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[Abstract]

As the global warming and heat-island effect become increasingly more serious
than ever, cooling the district with the so-called passive cooling methods may become all
the more imperative to reduce energy consumption and to produce wealthy living space.
Although passive cooling technologies may provide energy benefit and non-energy
benefit to the stakeholders such as residents, business parties or the public at large,
there have been few cases that have adopted and evaluated passive cooling methods for
district planning. Furthermore, limited index for evaluating cooling potential is
considered to be the impediment toward the spread of passive cooling technologies.

Thermal effects of the passive cooling technologies as well as changes in lifestyle
have been evaluated in a housing district that has been designed with a theme of “cool
town”. Several indices were also considered during the evaluation so that towns that
will be designed in the future may make use of them.

Thermal environment and energy consumption were measured at an ongoing
housing district in Kumagaya city, Saitama prefecture. Questionnaire surveys were also
conducted to evaluate the newly developed passive cooling methods. Temperature
Reduction and Temperature Turbulence are also considered to evaluate the
cooling-effect of the passive cooling devices. The results clarified the cooling effect of the
devices and the usefulness of the indices. Changes in the comfort temperature
depending on window opening and passive cooling condition are investigated by
Thermal Sensation Votes and thermal conditions around the research subject.
According to the result, the thermal neutral (TSV=4) appears at 27.3 degrees C room
temperature while the neutral temperature rises to 28.5 degrees C when the windows
were open. The neutral temperature rises to 29.3 degrees C when the passive cooling
devices were watered by running water. The result implies that natural air movement
and intermittent cool air volume may raise the thermal neutral temperature even
though the average temperature of the room may not change. Cooling hour in summer
is calculated to be 52% less than ever before. Cool spot around the house may lengthen
outdoor living time. As a result, cooling load of a house may be reduced up to 6.9%.

Each house has a system that controls window opening and air-conditioner by
utilizing the outdoor and indoor temperature sensor. Measurement on a typical summer

day shows energy and carbon dioxide (CO2) reduction. CO2 reduction due to less



air-conditioning load in summer is calculated to be 27% including the CO2 emission by
consuming tap water. The questionnaire surveys indicate that residents who more
likely to use passive cooling devices are more likely to be satisfied with the district as a
whole. Newly developed passive cooling devices and indices may remind conventional

“yuusuzumi”, a traditional evening cool off, as a modern lifestyle.
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PRk i =i 24 KEH 0.088 g/cm3
WK & T 5mm 0.053 g/cm?
NS 30 4y ik 8 cm

KAEFNENA & —m w0 77wy 7 BRI 2 23 8 & 1o b B AR L2 HEL
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X 1-4-3 B MF A RKIESE O£ IBRNL O

W i
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TAr—Avia

#5

X 1-4-4 WA

@ HAkMEA v H—a v F T

77 a—F I LT Rk MEA v —m R TIZONTE, BARAS Z—a ¥
YIHBRIC IO RAKEER EFESOBREEW T LOERE L, B, KIZRERS
MBHAEFE LRBIZEMET 2570, ERMEADNR A RO DTN OKE FKE £
TR EFONRT W EREETHL, ZOEDHHTIA v —n v TOREIC
HlzoTIE, WEFEID T0% L ETHDZ L aHREL L, EERIZEUNOKEW BT 5
BT a2MR L ECIRE LTz, 2oft, iZE7 vy 7 o—Ki7atkie s LT 0 e
BRI Ea B E 2 CRIE LIRS v F—a o X T OHEREK 1-45 L 3K 1-4-4 1T
R, HEHEHITHW DR 6em OWr OPRK R, # 16kg/m2 & 725,

B-FRETEEQTFIO0~F (BTEM) WHE

RAKHEA 22—
B3 aREIY)
..................... n”
k- TR
o F799v7 (C40)
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173

WL S — b FEKEK 1020

80 20 60
X
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# 1-4-4 RAKMEA 2 — o F 0 T OEARMEE (A — I —NFEK[H)

TP 4.16 (MPa)

PRk & 0.16 (g/cm3)

W BT s 71.5%

KGRI 2.0x102 L) I

TR EPUE 75 (BPN) Lk
Rt (EHRER) BESBORTEL
=R 2.17 (glecm?3)

Tay YA R 200%100x60 (mm)
178my7DES 2.37 (kg)

@ &4, 77 FhN—

FRER L OZOMMEBHERIZE N TE, ZAREOFEACHBSED L<IzEEET 5L
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Hole, —7, W NIEMAYZLRNT & &, B2V m <AL ClE B AR 2
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8.1.4.4. ED/INY LTI —) VI F7AT L

