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Effects of heat preservation measure on indoor temperature
for Chinese solar greenhouse with an attached tunnel

TONG Guohong', WANG Miao®, WU Hongshuang', WANG Xiaotong®, SUN Zhouping®
(1. College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China;

2. Meteorological Bureau of Jinzhou, Liaoning Province, Jinzhou 121001, China;

3. College of horticulture, Shenyang Agricultural University, Shenyang 110866, China)

Abstract To investigate the effects of the heat preservation measures adopted on the indoor air temperature of
Chinese solar greenhouse (CSG) in this study, three testing cases, attaching a tunnel to CSG, covering the
attached tunnel with an insulation blanket and strengthening insulation on the CSG wall with its south roof covered
with a thermal blanket, were conducted for one testing CSG and one reference CSG. This study focuses on the
comparison of morning and night temperatures. The results showed that: Under low outside air temperature, the
average air temperature difference between the CSG with an attached tunnel and the reference CSG in the
morning and night is generally within 0.5 ‘C ; When the external temperature is high, it is usually 1.0~4.0 C. The
results also indicate that the indoor air temperature increment is not obvious for a CSG with a layer of blanket
covering the attached tunnel than that in the reference CSG, with the maximum temperature difference of 1.0 C
presented in the morning and night in January. Compared with a reference CSG with the same attached tunnel, a

CSG with strengthening insulation on the wall and thermal blanket has an average maximum difference of 4.2 C in
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the morning and at night in January with the low external temperature; The average maximum difference is 6.5 C

in February with high external temperature. The findings in this study provide references for the design,

construction, selection of insulation measures and CSG ventilation management.

Keywords Chinese solar greenhouse (CSG) ; temperature; plastic tunnel; wall; thermal blanket; heat

transfer
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Table 1 Experimental scheme
IS HJGR %
S =Ry Attached tunnel Chinese solar greenhouse H5) )
Case Greenhouse W B SRR T Y YN Tk XL Time
Setting Covered with blanket  South roof Wall Ventilation
A A x BL BS e
1 2018-12-21—2019-03-01
A% T T BL BS P
B A A BL BS 2
2 2019-12-31—2020-01-20
B* H & BL BS =
C, A o BL-+ST FS JE
3 C, A JG BL+ST FS w 2020-12-02—2021-03-01
Cx* A g BL BS w

{E RS IS BL R —JZRIG ST Rom — 2 504 s BS R ik R 4330 3 F S R MUK 25 0o i MU 5355

Note: * means reference greenhouse; BL means one layer blanket; ST means one layer straw; BS means brick-styrofoam board composite

wall; FS means fly ash hollow brick-styrofoam board composite wall.
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Unit between the test points is meter. X means air temperature;

@ means wall surface temperature.
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Fig. 1 Schematic diagram of temperature test points in the

greenhouse and the attached tunnel
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Fig. 2 Air temperature variations inside greenhouses with and without attached tunnel

A A T AR M EE R, 12 A A4
SRR (E 2Ca)), 2 A A ZMR R iR s (F 2(e),

BB S BRI IR = 5 2 IR = SR 0 2 E 17
12 Afe/h 2 Ak Hdde 12 AL 10 d H —



2 3]

PTRIETAE O 58 R BT O B A Xk 2 A3 2 F) 582 ) 103

HARMCE ¥ 2 E EE S EY —0.1~0.5°C, &
TE12 1 29 HRAFE— NI KR EM N 2.2°C5M 2 A
X2 E B SVEE 1. 0~4.0°C, HFE2 A 24
H& L% 5.0°C, FE12 MK 10dH HA2d M
Rl R B s T AR E =R S S REEE
TR 22 8 T 1. 0 CRYME O, i 7E 2 H X F i il
W) B AT 0 10 d o BRFBFAA %) T =5 L ) o B 25 U
AL TS HMEEERMALE 12 A4d002 ) 24
H,12H26—28H),1HA1d(1H25H),2 H&A
ORGSR B X B O T
PRI AR 5N AR A G

g K 1K 2R PUBE TIOR8 3R W, a4
P Bz e H W) 55 45 5 (17: 00—18: 00) i BA M i &5 5
Z MR 5 Y 5 R 22 5 R Kk B TR] A R 2E Ok
Beo 12 H24H 120 26—28 HEA K 1 25H,
7 W 35 A5 5, B BF A L 2 A0 T B 20 R T S B
UL D) S i B G AR S B Ik H R ]
2.1.2 BEFHALBEATRALS

H k2 1% B A0 B 2 A ik = b 355 1 S, B4
Xof Yk 2 P B ARG e G e R S, I AR 34
H & A B 1A 1 K (2018-12-28,2019-01-28 J
2019-02-28) M % 7 K (2019-01-12—2019-01-13) ,
W% BFF B H O T = 5 2 IR = 5 9 2R R

