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Study on Fresh Air Load Reduction System by Using Geothermal Energy
— Reducing Effect of a Fresh Air Load by Combining with Air-heated Solar Collector —
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ABSTRACT: This paper presents thermal behaviors and performances of a fresh air load
reduction system by using earth tube system combined with air-heated solar collector. The
earth tube system reduces a fresh air load by heat exchange with soil throughout the year. In
the previous experimental research, it was clarified that the earth tube system was very
useful as a fresh air load reduction system. However, since outlet temperature of the fresh air
which was heated by earth tube system was below 15T in winter, it is not suitable to in-
troduce the fresh air into the place of residence directly. Therefore, a simulation model using
the simple heat diffusion equation was used to examine a rising effect of outlet air tempera-
ture in winter by combining with air-heated solar collector. An improvement of annual per-—
formance by control of operation is also quantitatively examined. In conclusion, it is confirmed
that its performance is improved by control of operation throughout the year and outlet air
temperature rose by combining with air-heated solar collector.

Key words: Fresh air load reduction system($]71% 3% A|2#), Geothermal energy(X ),
Air-heated solar collector(F714 F<gE7D)
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* Hatched area represents underground pit used for earth

tube system

Fig. 1 Floor plan of the building applied earth

tube system.
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Fig. 2 Diagram of the under floor.

Sohrcolkctor

outdoor%

Fig. 3 Diagram of earth tube system com-
bined with air-heated solar collector.
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Fig. 4 Scheme of Numerical model.

Table 1 Thermal property used for simulation

Volumetric Thermal
specific heat conductivity
[kJ/m* K] [W/m-K]
Concrete 1887.9 1.40
Sl 2800.5 (saturation) | 2.9 (saturation)
117539 (125 vol.%) | 217 (12.5 vol.%)
Air 1.21 -
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Fig. 5 Scheme of underground pit space and
surrounding ground area.
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Table 2 Condition of simulation

Geometric earth tube
Cross-sectional area of earth tube
Air conditioning period
Air conditioning schedule

Indoor set temperature

Control of operation

Air velocity in earth tube
Disturbance
Temperature deep in the ground

Overall heat transfer coefficient

Finite-difference scheme

Length: 50m, Effective area of heat transfer surface: 700 m’

7 m (Width) X 1.4 m (Height)

June~September in summer, December~March in winter

8 :00~17 : 00 except Monday

Summer: 26C uniformity,

Winter: non-air conditioning: 15°C, air conditioning period: 22°C,
Inter-phase: mean value between summer and winter season

On: outdoor air temperature is more than 25C in summer,
outdoor air temperature is lower than 15C in winter

0.28 m/s (air volume: 9878.4 CMH)

Outdoor air temperature, solar radiation

14.3C

Underground pit: a=6.24+4.2xV [W/(m’K)], Indoor: 9.3 [W/(m?K)]

Convection: upwind method, duffusion: central time term: forward
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Fig. 8 Variations of daily mean cooling heat rate and Coefficient of performance in summer.

Table 3 Monthly performance of earth tube

JUN. JUL. AUG. SEP. Summer
Maximum outdoor temperature [C] 31.10 36.20 375 33.70 3750
Minimum outdoor temperature [TC] 2391 27.60 29.71 2557 26.70
Mean outlet air temperature [*C] 23.58 25.71 27.02 25.18 25.37
Maximum fresh air load [M]J/h] 61.16 122.32 137.91 92.34 137.91
Mean fresh air load [M]/h] 2490 4479 52.50 36.01 39.55
Monthly fresh air load [G]] 2.14 7.48 12.44 4.86 26.93
Monthly cooling heat rate [G]] T 289 6.30 8.85 3.89 2193
Monthly fresh air load reduction [G]] 2.05 5.83 8.75 3.75 20.39
Monthly indoor load reduction [G]] 0.84 0.46 0.10 0.14 154
Input of supply fan [G]] 0.84 0.72 1.02 0.58 2.70
copr 777 8.73 8.65 6.67 795
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Table 4 Operating controls of earth tube sys-
tem and COP in summer

Operating control {Monthly electric power|COP
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Fig. 10 Comparison of outlet air and outdoor
air temperature in winter.
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Table 5 Weather condition

JAN. FEB. MAR. DEC. | Winter

Maximum outdoor temperature [C]
Minimum outdoor temperature [C]
Monthly mean outdoor temperature [*C]

Monthly mean incident solar radiation [M]/ (m%day)]
Monthly integrating incident solar radiation [MJ/mZ]
Monthly integrating gain solar radiation [MJ/m’]

Collector efficiency [9]
Operation time of collector [h]

106 217 19.8 159 217
-58 -41 -38 —438 —58
24 46 75 5.6 5.0
15.0 16.9 179 134 15.8
426.5 370.2 4312 3739 1601.8
1727 155.3 1895 154.3 671.8
30.2 36.2 37.3 30.0 334
229 222 224 208 883




AEE ol &8 TV RAAT A=} B AT

1225

Outlet air temperature of solar collector

120

Outdoor air temperature

Inlet air temperature (outlet air temperature of earth tube)

100

=]

Incident global solar radiation

80

60

Temperature [ C]
s

|
+ et T VNS ~
'
!
i
i

=)

40

-2

<

| ARTT T e

Fig. 11 Variations of daily mean outdoor air and inlet/outlet temperature and solar radiation in
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Table 6 Variation of system performance by each operation control in winter

Data

and Coefficient of performance in winter.

