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Study on Heat and Moisture Properties of Desiccant Cooling System
with Phase Change Materials and Desiccant Materials
(Part6) Time Variation of Moisture Content, Temperature Distribution and Humidity of
Packed Bed with Silica Gel and PCM
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Recently, desiccant cooling system has attracted our attention, from the point of view of global warming and in order to
improve indoor thermal environment. However, the temperature of the dehumidified air rises. The purpose of this study is
to verify the reduction of the temperature rise by using desiccant cooling system with phase change materials and desiccant
materials by experiments and numerical simulation. In this paper, the results of measurements and calculation of moisture
content, temperature distribution and humidity of a PCM and silica gel packed bed are reported.
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Figure 1 : Measurement Device
(Moisture Content Measurement)
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Table 2 : Measurement Condition

] process air regenerative air (initial condition) flow rate [L/min]| face velocity [cms]
temperature [ C]| relative humidity [%]| humidity ratio [g/kgDA] |temperature [‘C]|relative humidity [%]| humidity ratio [g/kgDA] Y
Silica Gel Only 25 70 14.0 30 65.1 5.0 2.94
PCM & Silica Gel 25 70 14.0 30 65.1 5.0 2.94
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Figure 5 : Moisture Content Curve
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Figure 6 : Air Temperature in PCM Packed Bed (Heating Process)
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Figure 8 : Temperature Distribution
(Silica Gel, Upper:48h, Lower:6h)
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Figure 10 : Adsorbed Amount and Moisture Content

03 6 9

a0, FHRFOEREE | & LIFHREEY THL
7= b D% Figwe 17T, WAL OEHEBIEROL
bzl 2 & WoEBMGE . (K9 180 43) 13T NC
PCM 2 U A DI FRIERE OIE 5 AR KR E < 72>
T2, ANROIREE AR & FERIZ, PCM OFFAIZ LY
WS BRARTE A OBRIBMEREZ M L LT D &z D,

@ : equilibrium achivement ratio [-]
wW—W, . :
0 W : moisture content|-
(0 = . s - (2 [ ]
w, — W, W, : saturation moisture content[-]
W, : initial moisture content[-]
40|
38
36 4
34 e ©)

]
el

oy
(1\ (2)\ \ qutflow

Temperature[°C]
W W
(=3
L

]
0

i

24

6
Time [h]
Figure 7 : Air Temperature in PCM Packed Bed (Cooling Process)
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Figure 9 : Temperature Distribution
(PCM & Silica Gel, Upper:48h, Lower:6h)
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Figure 11 : Equilibrium Achivement Ratio
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Validity assessment of air quality model in Inner Mongolia
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The fast economic growth of China caused significant increase in air pollution emissions. During 2000-2009, IMAR had

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

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

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

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

anthropogenic emissions in Central China and the dust from deserts.
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Table.2 CMAQ configurations

configuration
Version 5.0.1

Horizontal grid number 128X88

Initial and boundary Made from MOZART-4
Honrizontal/vertical advection Yamartino/WRF-based scheme
Horizontal/vertical diffusion Multiscale/ACM2
CCTM in-line calculation
SAPRC-99

AERO 5

Photolysis calculation
Gas phase chemistry

Aerosol
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Figure.1 Calculation domain and observatory
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Index of Agreement (IA) % HV 7.

Emery 52 1%, KKEET TG T DI20DOKRET
IVOREETHEDT- 012, IRD LK 9 I2_F~—7 BRE
LTHEY, KIRIZOWTIIMBE<+0.5°C, IA>0.8, 1B
{2V CIIMBE <+#1 g /kg, TA>0.6, EEHIZ DV CIIMBE
<+05m/s, RMSE<2m/s, IA>0.6 &72> T35, A4
ZECIE, AW BUEOBHNE D Sknot A TR N T\ D T2
W, RO F~— 7 |2 K DFHfIE TR,

3.2 RRITHITHEEELHAEDLLE
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1k 10m OFERAE V-, FEEERGEE, FE 4 Tk
2014 %0 1 A 1 H OWf2~5 8 H 31 H 23 B (UTC) D
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Table.3 Meteorological variables and statistical indicator

