (LK) +V,,, (I =1.K)=V,,,(1.K)=0

out

Air flow rate and heat balance of plume block

V,(1+1,L)-V,(I,L)+V,,(I,.L)=0
[ Top block]
icppr (11,01, (T +1,L)-T, (1, L)}+ Z"“cthth (rL)r()-1,(1,L)}=0
[Medium block]
E":cp oV (1L, (1 +1,L)-T, (1,L)}+ icﬂ oV (L LY (1) -7, (1,L)}
+3°¢, H,B, (1LLIT(1)-T,(1,1)}=0
[Bottom block]

S C, ¥ (L LT =T, (1, L)+ W + 3. C, 1, B, (1 L)1)~ T, (1, L)} =0

Air flow rate and heat balance of room block

S 1K)~V 1KV, (D)=, (1) 37, (1, 1) V(1 +1)-7,(1)=0

[ Top block]
Kz:cp PV, (LK, (1,K)=T(1 )} + gcp oV, (I,L){Tp (1,L)-T(1)}+ C,pV (1 + I\ (1 +1)-T(1)}
+C, 1+ )4, (1 +1)-T(1)}+ e, 4, {T. —T(1)} + Z C, H,B, (LT, (1,.L)-T(1)}=0

[Medium block]

ZC,,me(LK){Tm(LK )=T(D)}+ C,pV (14T (1 +1)=T(1)} - €, pV (DT (1 =1)-T(1)}

+C,(NA, (1 =1)=T(1)}+ C, (1 + )4, T (1 +1)-T(1)} + Z C, H,B, (L), (1,L)-T(1)}=0

[Bottom block]

ZCPPV,,, (1.0, (1.K)-1(1)}+ €, o7, (1T, (1) =T (1)} = C, ¥ (DT (1 -1)-T(1)}

+C, (N4, {1 =1)-T(D}+ o fr, - 1(1)}+ iCAPHhB,,(LL){Tp(LL)— r(1j=0

2% The terms with underbar is 0 if V. indicates the outflow from the block.

Nomenclature

V. :Air flow rate of plume [m?/s]

V,, :Entrainment air flow from block [m?/s]
V., :Inletair flow from wall down flow [m*/s]
" - Outlet air flow to wall down flow [m?/s]

V,, : Mixed wall down flow [m?/s]

V., : Vertical flow rate of mixed flow [m%/s]

NN NS S S

: Supply air flow rate [m¥/s]
: Exhaust air flow rate [m?/s]
: Vertical flow rate between room blocks [m*/s]

: Room block temperature  ['C]

: Plume temperature [C]

: Temperature of wall down flow [C]

. : Supply air temperature ['C]

T,
W : Heat generation rate of heating element [W]
h : Height above the floor [m]

hy

B : Circumferential length of heating element [m]

Cpp : Volumetric specific heat of air [J/(m*+K)]

: Distance to virtual point heat source from floor [m]

: Area of boundary surface of block [m?]

, : Height of one block [m]

4,

H,

Bp : Circumferential length of plume [m]

C, : Heat transfer coefficient between blocks [W/(m?-K)]
G,

, : Heat transfer coefficient around plume [W/(m?* K)]
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part3) Ventilation Rate for Double-Sided Openings of Small Wind Pressure Difference
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Takuya FUJITA*' Tomohiro KOBAYASHI*' Noriko UMEMIYA*'

O #ith

*! Osaka City University

The general predition method of wind-induced ventilation rate cannot work well for a room with a single opening or
multiple openings of the same time-averaged Cp value, because influence of wind turbulence cannot be considered. This
work aims to evaluate ventilation performance due to turbulence. This paper presents CFD based on RANS and LES for
a room with double-sided openings with several cases of small wind pressure difference. The ventilation performance is

evaluated by purging flow rate (PFR) and air flow rate, and the correlations between flow rate and Cp value is shown.
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Table 2 Summary of CFD Analysis

mm:ﬂlmWﬂ
C

P

CFD Code Ansys Fluent 15.0
Large Eddy Simulation
Turbulence Model Smagorinsky-Lilly Model (Cs=0.1) SST k- model
Algorithm SIMPLE
Discretization Scheme for . .
Advection Term Central Differencing QUICK
Time Step 0.0005 s

Pre-Conditioning Period
Main Calculation Period
Inlet

2,000 time step (=1.0 s)
38,000 time step (=19 s)
1/5 Power law(Smirnov's method)

1/5 Power law

Boundary Conditions| Outlet Gauge Pressure :0 [Pa]
Walls Two Layer Model of Linear-Log Law
Case0 Casel Case2 Case3 Case4 Case5
Total Number of Cells | 757253 |1,072,323 | 1,100,923 | 1,166,275 | 1,213,571 | 1,207,659
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Fig.2 Studied Cases of Opening Condition
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Fig.3 Velocity and Turbulent Intensity
Profile of Approaching Flow
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Table 1 Wind Pressure Coefficient of Opening for Each Cases