AEEZZT TEIARRT 2ARBEEAELZMRT 22L&, WEH ORBEREIT/ER 3 522
BZRT A0, BT L — L — R_"—%2EA LT, WELZOPRmEEEEZE L
THEERICEOB S ETHAEN L 5L 912, @S GL+1.8m #HARL LT,

7 — V=N XBUKME « KM A B D 7 REBIC L 0 MO 4 maRTHHR, A%
WHmEE 72 D882 T 5 (X 1-46), ZOOMERMITmAESH 2D OZFEmIEITH
3.5m2/ m2 TH v, EFEMKHOEBRIINE LT HEHZ 0 9.4kg/m2 L 725,
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9.1.4.5. HEH - RKEFHERABKI AT L

Ok AL, KUy TFa—7

Ny T T =0 TT AT LOBHBEREL +2IC8 T 2720, Bk A7 A%&E
A UTee HOKIZDND2 SRR 05577 & IR DO Fif) & fiK & Fea T, HEERFTIZHUK S AT
A%Mﬁb¥5@&47~%ﬂﬁbkoﬁmvz?bm®ﬁﬁ-%mﬁﬁﬁﬁ@ﬁ%&®
7 — )= N—HOREED 2 DITH3T TRRE Lz, D EHHAONIKE (2 O3KER) 12
BT 22 LT, 10T CENENRERFMEZRHEST DN TELLIITR->TND,
FEHE « PRACH: AL %@ﬁm/XTAiEE#%%Eif@ L7 ¢ 16mm AR Y F=2—7 7
SALEOE T Coll S8, FHHICITX 1-4-Ta %, PRSI 1-4-T0 28t LT, F7-
&-ww~ﬂ—®ﬁt&_ilr4%®F)y7?n~7%%%bko

Wit
AEemm  AEAmm  EMEREREEASM(1%ED)
OftHEE) .98 /3 (T =5 ——8EiD- 105kpa)

WA | EmmKUF 1~ TICRET 2ES.
BmmY—H—FJyISA/EmEIOR(RFNFT (S SRO0%)
HENUIF LM

b.AfEEH I X |k c. R v FFa—7
X 1-4-7 BUKT AT I

Q@R H A ~—

BEEHEDTA T AZANRLR[GEM, HESORKMEEOFENEAITIS LT, BEEHED
T CHOKR M ZREI T & 2 L9 FEBOWAK S A ~— & iKE LT,
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DOFEfEC OFF 1272 %,

X 1-4-8 WEKHZ A ~—
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#E4E, No.356, pp.13-22, 1985.10

1-3) JEJIZET « FEHFEEO F A TE — BN O BN 2 fise 3 2 R0 22 M o &
FERERE £ D 2 —, ARG ARG Rim U 4R, No.365, pp.19-29, 1986.7
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2 O BAERERE £ D 4 —, B ARBEFSEE R SCRE %, No.409, pp.11-21,
1990.3
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No.611, pp.67-74, 2007.1
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10. 21. REHZETHRYIKS NEB D#IE

REHL, BEAFCBTIZ2ZRVF—HERLHIBLSob, PRtk E OMNLIZ LY

BPREOLEEBT LT T AL A NS L T 72, FREEHIZIBV TR
7=V TN EERT S 2 LI L D EER OB RE M O o E T S R
(BAF, #wWpiEtefaty (NEB RHlHEIEQ)) 22T 2, T LTEORRE LTHELA
%, EEFR OB & T 55 (LU, 2w 2@&fEfE (NEB RHliER©@)) %
BETLHHLDOTH D,

ARFERS CILEARY PR MR 36 X OB R R IC B W TR W EHMI A S b b /Ry 7
7 — U v THIZ K> TR SN D EROBE 25T 5 FiEE LT, Qi EOmET
FatEse, HEUEHANIEE (Standard Effective New Temperature, SET*) 72 & AR E
IZRDUEROIEREITINZ, Ny o7 7= U TEMOBA - FIFIZ LD A S L5 s
DR E S E 2 72 REERE | 233 28I & 0o IR E T 5,

