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Experimental research on the reliability of continuous natural ventilation of
SC-EAHE coupled system

ZHENG Dimeng , LONG Tianhe, YE Kai, LU Jun, LI Yongcai
(School of Civil Engineering, Chongqing University, Chongqing 400045, China)

Abstract: As two typical techniques using geothermal and solar energy, earth-to-air heat exchanger (EAHE) and
solar chimney (SC) have been deeply studied and widely used. If these techniques are put in combination
reasonably, the buoyancy produced by solar chimney can drive air flow in EAHE, which will introduce fresh air into
room and reduce building energy consumption. As a totally passive system, the performance of SC-EAHE coupled
system depends on the heat storage and release capacity of local soil, and weather condition. In order to test the
reliability of the coupled system under different weather condition during continuous natural ventilation and the
influence of the coupled system on the indoor thermal environment, this study conducts a week-long continuous test
of relevant parameters and indoor temperature through a full-scale experimental platform. The experiment results
show that the coupled system can keep considerable ventilation air rate and cooling capacity in summer. When the solar
radiation is sufficient, the maximum of air rate and cooling capacity is respectively 230 ~280 m’/h and 600~ 800 W.
When the solar radiation intensity is low, the peak values of air volume and cooling capacity are 170~220 m*/h and 400~
600 W respectively. The temperature and relative humidity of outlet air of the buried pipe is respectively 25. 8~27 “C and
9.1%~84.1%. The fluctuation range is respectively reduced by 93.48% and 53% compared with outdoor air. The
average temperature of the test chamber is 2. 5 C lower than that of the reference chamber, and the fluctuation of the
room temperature is reduced by 48. 2%. The soil temperature rises by 0. 8 °C after continuous operation of the system and
it takes 6 days to recover to the initial state in the natural state.
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Fig. 1 Schematic diagram of SC-EAHE system
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Tab. 1 Physical parameters of absorber
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Tab. 2 Parameters of the instruments
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Fig. 5 Variations of surface temperature of solar collector
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Fig. 6 Variations of air rate at EAHE outlet and solar radiation intensity
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Fig. 7 Variations of air temperature at EAHE inlet and outlet

1 1 1
9/3 14:00 9/4 14:00 9/5 14:00

3.4 IEEHH OMEINEE

& 8 Fir s iyt A 0 M 1 2 ASORH R Rt 1
RIS A S L. M3 I 1 A3 SR A R B A
24.1%~98. 6 oz (A8 4k, A8k ¥i 5 3 0 2= Kl
FEASAVAH L, th 1028 SR G B O Bl i S AN, AR
ALTER R 49. 1% ~84. 1%, P hiE B b == Ah s K
MREEW/INT 53%. 3X i B M3 B DU RO 26 N
TN 2SS A R I B e A L RS E R L]
3.5 HIAE

[ 9 Jir 7% Shy b R A S 4 S 55 K PH 6 S i B 1 A
AAEBL, EBENTLIE W, Bl A K BH 58 5 o B AR Ak
A EAR LR K. FEKBHEE AR JLR, B9 H
SHZE 9 HSH, #HI¥EIGEHETE 600~800 W I3l ;
9H 9 HRAhWZ =, KBHEE S 98 A A JL K 58
RHARRE, %8B 400~600 W, FEiE A

3300, AR, WG RGNS &R K BH 8 5T 08 Y
BmmsE I, Kz IRk, tesh, miE 8 R, il
I ) H B bl K BH 48 56 ol B W 00 I BLRR S T
29 1~1.5 h, i FA 17 2 AE K PH 58 5 50 B a5 K B
LR E R R HIA B WS R - PR A R R
AT B, N K BH B S R S R S =
2 SE R, IR ML E R R, Kot
— BRI S RE M ERE.
3.6 ENERE

& 10 J7 7% ok S5 i 1) UK B 5 18] 119 55 ) 28 K
AL B, BT R, e ), SEER By
8] 5565 bb i T) i B AR Ak e A B A A ], i S5 5 B
)2 S EAR T A b s ), —FHMIREEA R
FEOAHAE A WG D0 R R B/, X b B TR) = T
1E 26.9~36.4 CZ P sh, F¥EZER 5.6 C;



824 (7S )

BB R

o

n
=

¥ R(BARREER) H53 %

T S5 s ) ) I B2 8 B 7E 26. 5~29.9 CZ[u], °F
Y224 2.9 °C, SEB 1) 0 I 2 38 8l U A B s )
FEAR 48. 2040, [R)NF,  SE5% B ()il BE b6 X Eb 5 ) ~F

—— RECAIRIE —— HHTAARHEE —— SRS

BJFEAR T 2.5 °C. e wT UL, #G REAEE L
AR AR S PN i R I RN S B A, T R
IR K P

100 40
90
30 '1 M B 135
S 70 A S PV
R g 0p
E 60 A | oy
= 5]
Z 50 rr 125
40
120
30
. L . L L . . 15
9/3 12:00 9/4 12:00 9/512:00 9/6 12:00 9/7 12:00 9/8 12:00 9/9 12:00
1]
B8 HBEEHHAOZTSANEESHOZSEELTLE
Fig. 8 Variations of air relative humidity at EAHE inlet and outlet
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Fig. 9 Variations of cooling capacity and solar radiation intensity
33r I, o -
— Y ) A PN —— L7 ) 2 P
32
31
£ 30
i
29
28
27
26 1 1 1 1 1 L ]
9/3 00:00 9/4 00:00 9/5 00:00 9/6 00:00 9/7 00:00 9/8 00:00 9/9 00:00 9/10 00:00
H i

10 SEXFE SXYLLREEE NREEELE

Fig. 10 Variations of air temperature in test and reference chamber
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Fig. 11 Variations of air temperature at the center line and outlet of EAHE
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Fig. 12 Variations of soil temperature in horizontal direction of pipeline section
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Fig. 14 Variations of soil temperature during continuous operation and recovery periods
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