Central Position of Opening RANS LES
(X,Y, Z) [mm] Cp Value [-] AC Cp Value [-] AC

Opening 1 Opening 2 Opening 1 Opening 2 P Opening 1 Opening 2 P
Case 0 | (-20, 100, -99) | (-20, 100, 99) -0.736 -0.733 0.003 -0.903 -0.881 0.022
Case 1 | (-20, 100, -99) (0, 100, 99) -0.736 -0.710 0.026 -0.903 -0.842 0.061
Case 2 | (-20, 100, -99) | (-60, 100, 99) -0.736 -0.744 -0.008 -0.903 -0.800 0.103
Case 3 | (-20, 100,-99) | (20, 100, 99) -0.736 -0.667 0.069 -0.903 -0.755 0.148
Case 4 | (-20,100,-99) | (30, 100, 99) -0.736 -0.635 0.101 -0.903 -0.691 0.212
Case 5 | (-20, 100, -99) | (40, 100, 99) -0.736 -0.602 0.134 -0.903 -0.629 0.274
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__ 4.0x10" 4.0x107 4.0x10" -
k= A A AAA
£ 35x107 oD e B s B e
< 3.0%107 it 3.0x107 s 3.0x107 X
2 A 3 P \ A \
£ 25x10” %S 2.5x107 2.5%x107 e
< A P CFD A CFD
8 2.0x10" e 2.0x10" F/NRN 2.0x107 ey
8 1.5x107 1.5%107 |4 15107 [ A
5 10107 e “Fitting Curve by Eq.(3) 1.0%107 A Fitting Curve by Eq.(3) 10107 £ Fitting Curve by Eq.(3)
£ % (n=0.194) : F, (n=0.195) : 7 (n=0.178)
2 0.5x10 0.5x10" 0.5x10”
0 0 0

0 2 4 6 8 10 12 14 16 18 20
Main Calculation Time[s]

(1) Case 0 (AC,=0.022 [-])

0 2 4 6

Main Calculation Time[s]

(2) Case 1 (AC,=0.061 [-])

8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Main Calculation Time[s]

(3) Case 2 (AC»=0.103 [-])

= 4.0x107 4.0x107 4.0x107
£ 35x10° 3.5%107 3.5x107
— A A
< 3.0x107 et 3 0x107 | 30k
= A Ag-dh Aok
T 25x107 s 2.5x107 et 2.5%10" eTere,
3 7 it . PN ; P
8 2.0x10 z CFD 2.0x10 — o) 2.0x10 e
8 15x107 A 1.5%107 = —— 1.5%107 G
5 . Fitting Curve by Eq.(3) , / Fitting Curve by Eq.(3) ,
g 1.0x10 7 (n=0.225) 1.0x10 7 (n=0.257) 1.0x10 o Fitting Curve by Eq.(3)
2 0.5x10 0.5x10" 0.5%x10" (n=0.291)
0

0 2 4 6 8
Main Calculation Time[s]

(4) Case 3 (AC,=0.148 [-])

10 12 14 16 18 20

C'02468

10 12 14 16 18 20
Main Calculation Time[s]

(5) Case 4 (AC,=0.212 [-])

002468

10 12 14 16 18 20
Main Calculation Time[s]

(6) Case 5 (AC,=0.274 [-])

Fig.7 Time Variation of the Number Concentration obtained from LES
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The actual evaluation of the kitchen instruments in commercial kitchen

OZEH  [Ex (Frd TEIE) S|
Masahide SUDA*?  Hiroaki NAKAGAWA*?

B (P )
*1 Takenaka Corporation

The kitchen is on the trend of energy consumption per unit often, because discharging the heat or waste gas or the like, it
is necessary to ensure the comfort and safety of the kitchen. In this research, it is intended to reduce the ventilation and
air-conditioning energy and control of the thermal environment in the commercial kitchen with company cafeteria. In

addition, show a difference of how to use the kitchen equipment in each application by revealing the year of kitchen

instruments utilization form in the company cafeteria and university.
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Capture and Containment Mechanism of Local Exhaust Hood in Commercial Kitchen
(Part 7) CFD Analysis for Small-Scale Model Experiment
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In a commercial kitchen, a large ventilation rate is needed and energy consumption can be large because a large amount

of effluence of heat and cooking substance need to be removed. To make kitchen comfort and save energy, it is important

to remove them efficiently by minimum exhaust the flow rate. In this study, an experiment was done by using small-scale

model. In this paper, the reduction of the small scale model was caluculated to use in the small-scale experiment based on

the similarity law. Also, full-scale model was compared with small scale model by means of CFD Analysis.
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- Heat generation rate 0.177 4
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Table 4 Prescribed values
F . . Combution Gass | Cooking Effluence
cle distance velocity tempeorature Mass Fraction Mass Fraction k €
[m] [m/s] ['C] 5 0 [m/s?] [m¥/s*]
A|B|D A 0.0285 0.719 88.66 0.0888 0.1388 1.17E-02 | 8.17E-03
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D 0.102 0.281 41.2 0.013 0.0041 1.78E-03 | 4.89E-05
E 0.117 0.205 3433 0.0067 0.0013 9.50E-04 [ 1.91E-04
mesh for modified PV method F 0.142 0.11 26.55 0.0018 0.0001 2.71E-04 | 2.91E-05
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Table 5 capture efficiency[Combution Gass]

