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Study on Designing and Installation Effect of Fresh Air

Load Reduction by using Underground Double Floor Space
- Experimental Result and Proposal of Numerical Model for Thermal Performance -
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<Abstract>

This paper presents a feasthility study of a fresh air load reduction
system by using an underground double floor space The system was
introduced into a real bulding and was exammed by the field
measurement Judging from the measurements during three years(1999-~
2001), the state of the system operation was very stable through ths
period and 1t was clear that the system contrnibutes to reduction of energy
consumption for awr-conditionmg. Futhermore, a sunulation model used the
simple heat diffusion equation was developed to simulate its thermal
charactenistics and performances The simulations resulted m air
temperature 1t good agreement with the measurements. Also, from the
result of numerical analysis, 1t is clear that the amount of heat supply by
using this system is more than the amount of energy loss to the room
above it. Therefore, it 1s concluded that this systems is very useful and
the proposed numerical model can be used for the prediction of system
thermal performance.
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«Hatched area represents underground pit used for earth tube system
Fig.l The floor plan of the building applied earth
tube system

| 43 000m. |

« Enclosed area with heavy Ine represents double slab used for
earth tube system

+ A number In section 15 a thickness of matenat (unit  mm)
Fig. 2. The diagram of the under ficor.
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Fig. 3 The schematic drawing of air flow routes.

— 234 -



A D I R

#ic ATH A3E20048)

Table 1 Schema of equmpment

Supply fan
Number of fan 4

Qperating condition
operating control

Ar volume 4,000CMH, Dynamic pressure  5mmAg, Input 0 4kW
Qperaton schedule  AMS00 ~ PMS5 00

on outdoor ar temperature 15 more than 25°C in summer
outdoor air temperature 15 tower than 10°C in winter

Terrperature [C1
ny
o

20 b .
{1 3 5 7 9 11 13 15 17 19 21 23
Tire [h]

Fig. 4. Daily variations of air temperature for
the A route in summer
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Fig. 6. Variations of air temperature at each
time in summer
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Fig 5 Daily vaniations of air temperature for
the A route in winter
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Fig. 7. Variations of ar temperature at each
time 1n winter
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Selectional area of Earth tube
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Arr conditioning penod
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Air conditonmg schedule

800717 00 _except Monday

Indoor set temperature

Summer 26T  umformity, Winter non-air condtioning 15T, ar conditoning
perod 18T, Inter-phase mean value between summer and winter season

Operating control

Cn outdoor arr temperature 18 more than 25°C i summer
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non-air conditioning pencd 0 09m&, ar condiioning penod 0 18"

Disturbance
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Finke-difference scheme

Convection upwind method, dultusion _central bme term forward

- 237 -



A9e o TAARMAERALT) 4A L 59 Ao BS 9T
- 4543 2 A4 45& A} FARD A% -

zAoR A4S © daez @ Ege
Aol el #EPATRY PHEFCD A%
SACH. AN 23 B Al A8E 2 A=
o) AEHAE Table 2, 391 YElslet 7le
B Aad FHAAR 98 A2AE A
£ Ve o FHe b sl 4%
@ FHomvy FUL VI VE Frw

AR R i V=018 Al4-3l¢dr}
6. FARAY €94 AR

Fig. 12, 13 3}7] dEd(HuLx 24Y)
F E7) dELSEHALE $ad)e 2 15:Y
tol &7 FrEEY A& AarA 9] wim
el 29el el wpep de] £
G AdAE driLe] Junen 9 HAHLE

Solelx @ Yxsm glorg o XA
05Celets velydcl &3 Az 4%
o} o7t &2 AnE vehigdeu oA
A E ) £x¢ 97|z s F A
W] A Aol &7)71 A E el FY
Holzl #E 9 &£RE AHgAE dds
Al A= metR] gokr] wlFojeta
Holwk oy A4e AFHQ Jgke
HEZ "ozl dov @9 A AdE 2
T ohel Epels 9r]8ge A
27 3= AL F  4 gdd
FolAle AAE 3P 1mAHY A
=9 Asgtel Ao gigiNe A
, ALY AEAHRY oz 34 ey
A & dAFYd. ARAL
ol B 2L Eok e del
 dAert e r] wEel, B
B2 4T g Eok 9 $Eo] 9FE 1
8tA @7l wEeletn FEE o)A

ol4te] AAZRE, g dAHZ 23
FARYE o]&FogA B Aide WHE
4E A& £ Lol AR o, BEF
e o)z Gatd dds 25 A
3 AEY "Fast o

N

g

el e A

R
o

fie
iz}

1

.,.
S

Mo X T 0 ore rhe
r
&
o

oft |4 [o fo ol
U
[} g

T

7. A2de] A5 JE

EYn zZe g2oHg deez A8
A%, 87 5719 Bgate 22 A4 4

Table 3. Thermal property used for simulation
Specihc heat Thermat conductiaty
[fm K] {w/m K]
Concrete 18879 140
So 28005 {saturation} 29 (saluration)
ol
17539 (12 5vol %) 217 {12 vol 5%)
Arr 121 -
Indoor side
Tout \ Troom | Outdoor
" “Inlet [ Outlet ™
1 8m Ef:> E'? cent o
i concret | so?ﬁ!Zc?J}n o
; W:’ter content of
= Condition of soi](saturation)
heat insulbtion |
Depth for
calgulation
16 gm
Sy, X
25m 50m 25m
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Fig. 11. The scheme of underground pit space
and surrounding ground area
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Table 4. Estimated heat rate for ten years (unit: MJ)

year cooling heat rate heating heat rate
1 ~26455.2 84659.8
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6 -21116.8 70666.2
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9 -211175 70665.1
10 211175 70665.1
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