Obs Sim R MBE RMSE IA

Table.4 PM2s concentration and statistical indicator

PM,s[ugm’] Obs Sim MBE RMSE IA R

Beijing
Temperature[°C] 15.53 15.80 0.98 0.27 220 0.99
Mixingratiofg/kg] 7.20 6.13 096 -1.07 1.97 0.96

Shanghai
Temperature[°C] 16.80 16.76 0.96 -0.04 2.72 0.98
Mixingratio[g’hkg] 10.70 10.42 0.98 -0.27 1.23 0.99

Shenyang
Temperature[°C] 10.99 10.77 0.98 -0.22 2.65 0.99
Mixing ratio[g/kg] 6.89 6.68 097 -0.21 140 0.98

Hohhot
Temperature[°’C] 9.43 878 098 -0.66 2.46 0.99
Mixingratio[g/kg] 4.60 4.19 093 -040 147 0.96

Osaka
Temperature[°C] 15.51 14.00 1.00 -1.51 1.80 0.99
Mixingratio[ghkg] 8.00 7.13 0.99 -0.87 1.18 0.98

Emery & DR F<—7 2 L BFHEERIR & IRELED
MBE & IA (290 L7=#&55E, 20 B E H 17 THE A3l
HeZ 7o Uiz, ALcis T HIRE D MBE & FEFIEERE -
K I 55350 MBE 0 3 1H H TRt R 247 &
ool KIRERAHICEAL T, < O TRUF
~—27 %=L, R & RMSE ([ LT BAfFAfla R L
TRV, HEEIZ T TOME TR < Bl E —E
LTW5 W25, KA CEAHHE, Zhlisto
R Gl Nl & 72 o 7. IRA TR TGl N AT &
Tpofo. EGEIERERNVERE G N, 2SO T
ARG & 727

IERNIE R LIS D45 #1536 RS A BT LT U
LH L LT, KBET/ME 45km k1 CTatE 417> T
BY, R FNOEEITETHIL=D, EEO+HM
FRZEECE T, JRED LHERIZ L A E TFEC
XlpolzbBZBND. RO LTI O FHIA
HETHLZENEZOLND. BEHEZHET 5213k
fRAREED NS S 2 L—3 g UM THLH EEZ BN
5.

FRRICEI LT, UA 43 v 7 REEREUEFRD AR L
TV D BLHIES 1knot BIAL CHEHITHLL , mis HIfTI 2252
T5L, K0514 DfEH L - TLES. ZDd, A
HWOLEFERIIBERRE L L

72, XV IERER CMAQ DFE 1T 5 72diciE, 7
RGBT — & %2 T WRF OFFEEAMEE «
BL O BERHD. TOEHDITE, KB T—4% &
DEEMICINEE L, 7L 2 2T 20— )LOVERD W,
ETHDHLEEZD.

3.3 PMysIZFI+B5HEE L BBHED LSS
HEZ DWW, BEBHIT —213AEm 07 A U KAHfE

DVABA LTV % U.S. Department of State Air Quality
Monitoring Program £ 0 #37-. At B, TN, kAT,

Beijing 97.00 128.06 31.07 49.74 0.90 0.88
Chengdu 84.43 100.08 15.65 37.58 0.84 0.76
Guangzhou 4953 75.11 2558 38.63 0.69 0.68
Hohhot 40.00 33.23 -6.77 2156 0.79 0.70
Shanghai 49.94 79.11 29.17 3758 0.77 0.88
Shenyang 69.74 7086 112 2529 0.87 0.78
Osaka 19.83 16.55 -3.28 7.10 0.90 0.86
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PMos B EE AL AT, B, o, b, e Gl AR,
MR RE, KBRCCH NG & 7 o7z, < OHISTRaZE
MREL pol=Ds, ZTOEBEELTL, vYIa2b—vs
VOFMBIEDMED -T2 b b, PEHET — 2 B b
DTS TZ ENFET LS. LV EMEICEES
B 27-0120F, SEEDY I 2 L— g v L IEHER
BT — 2NV ETHDH E V25, LovL, Zhao 5 Y
IZX DL, FENEE CERR S 0TV, &5
YUy DHEH I 7 2 — 2 & OPEHRECORHBIRC T 0
PDARIRE DT — B IPREETH DT, EfYEHET
—ZEAERT D Z LT LV E STV D, IEREZRHE
TR T D Z RSB OE—ORETH DL EE X
5.

