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Effect of Pipes Layout and Flow Velocity on Temperature Distribution
in Greenhouses with Hot Water Heating System
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Abstract. In order to provide basic data for uniformization of temperature distribution in heating greenhouses, heat-
ing experiments were performed in two greenhouses with a hot water heating system. By analyzing heat transfer
characteristics and improving pipes layout, measures to reduce the variation of pipe surface temperature and to
improve the uniformity were derived. As a result of analyzing the temperature distributions of two different green-
houses and examining the maximum deviation and uniformity, it was found that the temperature deviation of green-
houses with a large amount of hot water flow and a short heating pipe was small and the uniformity was high. And it
was confirmed that the temperature deviation was reduced and the uniformity was improved when the circulating fan
was operated. The correlation between the surface temperature of the heating pipe and the indoor air temperature was
a positive correlation and statistically significant(p<0.01) in both greenhouses. It was confirmed that the indoor tem-
perature distribution in a hot water heating greenhouse was influenced by the surface temperature distribution of
heating pipe, and the uniformity of indoor temperature distribution could be improved by arranging the heating pipe
to minimize the temperature deviation. Analysis of the heat transfer characteristics of heating pipe showed that the
temperature deviation increased as the pipe length became longer and the temperature deviation became smaller as
the flow rate in pipe increased. Therefore, it was considered that the temperature distribution and the uniformity of
environment in a greenhouse could be improved by arranging the heating pipe to shorten the length and controlling
the flow velocity in pipe. In order to control the temperature deviation of one branch pipe within 3°C in the tube rail
type hot water heating system most used in domestic greenhouses, when the flow velocity in the pipe is 0.2, 0.4, 0.6,

0.8, 1.0ms™

, the length of a heating pipe should be limited to 40, 80, 120, 160, 200m, respectively.
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Fig. 1. Layout of heating pipes in experimental greenhouses.
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Fig. 2. Location of temperature sensors in experimental greenhouses.
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Table 1. Comparison of temperature distribution by hot water heating system and circulation fan.

Temperature distribution

Greenhouse Circulation fan Category - - - - - - -
Tube rail surface Air at 1.3m height Air at 2.6m height Air at 3.9m height
ATix(°C) 3.2 4.6 4.2 3.8
(a) None ) .
Uniformity(%) 98.2 91.3 91.2 92.5
ATax(°C) - 4.0 3.7 3.6
On
®) Uniformity(%o) - 92.1 92.8 93.3
ATux(°C) 8.0 4.7 45 4.0
Off
Uniformity(%) 94.5 89.7 90.0 90.9
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Table 2. Correlation coefficient between surface temperature of
tube rail and indoor air temperature of each floor in green-
house (a).

Tube rail  Air 1.3m  Air 2.6m  Air 3.9m
Tube rail 1
Air_13m  0.541%* 1
Air 2.6m 0.521%** 0.973%* 1
Air 39m  0.517** 0.953** 0.971** 1

**_Correlation coefficient is significant at the 0.01 level (N=672).

Table 3. Correlation coefficient between surface temperature of
tube rail and indoor air temperature of each floor in green-
house (b).

Tuberail  Air 1.3m  Air 2.6m  Air 3.9m
Tube rail 1
Air _1.3m 0.473%* 1
Air_2.6m 0.463** 0.971** 1
Air 3.9m 0.457** 0.945%* 0.951%* 1

**_Correlation coeftficient is significant at the 0.01 level (N=672).
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Table 4. Reference data on heat emission per unit length of heat-
ing pipe for temperature difference 55°C between water and air.

Heat emission (W-m™")

JGHA ASHRAE Shin & Nam
(2007)  (2013) (2019)
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105 135 83
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