Z LR ERREOBKICE Y 720 SN D G EMHARM O & BAMEE A HERE
]« 22O A EER O LB « AEFPRCRZH T E WO IRED S &, TE OB AT RERF
oM TEAHRE OB & TERANEIETREREH - 2O 0 325% 74 7 A
B ANDREIZET S NEB BEICH LT 2L LTMEDIT 2, 4%, [MEFHRHE
DOW | 0 TRSNEAEFTRERER - 22 o) &LER - AFRRO 7R FEIE & ORI HEBIRIFR A
b5 ENHLMTRIIE, FFRAICIE NEB FHIfEEE & LU ChE@ER I 5 2 &8 TE 5 AlhE
PEIZH 57, KREFIZEBOD TTBRYPRE IR & BT R BHRIE 2 SR <R & L Tok
WIZHE O 5,

ARIEF THESE S 2 NEB SRR, EARM02IE, OB P M 13 h SR g B &
FBR L ZORORBERE ORI D TREEE ] & [SET*) kb, QWG REE
EIXERRZICEREENEZRY Ko TREMIZEMET 27 7 — MlEIch & o%, #
AR EMEFRER & OBIMRZ B E 2 TET 5,

MRETERE | SRR IC DWW T, MRZEMO TK[IROIKT) & TRIEOELIV) 125
D& 4 BTN 5, [ROBMTRER L, [WMEFIHRE] KO TERIMNIAE /T RERFH )
IXENEN, Ny T 7=V T REOBANR (HUKE i L7evy) SHE L Oigic
X VIRRT D,

S DICARZEHTIE, NEB & EB BT 2 FREOEKZ BF LT, NEB/EB %% % 5
D HEZEMOFRE G & [RESRMEIZOWTHRT 5,
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11. 22. Ky TY—=) U TRMBDEA - FIAIZK S NEB DIRRIEE

Ry 77— THIROBNZ L > THLND NEB ZERIICERT 512H7z>T
%, E—= 7 A F 2 FBROBMCHFETL2HE L LT, HX - @A — iy T
THETHZEICKVERE L, T 2obbmiibT 28 mof T, FERESHORENINE
FEZEM A2 RNTHAT L2 2T, MEAENHEEORD LW = F TV —_"XT7 1 v |k
(EB) L&blT, fhale /oo FU—_x7 v b (NEB) 235515 NFIZOWVTHRSR
A L 72,

INFETICE— T A 7 FEIROEERHFIZOWTERRIIIZ &V F & o LI BE R
JeE LCIE, K221 IR THIFES 200, [X] 2-2-2 [RTHEED 221k 56 00nH Y, =
NOEDOHFTREINTWDHHERDEED S LEFIZEWTHKX - @A 7 — /BT 255712
DNWTFIN Y v T 7 =V U THOEAN - FIFIC L > TREMT 52 ENHREEE D, 22
T, ZHDH BFRBETR LZEAICOWTE, FEEO/Ny 77— 7 il & OB
RNEWZ D, FRITK 2-2-2 (12O TE K 0 BERIEDSRIOR SN TE Y, AP RS
TV RFTKIRD L5« BINREDOZEIZ L > Th 72 b S DB~ D2, A
RIS 28, =3 X —HE, CO: JiHEICH T 2 EE Ny v 77—V 7l
DEFAN - FIFCE > TEMTDHZENTED, TITARMNEZREBII NNy 77—V T
roEA - FIHIZ L D NEB %X 2-2-3 (\Z/R T & 9 I8 L 7=,

BJ2-2-3 1R T KONy T 7 =Y o TEKOEBEAN - FIHIC LT, KK T - &
P b 72 b S, HX A —/L TEAREATZGE TGRSR R b F
5%, FREARENSGESND Z L TRANSOPSENEN R ET S, Zhicky, AR
TEEE~DNRRC, BEEH O EER FICHET 2744 7AZA NVOEBEZ D, ZL T,
WO AR 35 T A 7 A XA WX 5T COL PEH BB T 5,

F 72X 2-2-2 (TIXERH 2D, ARMERE~D ) TR BB S R ORI S 7
MHELHIT, REBREOGESCEFEEAY v MR L6 ENDHZ LICE - T, [TEBMHES
AV hRHFEEEAY v MIHIEKTHZ LD, RNy v 77— 7HiRoR AiEKIC
X o TR#He NEB 3 BELNDH EWVWR D,
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ZRWTHN - HE LR RERET D,
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12. 2.3. NEB FHMMfE4ZDH R, EBMIZEIT =& A DO EE

13. 231, BEAHOBE

¥ 2-2-3 |Z7R L7z NEB (AR K OSRFEAFICHOWT, L0 BARAAREA 2% L-b0%
X 2-3-1 TR, Ny v 77—V 7HEHICE D NEBIE, £THEELICL > TEDOFENS
77— U T EROBEAN R S, BEFRICEIICHAIND Z LIk s THIH T
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BT THD, ZNICEY, ABBBAFIEZHWZZETIE, FHRAHEE (Mean
Radiant Temperature, LA MRT) &SRO FAKREGEE DK TE2 7259,

