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1 H Jan. 2 H Feb. 3 H Mar. 4 H Apr. 5 H May 6 H Jun.
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s S Sl Sl Sl Sl il v v il at] v v
Cities Average  Average Average  Average Average  Average Average  Average Average  Average Average Average
lowest highest lowest highest lowest highest lowest highest lowest highest lowest highest
temperature temperature temperature temperature temperature temperature temperature temperature temperature temperature temperature temperature
Jt3T Beijing  -12.7 8.3 -10.1 135 -4.5 23.0 2.7 29.3 9.7 335 15.1 37.1
..E.%E -8.7 11.7 -6.2 16.4 -2.6 25.7 3.5 30.4 10.8 35.8 16.5 39.3
Shijiazhuang
KJit Taiyuan  -17.0 8.2 -13.4 15.1 -8.1 24.0 -1.9 30.2 5.6 32.6 10.9 358
WA
-21.9 22 -18.3 9.9 -13.0 18.5 -4.3 26.9 29 31.1 9.4 34.4
Hohhot
il -25.2 33 -21.7 9.3 -14.6 16.7 -4.3 26.1 4.9 30.4 12.0 333
Shenyang
o
Kt -26.6 -0.8 -23.5 6.0 -16.2 15.0 -5.4 252 35 30.4 10.2 33.1
Changchun
W IR
. -28.2 -3.0 -26.0 33 -18.2 11.7 -5.7 24.5 2.5 30.4 10.2 34.1
Harbin
JFFd Jinan -11.1 11.4 -8.4 16.2 -3.7 25.0 2.3 30.9 9.9 34.1 152 37.8
V4% Xi’an -8.0 11.8 -4.4 17.4 -1.0 26.0 4.7 31.1 11.1 34.7 16.3 38.6
=M -16.9 8.8 -13.7 15.7 -8.4 23.1 -2.6 29.4 3.7 30.7 9.2 332
Lanzhou
V47 Xining  -21.0 9.8 -17.3 14.7 -12.3 20.5 -5.0 25.7 0.4 26.9 4.2 28.8
ff’&'}H -18.8 6.5 -16.1 13.0 93 22.0 =23 28.4 5.1 309 11.1 342
Yinchuan
[ERN
By A%_ -23.7 0.9 -18.7 4.4 -12.4 17.1 -33 27.3 3.7 309 11.2 353
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a. Structural parameters of solar greenhouse and projection diagram of direct sunlight
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b. Projection diagram of direct sunlight through point B on front roof
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FE, my Hp AJGRMREE, m; Hy A C A3 G LM, m; H A
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B, (°): BRI, () h IRBIEEA, () y ARMTTAH, ©).
Note: A represents the highest point of greenhouse ridge; B represents the
highest point of sunlight on the front roof; C represents projection point on the
northern wall of direct sunlight through point B; D represents projection point on
the ground of direct sunlight through point B; E represents vertical projection
point on the ground of point B; F represents vertical projection point on the
ground of point 4; G represents vertical projection point on the ground of point
C; H represents ridge height, m; H; represents northern wall height, m; H,
represents back roof height, m; H; represents distance between point C and G, m;
H, represents vertical distance from the highest point of wall to point C, m; Hs
represents distance between point B and E, m; H, represents vertical distance
from point 4 to B, m; L represents span, m; L; represents front roof projection
width, m; L, represents back roof projection width, m; L3 represents horizontal
distance from point D to G; L4 represents horizontal distance from point E to F,
m; Ls represents horizontal distance from point D to E, m; « represents front roof
angle, (°); f represents angle of elevation of rear slope, (°); / represents solar
elevation angle, (°); y represents sun azimuth, (°).

A1 KEAHEKEHTELBREMEDNHRYTER
Fig.1 Projection diagram of direct solar radiation through front
roof in solar greenhouse
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Table 2  Structural dimension parameters of solar greenhouses in
Yangling

JERMBEE Y 5

25 5 )% lﬁ dme Egiiﬁﬁff J& Projection  Northern
Latitude/(°)  Span/m hei h% m anele/m width of back wall
& & roof/m height/m
8 35 27 1.1 2.8
34.17 9 4.6 32 1.6 3.8
10 4.6 29 1.7 3.8
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Note: a represents winter solstice; b represents slight cold; ¢ represents great cold;
d represents spring begins; e represents the rains; f represents insects awaken; g
represents vernal equinox; i represents clear and bright; k represents grain rain.

B2 REPAEZ KL A AR LR EHREGE
Fig.2 Height of northern wall in Shouguang solar greenhouse
accepting direct solar radiation in different solar terms
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Table 3  Projection width of back roof, ridge height and northern
wall height of solar greenhouse in different areas

