
5)

10
6)

2020

7)

9)

10)

Keywords: Hot Water Floor Heating, Piping, Heat Loss, Thermal Insulation, Exergy

Isawa and Shukuya

11)12)

This paper describes results of a numerical simulation and an exergy analysis focusing on the influence of piping thermal
insulation on thermal comfort and resource consumption related to hot water floor heating during night time. In a case,
pipe length is 1m indoor and 4m outdoor, changing from polyethylene foam 10mm to urethane foam 30mm can reduce
warm exergy consumption within the pipe from the boiler to the inlet of the floor in 68%. At the same time, the seasonal
median of the room air temperature at am 6:00 can be raised  from 15.5OC to 20.0OC. Improving thermal insulation of
piping increases radiant and convective warm exergy from the floor two times and four times, even if hot water tempera-
ture at the outlet of the boiler is the same.
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   This paper describes results of a numerical simulation, a field measurement and an exergy analysis focusing on the influence of piping thermal insulation on thermal comfort

and resource consumption related to hot water floor heating during night time. The authors executed a series of numerical simulation and an exergy analysis for floor heating

in a wooden house and a field measurement for radiant heating using ceilings and floors. The house for the simulation and the field measurement is located in Tokyo and a

steel-frame building.

    The numerical simulation model adopted control volume heat balance method assuming that the heat emitting from embedded piping is uniformly absorbed by the whole

layer of the floor containing the piping. The heat flowing the from the piping into surrounding air was calculated with temperatures of the hot water at inlets and outlets of the

piping from the boilers to the floor,  lengths and place of the piping and thermal transmittance from hot water to the surrounding air via pipe as parameters. Thermal insulation

performances of building skin were set uniquely as the next generation energy saving standard of Japan. Varieties in material and depth of piping thermal insulation are

urethane foam of 20mm, 30mm, 40mm and 60mm and polyethylene foam of 10mm and 20mm. Those in position and length of piping are 4m, 9m, 14m and 24m outdoor

and 1m indoor, and 1m outdoor and 4m, 9m, 14m, 19m and 24m and 1m indoor.

  Results of the field measurement were used for confirming the calculation accuracy of the numerical simulation model.

    The authors set up exergy balance equations against the boiler, the piping from the boiler to the floor, the returning piping from the floor, the floor, the room air and the house

envelope, respectively.

    The followings were found. In a case pipe length is 1m indoor and 4m outdoor, changing from polyethylene foam 10mm the urethane foam 30mm as thermal insulation of

piping can reduce warm exergy consumption within the pipe from the boiler to the inlet of the floor in 68 %. At the same time, the seasonal median of the room air temperature

at am 6:00 can be raised from 15.5oC to 20.0oC. The richer thermal insulation of piping is, the smaller differences of warm exergy consumptions within the piping in seasonal

median and difference between seasonal first  quartile and third quartile are. Improving thermal insulation of piping increases radiant and convective warm exergy from the

floor two times and four times, respectively, even if hot water temperature at the outlet of the boiler is the same.

A STUDY ON THE INFLUENCE OF PIPING THERMAL INSULATION ON
INDOOR CLIMATE AND RESOURCE CONSUMPTION

RELATED TO HOT WATER FLOOR HEATING
  - Numerical studies focusing on avoiding room temperatures decline during night time -

Shingo NEMOTO and Itaru TAKAHASHI 

* ZO Consulting Engineers, M. Eng. (Ex-Graduate Student of Tokai Univ.),   ** Prof., Faculty of Eng.,Tokai Univ., Dr. Eng.

A STUDY ON THE INFLUENCE OF PIPING THERMAL INSULATION ON  
INDOOR CLIMATE AND RESOURCE CONSUMPTION  

RELATED TO HOT WATER FLOOR HEATING
－ Numerical studies focusing on avoiding room temperatures decline during night time －

Shingo NEMOTO＊ and Itaru TAKAHASHI＊＊

＊ ZO Consulting Engineers, M. Eng. (Ex-Grad. Stud. of Tokai Univ.)
＊＊ Prof., Faculty of Eng., Tokai Univ., Dr. Eng.

（2014 年 10 月 3 日原稿受理，2015 年 4 月 22 日採用決定）

─ 646 ─