3.4 BAREFRARAT

FREI ORISRV T, PMos IREEDMREZ SV 3 A R
[ZDWT, KEREERSUT O Hybrid Single-Particle
Lagrangian Integrated Trajectory version.4 (HYSPLIT4) %
FHN TR T UEMENT % S0 U7z, #TRY, H5
MR E COELILDORERE AR L T\ D. AWFZE T
IERIEARRIC B L7222l a k5 & LT, AT v
Z1REEIE L, R2e530 5 BRI D ORRIK &M T
X, 1HZ LA vy F L. 3 HREENEUCEKT
D157 & PMos IREES3 A 4 Figure.4 |9
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Resduction of Transmitted Solar Gain Using Evacuated Tubular Collectors on Building Facade

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

OMEH  Afn (KBGSLRS) Wk B=Ae CRIRMNZKRS:) 8 2R (KB KS)
Tomokazu YOKOTA*!  Masatoshi NISHIOKA Minako NABESHIMA*!
*1 Osaka city University

Since transparent solar radiation contributes to the cooling load increases, the thermal barrier technology is required. In this
study, we propose a thermal barrier « heat collection mechanism to reduce cooling load and heat dissipation. Based on
condensing experiments, it was studied effect of solar heat utilization for air conditioning by LCEM tool. At oblique incidence,
condensing magnification decreased with increasing of focal line width. Result of estimation, direct solar radiation reaching
windows of 40-50[%] in Casel is heat collection amount in sunny day. Casel using solar heat is 2.3 [MWh] accumulated
energy is smaller than Case4 that isn’t utilized.
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1980 4= LARE, AMEER & L CHEIMERIZH D H
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MNBELIND., FTVAF AL 2HDOH T A
MHUCE T 727 74 > N CTHE 2R L, WINEAR

TR SN D T2 D O EEWVERE A IFF S D .

—J7, EZEORMmA KNI L CRIHBEE (K
+HME ) (13 60 [Y]RRFE & 72 5@ (Figure 1) .

EHSEL, ¥R XU NICEZEERE LR
SHECEEE A 3T 7RI K0, ENEE B SR
A ORI & RIS, BV KICBE T 2 & TRAA~
DEIE 2 AR T 2 H I 2 #242 L 7= (Figure 2).
ZHURERE B R T & D 72 D AR~ DS B
END. LUT, T O 2 HEER - S EEAE & 158

WE - BB OGS LT, mEsfizy =
T 7L REHWT, KiGEFERBER L2
SGIECHEN - EET DEREITo TN D, HZEE
BVE 2 RV WA ZE I 2 <, IRIREE
SR DO FEMIZIA S TR, Ko TARIFFE T,
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[ZfE 9 B RERALE S B HJHERMEREOEIZ O
TERTORMNEZHMNET .

& A THEE - B T O LD KGR D %
FFIHTIL, BEEROEER MBS X O E RO
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BEA @O DITITAZT - HF2E U7z KIGEAOF]
MR 5, AR TIE, EEEETHE LN
% KB EEI ] 28 3012 O\ T B R A ) T IR 4 ik 42
ELTRREEIT .

1. Y=T7ILRILL U XEREER

HEENHE AR 0D T2 IR I 1308 % F5 D HL 22 4L BVE 1Tkt
L CHRIRODERDFTTZ EVWZ D, BUIRESE DSy
ARV RE A B RIS /N EEE 2 -T2 BB AT D .
1.1 y=72Lx)LL>RX

T LR, 7Y RNEROES O v
VAT AEDE LD L X LR CMEREE Y
H5HDTHS (Figure 3). FTHLU =7 7L X)L
LU RIFEEAS LA —FEcER L, BHR
ROEEANZ—0 (R ZF> (Figured).
1.2 EREIE