W%®ﬁ%%L%®ﬁﬁ$%kbf BUEIRS DB TV D FIEITIE, KiLeE MRT (12
DR T ETUINENY LT ERIREE (Operative Temperature) <>ZER, U= H 5
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15.  2.3.3. FEHRIOBRERE SET* DFEH I & S iR@E 1T

KREHTIE, Noyv 77 =0 THEOEN - FICL>Thizb s NEB O 9 b,
BARAOBEIPRIEM R EA Y B, FHlfEE S LT SET*E TSV & btk l, Griffith
BEIZ LD PEIREZ AW Ty 77— U 7l 2 AW 22 3610 D Rk B TRRR
B EFZFE L, ZOREOAMMEEZMEET 5, LU FICE RO R & @ v Rtk L O
SEEORE & RT,

(FEEEH A 2hIRE (SET*)

SET*IHIRBVER I L OBBVE DN EIEREEIC R T 5 b O L RFIC 5 K 9 ZexhiE 50%
OEMEREORIEE L TERIND, SETOFMIT, HEENEEROEAR X ORI
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(il ) EfEfsr St

fRMTRI R BIX, SO BEFOKERMEZ R B 2B CHIE LIRS T — & ki
EL, 20154 8 A 18 HE L7z, [REMNEIEFHEHLO FCHAABEIT TV DTS LTHR
MIE B & KB ORI Y 72 5 3 HANE S TV, EEE2 S 1.8m (B2 5 1.2m) O
B TIT o7, MG HORG S A 4-3-18 127”7,

Ny U TEEHICBO T, 4.3.1 TERLZSEMBO L L BOKAFE S D Z & RS
e LT, "B AOKEE AR E %, BUKiZ 9B L, AARIEN 32CLVEL D
14~17 REC—FEAF IR, KURAME T L7 18 RLIBRICH UMUK ZIT ) Ay ¥ a— b Lz (&
4-3-3),

- EARNT TIE, 13 U DIZB S ##8T (Thermo Render Pro5, ——7 > K—=—#t)
ATV, B SN A FRmEE 2 BN S M & L CEIER A 715 (Computer Fluid Dynamics,
LI CFD) fi#t (STREAM Verl2, ¥ 7 b7 =7 27 LA RF4h) (25| LT, A
S0 7 — N — R—[EHED G- 2 Ji 72 EIZOWTIE, B T RFPERImUEERE O %
BEEZTRELZ, 2B B, T 7 AZEMOBERE THICB W CUIEEOR Ao
BRPIREE N BT 578, BNEZBE T 2ICIFTEEM O@EEREE, SRR ERENEMEE 72
DT EINOARMHTCIE AR N AP U R TR 21T o 72,

W B AT

BV RNTIZ 8 A 18 HORREM 2V IE L 4 HEOBEFHREZIT- 7%, 5 HH O
RE2MIL, CFD MiroBEREM:E U CRmEEZ AW, SXNERITREGET 27 7V
cEZeoTHEY, ERARERICHL EOXKFFE 02 & L, KEHOEEL LT Vv —F (A
WHIN TV DRSS X EHANICRE IND TEDUEKY AT MMIL > T —/Lb—N
— LA BOK SN b0 L LTHEAITo T, 7 — W ——OF RS EE 4-3-3 12,

