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Design Parameter Optimization of Semi-Nested Building Coupled
with Earth-to-air Heat Exchanger
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[ Abstract] In this paper, the semi nested enclosure is coupled with the geothermal exchanger to regulate the indoor air
temperature. Taking Shanghai in hot summer and cold winter area as an example, TRNSYS is used for modeling and simulation. The
key geometric parameters ( pipe length, pipe diameter, air interlayer spacing and wind speed) of earth—to—air heat exchanger were
simulated by full factor experiment. The optimal design parameters of the pipe length, inner diameter, air—gap distance and air

velocity were found to be 50 m, 240 mm, 300 mm and 1 m/s, respectively.
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Fig. 1  Coupling schematic diagram of semi — nested envelope

building and earth—air heat exchanger ( EAHE)
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Fig. 2 Arrangement of PVC ducts
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Fig. 3 Buried duct longitudinal section
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Tab. 1 Physical Properties of the Building Envelope

AHULK 2L SHEH(W/m - K) #E(kg/m’)  HHRE (kg - K) JEHE (m)
Sk fi 0.89 1 800 1 000 0.2
TR+ 2.10 2 400 800 0.15
PRiEZ 0.04 40 800 0.1
FER 0.21 1 200 1 000 0.1
b AR 0.21 1200 1 000 0.012
REE+ 2.10 2 400 800 0.06
P2 0.04 40 800 0.035
AR 0.21 1200 1 000 0.012
& T fitz 0.89 1 800 1 000 0.04
e+ 2.10 2 400 800 0.06
P2 0.04 40 800 0.16
ATE R 0.21 1 200 1 000 0.012
HhitR R 0.07 800 1 000 0.015
TREET 2.10 2 400 800 0.06
PRiEZ 0.04 40 800 0.11
TREEL 2.10 2 400 800 0.06
] Ak 0.06 600 1 600 0.05
il EXc 0.33 2750 830 0.004
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Tab. 2 Thermo—physical properties of soils

TR B (Kg/m®) HFEE(V/Kg K) AP R (m?/s)

pip: e 1530 920 1.06 = 10-6
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Fig. 4 TRNSYS system of semi nested—envelope coupled earth—to—air heat exchanger
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Tab. 3 Variation range of the key design parameters

ZH HUATE
HERKEE/m 30-50-70-90
A HA2/mm 240-300-360
23S JeJ2 A HE/ mm 240-300-400

ENRE/ (m - s7")

0.1-0.5-1-1.5-2-2.5-3-3.5-4
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Fig. 5 Schematic diagram of temperature change when buried pipe

length changes
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Fig. 6 Schematic diagram of temperature change when the

diameter of heat exchanger changes
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Fig. 7  Schematic diagram of temperature change when air
interlayer spacing of heat exchanger changes
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Fig. 8 Schematic diagram of temperature change when wind speed

changes ( groupA)
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Fig. 9 Schematic diagram of temperature change when wind speed
changes ( group B)
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