Table 6 capture efficiency[Cooking Effluence]

full scale model small scale model full scale model small scale model
- haust
f,l);}vljlrl::e capture efficiency f‘l)z)v:l;;te capture efficiency ;XhauSt capture efficiency ;’gé:l;;:e capture efficiency
; : ow rate : :

[m¥h] [Combution Gas] [m?/h] [Combution Gas] [m¥/h] [Cooking Effluence] [m/h] [Cooking Effluence]
540 71.2% 96 74.1% 540 73.6% 96 75.7%
1003 95.5% 174 99.6% 1003 97.2% 174 100%
1504 101% 261 103% 1504 102% 261 103%
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Capture and Containment Mechanism of Local Exhaust Hood in Commercial Kitchen

(Part8) Capture and Containment Characteristics of Thermal Plume

O fi+ (RBCKRS:)
i 23 (RBRKREE)
R Fofi CRECRSE)

gy 5 (RBORS:)
B B CRERORS:)
s eEk CRER:)

Noriko FUIIMURA™ ' Hisashi KOTANI" ' Toshio YAMANAKA™'
Yoshihisa MOMOI™ ' Kazunobu SAGARA™ ' Toshinari TAKETANI" '

* ' Osaka University

A large ventilation rate is needed and resultant energy consumption becomes large in a commercial kitchen because a

large amount of effluence of heat and cooking substances need to be removed. To make a kitchen comfort and reduce the

energy for air conditioning, it is important to remove them efficiently with minimum exhaust flow rate. In this paper, the

capture and containment efficiency of combustion gas was measured in different positions of the cooking pot and different

exhaust flow rate. From those results, the airflow field inside and outside of the hood, and the influence of the capture and

containment efficiency on C&C efficiency were clarified.
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Fig. 3 Outline of Capture Efficiency

Table 1 Specification of Pot
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Fig. 4 Location of Pot

Outside Diameter

Inside Diameter

Details of Pot

Outside Diameter|Inside Diameter|Outside Height|Inside Height

Capacity |Thickness| Material

AZTO0718 200[mm] 180[mm] 166[mm]

164[mm]

Thickness

2.2[L] | 1[mm] | SUS304L

Inside Height
Outside Height

Table 2 Specification of Equipment and Measuring Interval

Measurement Item Measuring Equipme nt Manufacturer Measurement Interval
. Gas Analyzer VIA-510
- H 2
In-duct CO, Concentration Sampling Unit ES-510 oriba [s]
Room CO, Concentration Photoacoustic Gas Monitor Type 1412i INNOVA 40[s]
Indoor Temperature ¢0.32mm T-CC Type Thermocouple — 1[s]
In-duct Temperature ©0.32mm T-CC Type Thermocouple — 1[s]
CO, Flow Rate Measurement Mass Flow Controller FC 770AC Advanced Energy Corp. —
Table 4 Experimental Conditions
. . Exhaust | KQ Face Exhaust | KQ Face
Table 3 Specification of Gas Range Flow Rate| Value | Velocity Flow Rate| Value | Velocity
Heat Source Gas Range for Home Kitchen 540 mh| 40KQ[ 011 ms || 96 m¥h| 40 KQ/ 0.08 mvs
Input 4.2[kW] (fixed to 2.6[kW1) Real 1 861 m¥/h| 64 KQ| 0.17 /s || geale | 148 m¥/h| 61 KQ| 0.12 nvs
Range Size  |596(Width)x474(Depth)<204(Height)] | ™€ [1003 m/h| 74 KQ| 02mis || Model | 174 m¥h| 72 KQ| 0.14 ms
Range Name RTS-M63VT(For City Gas) 1183 m¥%h| 88 KQ| 0.24 m/s 209 m¥h| 86 KQ| 0.17 m/s
Range Manufacturer Rinnai Corp. 1504 m¥h|111KQ| 0.3 m/s 261 m¥h|108 KQ| 0.21 m/s
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Table 6 Comparison of C&C Efficiency (Location of Pot)

Real Scale 1/2 Scale Model
Exhaust C&C Efficiency Exhaust C&C Efficiency
Flow Rate o Flow Rate o
[m*/h] [%] [m*/h] [7o]
540 68.2 96 61.5
861 92.3 148 88.1
1003 96.6 174 92.9
1183 98.2 209 97.8
1504 99.1 261 96.6
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Fig. 5 Comparison of C&C Efficiency
between Comparing Real Size and Model
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Fig. 6 Comparison of C&C Efficiency (Location of Pot)
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Fig. 7 Schematic Diagram of the Influence of Capture and Containment on C&C Efficiency
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