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(Part1) Evaluation of Outside Air Load Reduction
for Roof Thermal Collection and Earth Tube Based
on Yearly Measurements
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Abstract

To evaluate the effectiveness of using natural energy in wooden houses, this study uses long-term
measurements in actual homes to measure the extent to which the outside air load is reduced by solar
heating and thermal storage, etc., and clarify the level of energy independence achieved by solar power.
In this report, we used annual measurement data from houses located in the city of Fujisawa (Kanagawa
Prefecture) to check outside air intake situation and the outside air load reduction effect of the natural
energy ventilation system. The results the outside air load of this system is 10944 MJ / year, which is a
40.5% reduction compared to outside air load of 18394 MJ / year due to the direct intake. Roof thermal
collection is 2936 MJ/year and reheating- pre-cooling of earth tube is 3842 MJ/year: 640 MlJ/year.

Therefore outside air load was reduced good balance in each outside air intake route.
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through earth tube or exchanger
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Table 1 Overview of evaluated building

Location Fujisawa City, Kanagawa Prefecture
Total floor area Approx 150 m’
Total air volume Approx 300 m?

Heat transmission coefficient U, : 0.78 W/(m? + K)
Solar heat gain coefficient 14 :3.8

Table 2 Control conditions for switching outside air
intake route in this system

Intake outside air of Intake outside air of
the earth tube the roof thermal collection
Summer 5:00~19:00 19:00~5:00
Winter At 18.5 °C lower At 22 °C higher

Table 3 Outline of system and measurement
Length : 18 m  Tube diameter : 200 mm

Earth tube Buried depth : 2 m
Use material : Polyvinyl chloride pipe
Area : 40.95 m?
The pitch of a roof : 14 ©
Roof thermal Thickness of the vent layer : 40 mm
. Use material : Galvalume- Spandrel Galvalume
collection

steel sheet, Moisture permeation * thermal barrier
, Waterproof sheet , Waterproof plywood ,
Phenolic foam , Moisture-proof airtight film
Building direction 23 degrees from the south to the west

Total heat Air volume : 170 m*h
exchanger Consumed electric power : 103 W
; . 3
Roof exhaust fan Air volume : 390 m’/h

Consumed electric power : 23 W
Measuring period ~ 2013/6/16~2014/6/15
Humidity : Air outlet , Air inlet ,

Indoor , Outside air
Temperature : Inner duct, Inner earth tube
(Air volume : Air outlet , Air inlet)
Temperature and humidity , Accuracy :
Measuring sensor ~ Temperature + 0.3 °C + Humidity + 5 %RH
Temperature , Accuracy : + 0.3 °C
At S-minute interval : 6/16~9/7
At 15-minute interval : 9/8~11/29
At 10-minute interval : 11/30~6/15

Measuring points

Measuring
interval

Outside air temperature : Max30.9 °C (8/11),Min0.06 °C (2/8),Averagel6.7 °C
Indoor temperature : Max32.3 °C (9/1), Min15.9 °C (1/1), Average24.0 °C
Temperature after the passage : Max32.4 °C (6/1), Min9.6 °C (2/27), Average2l1.0 °C
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Fig.2 Weather data and indoor temperature over a year
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