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In the search for truly comfortable air conditioning, we investigated the human adaptability to
heat and the effect of a variable-temperature environment on mental acuity, with the understanding that,
for human beings, temperature is the most important environmental factor. .

We discussed the energy savings and controllability of the multi-use heating and cooling system for
buildings, which is a high-efficiency complete thermal recovery unit that makes use of waste heat produced
during heating. We investigated the effect of changing the comfort and temperature levels in an actual
office by experimentally adapting the air-conditioning equipment for air cooling during heating.

Our company's Computer Aided Engineering room was used for the test.  The office was divided into
rooms A and B, and two desks were placed in each room.

The subjects of the experiment were three male and four female.

They reported their sensations of temperature variation and their thermal comfort levels under two
different settings for air-conditioning operation: a setting for constant air temperature and a setting for
variable air temperature. To compare the subjects' mental acuity under the differing air-conditioning
settings, we tested the male with simple one-digit addition tasks, the female were given word-processing
exercises and other technical reports to input.

In the cumulative frequency curve for word-processing input errors, the benefit of varied-temperature
operation became apparent after more than 80 percent of the work volume was completed. Moreover, a
12 percent energy saving was achieved by reversing the varied-temperature cycle operation in each room ,
in other words , by heating one room while cooling the other .
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Table 1 profile of subjects
Sub.No Seat Sex Age Height[cm] Waite[kg]
31 163 47.8

1 b M
2 a M 26 170 61.8
3 k M 22 178 67.6
4 A F 24 170 50.0
5 B F 22 168 50.0
6 C F 26 168 55.5
7 D F 29 159 55.5
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Fig .1 Plan and Section of Test Rooms
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Table. 2 Temperature Amplitude and Change Rate and Cycle
Temperature Time Chenge Time Change Cycle  Temperature Time Change Time Change Cycle

°C] (up) Rate (down) Rate [min.] [’cy (up) Rate (down) Rate [min.)
: [min.] {"C/min.] {min.] ["C/min.] [min] {"C/min.] [min.] ['C/min.]
. Ea— 18-19 5 0 5 02 10 2224 5 040 5 040 10
1820 5 040 5 040 10 2224 5 040 10 020 15
1820 5 040 10 020 15 2224 S 04 15 013 2
1820 5 040 15 013 20 2224 15 013 5 040 20
1820 15 013 5 040 20 2324 5 020 5 02 10
| . 1822 5 08 5 .08 10 2324 5 020 10 010 15
— partition 1822 5° 08 10 040 15 2324 s 020 15 007 20
RSEY8G N _ o 1920 5 020 5 020 10 2324 15 007 5 02 2
T T 'I 1920 502 10 010 15 23.25 5 040 5 040 10
p 20-21 5 020 5 02 10 2325 5 040 10 020 15
. . ) 2021 5 020 5 020 10 2325 5 040 15 013 20
! ' 2021 5 020 10 010 15 2325 15 013 S 040 20
l g | 2021 5 020 15 007 20 2426 5 040 S 040 10
: X 20-21 15 007 5 4920 2 2426 5 040 10 020 15
) ! ' 2122 5 020 10 010 15 2426 5 040 15 013 2
fass< I I A2 5 020 5 020 10 2428 5 08 5 08 10
I FXYH50GL + FXYHS0G! |EXYH100G1 2223 5 020 5 020 10 2428 5 0.80 10 040 15
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Fig.2  Schematic diagram of test equipment BB500 15 007 2
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0 2 g Sub.2cl y=119.89-29631x r=0413 P<0.01
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Fig.5 Cumulative frequency curve of wora
processing input errors
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Fig.6 Multi-use heating and cooling system for
bui ldings: Heating and cooling universal
thermal recovery operation mode
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Fig.7 F lowchart of temperature cycle operation
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Reversing the varied-temperature cycle
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Results of measurement of indoor
temperature variation
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