*2 MPAMBEREBEE(A)ES

WRXT AL (R 2) . = SN TIRAR M IE K (2018-
12-28) . % 7= K (2019-01-12—2019-01-13) , [} B
B 5 5 2 IR 5 58 P9 2R T 42 30 5 T % T A T R 1
i K (2019-02-28) , BiFBH 0 1 25 74 1) B B[] 35 P 3%
BRYHE S FSRIBZEENERER, 0P85
1.5 °C, B e F 4475 2. 3 °C, Ui WA 8% IR 2 B = 4h K
B KGR AR

TR L =K, S M B 20 e 7R
Vi) B 7 [v0) 3 1 B BA A I ' 3 2 8 P R % it (3% 2D ¢
FEHNIRARBIIE Ko 2 = KA R, 2 R = 5% %
T W =TT R A L s 30 T R R X I A
K (D), S BRI E 55 P93 L BB B O IR %= 55 1 & 1n)
P T 2 AR e A, A 5T i b R R) K
T 1) 5% BRI 9L 2 39 N R TR MG B SR = T 5
HE, H AR RER TN REZE.
12 7 28 HAX e — & Wk N R 2E W E R 0.2 °C Lk
B 2ZBIME N 0. 8 °C, 2 MR 2 15 9 2 L 152 & B M
=N R EHNZHON T 2.2 W/ m* i) i,
T I8 A P 2R X8 A B R /NS g B e 25 P 25 A
K, A A BB FH B8 PN 2 X6 90 L R /DN 9 ) T 5 3% A ) &5
DAL A BT R A T e BRI 38 8 P R (R 2 N 2D
2.2 BAHRBRERET

FEER AN 7 Ze v, MK ] (2020-01-01—

RIBE(A)BAREBEREMNRE

Table 2 Wall inside surface temperature and convective heat flux between wall inside surface and indoor air for greenhouses with

(A) or without (A*) an attached tunnel

o . . it = 4 N R I/ C T2 4 N R R/ (W /m®)
FEHMIRIME/C o o
H #1 i Zi| ) Averaged wall inside surface Averaged wall inside surface
) Averaged outside .
Date Time . temperature convective heat flux
air temperature
A Ax A Ax
0:00~8:00 —18.8 10.9 11.0 8.9 9.8
2018-12-28
18:00~24:00 —11.9 16.2 16.0 12.6 14.8
0:00~8:00 —4.2 13.9 13.5 5.4 6.3
2019-01-28
18:00~24:00 —9.1 19.9 17.7 11.4 11.8
0:00~8:00 —4.3 14.2 12.7 4.2 4.3
2019-02-28
18:00~24:00 —0.2 20.8 18.5 6.9 7.4
0:00~8:00 —4.4 12.7 12.8 4.7 5.6
2019-01-12
18:00~24:00 —3.3 13.2 13.1 4.7 5.7
0:00~8:00 —3.3 11.2 11.2 3.1 3.9
2019-01-13
18:00~24:00 —8.8 12.9 12.5 5.2 6.1

11::2018-12-28.2019-01-28 F1 2019-02-28 1§ KX, 2019-01-12 F1 2019-01-13 H £ = K.
Note: 2018-12-28, 2019-01-28 and 2019-02-28 are clear days,2019-01-12 and 2019-01-13 are cloudy days.
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Fig. 3 Air temperature variations inside greenhouses with (B) and without (B*) thermal blanket covering the attached tunnel
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Fig. 4 Air temperature variations inside greenhouses by heat preservation
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Table 3 Air temperature inside attached tunnel and wall inside surface temperature and convective heat flux from wall inside
surface by greenhouse heat preservation
AR S T2 5 P i
AR BImRSESC o R i
EEREYME/C  RIBE/C H{E/(W/m*
¥{E/°C  Averaged attached )
H I 2] . Averaged wall outside  Averaged wall Averaged wall
. Averaged tunnel air o o
Date Time o surface temperature inside surface inside surface
outside air temperature ]
temperature  convective heat flux
temperature
C,/C, C* C,/C, Cx C,/C, Cx C,/C, C*
0:00~8:00 —9.9 —10.8 —9.8 —8.0 —6.9 16.0  15.8 9.8 10.2
2020-12-25
18:00~24:00 —8.4 —10.1 —8.8 —7.3 —6.0 21.4  21.8 19.4 14.3
0:00~8:00 —20.4 —19.0 —18.2 —15.9 —15.4 12. 1 7.9 8.1 7.2
2021-01-08
18:00~24:00 —19.5 —17.9 —17.1 —14.9 —14.4 19.9  15.0 16.7 12.3
0:00~8:00 —6.9 —7.8 —7.4 —4.3 —4.5 23.3  17.1 11.6 7.2
2021-02-25
18:00~24:00 —4.6 —7.0 —7.0 —3.3 —4.0 29.7 21.8 17.5 8.6
0:00~8:00 0.1 —0.9 —0.5 1.5 1.7 20.0 18.1 9.0 6.8
2021-02-13
18:00~24:00 —0.1 0.3 0.4 2.1 2.1 16.8  15.3 5.2 4.1
0:00~8:00 —3.1 —1.8 —1.9 0.1 —0.1 15.3  13.7 4.5 3.8
2021-02-14
18:00~24:00 —7.7 —4.6 —5.2 —2.7 —3.3 12.8  10.8 3.3 2.6