ZOMAETE L OSMEC AW M O a2 & 4-3-4 12T,

B CFD fi#tr

BUNRITIC K 0 SR E - - RMBEEZBERSRM L LT, MREZOE - BRI
B2 T 24T > 72, fRATHEI A X 4-3-19 1T, CFD M &b 2% 4-3-5 12, 7 —/LLb—N
—DFEEMNZR 4-3-6 17T, WKRITIEEMMERIR S AE L, ELIET VIR k-2 )
BREF VMM Lz, EFmFRRICITENEICH L TT R A7 E Y, %
IRAEMT 21T > 7=,
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4-3-18 FEREEMRATRISREY) (201548 A 18 H)
#4-3-3 7 —NN—R_—DFREEM (BISEENT)
EKEERE. EKE 9:00-13:00, 18:00-24:00
Bt RgTE 0.46
BEHERE 0.07
L ETES 0.9
L B
# o ENVIKEE T,,=0.0065 /1, +0.37+T,,,
%HB@HE'JE/ME ﬁi;k;:églkﬁ Ts =0.0083 / -0. 33+Tdb
__ . JEALIKAE 7,,=0.0030 /,+0.36+T,,
N=| /mm st
TIARRIERE B HBIKAE T,=0.0037 [, +0.21+Ty,
% 4-3-4 HERMELOYMHAE (B #EAT)
s — Bt REE REEKHE B SEAE HmEFR FELR
ik FRLH g [ 0 W/Am-K]  D/(m3-K)]
BEiR AL—L(ER) 0.2 0.9 0 0.96 1500000
PV 0 0.94 0 1 2022200
BE HYAT125 GRE) 0.4 0.9 0 0.12 800000
AAILGER) 0.2 0.9 0 1.3 2000000
BHSR BRREHTR 0.24 0.7 0 0.78 19000000
o EILFILZRGRE) 0.5 0.9 0 1.5 16000000
418 418 0.3 0.95 0 0 0
%f;’z__':f {’:‘ik;i_:'; f;_’:,;/ 0.2 0.9 0 0.727 2055000
BAITIREEE ML GRE) 0.4 0.9 0 1.3 2000000
Z D5 E mRxRTCGRE) 0.4 0.9 0 0.61 1500000
X B B REBFTRAI7ILE 0.2 0.9 0 0.7 2000000
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7 4-3-5 CFD fi#trseft:

FTEMEE 462m(x)x310m(y)x32m(z)

DEIAYS 2%k 716(x) X 363(y) X 61(z)=15,854,388

Ay aH AR EEYMEEOEEIF0.2mERF
ZDHhIX1.1958E K = IEZERE R

ILRETIL BH#k-eETIL

HE7ITIVX L SIMPLE%

ENAF—L QUICK (2RFEEREZES)

MAEREH NEFH| (a=0.2)

MEEREN BARHER

BEEREY Znax: 2 —R)Y T, Zoin: / — R 0T

FERE RS AR AT RS R A ER

BBEREH GRIA-ERRE) | BEEXHEIZER

£ 4-3-6 7 — N —_—DFEEME (CFD fENT)

KB, JEKE 9:00-13:00, 18:00-24:00

EXKE-RE 3.8 kg/(m?+h), 29°C

EERIEES 0.46

EEprSEES 0.07

i ETES 0.9

SERRMAIE R SENIREE 7,,=0.0065 /, +0.37+T,,,
B2 124K HE 7,,=0.0083 1, -0.33+T,

TIAAAIERE SENVIREE 7,=0.0030 /,+0.36+T,,,
B ARIK AR T,=0.0037 1,+0.21+Ty,

AEFHRERE SEANIREE T,=0.0034 1,+0.33+T,,
B 42K EE T,=0.0044 1,+0.13+T,

g 0.3

EREE A 26.4 m2/m3

EMRE, NEH C=5.36, n=2

FEHxRBURER ®=19.57v+13.57
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(iii ) FMEMEAT AR

BREZOFRHTAER D 5 6, FRIH OHOKKRERIH OB & LT 12 K, 4 75 OFROKREREH 4]
& LT 18 O RIR AT 2K 4-3-20, 21, 23, 24 ("9, £-BEAOPERE & 725 31.2°C
LAR & 72 B 222DV T 4-3-22 &[4 4-3-25 [TR T,

WTNOEEBHIZEB N TS, JAEIIC R O D KUIROMORHEE LT, 12 RHZITHREE S
T O R ERE A FH-T 2 BT AR ICH LT 05 CRER W IMN AL, —JF
18 MHX A ¥ Z M2 2HHTH Y, B\ITIC X > TUXRL L AEWEOE TREIRENME T
T 572, WABIEE 31.6°Clext LT 0.5 CRERW AN b7,

Flo Ny U TEEMTIE, 77 ANB X OZEOMEOKIRNSIRABIREIZ) LT 12 KT
1~3C, 18 KT 0.5~3CIL T L7z, T OREE, PR & 7225 31.2°CLL FOFIPHA 4~6m?2
DT T AZEMNIZIER,, 6T T AEY 25D 10~20 m2 itk £ THfi Lz, £k
WIREE TIHE T LTWRWVE, £7 5 ATBWTAERSNER N HET (T Ic
L, IHEEOBRBGEICE T2 2 R maRn s,