FEBRIE 2014 A5 12 7 ~2015 £ 1 A DK HIZ,
KBRS KT G R Bl T 72,

. ; use in
Ggs=27.1  [%] hott. buildings

water

7\ Inear rresne
YAl Lens
/ evacuated
I /- solar radiation, g:heat flux, L‘ tubular collector

subscript) w:window surface reaching, :f
water pipe

out: external outflow, in:indoor intrusion
Figure 1 Double skin heat Figure 2 A thermal barrier -

lc : convection, r:radiation,
ds : ventilation in double skin fagade

balance in the summer 2 heat collection mechanism
G

'}, £{£ <%

Figure 3 Cross-sectional Figure 4 Condensing of

view of a Fresnel lens linear Fresnel lens
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(Table 2).
1.4 £XBFIHEORE
(1) EXBHOEE

Vo Xz LZE X BN B —08)
ERIPAN & 72 2 KO ICARZERT 5. HHREE
& L THIERI S F 0 72 v, BRFLIEER

2[mm]- ¥ F 8 [mm]2s 60° TEAEEINTEY,

BRFLE 5.7 [%] (A —Hh—fH) THD.

(2) XEHBHEBLEKOEXBHFE
HENHFEEEICIIREZANENEG END.
HESNLENRAFENS REAFEEZZELSIW
TEEEROENAHELERT D (X ().
(3) HEhfE=x

LSRRy DS YEHRI T AT 2R B B I D A & ARGE T
AU, EBROEN B R XA E E A S AR
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CHEHERHBEOLEZENMERE LTHS (N (2).

(4) ZEEAHZE
EHA X EICAETL LI L XA2FBEL, K
F@ﬂﬁ' HH RN 2% E 95 (Figure6). JEE %

KBICTES S, HFAET0 MBS EZET S.

(6) EER#ER
>wz%®%%5%“ﬁ:owfﬁN5 APSES
BRI R O & WE SIS T 5 AR REITIZIE 4
THDHZ L EMRLTWD. Figure 7 12 XYZ fihd
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a XEnHm

R Xl EICEC D720, ERERITTIFE—
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./@\ | Table 1 Experimental
<@ apparatus constructs
@3- X 2
y4 |ml 1.optical axis alignment device
¢”> \3 2.solar radiation sensor
5 I ® 3.solar radiation sensor
Z 4.installation base
5.solar radiation sensor
“ﬁ”‘ Table 2  XYZ stage

measurement range[mm]

Figure 5  Experimental

X-axis 0~50
apparatus(Above: plan view, [v_axis 0~50
below: side view) Z-axis —30~+28
[Cper = ICy, — 1S, A Q)
_ICpee/F .
e = Dy X (2)

IC : condensing solar radiation [W/m?], IS : sky solar radiation
[W/m?], rc : condensing magnification [-], 1D : direct solar
radiation [W/m?], F : opening ratio [-].

subscript) net: net, m: measurement point, N : normal surfacfe

solar radiation
attenuation plate
\ Ilnear Fresnel Lens

- direct solar

_’ radiation
___ sky solar
===+’ radiation

Figure 6 Measurement of condensing solar radiation
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Figure 7 Condensing magnification on the XYZ axis
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c 30° [ElER
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\]_\ Table 3  The focal point of the

1 theoretical
. Lens rotation
| 10° | 20° | 30°
| angle
focal plane | Distance
/ from the lens | 152.3 | 159.6 | 173.2

center [mm]

Figure 8 The focal
Z EEFE [cm]| —0.23| —0.96 | —2.32

plane of the lens !
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condensing
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Figure 9 Condensing distribution on Z-axis when the lens rotation
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Figure 10 The focal B 5.,
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Figure 11 Heat collection situation

focal line width

oblique incidence

_IC/F x Aqg

rl:‘rans[_] = 1D XAL it (3)

IC : condensing solar radiation [W/m?], 1D : direct solar radiation [W/m?]
IA : lens area for condensing solar radiation reaches the sensing part [m?],

A : Sensor sensing part area [m?], F : opening ratio (5.7[%])

=B,
Teollect = ! (BPlpe - BLme) Et (4)
BPipe/BLine (BPipe < BLine)
Biine = Bi/7'¢ E2V (5)
Feotiect: heat collection surface arrival rate [-], Bpipe : heat collection surface
width [m], Byine : Focal line width [m], B, : Lens width [m], r’; :
Light collection efficiency that was transparent lens correction [-]
1

0.9 S

4 === Estimated from the approximate expression
™ Estimated from the measured value
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Figure 12 Incident angle and the heat collection surface arrival rate
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Table 4 Estimates conditions

