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Evaluation on the Performance of Design Parameters
in Earth Tube System
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Abstract : Earth tube system can be installed in many ways. However, performance data on earth tube system
is still insufficient. Therefore, in this study seven design parameters of earth tube systems were chosen such as
underground earth tube length, depth, tube thermal conductivity, thickness, radius, soil conditions, and fan type.
And the change effects in the values of the seven parameters on earth tube exit temperatures and heat transfer

rate were examined through Energyplus simulations.
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Fig. 1 A case of earth tube system
(http://www.homeintheearth.com/)
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Table. 1 Design parameters of earth tube system

Categ. Input parameters Unit
Length m
Depth m
Tube Thermal conductivity W/m-K
Thickness m
Radius m
Soil density kg/m’
Soil specific heat J/kg'K
Soil Soil thermal conductivity W/m-K
Absorption coefficient -
Fraction of evaporation rate -
Fan Fan type -
B TReh BAR WES WY, F

FAS, FREHP) BFEL TR =
29} 2& EF A= (W/m K}
(m'/s)groez UEhsE B9k 252
Ageol el gg@nt

Table. 2 Soil thermal characteristics

Soil condition | k (W/m'K) | «a,>10""(m'/s)
Heavy solil,
saturated 242 9.04
Heavy solil,
damp 1.30 6.45
Light soil, dry 0.346 2.80
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Table. 3 Soil thermal variable values

Soil simulation

parameters Input values

Annual average soil

surface temperature 153€C
Amplitude of soil 9.0C

surface temperature .

Phase constant of soil 334 days

surface temperature

(2) 8 W9 44
2260

AFHEA el 3 49} 32o] 77hA] W

Journal of the Korean Solar Energy Society Vol. 36, No. 3, 2016 89



e8] Beigel et 8

o} gl W] A8 hed HelE dAsta,
857} 2 WFE gotely] 9al ZF Wrgke]
W37l AFREE FY99E 9)7]9 2xg
7} A Fohe] dustgghs AESTh B v
A7 WMol E o) vk Wsle] wE A7k
T3 379 3% Wk gle Aoz It

Table. 4 Design parameter values of earth tube system

Parameters Values Unit
Tube length 25, 50*, 75 m
Tube depth 1.5, 3%, 6 m
Tcgggugfgi?yal 100, 200%, 300 W/m-K
Tube thickness 0.01, 0.02+*, 0.03 m
Tube radius 0.2, 0.25%, 0.3 m
Heavy and saturated,
Soil condition Heavy and damp#, -
Light and dry
Fan type Intake*, Exhaust

* Case of reference condition

Site Outdoor Air Drybulb Temperature - 1-earthtube-2| &
Earth Tube Ground Interface Temperature, BLOCK1:ZONE1 - 1-earthtube-2| =&
Earth Tube Zone Inlet Air Temperature, BLOCK1:ZONE1 - 1-earthtube-2| &
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Fig. 2 Hourly results(8,760hours) of reference condition
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Table. 5 Sensitivity analysis results of design parameter variation in earth tube system
Heating period(Nov 1~Mar 31, Cooling period(May 1~Sep 30
P : I Outdoor average temp. 6.7TC) Outdoor average temp. 23.0C)
I T u
arameters) vatues Interface |Exit temp.| Delta T |Heat gain| Interface |Exit temp.| Delta T | Heat gain
temp.(C) (C) (C) ( Wh) | temp.(C) (C) (C) ( KWh)
Reference _ _ _
Coiee 134 12.3 5.6 886.9 17.2 18.8 4.1 617.1
Tube length| 25 134 105 37 593.8 179 20.0 -2.9 -4339
(m) 75 ' 133 6.6 1,039.1 ) 184 -4.6 -685.9
Tube depth 15 11.2 106 38 662.2 19.4 20.6 2.4 -441.9
(m) 6 153 138 71 1,1083 153 173 5.6 -825.0
Tube 100 123 56 836.9 188 41 -617.1
thermal 134 172
conductivity) 309 12.3 56 886.9 188 41| 6171
Tube 0.01 12.3 56 8855 18.8 -4.2 -616.1
thickness 13.4 17.2
(m) 0.03 123 5.6 888.2 1838 -4.2 -618.1
Tube 0.2 127 5.9 939.8 185 -4.4 -659.9
: 134 172
radius(m) 0.3 12.0 5.3 837.1 19.1 -39 -576.1
~ |Heavyand | 15gq 121 5.4 855.6 177 19.1 -39 583.7
Soil saturated
diti :
condion nggﬁy’md 14.7 12.3 55 867.7 159 187 43 6265
Fan type | Exhaust 13.4 119 5.2 8315 172 184 -4.6 -673.1

* reference condition : tube length 50m, depth 3m, thermal conductivity 200W/m-K, thickness 0.02m, radius 0.25m,

souil condition Heavy and saturated, fan type intake
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Fig. 3 Sensitivity analysis of 7 parameters in earth tube system
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