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Table 1 Decreasing equation of soil temperature amplitude under
different weather conditions

S e ek sy g ENZEEY
g EESEEETE S DR
Date Det‘;r;asel;%uergu:rioﬁ t?lgilealue of >  Weather heat storage

P P layer/m

01-01 a=0.4217x"" 0.934 i 0.75
01-02 a=0.4566x"" 0.970 5 0.80
01-03 0=0.4556x"7 0.951 i 0.80
01-04 0;=0.4007-x"7¢ 0.969 5 0.70
01-05 a=0.4064x"7 0.957 i 0.70
01-06 a=0.3710-x"7 0.962 EAR 0.60
01-07 0=0.3784x" 0.980 [ 0.60
01-11 0=0.3404x" 0.996 [ 0.55

Ee a WA REREIRIE, Cr x MR, m.
Note: a; is soil temperature amplitude at different depths, C; x is soil depth, m.
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Table 2 Comparison of ground temperature changes in south and
north of the tunnel in sunny day

I INITE

b e % =) E'— =) ST44]
bR CBMRE R RiEE SOSRE R
Area  Soildepth/m  Max/'C  Min/C . o~ Average/C
difference/'C
0 16.0 13.2 2.8 14.6
0.05 16.3 13.0 33 14.5
F X 0.15 15.3 14.2 1.1 14.8
South
0.30 14.8 143 0.5 14.6
0.50 15.8 15.3 0.5 15.5
0 20.0 10.4 9.6 13.8
0.05 16.2 11.8 4.4 13.9
JEIX
North 0.15 14.8 13.6 1.2 14.2
0.30 13.9 13.1 0.8 13.6
0.50 14.0 13.2 0.8 13.6
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Fig.5 Diurnal variation of soil heat flux under different
weather conditions

<
—

EEC1 H2—3 HiER. 1 H6e HZ =R, 1 H7H
11 HIRAE RILAURAS, WA FRIRAFM T LIEE
RIS SHGHAT R, WK 3 Fin. TEREIFRAK
R, 9:20—15:50 N EIEERME, HRREMREN
1577~1730 W, HIERGR EH M N 94 Wim's EZ =
KAFMT, 9:40—15:50 N HIEEHMB, HEBRER
BN 1149 W, HIEHGRE AN 60 Wm?;s 7ERIR%
T, 9:40—14:50 N EHIEERME, HRREMREN
373~293 W, TIHEHGRERAMN 25 Wm’. EREZ
5 R B BRI [A) 22 S AN R, AH G B IR 35 i i 2 22
SRR, R R TIEH BRERELZ KL 37.2%~
50.6%/4 4, HEBBMAELZ ZRE 44.7%~64.3%/%
fis BRI KEAREMHEMERELLHRDN 4
UL by 5EMEREALL, K5 R I I RE
ZE RN . HHIERT R, RGNS I & I R
MR, HANE RA ST I8 & it i £ S 2 ma [A]
EAFE

Fz3 LTIEERAMRESH
Table 3 Correlation coefficient between each element and soil
heat storage and release

5 mKE  HEM S IN
A 24 w0 ‘ S
el BB R RoME WK AR
H 3 o Max heat  Daily Heat  Max heat
Daily Heat
Date . storage accumulated release release
accumulati  storage duratiovh  flow/
on heat/W duration/h ﬂOW/g heat uration sz
(Wm™) release/W (Wm™)
01-02 1577 6 94 1191 18 15
01-03 1730 6.5 85 1 049 17.2 13
01-06 1149 5.8 60 725 18.2 11
01-07 373 5.6 25 1276 18.4 15
01-11 293 5 8 721 20 13

2.3.2  BIEEFMAAFEEA K ST

T R A R R 2, AR Sk
[3519R45 A RS b, EFERBRERE S MM ANE 2. &
EHESMASREZE 3 B, KBS SR EiT
AHIEME AN BT, 23RN ) R 3 0F 1 498 5 TSR 1R (R 2
MR R, W 4 s, WK 4 P LIEH,
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Table 4 Correlation coefficients between soil heat storage and
release and various factors

PSR ﬁﬁiﬁg
~ Sy XPBA4ESS  Temperature L
W Bt KA . Temperature
Solar  difference between .
Stage Weather S L .. difference between
radiation inside and outside . .
the tunnel surface soil and air
in tunnel
HRERME WK 0.61 0.68 0.73
Theheat g% 066 0.72 0.95
storage stage
during daytime ~ BiR 0.87 0.71 0.96
LN C N S EPS — 0.74 0.99
Theheat = g - — 0.25 091
release stage at
night B — 0.42 0.89

EERBMRE, LTRIFR. 2o RIEREMRFM
T, REEHRRERIARZEKE IBESWANSEZR
K. Hd, BRFMAT, HIBESEHRSGZERNME
KA ZEFEN, YRS WA ANE 2 DL RS
HrgRmiiz, HWEARKRm; B2 ZFMAR%
T, RE BN RERZNERE R ) R
Tt ULBHTE KPR 5 26, IR S S X i
HoeE AT A BRI rT DA, EARRRSEMET,
X IR E M E R E R e R R)E LIRS A
Rz L, ARSI RRARS B, XN AEY) 2
P S ECKPHARS R ) N RIS BIR A N KBHAR
S SE — e R, Nz REHCNE, (EYiE
EE AN

TER MR BL, B fTFh R, IR M E
WFREZRZLIEESMARZENEZN, XEHXARE
BRI . (EFERE RFMET, LIt S5 M 4R
B ZEA BRI A DM, IR 2 R NG R A A AR ZE
K, Fbxt HIE R E R E R, HERmSE, 24
REARFMAET, IR A SN ZE A RN .

