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Comparing the front roof permeated sunlight performances
and the arch mechanical performances of four
curvilinear roofs of solar greenhouse

WANG Chao-dong' , SHI Wei-min' , PEI Xian-wen®
(1 Department o f Horticulture ;Agriculture College s Shihezi University s Shihezi, Xinjiang 832003, China;
2 Technological Section of Xinjiang Bayin Guoleng Technical College s Korla, Xinjiang 841000, China)

Abstract: [Objective] In oder to advance the design of solar greenhouse.the front roof permeated sun-
light and the arch mechanical performances of different curvilinear roofs of solar greenhouse were com-
pared. [Method) The simulation of sum sunlight transmiting the thrice spline,circular arc,ellipse and pa-
rabola curvilinear roofs of solar greenhouse and the finite element analysis calculating sectional stress of the
arch under the three loads combination were applied. [Result) The result indicates that the sum permeation
sunlight of the thrice spline,circular arc,ellipse, parabola roof is 40 467,39 451,39 306 and 35 845 kJ, re-
spectively. Under the first combination loads,the ellipse the arch sectional stress is 3 514 MPa, the second
parabola 3 466 MPa,and next the thrice spline 2 906 MPa,and finally the circular 1 479 MPa. [Conclusion]
Synthesizing the index of the front roof permeated sunlight and the arch mechanical performances, the
thrice spline roof of solar greenhouse has more definite practicability than the other roofs.
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Fig. 1 Curved shape model of the solar

Greenhouse front roof
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Table 1 Main sizes of solar greenhouse
HERSTHE HE (H)/m B2 (L) /m iR KCF K (L) /m 5 R IAK %K (L) /m TR /()
Size of Ridge i 'né "m/ Level length of Level length of Elevation of
greenhouse high b front roof projection back roof projection back slope
1 3 6 5 1 45
I 3 7 6 1 45
il 3.4 7 6 1 45
2 3HARXEBEERTHWIEAMEIHFRIER
Table 2 Curves equations of the three sizes of solar greenhouse front roofs
iy 2 24 7m0 N SF2H 4 Sizes of greenhouse
Type of curve T I m
y1=0.558x% —1. 8322 +2. 747 y1=0.538 12®—1.785 622+2.747 6 y;=0.5892° —1. 8422 +2.746 98
0<<r<1), 0<a<<1), 0<<ax<<l),
SRR y2=0.002 772%—0. 079 52%+ y2=0.014 62°—0. 214 8%+ y2=0.003 152°—0. 083 2%+
?hrice /:;)line 0.767x+0.,81(1<<x<5), 1.173 92+0.530 3(1<<x<6), 0.834 5x+0. 71(1<<x<<6),

31 (0) =tan 70°,
y2(5)=tan 10°

B IR Circle arc (x—4.58)2+(y+1.97)2 =4, 992

- s (x—10.5)? ¥ (z—8)?
HiPI Ellipse 0,25 1z ! 64
) 25 Parabola x=0.666 7y>—0.333 3y

1 (0) =tan 70°,
2 (6) =tan 10°

(x—4.813)2+ (y+2.152)2=5. 262

+2 =1

2=0.933 3y2—0.866 7y+0.2

v1(0) =tan 70°,
v (6) =tan 10°

(x—5.38)2+ (y+2.5)2=5,94?

: (x—17.9)° »*
6 320.3 +20.7

5 =1

2=0.562 6y>—0.125 2y—0. 078
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Fig. 2 Comparison of the four curves of size [l solar

greenhouse front roof
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Table 3 Load value and distributing of the solar greenhouse roof arch
BH XA EO
fif #5 H Numerical value Xl
Load item ( X subentry Distribution

coefficient)

e i 4

Static load

= 3% G/ (kKN » m~2) Mass load of front roof
J5 B AR 4% Go/ (kN « m™2) Mass load of back roof

0.051(X1.2)
3.408(X1.2)

I EH A Vertical equality
% A Vertical equality

w3 K/ (kN « m™?) Grass felt load(equality)
YEWfrak V/ (kN « m~2) Crop load

Emizk S/(kN « m~?) Snow load

H T A 5T = i 3 Q1 /kN

People’s mass load in the ridge of soar greenhouse

5 2 1 g KA 3 W/ (kN » m™ %)

Snow load in front roof of soar greenhouse

Jri J i P XA 28 W/ (kN s m™?)

