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A Study on the Measurement of Energy in a case of the Earth Bermed Housing

- S A -
( Shon, Jang Yeul ) (Lee, Shi Woong)

ABSTRACT

The purpose of this paper is to research the performance of the energy in a case
of the earth bermed House designed to be suitable for Korean situation in comparison
with a conventional housing. The result of this study can be summerized as follows;
1) Heating energy of the earth bermed house is saved 40.1% than that of the con-
ventional housing in Korea. 2) The time-lag of the earth bermed house is 57 minutes
longer than that of a conventional housing on account of the thermal capacity, so the
earth bermed house has much more satisfactory thermostatic mitigation effect rather

than the conventional housing.
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Table 1. Items of Measurement
Items of Measurement - Measuring Apparatus Recording Measuring Interval
Assmann Wet Iand Dry Bulb Thermometer Data Logger (Yodac-853) 1 Hour
Temperature + C.C Thermocouple
Porceiajn Recbrding Paper 1 Hour
Assmann Wet and Dry Bulb Thermometer Data Logger 1 Hour
Humidity + C.C Thermocouple '
Hygrometer Recording Paper 1 Hour
Radiant Surface Temperature C.C Thermocouple Data Logger 1 Hour
Heat Glove Temperature Glove + C.C Thermocouple Data Logger ] Hour
Air Inside Heat Transfer Anemometer Recording Paper 1 Hour
Current Outside Draft Anemometer Recofding Paper 1 Hour
Solar Radiation Eppley Solar Radiation Meter Recording Paper 1 Hour
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Fig. 1. Floor Plans of the Both Model Residence
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Table 2. Outline of Both Mddel Résidences

$E 7Y AAE 59 oA 24 @F

Classification Earth Bermed House Conventional Residence
Construction Time December 1984 July 1982

Building Location 344-6 Gaodong Daejeon City Choongnam 3445 Gaodong Daejeon City Choongnam
Building Structure Earth Bermed House, 1 Story House Masonry, 2 Story House

Roof Structure Soil (50cm) & Planting Sod above Slope Roof Roof Tiling above Slope Slab Rbof
p— Comt B (1) Dy Sabem | Cent i (1) non Gomn
Floor Structﬁre Fldor Concrete (15cm) + Ondol + Vinyl Board Floor Concrete (15cm) + Ondol + Vinyl Board |
Architecturé.l Area 99 m? 94.2 m>

Master Room Area 18.4 m2 10.5 m2

gzngizea 12.9 m? 10.5 m?

Building Orientation sw 18° sw 40°

Ceiling Height & Farnil.y 240cm, 4 persons 240cm, 4 persons

Type of Heﬁting Ondol (L..P.G. Gas Boiler) + Passive Solar System Ondol (Pétroleum Boiler)

M. RESBR X o

1) Hgmel NRE ik
RIELIRe FEARBS 2829 E 364

st o] —3Colz AHAN T AREEE

{C;
1} <
-

]
s\
0 -
5 L
- l0|lll

* o 2 b
6 12 ' 18 0 6

(HOUR)
Fig. 2. Directional Outside Temperature

= 0.8CoY, BEERABEE 58 2Rl 4.4

35

Table 3. Directional Outside Temperature & Diurnal

Range
Orientation East West South North 'I'::::;ature
e | 21 | 29 | a0 | as | o
R 186 | 192 | 176 158 17.6

Colz, dtHlel 713 ot FHRE-S RHO
A% =3, dkglel A won, Eille] FER
Mol ZH shzbeh, GRSl KH#s (1 AR F
BEEe] —2Celsl 1C7F Yong SRl
ol AmHAl A goll &Ik

2) Bz FSERE i

Rzl ool FHEARREE 13 39
A 8} 7ro] —ffEzEo]l 19.2TC, BLHHEEL
921.2 C2 Yeh}) BifExo 2.0 C w2, —
fyfEse] SENMREE SMbigo] 6.5C # ¥l
BHEEe 3.3CE 3.2CY At WA=
ErEsbe A% IRfHYE EBREREZ L A
A3 RSlY B&EHE 3R RERE

elokolix] A 6 23 198611



~ Earth Bermed House «—e Conventional Residence =—o Qutside Temperature T —
<’ — Earth Bermed House +— Conventional! Residence o—e Outside Temperature

{'C A

. 12
ZOWW SM
16
2 : A 7\~ &
8 ' —4 f .
! -8

2 0 1 0

1.27 128

0 —12

I GN : 2 o
-8 ‘ 1.26

2 o 1 0 1 o 1 0 12 0 12 omourn Fig, §, Variation of Inside Temperature in the Non-

1.26 1.27 1.28 1.29 ].30 1.ANDATE) .
heating Room.

Fio, 3. Varton of Inse Tempesere n e o) 4o o) pidrel 44 RS
B} s2{Ho] 7.8CY =&d  EHEB(IE
8.8CY Ak, —iyfrEe HES AR &
Wl KHES Holv Bifxe v St
LS Holol ol BLEY #FE] AA
BEEFER] 23, HEGhR 23 Time-
Lago] Z 3, Ei#dtaeo] #EFHSIo, BARE X
BE A28 HAC=Z o3ty FEHlol = A

0 12 0 12 0 (HOUR)
1.29 1.30 1.31{DATE}

of 220, H@#H A3 TSt &Pl —
3 BES RSt B BRERES
Jep 2 glovh, —iEEe fHAlNe 2 B
fbgich, ol BLAEEY BEiE7 —RETY
t} #g5E ( Heat Capacity ) '’ o] =7
o] WEEEM fetke] & vEt2 s E
of Frt,