¥ :2020-12-25 W R 97 %8 C,, Hody H a9 97 % C,o 2020-12-25.2021-01-08 & 2021-02-25 1§ K ,2021-02-13 K 2021-02-14 K £

PaP NS

Note: The test during Dec. 25, 2020 is for Case C, and the rest is for C,. 2020-12-25, 2021-01-08 and 2021-02-25 are clear days with 2021-

02-13 and 2021-02-14 being cloudy days.
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DA R 5 HOGE =W o A58 R L
S5 R TF AT S Y I P R e )k A R
L, MU Z o AR [FLRE A S AR SR E T i R IR
R SR IE & T 2 BOR = AOR B A7 R O iR
i 2 BT 4 Ol I T S R = TR B9
RE .

2) BN B 15 % Ah s L o B s AR R
AN —FE T AW o AT IE R — Le i 45
SRR W B 0 ORAFTE R TN R R . B
B AE HOG IR 2 A9 )5 55 AU T, (HR ST 65 J 2
M — B BT R R R T
X B A A [R5 B 94 A A (ELAR AR H B 3003t ™ ) Dt
DR T B S T A0 B O 3% T A A O B R R P
TET 5 58 AT L /0N £ i PR S A B G T AR 7R LA

(ERUENSE R &l 2R DOR N ER -y e | RN
FH w8 BH B f B X R A R i S R A BA T
Z .

DHOLIMERAMMESENEEE. H
O Ul 2 05 R PN 3R THE X 3 A R O S — S X A e Y
FNERE . E I, S AE R 3 5 A P 3R T ]
Lz B [53) X 3E 40e BA 9 BB  / oF D LB 0 3 2 Y
FATTHK , AT Bk s I 80 ) RIOR

A A H R W E R AR il H R
O B R B AR T IR s U R 5 R A 2 B
BEIA) o R 4 o A Som XA B A A8 PR O 2 H
G NG Al OB e R R A
MM B RZRMREI T,

AW FRAESMRBAR 12 A TR M 1A A
B T B A0 Sl 1 R g e T O S R
= 3 I S 45 2R A AR AF I D SR
5 5 2k Ul AR A AR 2 BT O T X
MR S R R R E R TA R ELE — . &
B T BE T T R, Ak Tl A5 g0 458 n] o oAb
i X B 2 i A R A AR S
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AT T R I, W TR B DGR =
AN R R I 250 i 5 1 A PR B A5 R, SRV T B A I
5 HOGIR = R B 09 OCHK | B IR AN AR B B ¢
F BB H O R = R B A R B 0 AR AR A
HARS ST .

1) H G = 2 b 3% 0 & BN, B X H O il
ORI RO 5 AN A OC o 7% ) B ] B B
Wi % 5 2 RO 5 SO O 1 22 8 7 % AN IR AR
BF I SIE R —0. 1~ 0.5 °C, 7 % FMN & B = il
FEWEFIEE K 1.0~4.0°C. H G = I
it B 78 5 DR R B, 1 I 45 2R s 1 IR R R
B, ] ek H ) B Rl K22 E R 1.0 °C,

2) H O i 3 R A BE e 0 B AR B i 37 [
B0 — 2 0% I B AT Y R v R IR . AR F
Z¢ o s O I R EE 5 BA A R B A 2 R
FE N AR X, EAMEAR A 1T 5] 7 4R
1 2.6~3.7°C, B u 4w 3. 5~4. 2 °C; Al
2 H A e KR 2E(E R 6.5 °C, F Rl )
KEMEN5.0C,

3) B I 32 B A1 EB PR BE OR #E S B e B
ZEA R o B AR A AR ) R R R) A AE AT = A
AU BYEO, FERORAM 22 2.4 °C,

4) 55 N X TAE KN BB AE R i = 15 AR X =
A A BT R P AR i DT e S B i B RSCR o I
Ab iR R B R BRI S N R R X

SR FE AR 5T i 3 AN g O R A R b Ak
B, 5% MLEAT R i — 2D R
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