J5 RT3
. G WREIM g AR W
il Latitude/ Front roof B L Ridge  Projection Northern wall

e

Cities o) ingle/®) SP™M peishtm  widthof  height/m
back roof/m
8 3.93 1.24 2.83~3.29
Jt.fﬁf‘ 39.55  30.15 9 437 1.48 3.16~3.61
Beijing
10 481 1.72 3.49~3.93
- 8 3.80 1.05 2.72~3.2
VEE ¥is 727323
Shijia  38.02  28.66 9 423 127 3.05~3.54
zhuang 10 465 148 337~385
8 3.93 0.66 3.02~3.56
j‘."’?‘ 37.54  28.19 9 437 0.84 3.38~3.91
Taiyuan
10 482 1.01 3.74~4.26
8 421 1.01 3.24~3.71
I
Hohhot 4048 31.06 9 4.68 1.23 3.62~4.08
10 5.15 1.44 4.00~4.45
8 429 1.14 331~3.75
BH
4148  32.05 9 478 1.37 3.70~4.14
Shenyang
10 5.26 1.60 4.09~4.51
8 4.46 1.41 3.46~3.86
K&
4354 34.09 9 4.96 1.67 3.87~4.25
Changchun
10 5.46 1.93 427~4.64
8 4.60 1.67 3.60~3.95
IA Fiz e
"R 4544 3599 9 5.11 1.96 4.02~4.36
Harbin
10 5.63 225 4.44~476
9 4.07 1.05 2.93~3.46
R4 Jinan  36.40 27.09 10 4.48 1.24 3.24~3.76
11 4.89 1.44 3.55~4.05
9 3.69 1.07 2.44~3.01
) 10 4.06 127 2.70~3.26
P4 Xi'an 34.17  24.94
11 4.43 1.47 2.96~3.50
12 4.80 1.67 3.23~3.75
8 3.78 0.50 2.91~3.49
M Se0a 2674 9 421 0.65 3.25~3.82
Lanzhou
10 4.63 0.81 3.60~4.16
8 3.93 0.30 3.17~3.76
7§77 Xining 3638  27.07 9 438 0.43 3.55~4.13
10 482 0.57 3.93~4.49
8 4.00 0.75 3.08~3.60
.ﬁ"}” 3827  28.90 9 4.45 0.93 3.44~3.95
Yinchuan
10 490 1.12 3.81~4.30
8 445 1.40 3.45~3.85
P
%E*ﬁ 4345  34.00 9 4.95 1.66 3.86~4.25
Urumchi
10 5.45 1.91 427~4.63
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Optimization of back roof projection width and northern wall height in
Chinese solar greenhouse

Cao Yanfei', Jing Haiwei?, Zhao Shumei®, Zou Zhirong**, Bao Encai'

(1. The Agriculture Ministry Key Laboratory of Protected Horticultural Engineering in Northwest, Department of Horticulture, Northwest
A&F University, Yangling 712100, China; 2. College of Water Resources and Architectural Engineering, Northwest A&F University,
Yangling 712100, China; 3. College of Water Resources & Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The typical Chinese solar greenhouse, compared to other types of greenhouse, has the properties of low construction
cost and low energy consumption when operating during winter days, which draws the attention of the researcher in the field of
facility horticulture. In recent years, the structural parameters, such as span, ridge height and wall thickness in Chinese solar
greenhouse have been extensively studied. However, the correlation relationship between reasonable back roof projection
width (BRPW) and northern wall height (NWH) have always been inconsistent and require further investigation. In this study,
a new method for calculating BRPW and NWH was obtained based on the reasonable periods where the northern wall surface
receive direct solar radiation in different latitude regions. Firstly, the average monthly lowest temperature and the average
monthly highest temperature were statistically analyzed in some cities from January to June in 1998-2012. The data showed
that when the average monthly lowest temperature was close to or exceeded 0 ‘C, the average monthly highest temperature
was close to or exceeded 30 C. Therefore, combined with the traditional Chinese solar knowledge, it is suggested that when
the average monthly lowest temperature was lower than 0 °C, it was necessary to ensure that at least part of the northern wall
can receive direct solar radiation between 10:00 to 14:00 each day. Based on this, the reasonable periods where the northern
wall surface received direct solar radiation in Chinese solar greenhouse in different latitude regions were obtained. Then
according to the change of the sun direct light in the reasonable periods, the method for calculating BRPW and NWH in
Chinese solar greenhouse was obtained. The NWH of solar radiation, which were observed at 10:00 am on winter solstice, in
the solar greenhouses with different spans, were calculated by using the typical structure parameters of Chinese solar
greenhouse in previous studies. The effects of thermal environment analysis were in accordance with the results in literatures.
The utilization of the method for modeling the NWH of solar radiation in the well-known Shouguang solar greenhouse in
various date confirmed that the actual period where the northern wall accept the direct solar radiation was close to the
reasonable period proposed in this study, further suggesting the feasibility of this method. The method has been used to
calculate the front roof lighting angle, ridge height, BRPW and NWH in solar greenhouses with various spans in different
cities in China. The ratio of BRPW to the span in solar greenhouse ranged from 0.04 to 0.23, which varied in in geographic
locations and climatic conditions. When the climatic conditions in different areas were similar, the increase of latitude resulted
in an increase of BRPW. The areas with lowest BRPW ratio (0.04 to 0.11) were located in Taiyuan, Xi’an, Lanzhou, Xining,
Yinchuan and other low-latitude cold regions. These results suggested that the BRPW can be slightly decreased in cold areas
and appropriately increased in warm regions. This method can provide theoretical guidance for optimal design of solar
greenhouse in China.

Keywords: greenhouse; temperature; solar radiation; back roof; projection width; northern wall height; direct solar radiation
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