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Analysis of Heat Emission from Hot Water Pipe
for Greenhouse Heating System Design
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Abstract. The purpose of this study is to provide basic data for setting environmental design standards for domestic
greenhouses. We conducted experiments on thermal environment measurement at two commercial greenhouses
where hot water heating system is adopted. We analyzed heat transfer characteristics of hot water heating pipes and
heat emission per unit length of heating pipes was presented. The average air temperature in two greenhouses was
controlled to 16.3°C and 14.6°C during the experiment, respectively. The average water temperature in heating pipes
was 52.3°C and 45.0°C, respectively. Experimental results showed that natural convection heat transfer coefficient of
heating pipe surface was in the range of 5.71~7.49W/m?* °C. When the flow rate in heating pipe was 0.5m/s or more,
temperature difference between hot water and pipe surface was not large. Based on this, overall heat transfer coeffi-
cient of heating pipe was derived as form of laminar natural convection heat transfer coefficient in the horizontal cyl-
inder. By modifying the equation of overall heat transfer coefficient, a formula for calculating the heat emission per
unit length of hot water heating pipe was developed, which uses pipe size and temperature difference between hot
water and indoor air as input variables. The results of this study were compared with domestic and foreign data, and
it was found to be closest to JGHA data. The data of NAAS, BALLS and ASHRAE were judged to be too large.
Therefore, in order to set up environmental design standards for domestic greenhouses, it is necessary to fully exam-

ine those data through further experiments.

Additional key words : bare pipe, design standards, developed length, heating pipe line, tube rail
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Fig. 1. Size of experimental greenhouses.
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Fig. 2. Layout of heating pipes in experimental greenhouses.
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Table 1. Size of heating pipe using in analysis of heat transfer characteristics.
Nominal size Diameter(mm) Thickness Outside sglrface area
Inside Outside (mm) (m*/m)

25A 29.4 34.0 23 0.107

32A 38.1 42.7 23 0.134

40A 44.0 48.6 23 0.153

50A 55.9 60.5 23 0.190

65A 71.7 76.3 23 0.240

80A 84.5 89.1 23 0.280

100A 109.7 114.3 23 0.359
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Fig. 3. Surface temperature of tube rail according to the distance
from inlet of branch pipe in experimental greenhouse (a).
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Fig. 4. Surface temperature of tube rail according to the distance
from inlet of branch pipe in experimental greenhouse (b).
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Table 2. Natural convection heat transfer coefficients and constant values of equation (12) derived from this experiment.

Greenhouse Pipe Nosrir;ienal (@Vs) (%(té") (V\?/Sm) (%83 R /21‘30 0 c®
Main_in 100A 7.06 0.14 79.0 38.6 5.71 1.33

(a) Main_out 100A 7.06 0.26 76.5 345 6.18 1.48
Branch 40A 0.42 3.79 41.2 36.0 7.49 1.44
Main_in 65A 2.17 0.59 63.7 36.9 7.20 1.54
(b) Main_out 65A 2.17 0.24 38.9 253 6.42 1.50
Branch 40A 0.14 9.29 33.2 30.3 7.17 1.43

*) a constant value of equation (12)
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Table 3. Mean error(%) of calculated heat emission by velocity of water flow in pipe assuming that water temperature and surface tem-

perature of pipe are the same.

Temperature difference between water and air (°C)

Velocity of flow (m/s) 30 20 p %0 Mean error (%)
0.10 18.9 18.3 17.5 16.7 17.9
0.25 104 10.0 9.6 9.1 9.8
0.50 5.3 5.1 49 4.6 5.0
0.75 42 4.0 3.9 3.6 39
1.00 3.1 3.0 29 2.7 2.9
Table 4. Comparison of measured and predicted heat emission per unit length of heating pipe.
d, Atya q/L (W/m) Error
(mm) (0 Predicted Measured (7o)
48.6 30.3 33.6 33.2 1.1
48.6 36.0 41.6 412 1.0
76.3 36.9 60.2 63.7 5.8
76.3 253 37.6 38.9 3.6
1143 38.6 86.2 79.0 8.4
114.3 34.5 75.0 76.5 2.1

AldRlo-A=25, M28d M3S 20194
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Table 5. Comparison of reference data on heat emission per unit length of heating pipe for temperature difference 55°C between water and air.

Heat emission (W/m)

Pipe size

ASHRAE BALLS JGHA This study
(2013) (1986) (2007)
40A 110 120 87 71
50A 135 150 105 83
65A 161 180 126 99
80A 193 210 142 111
a1 She A gebA vt Brbselar, vide] o]l AAEhal, 2 vide] @xd 548 A4St b
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