1 The amount of fresh air load reduction by solar collection
12The amount of fresh air load reduction by earth tube

M Fresh air load
180

160 |
140
120
100
80 |
60 -
40 |
20

0
20 L_JAN

61.8%

Fresh air load [GJ]

645% 952w 26.7%

F— P

FEB. MAR DEC Winter

585%
| A

[Aep- N} uonetpes rejog

winter.

* A number is the ratio of fresh air load reduction by

earth tube combined with solar collector.

Fig. 13 Variations of a fresh air sensible heat
load and its reducing amount in winter.

Operating control Heating heat rate FAN power COP
8:00~17: 00 Onf earth tube 122.7 [G]/season] 458 [G]/season] 26.8
On: solar collector
Outdoor temp.<15T; On: earth tube
On: solar collector 119.5[GJ/season] 4.39 {G]/season] 273

Outdoor temp.>15C;  Off: earth tube
On: solar collector




1226

b
dz

2, AN o N2Ae Aol ok P4
ge ¢ + 29k

54 &
2 =fdAe AEE o8 J2FE A2
&

714 JEriE geste Wz € g o
g Add FAY EiEte AMadE ooz
7 A ofo] & A2 A4
THs 9 Fr)Y &FLE AsEdFdd @it
3] NEYold-g Fa AR HEIGT

Ir
i.,h
)

N

N

t‘)‘l

K

g r-{o

A, &7]9 a2FE Axdd o8 FA B
go] 71 HE Lo} 9fr)2e o Axwe]
A A, V)R HEEL o 16%E YElR
od &7l HE AsAFE 7952 Jew 3
719l HEA Ao AL 7] FF HFASE
1/2 ZE2 Z4se Aoz EAHo g

E4, 5709 Qo oj2FH Axdz Fr)4

49718 B4¥oE Ad §7 BF EPLEA
o} 46T A%de Aoz ushith =8 Fu

E¢e] 717k 3 2= Y729 oz A"
o AN, i71RE APEE oj2Fud o3
40%, 3712 Ad7dl o8 27%= UrEPchOD%,
57 B A5ATe 21322 o2RE dF
Ao ASs vms) o 179 FAshs Hew
Asoizch §719 Al=" HAGE A€
Ao A FFE HAAE FRov, F714
Ag718 2RE £33 dFHH T 2
717 P REe 7|2 % EAA A, Al
2¢ 4% 43 F4NE A2 Uyt
ot AHAZHEH FTxHYVIF AZE AN
AEE o] 83 ofaFE A2dd dig) 3] Al
)\eal M.\:z{}uo ‘§‘l— 01_{:%,_12_ /\1/\&“9] %;ﬂ;q]
ole] WaAd 9 Frle &FEE AE5E 9% F
714 Pdrlskel ¥4 7HsAe BAT F AN

0

: s b

&

]

e

1. Lee, S.B,, Kim, G.H. and Lee, M. K., 2002,

i
oX

A study on energy saving potential in mul-
ti-family residential complex using mass
cooling effects, Journal of AIK, Vol. 18, No.
1, pp. 217-224.

. 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.

. Zhang, Q. and Ishihara, O., 1995, Disct_lssion

on the exit temperature and cooling energy
of cooling tubes for design, Journal of AIJ,
No. 477, pp. 11-18.

. Kimura, K., Maeda, K. and Onojima, H., 1983,

Study on the passive cooling effects of cool
tube, Summaries of technical paper of an-
nual meeting, AlJ, pp. 675-678.

. Chun, W. G,, Lim, S. H., Jeon, M. S. and Yoon,

J.H, 1992, A study on the air system for
space heating, Journal of the Korean Solar
Energy Society, Vol. 12, No. 1, pp. 34-39.

. Kim, B.C., Shin, H. ], Choi, K. H. and Kum,

J.S., 2000, Study on the collector efficiency
of an air heater in a solar air conditioning
system, Journal of the Korean Solar Energy
Society, Vol. 20, No. 4, pp. 1-8.

. Park, J.U, Lee, E.]J. and Chung, M., 2003,

Study on development of subroutine based
on TRNSYS for unglazed transpired air col-
lector system, Journal of the Korean Solar
Energy Society, Vol. 23, No. 2, pp. 81-90.

. 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, AIJ
D~2, pp. 503-504.

. Hottel, H.C. and Whillier, A., 1958, Trans.

Conf. Use of Solar Energy, University Ari—
zona, Vol. 2, p. 74.