ZEEHT, TEAFRRFMET, - hEEHRaEm
AR ESFHERRZRZIESWANREZ, MK s
R ZE S B /)N
3 &

1 BRI, 330 ki B VR P P 388 o 2 e bR
HOB R, HAR RS T R4 b 1
H0HE, WR<ZZR<K; MHTERE o BHR>Z A
F>BAR; MRAEIEZEVE, AT 2 I X A 3 1
BIEPIEEZN 0.55~0.80 m.

2) FEMNRAHE T, HIP IR b AL B4 AL T
RPCRZ, HAIRR B EHAIRKN 9.8%~24.7%, #7K 1L
A IR TR TN IR, HS A 1
SRR SRR 0.3~0.5 C.

3) RAFKMATmHIERR BN B, H2Y
W3R B AR . BRI BB ELEZ S

K% 372%~643% K4, HEBRBMKELZZRZ
44.7%~64.3% N A7 MR ECR IR EE A H 2R
BREWREARMN 4 UL 5EMERML, BRY
B R 1) - R e 22 SN

4) HIEERF SR ERYN RS BIENFE SR
R, HMKARHN 0.73~0.99; HIUE EA KBRS, L
FHRRECN 0.61~0.87; SZMa s/ NN MR 2, H
FHIR RECN 0.25~0.74, R RN 132800 & I Lot
AERT R E.

AHIE T & A I A PR TR R A 1) - 3R RN B i
PAFERIRIE o #r, T RRORIR B OCHRAE o 45 B ™ 2 1 X
B - S3UR RER I0L , Shy A) JE T EA F E A BORA
V2] ) A 4 30 B 2%k S K - 3 A PR L s SR AL BIF 5T A
9 PR 28 B RL R LE v S v i A DX . P HE )
RRECHE FIER 0 S HE . 248K, R ORI 2Y B RL M 45
JEARAL S B VR R RIS G B 2, 1 WA |
X7 FEEY RS, B T B R,
X Py MG TE A I A S A i — 2D 3 B RN
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Soil heat storage and release characteristics of the plastic tunnel with
external thermal insulation

Tian Dongkun, Song Weitang, Wang Pingzhi, Cheng Jieyu, Liang Chao, Zhao Shumei™
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2. Key Laboratory of
Agricultural Engineering in Structure and Environment, Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract: A plastic tunnel with external thermal insulation has been a new type of greenhouse to combine the traditional solar
greenhouse and plastic tunnel in recent years. The thermal insulation plastic tunnel presents the cost-saving construction and a
higher land utilization rate, compared with the solar greenhouse, while a larger working space and excellent thermal insulation
performance, compared with the plastic greenhouse. However, the thermal insulation of the enclosure structure can be
relatively weak without heat storage and release, compared with the solar greenhouse. The soil can serve as only one
regenerator and heat source of the tunnel during heat transfer. Therefore, the soil temperature can determine the heat storage
and release, further to form the thermal environment of the tunnel. This study aims to quantitatively analyze the temperature
distribution and the heat storage-release property of soil in a plastic tunnel with external thermal insulation. A numerical
simulation was conducted to clarify the formation, variation, and influencing factors of the thermal environment in the thermal
insulation plastic greenhouse. An experimental test was also carried out in the production greenhouse in the severely cold
regions. The results show that: 1) The amplitude of soil temperature decreased significantly, with the increase of depth in a
power function. The average thickness of the heat storage layer in the tunnel soil in the test area was determined as about
0.55-0.80 m, according to the Temperature Difference Method. 2) There was a significantly different variation in the lateral
soil temperature under the various solar radiation, crop cultivation, and soil marginal effect, particularly in the depth of
0-0.15 m. The soil temperature of each layer in the tunnel was higher than that outside the tunnel all day, and the heat transfer
in the transverse soil was in a state of heat loss all day. The loss of heat transfer in the transverse soil was accounted for
9.8%-24.7% of the total heat loss of the soil. Once the heat loss was reused to convert into the soil temperature, the average
soil temperature in the tunnel increased by 0.3-0.5 °C. (3) There was no influence of weather conditions on the heat flow in
soil, but on the heat storage and release performance of soil. The accumulated heat on the sunny days was about 37.2%-50.6%
more than that on the cloudy days, and the release was 44.7%-64.3% more than that on the cloudy days. The maximum heat
storage flow and accumulated heat in the sunny days were more than 4 times those on the cloudy days. There was little
difference in the soil heat release between the sunny and cloudy days, compared with heat storage. 4) The heat storage and
release of soil were depended mainly on the temperature difference between surface soil and air temperature, followed by the
solar radiation outdoor, but the smallest impact was the temperature difference inside and outside the tunnel, indicating a
convective heat transfer for the heat storage and release of soil in the tunnel. The soil temperature of the tunnel was measured
in the middle latitude cold areas. As such, a more accurate heat-transfer model of soil was achieved to clarify the boundary
conditions and heat transfer in the tunnel. The finding can also provide theoretical support to promote the plastic tunnel with
external thermal insulation in the alpine and high altitude areas.

Keywords: soil; temperature; plastic tunnel with external thermal insulation; thickness of heat storage layer; heat balance
estimation equation; heat loss; heat storage and release characteristics