KA TI1E NEB & EB OfckfbZ BRE LT, 4.3.1 TR LS b & 8ok s FEii
ENDZ L ERHREME L), ICPERE 2B 2 THERIMCH R T IEW T 2n X 9
PRIRIEARE LCH P B EOK LT 728558 O 14 FEOFE R %1% 4-3-26, 27, 28 (Z/R"T, Z D
R OMABIREE L 33.7C L@\, Ny U7 EEHIZE N THIRERELLT & 7225
ZEMNL T — = RO I L T2 > TV DD, HABEENEL DI EREE 77—
SN =R e EOREIRE & OEIIRE 25720, [URORBEZEIRITK E <
725, LT3 TRIMTHTE LR UER B2 WEITxT 2 BEBGER & W O S0 S B
X, AHEERREFICBOWTHBKEITTIRRH D L 525,
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4.4. N E BFHEERDFHEREVERIC & 2 Z S 1HIREE

3.4 TG LIZRERICOWT, 2 2 TidA R R Lo B PR 2 A b Zad L CiiE ]
Lo, SREDREE D R AR T & TOIEhEREET D,

4.4.1. BRNZHITS SET L BEARKRBEDREEZ

X 4-4-1 1R T K 918, Bukd 0 BEE Bok7e Lo BNICET 5 SET* & IRG A5 R
DOERINEAL 2D L, Y OBUKH D TIEHFADO [ LV LW ) HERZ VDI
L, BOKZ L ClEsmkeE (BRE) o B HEI SRV L) HER-RN L ME
BHOLNT, —J7, BHO ERROBREEZRD L, BEO TPV ) HETE
HRLE D > 1275, BokdH 0 T TIEPV] &V I READHREIIHALNRI -T2,

4.2 TR L7z 8 HO SET* ik FIRETH L [0 LV & B S U2 IR T #oK
B0 TIE 26.7C, BAKZRLTIZ261CEVIFERLEZR->TEBY, SHOKERICENTHE
Ko THEAD TR LYY EREINDIREIZET 2TCKREH T, [FEROMMZ7R LT
WD EWR D, FBOKR LIZONTIE TRRELVYY) &V HER 1 BOARTH 727
W B HEI LR LR UDEEE 4.2 ORLEBFIRI VKD D EH 28CTH Y,
SEOFERIZBNTH B HELI LRV L0 HEIXET28CRIBTHEINTEY,
[FIERDFERGF DAL TV,

WIZHOK® 0L BUk7e LI BN BT 5 SET* & R4 SR R ORER S 2810 % [X]
4-4-2 \TRT, BNOEE LRBRICHEKD D Tk TO0E LV E0IBERLELN D DI
L, BOKZRLTIE IR LW &0 BIERERIIA N0 5T, F2HOKA LTI
12~15 B & TIIB A 73R G0 [0 | 720X TRV E W) BHEDARTHY,
T — MERDDLBKZR LBTIET 7 ANOIR Y K L OFELZ RIBT HRIENH BT,
4.2 T/RL7Z 8 AT IRvm Ly LHEESND SET*OIRED, Bukd Y Tl 26.7C,
BK7Z2 LTl 25.2CL 725727y, AEIOHUELHFAED TR0V & HE I NOEET
27T CHR T, [FEEDOMHAIZ R LT\ 5,

IRHDRRNG, I9AICBNTHHUKS Y TIE 2TCRMT RO LY] EHESH
LB EANNE BICH LI, BKRLED bAEERENALNIZ, —J7, PR LRI
D RRED) VD BHEE, BUKOFEZ MO TRBEOREKTALNATEY, T
BRAEA THOK DR RDNEE T S D BR A [ ORTER R B bR Sz,
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442 REBECEICAFREREDOZAM
BRI SN T 4.20 8 HOFEREAZFAVWTIH D7 = L BIBRE AR ELTHY,
T o OEEEA MG L ERIORIE SIRGEAEORBMRICER L TELRT 5,

AR ORIEFRFICIL 8 H OREIRE 2 W7 2> OBMRE ZRE L=, 9 HD A
BAKIRIZ 6 H EAEEIZR T THY, 9 HITBIT S RPN EOHENELL 2ol
FRHX 4-4-3 KO 4-4-4 (TR T8 0 BOK72 LI, Hokd e $ 28CEB2 TH T
HY, 6 HOBOKL LOPSEIRE & 1FIEF CETH -7z, B LEUKS Y T, =i 28.5C
BTG AETHoTH [FELBEI LRV EHEINIGE AL, BIRERITL
ol L TR DBEHE NN 2N EZENDN, BEMELNDEED F IR L
SIN/FOHNTNDLEHDEZEZBND,

