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A Study on a Passive Cooling Method for Dwellings
" by Ground Heat Storage and Natural Ventilation

Tetsuo HAYASHI, Tadahisa KATAYAMA
Yoshitaka SHIOTSUKI and Qingyuan ZHANG

Temperature distributions in the ground including a building are examined to survey the feasibility of heat
source for passive cooling of dwellings by means of finite differential methods. The temperature of the under-
ground deeper than 1 meter is below 24°C all the year round, it can be utilized for the cooling heat source. As
the daily average temperature on the ground surface in a crawl space is lower than that of the outdoor air, the
air temperature in the crawl space is about 2°C lower than the outdoor air temperature in summer.

The effectiveness of a passive cooling method for dwellings is estimated with its thermal performance
simulations in summer. The method uses the natural ventilation system inducing cool air of a crawl space into
a living room and exhausting it to the outdoor through an attic space. In comparison with an ordinary house,
this method prevents the living room air temperature rising in a wooden house about 4°C in the daytime, and it

keeps the room air temperature in a house made of concrete 1°C below.
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Fig. 1 Monthly average temperatures of the

ground and the outdoor air.
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Fig. 2 Monthly average of daily maximum, aver-
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ground and the outdoor air.
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Daily average temperature distributions of the ground on 15th of each month.
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Fig. 3 A model house.
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Fig. 6 Comparison of the living room air temperatures between the room made of reinforced con-
crete and wood, and the one-way vertical and horizontal natural ventilation.

BEEFRANREELTCHAS. KTERIBKETHE
HIZGE S B2, 8 A TR 2 CRERENRIEE X
DHHEFHETELS 2o T D,

4. EKTPLREERTVINEEANKI BAHFKD
Ny TI—1 TR

KTOHR*BEICEALT, BE*HEL, ME
ErOHRTABEFRD /Ny v Ty —) v ISR %
BEY 5. BREIAENBIUFENLHEET A BRE
KT

Fig. 3 LRTEY TR TBLUO/NEEOEERL
ONBELBREORBIUERFAC.1m2 OO HRE
T5. KRTNBEOBORRBEESIE RTICHAT
BHMHBIE) EBADRIBAT BHFHLE S > 78—
PRV Tn2 ERET S (BERRA LT, tEo
720, NEEOBOICHEKRILESY v -2, BED
KBLXURAOEOLEVEEORY (KFHRER LB
) oW TLEE BT 2.

BYrars) - b EBRUARED _FEEEE X,
a2 ) — FERBEAETRTES 12em THEESME
ERADNBERMIES 2cm D7 +—2EY ZF L
CCHBREN TV, AEREERRCBERES9
mm DEWDOEIZ 10ecm DEREHH D, SBEB IV
KARERBIZ T2y - VATRE A TS, Bid
3mm DEBRT T ZAC, HEOBIZWEH —T v H5]
PRTVS,

MEOFAT T, KT IRBRKEEKION, KTEED

SIRBREZR T 3.5kcal/m*hCTE HIC—F LIKREL,
RTHRECTOKSERICEIRTOEE LR LEE
LTwhw, Z2C, BETRO-EYTEH.Smo
WAPRE L ERAEERSE TS IC LD, SHESES
Byt 70 5 & (PSSP/MVL)® % —#itkBL T

Airflow volume (m®/h)

Temperature (°c) Outdoor wind
N velocity 4.3m/s
-

Attic space 535

Air temp. 28.7
M.R.T. 282 935

Living room
Air temp. 280 170~
M.R.T. 28.323 ;

183
38

Crawl space
Air temp. 275
M.R.T. 260

OQutdoor
air temp. 293

Fig. 7 Distribution of airflow volume, room air
temperatures and mean radiative tempera-
tures at 2:00 a. m. on 2nd of August.



WG BERR AR LAEED Sy V7o) v IFE

Iab=YarvETol. B7UuS 5 A3ERNOHME
WA ER L, BAERONREEEEDL A SET
w5,
BETHH8ALOOREERBEVFTHERE
Fig. 6 127 7. BEfOtlo Tna k), REKF
BRDFEEIX40CH T TENERRENS LR T 57,
KF2o0GRDPEACLYVRRKLCEERTOER
THRABEIETES. CoBFoOTITE, FRLD DK
VARDORTE2BLTOEAOEZELEZOND. L
L, KEEERKOBEZGFIHICEAERIBES
NERBELD LR o Twh, ThizKBRARIC
LBERTHROEADETHSD. —F, avr)—
FEZABEIKE L PSR TH B - 0IRELEH)
PAREZERTRLHTH A, BERTIKFRER
LER1ICEERECHA.
REEERADBEZEDEFIREGINALD b 2T
B8 A 2 A 2HOEAEE Fig. 7 WWRT. AL
Tdh HRADHLEE > SR TIZHR A 600m’/h HiEA
L, H2CHHNEINTEZICEAZK, FELOS/NE
B2 ETH 570m’/h BAHCHER SR Tn b

5 ¢ 3 U

WA EEDNNy T —) Y TOEEEE LTH
B3 a0z, HBOBIFETEY LSO THENT2
EEHIZ, RTPOBRZELECUNBEAKRT 5B H
REBETHAEYO Sy V77— Y FRHRICOWTIR
HL7 SEOYILlL—3a viZEAEIFTELR
s R DTICHIE T 5,

1) FHTEBDOZCHETLHT I mPTHER
TELTACUTTHY, BEEOHERGHEFEL LT
EHTAZENTEETH .

2) EMoORTEHE* &L B0 RTEESH O

BRI, RTHERELER B FHETE
R[BELTCTHY, RKTERIRTHERMGH SR
57:08 AP 2 CHEENREBE L VK o T
5. ’

3) ERLRRTORREBEICEAL THE LEIR
ErSERTABERARE, BEOKEFBLVLE
RKACHEAROZREA*HIETES, /-, #&F
DAYy )—MERBLY LER1CTEERERIC LS.

4) FROBEARI LBy T —Y v T RFET
WEOHERDICERLSD 5120, BoOEEREER
HetE, IRT MR & 2R OHMTE:, BENEL LS
BOBRETHA.

LB, RFFEO—EE [BEF614EE A RHE7E
Bwbhe BEEEE (A) GREES61750614) BFe
RE CHPRPESEARAL 2GEARNICET A
E|ILEDBHLDTHA.

2 £ X B

1) Ken-ichi KIMURA: Scientific Basis of Air Conditioning,
Applied Science Publishers, p. 93, (1977) .

2) TEYEPRERE ToPBEE —TEIZOERFHE—,
FRALHRT, p. 284, (1979).

3) Toshiyuki WATANABE, Yoshimi URANO, Tetsuo
HAYASI and Yuji RYU: Case Study on Thermal Insulation
System for the Earth-contact Floor,Proc. of the Int. Symp. on
Earth Architecture, pp 427-434, (1985) .

4) BAEEESHE  BERFFABER £ 15RE AE
p. 119, (1987).

5 B R, WHERE HMHOMKREHRNICHTHHR
— W REH BRI L ZEE L BRI B 287 —, M
KRETZEHR 59% 45, pp. 503-509, (1986).

6) Tetsuo HAYASI, Yoshimi URANO, Toshiyuki WATA-
NABE and Yuji RYU: Passive System Simulation Program
“PSSP” and its Application, Proc. of the Building Energy
Simulation Conf.,pp. 346-353, (1985) .