. Solar energy utilization | Outside air Room load
Conditions . .
form processing processing
Linear Fresnel lens .
. . . . cooling
(rotation tracking) Desiccant air L
Casel . dehumidification
+ Evacuated Tubular conditioner . n
) air conditioner
Collectors (fixed)
Linear Fresnel lens (fixed) .
. . cooling
+ Evacuated Tubular Desiccant air e
Case2 . dehumidification
Collectors (movement conditioner . .
. air conditioner
tracking)
. . cooling
Plate type heat collector |Desiccant air L
Case3 ) . dehumidification
(wall fixed) conditioner . .
air conditioner
. . cooling
Solar power panel Desiccant air L
Cased ) . dehumidification
(wall fixed) conditioner . .
air conditioner
30
c ----- Casel
g E‘ 25 «--m-- Case2
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S § 10 3 L
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Time
Figure 13 Comparison of the heat collection amount

(Tokyo standard years 8/10)

W heat source W heat source pump
Oair conditiner rotor &fan M heat collector pump
a4
2
40 -
38
36
34
32 +
0 ; ; ; E

Casel Case2 Case3 Cased

cumulative power consumption
[Mwh]

Figure 14 Cumulative power consumption of the cooling period
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Research on efficient heating system for a plastic greenhouse in winter
-An experimental study on the effect of heating and insulating the high-floored sand bed-
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Recently it is known that high floored sand culture that can cultivate in easy work and high productivity. This study shows that the heat

and water balance of a plastic greenhouse by using measurement data. Examination of heating system for the high-floored sand bed has been

conducted by using a heating cable and a heat pipe. As a result, it is shown that hating and insulating sand bed can be earlier growth

condition than normal sand bed. Electricity consumption was reduced by thermal insulating.
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Tablel Measurement item

Outdoors In plastic greenhouse Sand bed
Air temperature Air temperature Soil
Humidity Humidity temperature
Wind direction Wind speed of dg i
Wind speed Wall temperature ' dep

I . direction
Short wave radiation Short wave radiation -

- - Soil heat flux
Long wave radiation Long wave radiation

11.8m Radiation thermometer
[J
I M [[Thermocouple ] [Irrigation tube |
Temp | ° S —
o Egm T
% Hilhe | £l . 3
9 ' H 3 Heat flux plate jo 7
Data logger FY ceccccccceas Precccccccccas
Actinomets

eter
CR1000 T500mm

Figure 2 Sand bed
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Thermocou ple | | P
[ H P 50mm Thermocouple
Sf7777 sand be
I
o
Heat flux plate {§ [H_Soil moisture sensor
ort and fon D | |
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ave radiation v
}

Thermal insulating(waterproofing)
Thermal conductivity:0.034W/m*K
Thickness:50mm

Figure 1 In plastic greenhouse Figure 3 Sand bed(insulating)
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Figure 4 Thermal balance in plastic greenhouse
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R y:Solar radiation outside(W/m?)

R’y :Solar radiation inside(W/m?)

He:sensible heat flux due to ground(W/m?)

¢ Hg:latent heat flux due to ground(W/m?)

¢ Hs:heat transmission through ground(W/m?)

wHe: sensible heat flux due to wall(W/m?)

wHg: latent heat flux due to wall(W/m?)

wH,4:combined heat flux due to wall(W/m?)

w Hy:infiltrating ventilation of heat flux(W/m?)
wHrtransmission of heat flux(W/m?)

p»Hc:sensible heat flux due to members(W/m?)

p»Hg:heat transmission through members(W/m?)

suH: sensible heat flux due to surface of the sand bed(W/m?)
s Hp: latent heat flux due to surface of the sand bed(W/m?)
suHs: heat transmission through surface of the sand bed(W/m?)
saHe: sensible heat flux due to bottom of the sand bed(W/m?)
saHp: latent heat flux due to bottom of the sand bed(W/m?)
saHs: heat transmission through bottom of the sand bed(W/m?)
T, :outside temperature("C)  T;:inside temperature("C)
Ts:ground temperature("C) Ty, :wall temperature(°C)
Tp:members temperature("C)

T;4:under the sand bed temperature("C)