FIWOKA LTI, FRITT 7 A0S0V IR LS, BEET 28 TEWH» S OhRE
LEREWRT D3 A PRALR, FRIHIE MRT A5IR LY 1~3CEWZ ELERH D L
EZoD, FTEHKSOBTIE, 68 HTHIELZER L BIRESITICREINLTND
Ry 77— v T HFERWZZEZM I D b BRNICEIET 5RO BR[ROBEENR D2,
PR DO FICHE LT ARFRINEWZ ENER E LTEZ LD,
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45.1. EEHENRE (SETY) OEFATTEEMR URHREH

4.2 TRUINy v 77—V 7HIRIZ L % SET*O L FIREO EF1E, SKIBOILLLR
EEDOREVEAICEND LEZ N0, EFNEBAELND LIy T 7 —1
VT EBNERF SN TN D T EBEHRESM L LR EE L 25, £ O L TARNTIER RS
HOHBOWETH 72, DB EGIR, FHREIR%EORBAEILIL & &b THREE
LT ZET, LViEERNEBIHMEREE LTSN bDOEZZ b5, T LTE
NHOREERE L, SET*® two-node model WD EF D 3T A —Z | ZKIEDOEHNLCRIBENE 5
TEHEOMERLMIL TN 2L T, SET*O EFRED EANEFETELHDE VR D,

HARINIZIE, SET*TIE, Kilt,[Cl A R, [ClL R0k vIm/s] AR B rh[ %], AU &
M, S A K ]y, 5 AR BN i, (=0.45) D IR - IKEENR AT T —2 Lie o> T, IRE
J& EFABA DRI B, & BFRNEERwWD 2 SOAMENFEHSN D, Lo
TRy 77— Z7HEMOEA - RN &2 Bt Lz 52009 5 LT, F
BIREIR K& O R w & OBMRZ ETHLNIT L2 ENEELE D, DFD, &
HITRDO BN Dtg CIRBEREORER R LY SET*OETRO Tty (THHENRH Y, 7o
SET* D Pl T IRAEAS T THRINC L VRO B Htg20 SET*ORETRD 7oty LV HIX
WMER 25880 HiuE, SEORIERMRENI[ETE D E VR D,

F R ERINHEFER w i, SRR RE e & E D> O OIF ORI L 2 BV iR
EgDll LTERIN, FTRITXVKRODLND,

W = Eg/Emax
Eg = hercl (p;k - pa) (AW/AD)[W/mZ]
Emax = hercl (p;k - pa) [W/mz]

he ZRIEITAE O BURER[W/m2kPal - F,o KIROFEEAR[]  p,7K7&K 7 E [kPal
Pax BRIt (21T 2 Bk 78 KL kPal A, 924172 B 53 o i fE [m?2]
Ap AR EfE [m2]

ZDOY, RIFRE &I O BYRERENFERNC L VRO BN 508, FFIREIL LR
DY TH Y, BYZER IR ERR LV VA ZADBFREEHNTROOENDE LD TH D,
F IR R AT EEA VSN L5860 H 5208 (BW/m2K), & met & OEIR
LIRS TEY, met OFPHA 1.25~5 OHFPAIZIWTIE,

h, = 5.66(met — 0.85)%3°
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DB H D EFEDITVWD, 20 met EITEHZEEIZ L > THEIT 2 Z & 23
LNTERY, EFBEIC L EEAHESET LIREBORICE K ZRIT 52 LT IR
RWELV] EEC D Z EMERAEFSEIZBENL TV bDEEZI B2 D, Ko TEYR
JER L & IR BEORENEE L B N5, HHRIEEEOGIETHE L7 AR
# i & SET*OBARABUKOFERNI KD L Z & THEMBAHE L OBREZY LN TE 5,

4.5.2. 1REREDFERARRESE R URHREH

AR D SET* & [FIERIZ, PR i 13 T2 B RGOS & S MBI m W 2 3 b T
By 41391019, JUROENPLRIRAZDKEWGEDONREHLNIT L LT, Ny 77
— U 7RI KO PREIRENE L 70D T EAEBMOMEND bEIETEZHHDE N
Do FIPBEIREITEBVALIC K 218N A BRT 57202 H FHAKIRE S B BE R
JEL L L HICHET D ENEETH D, FoEEER & ICPEEEE IR 5 R
T 52 EnTENE, OBAEQFH 2B LI-ROMM, BoKEMtE BEHI#ET 57
—HEIERT DN TEDEEZDND,