South wind load in back roof of soar greenhouse
A2 1 AL KU 3 We /(KN « m™2)

North wind load in front roof of soar greenhouse

SRR KA W2/ (kKN m™?)

North wind load in back roof of soar greenhouse

By 117 4

Dynamic load

0.058(X1.2)
0.15(X1.2)

2 H A Vertical equality
R EIH Vertical equality

0.75(X1.4) W A Vertical equality
% it i
0.8(X1.4) I 4 s Vertical convergence
0.15(X1.4) ﬁﬁ?%ﬁﬁﬂ]?ﬁ .
Be symmetrical perpendicular to roof
—0.125(x 1.4y EHTREHA .
Be symmetrical perpendicular to roof
—0.125(x1,4)  EATRIMEIA ,
Be symmetrical perpendicular to roof
FHTRmYAG

—0.125(X1. . .
0.125(x1. 4) Be symmetrical perpendicular to roof
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three combination loads of size | greenhouse

a. The first combination loads;b. The second combination loads;c. The third combination loads
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Table 4 Comparison of the roof arch sectional stress of the [ , Il , [l sizes of solar greenhouse MPa
Cﬁﬁiiﬁllfon i £ 5 ) L I tl

o Type of curve 1 2119 26(24) 1 2023) 29028 1 2423)  29(28)
K FE S Thrice spline —1 962 1179 171.8 —2 906 1249 532.5 —2 586 1918 —621.6

1 B3R Circle arc —1 086 198.5 763.2 —1479 87.88 994. 5 —1 269 554.9 448.3
158 Ellipse —2 505 1244 134.4 —3 514 1624 —19. 24 —3 271 2170 —624.8

4 2k Parabola — 380 2 046 —972.1 —1 180 3 466 —1 936 —309 3434 —2 087
=R HBE 4% Thrice spline —1 112 —108. 6 1041.7 —1 358 —210.4 1421 —1312 49.3 896. 1

2 [F 3K Circle arc —737.8 —515.6 1367 —829.2 —644. 4 1653 —751 —467.9 1427
H 18 Ellipse —1 303 —86.52 1025 —1 591 —72.8 1173 —1 554 143.6 884. 3

¥ 2 Parabola —673.4 31.76 386.7 —973 664. 3 249.8 —663 666. 8 171.7
=B & Thrice spline —1 182 —344.5 1292 —1 345 —462.9 1698 —1 366 —273 1264

3 9K Circle arc —860 —679 1585 —933 —800 1894 —891 —672 1727
18 Ellipse —1 341 —328 1279 —1 551 —353 1483 —1 560 —200 1 255

ik Parabola —832 —577.6 631.9 —1 088 285 599 —857 271 548. 6

T LAl R S 2k 09 B0 2675 2 1t 4R 0% T2 10 B 4 0 5 IO T 7 3 8 5 2. 3% v B A D B B 6 W B O A2 R N 75 3. P 21(19) RoR R T
HERUA ) L Ak = ORE 4% IR B 9 04 5 21, R A oC 5o 19, AT,

Note: 1. The underlined value denote the most section stress of this curvilinear roof arch;2. The negative denote the press stress on the ele-

ment; 3. The number 21(19) denote the same position for thrice spline and circle arc and ellipse is the element 21 and for parabola is

the element 19. The other are the same.
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Table 5 Comparison of the level pushed force of the pivot in different sizes of solar greenhouses under

the first combination loads N

iy £ 2k 7Y J& & 1 3 E Ab Pivot of the back roof B HT I AL Pivot of the front roof
Type of curve 1 I m 1 I m
=Rkt Thrice spline —5 940.6 —6 782.7 —7395.7 5 940. 6 6 782.7 7 395.7
3K Circle arc —4 933.9 —5 540.9 —7673.8 4933.9 5 540.9 7 673.8
5 Ellipse —6 101.2 —7292.5 —5 848.1 6 101. 2 7 292.5 5848.1
L4y £& Parabola —7422.4 —9703.2 —9 264.8 7 422.4 9 703. 2 9 264.8

Hi 5 Al U L A8 HOBIRE R SE LI .4
Foft ih 26 B Ja 1T £1E 20 IS B SR Ak | IR Ak K
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Fig. 6 Distributing nephogram of the axial stress (left) and bending stress(right) of roof arch in

the sizen [[[ solar greenhouse under the first combination loads
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