. _ . S8 Aghd o
BN (]/C)=HE (k) XHE( /kg+ C) .
_ _ . — () (KCAL)
o A WitEES &St HEshd 49 R N —
— 7 * 500
Eﬁﬂﬁ% ( S t eady S tate ) O-“ /(-] %ﬁﬁ}q j( B Solar Radiation
/ = e = a2y 49 7 ] S
J\o-“ Eq- - ﬁ Wﬁgﬂ] ﬁ{t : . 94- = q- 5 n Earth Bermed House { 400
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Classification Wall Roof N | 300
C tional N Conventional Residence
onvention o.. 2 0n, 2 5
Residence 0.1339J/°C*m 0.1010J/°C*m -
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Fig. 6. Variations of Ins.i_de and Outside Température
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1) Clifford Strock, Richard L. Kora} : Handbook of Air Conditioning Heating and Ventilation, Industrial Press Inc., 1982, pp. 2-199
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Table 5. Diurnal Range of Inside Temperature and Alteration Ratio of Outside Temperature
. Date 1.25 1.26 1.27 1.28 1.29 130 | Average
Classification
Diurnal Range of Outside Tempe.rature 10.5 10.4 14.7 15.9 15.3 12.0 13.1
(Adto) )
Diurnal Range of Inside 6.5 9.7 9.2 17 | 125 | 109 9.4
Temperature ( 4 t;¢) ’
Conventional _ —
Residence Alteration Ratfo of
| 0.62 0.93 0.63 0.48 0.82 0.91 0.72
A.tic
Inside Temperature ( Zt_;
Diurnal Rang; of Inside 29 1.9 26
Temperature ( A tie ) 2.3 3.6 30 1.8
Earth Bermed
House Alteration Ratio of Inside
dti. 0.22 0.35 0.20 0.11 0.19 0.16 0.19
Temperature ( Tt )
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Fig. 12. Comparison with Floor Temperature and
Inside Temperature in the QOndol Rooms.

Table 6. Comparison with Floor Temperature and Inside Temperature in the Ondol Rooms

Floor Temperature Inside Temperature
Classification Maximum Minimum | Mean Mean Standard | Maximum Minimum Mean Mean Standard
Temperature | Temperature{ Temperature | Diurnal Range | Deviation | Temperature | Temperature | Temperature {| Diurnal Range | Diviation
1 Conventional o o o " ° ° o : o,
Residence 334C 223°C 286 C 11.1C 3,671 207°C 174 C 19.2°C 3.7C - 1,105
Earth Bermed Bk
| touse 288°C | 25.6°C 26.9°C 32°C 0.951 22.9°C 19.4°C 21.2°C 3.5°C 1,121
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Fig. 13. Distribution Diagram of Floor Temperature

in the Ondol Rooms,
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Table 7. .Consumptive Enetgy for Heating
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Classification Measured Ex‘pcﬁmental Room Fuel Setting Mean Inside Consumptive

: Space Period Area (mz) Temperature Temperature Energy (Kcal)
Conventional R 25 5 Petrol. 20°C 19.2°C 138,800
Residence Master Room 1.25,86 -1.31,86 10, etroleum . ,
Earth B d
House Master Room | 1.25,86-1,31,86 | 18.4 L.P.G. Gas 20°C 21.2°C 158,713

. y E O .E.. % O -
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Table 8. Energy Saving Ratio by Equivalent Condition of Inside Temperature and Area
. . Consumptive Consumptive .
. . Inside Inside . Consumptive Energy
Classification Energy by Equi- Energy per . . .
Area Temperature valent Condition Unit Area Ratio Saving Ratio
Conventional , a2 o 2
Residence 18.4m 21.2°C 264,700 Kcal 100.1 Kcal/m 1
Earth Bermed
House 18.4 m® 21.2°C 158,713 Kcal 60.0 Kcal/m? 0.599 40.1%
Table 9. Heating Load for both Master Rooms by Theoretical Expression
| Insid Minimum Designed Heating Load | Heating Load Energy
. . . . nsiage Outside €signe . eating 1.0 éa
Classification Heating Space Area ’I‘e;pilraeture Temperature Heating Load Per Unit Area Energy Ratio | Saving Ratio
Conventional
o o | MasterRoom | 105m? | -129°C 21.0°C | 181,504Kcal | 102.6 Keal/m?h i
Earth Bermed
H:,rm e Master Room | 18.4m? | -12.9°C 21.0°C | 231,027 Kcal 74.6 Kcal/m2h 0.73 27%
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Table 10, Solar Savings Fraction for Passive Solar Systein of Earth Bermed House

Sola.:r - Degree ]_)ays Latitude- Sol'c'u Auxi}ia:y
Month Radiation for Passive S/DDs Ecliptic Savings Heating

(S) (BTU/ Solar ngse Tilt (X) Fraction Eneggy

ft“ Mon) (DDs)(_F-Day). (SSF) (%) (10° BTU/Mon)
January 17,671 1,002.9 17.62 0.619 26.2 3.5250
February 14,005 805 17.39 0.926 40.6 2.2773
March 12,875 651.3 19.77 1.053 46.5 1.659§
April | 8,008 214.5 37.33 1.988 90.3 0.0990
May 7,133 0 100
June 6,456 0 100
July 5,899 0 100
August 6,198 0 100
September 9,625 0 100
October 14,501‘ 137.9 105.16 N IQO
November 15,920 538.5 29.56 U 70 0.7514
December 17,427 885.7 19.68 46.4 2.2610
::;ﬂy RS 10.5732
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2) Douglas Balcomb: Passive Solar Design Vol. 2, U.S. Department of Energy, Washington, 1980, pp. 4-191.
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