4.5.3. mERERE U ERBKAT AR RO NEB fHEifER & L TORIEEN

2 TR L7 5 IRe ) SR 00 Il B ONARBR Al T RERRF FRT SR OB N, FABRBE7Z 10 Tl < A
DR« LEL b RESEDIHIETHD LEADLN, ZNHDOIEL A b L AR &
DBIRYERSH 57> & i, NEB FHlifRIEEL 720 5 5, &7c REAASBOE 5] 18
AR L CHPEEARRR AW D) Lo 7z 2 EAMED B RITRIC B bH 0 0T 0
BThoZlnb, BRIV X—HTENCORBHIEEE LTRTRT 52 LN TE S, E12
FHEIBNC L O &5 RSB ERM L, BUKTRERONA A—VRHEERT< 2D
DEEZBND,

HOKDOERIZHTZ > TEEET 7 — FOEH T A LN L )12, EOREKENRN
MIND DINARLENIE U D IEFEFE IR L THRKESCKENRDA A—UNEEOT Y, &
R EO @S WFIH FIEIZ O W THKEEFOEZTVHICAEDLELEFEZR LR RH D &5
26D,

L, AR MEIZEI9 5 NEB fHBERE & FIERIS, ZiROEW Sy 77— 7
WNEBBASINEZHB/ITHADTIA T AZANBNICEETEDHLOTHDHD, RN/
SVHDIZONTIE, E— T A 72 ROFEMED NEBIZIZFLG L TWDH EWZ D508, &
FEDOTA TAZANMIAIHEBIZ LA ELONRN EICHEERLETH D, £7245%
Bx gy o7 =) U 7 EM 2RI LI ZERICO W T B RO RN G b D M Z WEE
LTV BERDH Y, SET* DM AbETEMIND ZENLEELVEEZLNRD,
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4.5.4. ;7R EIEZED NEB sHMiiEtE L L TORIEEM

4.2 TR U PREIRE TIX, S0 X5 2E& M Thi, BRIZHANBRAOPRIEIRED S
fER Lo, LM LEBAMIOWTITHBUKE L BUK A OREICEE - TB Y, KRS,
JEGE 5345 72 B NEZ N E N DO LB N K Z 72 BAMREE I W IR IR F 57 5 EX
(Z ZCIEEEERE) JEictznEnkEiREsRH 522 LT, THBEEZSHDS 2
EMTELEEBEZOND,

FZTC, 3.1 CRLULEBEIEKZ L— R Z L ICRIR L mEiEE o2 /E/M L, NEB #Ef
FEHEORBRANEH OFT —# (3.4) [Tk L CEAFRENMEET S, 2L TEE, Sy v 77
— U T HEWAER L ZERICBT 5, POEEEO TRIFEE Lo AREMIC W T
R,

(i) FEEJERK S L— K2 & OKIR & PR iR g o &

3.1.5 T/ L7z HIEIRFIE 5 O 5 & PRIBERE O BIR A2 X 4-5-1 1”3, FEIZ(KIZ XY
PRERENRRD 2 L2 E 2, 6 H~8 ADERFKERELZEDYE T, RZEMAN ORI
T2 PR IRE O TR A B U, R — A & U CRER ORI EE O BRIk 52
L SN T E e ENEMREOPEEE THINA (@12, X 3-1-33 T Grade I EA0E-SIT B
T — R =R OPSEIRE TR Z OIS, Gradelll & LS ALz F O PR T
H& @2, GradelV EEST S/ — N—RiTO PR E PR A2 @2 L,

K7L — FOTRIREZX 4-5-2 1CF &5 &, Grade I DA 22/ X 0 PR B
NEL 72, BEANRALLARS L 3~4CEV, £ 30CREREDORERHICERTH L, EN
HEHAOPEEE LV GradelV T 1.4°CHLE, Gradell T24CHEEZFNEFNEL 25,

B ORERIT, FZERICE T L EEIZRE 2 KIROET & RIEOELNIC LY 71— 1
HFTHILITEY, EROREEZRE A TPREREO TR AZES Z A TS L%
TETLHDTH D,

Al Grade I OGP TR &5 58 & FEE L CUid o 7o o TRIEUE (RS %
ZEWTERDpSTM, L= ROKRY, S%EICHNEERDLEND DN, A
BRI F & REOFEIUT L2 SRR ORI ELIZ £ 2, Psii O TR
TR A R LT D TH D,
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ARG FH ] Ram S, No.526,pp.37-42,1999.12
4- e R TR TRARAR — 3K 0 SR — Sl AR O BN 1T 2 PR Rl IR IC B 2 4
WERIBFZE, B AT P BR B R i SC4E, Vol 75,N0.647,pp.59-66,
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4-6) H A I B0 A LA A TR S5 BV itk D (1 21 351 2 B PR M (2 B 5 2 FEREFA A -
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