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Discussion on the Relationship between Freezing Time of Open Penstock and Thickness of
Insulation Layer
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Abstract: Currently, most pipelines in China are buried underground, and generally, as long as they are buried below the freezing
line, the water inside the pipelines will not freeze. However, there are still many water conservancy and hydropower projects that
have to open the pipeline due to the limitation of local terrain, such as penstock, inverted siphon, overhead steel pipe, etc. In some
cold and severe regions of China, there is a problem of water freezing inside pipelines. This paper mainly calculates the water
freezing time in the Penstock and the thickness of the exposed steel pipe insulation layer to provide relevant reference for water

conservancy designers and specific operation management personnel.
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12 (m) d 1.00 1.00 1.00 1.00 1.00 1.00 1.00
EEE (m) cl 0.01 0.01 0.01 0.01 0.01 0.01 0.01
PHREEE (m) c 0.040 0.050 0.060 0.070 0.080 0.090 0.100
RR=ME (m) da 1.10 1.12 1.14 1.16 1.18 1.20 1.22
PEIME (m) da 1.02 1.02 1.02 1.02 1.02 1.02 1.02
BaRE S A EN e K 1.25 125 1.25 125 125 125 125
FREEINE] (h) Z 145.99 174.83 203.15 230.95 | 260.47 287.23 315.72
FKIOEEFR, B 4.2[k)/ (kg - °C) ] C, 4.2 4.2 4.2 4.2 42 42 42
EEPAHRENKER (kg/m) G, 785.00 785.00 785.00 785.00 | 785.00 785.00 785.00
ERPEIELE, ST 0.46[k)/ (kg °C) ] | G, 0.46 0.46 0.46 0.46 0.46 0.46 0.46
EMBEAENERE (kg/m) G, 248.95 248.95 248.95 248.95 | 24895 248.95 248.95
s/ (K) T, 4.0 4.0 4.0 4.0 4.0 4.0 4.0
WHRIRE (K) ty -40.0 -40.0 -40.0 -40.0 -40.0 -40.0 -40.0
FRESIREE (K) t 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EEHRR IS [1/1.163] (m-°C) /W]] | R1 0.0602 0.0516 0.0430 0.0344 | 0.0344 0.0258 0.0258
PRIEMEHERERE W/ (mK) ] yl 0.0281 0.0281 0.0281 0.0281 | 0.0281 0.0281 0.0281
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