Ty, ;temperature of the surface of the sand bed("C)
Tgq:temperature of the bottom of the sand bed("C)

pAs:sand bed area(m®) ; Ag:ground area(m?)
Ayywall area(m?) A :roof area(m?) Ap:members area(m?)
W, ,,: latent heat of transpiration in sand bed at n hour(kg/h)
W,,,:latent heat of flux due to infiltrating ventilation at n hour(kg/h)
W, :the amount of dew at n hour (kg/h)

/W,,:incremental of water vapor in plastic greenhouse from an hour
ago to n hour(/W,,, =W,,, — Wyn_q)
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Table 3 Detail of cases(Sectioned drawing of sand bed)

Casel
Normal sand bed

Case2
Thermal insulating

[ Thermalinsulating &5 i

- T ww

Case3 ] = = . =
Heater cable
Thermal insulating

et TR Feater o]
Heater cable =t oo s
Cased | e T ] |
Heatpie [Temamral |, ot

Thermal insulating

Table4  harvest days of each case (day)
Casel Case? Case3 Cased Caseb
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M Soil temperature

Figure 9 The accumulated temperature until a harvest day
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Ventilation Efficiency of Vertical/Horizontal Ventilation for Bio-Clean Sickroom
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*! Osaka City University “* Nippon Medical & Chemical Instruments

After the guideline regarding bioclean sickroom by Ministry of Health, Labour and Welfare was revised, and it shall

now be provided with vertical/horizontal laminar ventiation system. Nevertheless, details of these ventilation system

have not been sufficiently defined. Consequently, the performance of bioclean sickroom has not been evaluated

quantitatively. This work conducts CFD analysis for four cases of vertical/horizontal larminar ventilation system, and

evalutes their ventilation performance in terms of ventilation efficiency.
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Table 1 Basic Information of SA/RA Panel

Panched Metal Duct Panel
ID SA RA-1 RA-2
Diameter : D 3.0 mm 3.0 mm
Pitch : P 4.0 mm 5.0 mm .
Porosity : ¢ 50.9 % 32.6 % 58.5%
A\ 8 mm 10 mm 54 mm
H 13.856 mm 17.32 mm 60 mm
T 1.2 mm 3.0 mm 1.2 mm
Total number 205,920 338,988 649,704
of grids
Table 2 CFD Analysis Condition
CFD Code ANSYS Fluent 14.5
Discritization
Scheme QUICK
for Advection Term
Algorithm Steady State (SIMPLE)

Velocity : 0.1 to 1.0 m/s (every 0.1 m/s)
Inlet k, & : based on Turbulent Intensity and Length Scale
Fig.2 Mesh Layout on Cross-Section for RA-1 and RA-2 1=1.0 %, L=10mm
Boundary Condition | Outlet Gauge Pressure : 0 Pa
500 [mm] t [mm] 500 [mm] Metal Wall : Standard Wall Function
T ! Wall (Generalized Log Law)
Symmetry : Free Slip
Total Number of 205,290 (D=3.0, P=4.0 Porosity 50.9%)
Rk G:: er o 338,988 (D=3.0, P=5.0 Porosity 32.6%)
s 649,704 (Porosity 58.5%)
. . . Turbulence Model Standard k-epsilon Model (SKE
Fig.3 Calculation Domain and Mesh Layout = (KD
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Approching Velocity : V [m/s]
(1) : SA Panel (Porosity = 50.9 %)

0 0.102030405060.70809 1
Approching Velocity : V [m/s]
(2) : RA-1 Panel (Porosity = 32.6 %)

0 0102030405060.70809 1
Approching Velocity : V [m/s]
(3) : RA-2 Panel (Porosity = 58.5 %)

Fig.4 Correlation between velocity and Pressure Loss for each case of SA/RA panel
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Table 3 CFD Analysis Condition

CFD Code ANSYS Fluent 14.5

DiscritizationScheme

for Advection Term QUICK

Algorithm Steady State (SIMPLE)
Case 1 : Vertical Laminar
(Wall Duct)
Case 2 : Vertical Laminar
2,000 CMH
(Suspended Wall Duct)
Inlet Case 3 : Vertical Laminar
Boundary Condition (Block Panel Unit)
Case 4 : Horizontal Laminar 2,210 CMH
k, € : based on Turbulent Intensity and Length Scale
1=5.0 %, L=10mm
Outlet Based on Flow Rate and Outlet Area
Wall Room Wall : Standard Wall Function (Generalized Low Law)

