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Study on Fresh Air Load Reduction System by Using Geothermal Energy
- Effect on Thermal Characteristic and Air Pattern of System by Opening Configuration -
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ABSTRACT: This paper presents the effect of opening configuration on the thermal behavior
and air pattern of earth tube system. The earth tube system is a fresh air load reduction
system by using underground double floor space for air-conditioning. In order to analyze the
effect of opening configuration on thermal performance of this system and air pattern in un-
derground double floor space quantitatively, we used a model dealing with tree-dimensional
profile of wind velocity and temperature in underground double floor space. In conclusion, it is
confirmed that heat exchange of a fresh air is mainly performed with upper and lower wall in

underground double floor space, and that heat exchange area increased by installing the open-
ing near the wall.

Key words: Heating surface area(d € 3]), Underground double floor space(3lo]F & B),
Opening (7] %), Fresh a‘r load(2] 7] %#3})
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(a) 1st floor plan of A building
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(b) 1st floor plan of K building

Fig. 1 Buildings for examination (Hatched area represents underground pit used for this system).

Table 1 Geometry underground pit in each building

A building K building

Air volume 6400 CMH 2500 CMH
Length of Earth tube 50m 80m
Heating surface area 840 m® 768 m?

Sectional form of Earth tube
Sectional form of opening
Air velocity in Earth tube

Air velocity in opening

Width: 7.0 m, Height: 1.4m
Width: 0.7 m, Height: 0.4 m
0.18m/s
3.2m/s

Width: 3.8 m, Height: 1.0m
Width: 0.5 m, Height: 0.5m
0.18 m/s
14m/s
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(a) Diagram of the under floor in A building

(b) Diagram of the under floor in K building

Fig. 2 Diagram of the under floor in each building.
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(b) Section of underground pit K building

Fig. 3 Section of underground pit in each
building.
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(b) Object for calculation in K building

Fig. 4 Object of underground pit for calcula-
tion.
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Table 2 Thermal property used for simulation

Volumetric Thermal
specific heat conductivity
[k])/m* K] [W/m-K]
Concrete 18879 1.40
Air 1.21 -
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(* Legend in figure is air velocity: Unit [m/s])

(a) Air pattern of lower wall in A building

(b) air pattern of upper wall in A building

Fig. 5 air pattern of lower and upper wall in the present condition of A building.
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(* Legend in figure is air velocity: Unit [m/s])

Fig. 6 Air pattern of left, right and section wall in underground pit

building.
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Fig. 7 Object of underground pit for calcula-
tion of A building after change of open-
ing position.

in a real condition of A
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Fig. 8 Section of underground pit for calcula-
tion of A building after change of open-
ing position.
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(* Legend in figure is air velocity: Unit [m/s])

(a) Air pattern of lower wall in A building

(b) air pattern of upper wall in A building

Fig. 9 Air pattern of lower and upper wall after change of opening position in A building.
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(*Legend in figure is air velocity: Unit [m/s])

Fig. 10 Air pattern of left, right and section wall after change of opening position in A building.
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(* Legend in figure is air velocity: Unit [m/s])
(a) Air pattern of lower wall in K building (b) air pattern of upper wall in K building

Fig. 11 Air pattern of lower and upper wall in real condition of K building.
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(* Legend in figure is air velocity: Unit [m/s])
Fig. 12 Air pattern of left, right and section wall in underground pit in real condition of K building.
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(* Legend in figure is air velocity: Unit [m/s])

(a) Air pattern of lower wall in K building

(b) air pattern of upper wall in K building

Fig. 13 Air pattern of Jower and upper wall after change of opening position in K building.
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(* Legend in figure is air velocity: Unit [m/s])

Fig. 14 Air pattern of left, right and section wall after change of opening position in K building.
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in K building.



1100 P

5 AAE RMAY Fo FFFVREE 1LTCE
urqugnq W AR ¢ 04T A5euo
o9 AHZRE, KNAH Zo] xsuE ¢
Hao Hla] N7FE WA ¥lgo] vy Z
AE LT AFH FFe) JasA HH
TAE B A2Ee =YYl g A3
4a BHE FHoz2 dudo] o|FMAE

\

B =FdAE oJ2Fr Aagoe] =Y A
AZe AIHEE Aoz /7R g4
Aol 2 F WelMe FTr|2x9 JFgA
vz 4% diA FEE A

(1) AANAY AS, AHE 3t 4dd s
% gdo] =497l e AEHoR o &EHE
HAHE AFYE WA sy 2z of 38.1%%
28%% et £% 10T AFFN2Ed oy
d E737Iexd AIHE W HF 2EF 7
7} 1327C, 135T 2 JYEyger, 1 25xE 0.3
TE Jelgr

(2) KANAY A%, NAE 43 ¥dd F%
Z 9ol £ g MEHoR o} FHe
"L sy E WA disiA Zhzh oF 333%
05%2 vehstth £33 10T ITFF7|25 o
# E7F7I2=9 AFFE WY HE TEE
2zt 123C, 124C=2 JeElyew, o 2Xas
0.1C2 YER

(3) AEUEY ANAT KAAEL =Y
sl A ANEgE AR €9d 9 z‘#ﬁr Hen o

B dugo] oFojAE AL HAT + A
At

(4) jaFE N2Hoz AMEHE AW ES

Hg EYF7)e UiE AgdHoz o]&He W
Z7HA 7171 A8A, 297 AT HA
A A3 AHYE PE S FGHLR o
HA L M E HAAAH g wA
oA, ANAEY A F 3% MR

©odo it & ®
@

B oo

z

1

I, KANAEY A9 o 9% F7hsh ot

(5) 2 =844 AEY 23+ HAAex 2
FUT7I2E7 4AS AYYHE HHE FE
A3ol7] wEel, ATH A9 ¥R mE o
ngFe Fke A FAE opyAw, A
do] FEeA o] JEFGe] vy Y
a% 4% R ATR AAE S YA 23
3t A ’SZ]% Agole FH 274 011"“%1(“3}
HE dudeze AE & A
=1 %’i"‘:’i 8L nHE A5
< /\}%E_} 7t sleS EYadth

ital
i

g

1. Lee, S.B.,, Kim, G.H. and Lee, M. K., 2002,
A study on energy saving potential in multi-
family residential complex using mass cool-
ing effects, Journal of AIK, Vol. 18, No.1,
pp. 217-224.

2. Park, H.S. 1995, A study on heat and
mass transfer of the natural cooling system
using the underground energy, Journal of
AIK, Vol. 11, No. 10, pp. 187-197.

3. Zhang, Q. and Ishihara, O., 1995, Discussion
on the exit temperature and cooling energy
of cooling tubes for design, Transactions of
AlJ, No. 477, pp. 11-18.

4, Kimura, K., Maeda, K. and Onojima, H.,
1983, Study on the passive cooling effects
of cool tube, Summaries of technical paper
of annual meeting architectural institute of
JAPAN, pp. 675-678.

5. Son, W.T,, Nagai, H. and Okumiya, M., 2001,
Part 10: The examination on model taking
account of hygroscopic concrete, Summaries
of technical papers of annual meeting archi-
tectural institute of JAPAN, D-2, pp.503-
504.



