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Application research of highly effective thermal insulation materials
on solar greenhouse back-roof

WANG Yun-bing,ZOU Zhi-rong, YANG Jian-jun,ZHANG Zhi-xin, YAN Fei

(College of Horticulture  Northwest A&F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] We analyzed the thermal performance of highly effective thermal insulation ma-
terials and tested the application effect of solar greenhouse when it was used to construct the back-roof,in
order to provide evidence for the optimization of solar greenhouse energy saving and thermoinsulating ma-
terials. [Method)] With polystyrene board, polystyrene compressed foam board, glass wool and hay curtain
as back-roof thermoinsulating layer materials, we analyzed the thermal performance and thermal economic
performance,and applied them to solar greenhouse back-roof,and evaluated the thermal insulation perform-
ance by internal and external temperature variation of greenhouse, heat transfer, plant growth situation.
[Result] All of thermal performances of polystyrene compressed foam board were good, the greenhouse
thermal inert index was 2. 59, technical economic characteristic quantity was 29. 26 (yuan *+ W)/(m" « K).
The 3 # greenhouse whose back-roof thermoinsulating layer was composed by polystyrene compressed
foam board presented higher air temperature and soil temperature inside,and the outer surface of back-roof
released heat was 602. 92 kJ/m’,less than other greenhouse. The pumpkin growth indexes of 3 # green-
house were significantly different compared with common greenhouse’s at early growth stage after field
planting,its yield reaching 38 847 kg/hm®. The technical economic characteristic quantity of polystyrene

board was slightly lower than polystyrene compressed foam board’s,and so was the thermal insulation per-
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formance. The application cost of glass wool increased because of the additional compression resistance lay-

er,and the thermal insulation performance of common greenhouse was the worst. [Conclusion) The poly-

styrene compressed foam board is more suitable for application of solar greenhouse back-roof because of its

excellent thermal insulation performance.

Key words: thermal insulation material;solar greenhouse;back-roof;environmental performance

H LR 2 44 45 0 A1 kLAY R R P g, — A
KM FEH KT R PR R 2 — o FR . R R RE Y
e 7 35 AT 23 D9 BT RE 23 A R 6 1) 3 85
5 T . 64 3 S5 R R D T, 1 2R A AT
TR ZRR 0 TR R S 0 i R 1) il 26 T RE B 4
/N5 AE 0 HOG IR & S A R e SRR A R R R
PEREEAT T HO B 5T, A O BRO5E A A K B iR 8OCR: e
s VPNIBCAES B2 7E 370 mm JEAEBE 1 B H AN
10 em IR B A B9 2 0 MR TR RE s Se5r Te
AEC SR T AU M DX LR S R B RLFILOR I B 5 6 R
(1 4 T BB 2 B0 AR T P R0 8 5 5 T E TR X
4 H O IR % ORI AT T A P R I 5 BT R
U ITIN N G 100 g/m” Gk K 24 D0 Y5 i
PRI SEORH I FREAT Jhy 3L 38 N PR A RO BRAE . AR
4 B 45 F O R AR P 8 S IR R IR T 0. 05
W/ (o« KO 1B RHFR o A0 ER RS BHT L 3 266 R
15 H OB % 5 2 R i BF 58 AW T 2 1 02 SRR
B R A DGR 5T 3 B A v AR B 1 RN = T A
HHA PR RE L T X S e T DR LA R B I ST D
5 S AR A R TR R [ R T AR R AL A T
B ORI PO B K SR A R T AR R B R R
B o, B¢ 98 i DS 5 B ) PR L 48 4 T B S )
it P PP BT R K T T BE 1) 0 B E AR CELAT H

B AF Wall R EEVAH B
A / ,\l / ]%ouble-layer EVAfilm
|4 4 D)
E-2ut]
Bufferin,
S 14 34 24 a# fouse
= N
1400 5 0 T
P AT i
- 6000 »]| Unit:cm
a PRI = 58 T

a Transverse section of testing greenhouse

Bl KeiEs

FACBH K 3t A AR A DI 340 o 2 5 Oy AR B9 )5 s TR e
AWEFE oM T RN B AR BB K LA R T
AT B PR RE L O R N 2 H O il = 5 R
PATEAR FEER BT R BE « M 58 20 0 58 1 45 Fh A1 RE G £3
T PERE - LAY O HOG IR % 5 2 T P i A R A 00 2
PRI BEWF 5T P2 BEAC B

1R

1.1 RIEREMR

H YL 25 5 )= T PR TR Rk I 56 7 B VG A 2
KFE S B B A e N R AT . 56 ik A IR = 28 A
PG AL H SR L LA 0% I E K 60 m, B
7.5 m, B 3.5 mL KR THIHE AR R EE 1 m; i B
WY EVA SR, AEESRY N 1.1 mX9 m #
A7 JREE 3 om, B[R] PR 35 1 )2 EVA JEE + 6%
PRy 1 ma JE K% e 2.7 mo Bl R Y 287,
JE R AR 42°, )5 2= 1 248 AR 30 cm F7 A N
2z, FEHEE 5 cm X2 EE EVA #BE R E R 4
DL g 15 .28 34 M 45 (Kl 1a), &
[ BE 14 m, 20 50K R R (EPS) B 3 A (XPS) |
BB DA KCR BURE R BT S 4 FhobE e 22 I 1
Tl AT ORI AR I IS R TR AR 4 A Ak SR

Wb
S Q‘
\._

NS
-

Heat flow meter;

o B EE

|, Temperature thermocouple

‘o

/)

WO

bR R = A A R B

b Longitudinal section of testing greenhouse and measuring points

ol T ] R )