Case 1 : 4,239,620 (Vertical Laminar Flow: Wall Duct)

Case 2 : 4,084,259 (Vertical Laminar Flow: Suspended Wall Duct)
Case 3 : 2,835,802 (Vertical Laminar Flow : Block Panel Unit)
Case 4 : 3,797,340 (Horizontal Laminar Flow)

Total Number of Grids

Turbulence Model Standard k-epsilon Model

Modeling Method of
Punched Metal

Sourse Term for Momentum Equation
based on Pressure Loss Characteristics
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Table 4 Air Change Efficiency for Whole Room (Isothermal)

Nominal Air Average

Room Ventilation Air Change
Case 2 2 Time Change Age -~ =
Volume [m?] | Rate [m°/h] Constant[s] | Rate [-/h] of Air [s] Efficiency [-]
Case 1 383 2,000 68.9 522 12 0.307
Isothermal
Case 2 437 2,000 787 457 116 0.339
Isothermal
Case 3 446 2,000 80.2 449 137 0.293
Isothermal
Case 4 437 2210 712 50.5 159 0.224
Isothermal

Table 5 Air Change Efficiency for Vicinity of Bed (Isothermal)

. Nominal Air Average | Average Local
Case Ve IRoom 3 ';/ etntllatl;/): Time Change Age Air Change
olume [m7] | Rate [M"/h] | oo nctant [s] | Rate [/h] | of Air [s] Index [-]

Case 1 38.3 2,000 68.9 52.2 410 0.840
Isothermal

Case 2 437 2,000 78.7 457 4438 0.878
Isothermal

Case 3 446 2,000 80.2 449 45.9 0.874
Isothermal

Case 4 437 2,210 71.2 50.5 15.8 2261
Isothermal

Case 2 (Isothermal)

.

Case 4 (Isothermal)

- =

0 20 40 60 80 100 120 140 160 180 200
Age of Air [s]

Case 1 (Isothermal)

Case 3 (Isothermal)

Fig.6 Air Age Distribution by iso Thermal
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Table 6 Air Change Efficiency for Whole Room (Non-Isothermal)

Nominal Air Average

Room Ventilation 4 Air Change
Case |\ 1ume [m?] | Rate [mh] Congt’;‘:t[s] lg::’fgﬁ] ofﬁge[s] Efficiency [
Case 3
Non- 44.6 2,000 80.2 449 127.5 0.315
Isothermal
Case 4
Non- 437 2,210 7.2 50.5 242.0 0.147
Isothermal

Table 7 Air Change Efficiency for Vicinity of Bed (Non-Isothermal)

o Nominal Air Average | Average Local
Case Vols;(;"[]ma] %/:{:IE;{I;/):] Time Change Age Air Change
Constant [s] | Rate [-/h] | of Air [s] Index [-]
Case 3
Non- 44.6 2000 80.2 449 60.6 0.662
Isothermal
Case 4
Non- 43.7 2210 7.2 50.5 17.8 1.997
Isothermal

Case 3 (Non-Isothermal)

g

Case 4 (Non-Isothermal)

=

20.0 20.2 204 20.6 20.8 21.0
Temprature [deg.C]

B |
0 20 40 60 80 100 120 140 160 180 200

Age of Air [s]
Fig.7 Air Age and Temprature Distribution by non-iso Thermal
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Air and Thermal Environment in the High-Rise Office Building
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Natural ventilation is focused on as a way of use natural energy because of energy-saving and BCP.
However, it is seriously affected with outside environment. This paper shows room environment and
perception for the workers in the high-rise office building with the cross ventilation system. Also it shows
the diagrams which designate seasons and times when natural ventilation is available, and it was utilized

for operational improvement.
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Figure.11 Alteration of Room Temperature

Table.2 Times to Select Natural Ventilation Mode

10/6~10 8:00-10:00/18:00—20:00
10/20~24 11:00-15:00
11/3~1 12:00-14:00
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Figure.13 Room Environment Tolerance
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