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Table 1 Geographic positions and testing years of each testing site
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RATITH 2 117.0 39.13 5 2009—2011
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AL 1 115.45 38.95 42 2009—2010
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Temperature hourly changing coefficient
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Fig.1 Hourly temperature change of each test site from 2009
to 2011 in Shanxi
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Fig.2 Hourly temperature change in a day of each test site
from 2009 to 2011 in Tianjin
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Table 2 Outside air temperature hourly changing coefficient
of five provinces in North China in January

] Time T I AT R
f Temperature hourly changing coefficient
1 -0.35
2 -0.37
3 -0.40
4 -0.44
5 -0.46
6 -0.48
7 -0.50
8 -0.39
9 -0.09
10 0.12
11 0.28
12 0.39
13 0.46
14 0.50
15 0.49
16 0.41
17 0.20
18 0.02
19 -0.08
20 -0.15
21 -0.19
22 -0.24
23 -0.27

24 -0.31
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Fig.5 Simulation result of outside hourly temperature in
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Table 4 Value of 4 and ¢ in equation of outside temperature

at any time
YRilF Amplitude HYUE Value Ph)zriﬁsizﬁgle HUH Value
Ay 0.44304 h 3.81799
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Daily change and math-expression method of outside temperature in
winter for greenhouse environmental analysis

Xu Fan, Ma Chengwei™
(Key Laboratory of Agricultural Engineering in Structure and Environment, Ministry of Agriculture, College of Water Resources and
Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Hourly, outdoor meteorological data are essential for the accurate dynamic simulation and analysis of
the greenhouse thermal environment. Most meteorological stations have only published the four times (six/eight
times) observation results, but hourly data have always been considered as classified files and not published. Also
not published is the continuous observation temperature data in research or production, which should be included
in the change principle and in greenhouse environment analysis. In this paper, we examined the daily change rule
of outside air temperature in January for greenhouse environment analysis. According to observation data from
2009 to 2011, measured and recorded by the thermal recorder RS-12, we acquired the temperature data of each 10
min interval from 14 stations in North China. For each station, we adjusted the data to reflect true solar time, and
using the hourly temperature at the true solar hourly time, we calculated the hourly temperature changing
coefficient f. We then analyzed the hourly change of outside temperature in five provinces of North China for the
month of January, and summarized a mathematical method for hourly air temperature by using  when the daily
maximum and minimum temperature were known.

The results showed: In the same province, although the measured temperature is quite different in various years,
is always on the similar change trend and value at the same hour, so the outside temperature daily change can be
described by the same coefficient in each province. By comparing S of the five provinces in North China, we
found that 8 are similar, and R* reached 0.9704, so we can also show the hourly change of outside temperature by
the same f. Based on the results above, we summed the hourly changing coefficient (1-24h) of outside
temperature in January in North China. When we contrasted f with heating ventilation and air conditioning
(HVAC), the two curves were different in minimum value time and rise/fall speed, which is related to seasons.
The values of the outside air temperature hourly were changing coefficient f from 1 to 24h is -0.35, -0.37, -0.40,
-0.44, -0.46, -0.48, -0.50, -0.39, -0.09, 0.12, 0.28, 0.39, 0.46, 0.50, 0.49, 0.41, 0.20, 0.02, -0.08, -0.15, -0.19, -0.24,
-0.27, -0.31, respectively. The winter coefficient was examined by Xinkaikou Town in Tianjin in January of 2011,
and Tongzhou District in Beijing in January of 2012. The simulation results of hourly air temperature outside by
this method were similar to the actual measurements, the R? all reached 0.98, and average error were all 0.3°C. On
this basis, using the Fourier series expansion, we stated a mathematical expression for calculating outside
temperature at any time. According to the daily maximum and minimum temperature outside, we could determine
the outside temperature at any time and provide full outdoor temperature data for greenhouse environment
simulations accurately.

Key words: greenhouses, temperature, Fourier series, outside hourly air temperature, temperature hourly
changing coefficient, environmental analysis