1.ZNE 1 mib;2. HF 5 cm &b;3. (N 4. 2.5 cm;5.5 cm;6. 7.5 cm; 7. Sh 2T ;8. P9 F MR ;9. 4b 3 MR

Fig. 1

Profile plan of testing greenhouse and measuring points

1.1 m in greenhouse;2. 5 cm underground;3. Inner surface;4. 2.5 cm;5.5 em;6. 7.5 cm; 7. Outer surface;

8. Heat flow at inner surface;9. Heat flow at outer surface
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Table 1 Thermophysical parameters of experimental thermal insulation materials
g i c/ 1 R Rt/ % Wk =R/ Y JE 45 58 JiE / kPa $ffr/
o/ . A/(Wem™! - : . < — —3

Type of (ke » m—?) (k] » kg™ !~ K1) Dimensional Water Compressive (JC * m *)
material gom K™D stability absorption strength Unit price
NG 105. 3 2.01 0. 055 7.2 - — 110
Hay curtain
R
Polystyrene 14.0 1.98 0.037 3.5 3.0 50 350
board
B
Polystyrene 36.3 1.98 0.028 1.5 0.3 200 150
compressed
foam board

£
BB A 28.2 0.84 0.046 4.2 - - 240

Glass wool

T - PR IELBT RSN S 2007-11 #4%

Note: The unit prices of thermal insulation materials were collected at 2007-11.

®2 EREARMBANMIMHERMZFTESH
Table 2 Thermal performance and thermal economic performance parameters of back-roof component materials
TLYE 2L ] Of

M{EE*AL*+{A§= R/ K/ s/ D A/

, ypeot (m!+K-W'1) (Wem?:K1H (Wem?+K1 Gt-Wem K1

insulation material
FHAF Hay curtain 1.09 0. 81 1.75 4. 07 33.79
E K Polystyrene board 2.70 0. 35 0.52 1. 40 29.61
HALR Polystyrene 3.57 0.27 0.73 2.59 29. 26
compressed foam board
P MR Glass wool 2.17 0.43 0.53 1.13 42. 36

LE RS A B A P S B0 S8 . D A0 A 4350 J5 2 1 2% b R R 2 B 25 G L

Note:R and S are calculated by thermal parametes of thermal insulation materials; D and A are calculated by thermal parametes of all back-

roof composing materials respectively.
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Fig. 2 Variation curve of temperature in solar greenhouse with different back-roof thermal insulation materials
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thermal insulation materials of solar greenhouse
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a. Heat flux of inner and outer back-roof surfacein 1#, 2# greenhouse
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Heat flux
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Fig.5 Variations of heat flow in different thermal insulation materials of solar greenhouse back-roof
m 1 £ .3 #inner surface; <& 1# ,3 # outer surface; @ 2 # ,4 # inner surface; — A —2# ,4 # outer surface

xk3 12~ 42 REREENMIRERTHETL

Table 3 Heat flow of back-roof outer and inner surface in 14 —4 # greenhouse

iR /°C Average air temperature N1 Inner surface AhFETE Outer surface
IR % 5 5 e 41 Ty HA R il R/ P ERE/ Py AR i R/ BB/
Number of = o (W+ m?) (k] » m~? (W+ m2) (J + m~?)
greenhouse i ) Average Total heat flow Average Total heat
greenhouse greenhouse . .

heat flux quantity heat flux flow quantity

1+ 11.2 —3.0 —16.11 —1 391.58 14.08 1 216. 64
24 12. 4 —3.0 —7.70 —665. 16 6.67 575.98
3 22.4 8.7 —5.52 —476. 87 6.98 602.92
4= 21.5 8.7 —7.43 —641. 66 8. 46 731.32

We1# 24 00 F Ak 2008-12-3053 % (4 5 Wi H #1k 2008-12-12,
Note:14# ,2# were observed at 2008-12-30;3 % ,4 # were observed at 2008-12-12.
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Table 4 Pumpkin growth indexes at different periods in 1# —4 # greenhouse

Egﬁfﬁuq‘l‘ﬂ/d =g — S em T ERGITNIN
ay after Number of . . . Average leaf
field planting greenhouse Height Stem diameter Leaf area number
1= 3.7 Bb 0.68 Aa 115.4 Ab 6.7 Bb
10 2% 4.8 Aa 0.61 Aab 121.0 Ab 6.3 Bb
3% 5.0 Aa 0.60 Ab 149.1 Aa 7.0 Aa
4# 4.9 Aa 0.62 Aab 129.6 Aab 6.6 Bb
1# 6.3 Ab 0.96 Aa 386.9 Be 11.9 Bb
20 2% 6.2 Ab 0.91 ABa 392.0 Ab 11.3 Ab
3% 8.1 Aa 0.78 Bb 454.8 Aa 12.9 Aa
4= 7.4 Aab 0.90 ABa 409. 3 Aa 12.0 ABa
1# 19.2 Aa 1.21 Aa 736.8 Ac 18.2 Aa
30 2% 21.3 Aa 1.10 Aa 865.4 Ab 17.3 Aa
3z 21.4 Aa 1.11 Aa 909. 3 Aa 17.8 Aa
4= 20.1 Aa 1.11 Aa 808.2 Ab 17.3 Aa

UL H 3 43514 2008-03-21,2008-03-30,2008-04-09 5 ] — WL H [ 31 544 5 b5 A [ K NG F R A £ R 2 58 1%,5% B F K

T
:

Note: The observation periods were 2008-03-21,2008-03-30,2008-04-09 respectively;different capital and small letters within the same col-

umn at the same observational day indicate significant differences at 1% and 5% level respectively.
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