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INTRODUCTION

Since 1920, architects in Japan have cond al comfort in
houses under hot-humid ccinditions, while d the etfects

Atter 1960
the thermal

rt can be influenced by many variables, as
etfects of non-uniformity and flustuation of

More than fifty papers a yeat are
ral lnstitute of 'Japan and other

Japanese. This paper briefly
summarises some of this work.

HEAT BALANCE EOUATION

Convective Heat Transfer Coefficient

transfer coetficients for forced convection
udies of natural convection. Mochida (1,2)
ransfer coetficients that involves transient

rd conv Hilpert's equation and
ratsu ed out experiments to

measure drv heat dissioation from the surface of heat flow meters, and
calculated ihe heat tranbfer coefficient for natural nvections. The results
for the forced conveclion were similar to Wnslow's (4). Lee et al (5) carried out
experiments using a thermal manikin and a human model. They examined the etfect of
aii turbulence oñ naturat and forced convection coetficient. These studîes introduced
the convective heat transfer coetficients for each segment of the body using direct
calorimetry, whereas previous studies used predicted values.

Human Factors for Thermal Radiatlon

Both radiation area factors and the angle
must be known to calculate radiative heat e
et al (7) developed a new method
human body as an infinite sma
measurements of life-sized bodies.
between the surface of the body and the flo
%.

'Cunently on sabbatical teave from Department of Architecture Nagoya Institute of
Technology, Nagoya, Japan.
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Part¡t¡onal Cal ori metrY

THERMAL ENVIRONMENTAL INDICES

re
h

ci

lines (15).

Tanabe et al(t6) proposed Modified T
% relative humidity, 0.1 m/s mean a¡r
metabolic rate and' mean radiant temp

temperatures and relative humidity arc
equätion (17) only accounts for sweating u

environmental variables - air temperature,
the human body.

Finally, Tanabe (1g) proposed that thermal environment should be evaluated.using
iriärmär mâñir,in,'åóiríéä.iùãieäeiì öiïon-un¡iorm environments could be described.

EFFECT OF EACH THERMAL ENVIRONMENTAL VARIABLE

Effect of Air Movement
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fluctuation. Further studies are expeclted to obtain a predictive index for the coolingpower of fluctuating aír.

9.^l:- invesligators have examined the influences of local and non-uniform airmovements as a stimulus to thermal and dynamic subjective éiõctJ (àe,ãã). -

t Japanese use cross ventilation to control the climate indoors. lshii

i'åï''.ff3ii33î'1"F,i.3f .?'Ë'üi3il'iT:.i{ì,.î;t|î,:[f S['ffi S

Air Temperature Distribution

ct thermal comfort. .lto et al ell
be indicated by standard deviai¡oá

the'aclual meân temperature in an

Effect of Thermal Radiation

597



PSYCHOLOGICAL ASPECT

continuous numerical set.

There are
human Pe
found that
26 'C and
consistent with human performance'

FLUCTUATINGENVIRoNMENTANDEFFECToFTIME

human thermal response sys

analyze it, whereas O of skin temoerature

iffiffiås,:?;i,i,iËY :**i;.llwsrobe

FIELD SURVEY AND PRACTICAL APPLICATION
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sound, e regulation in
residen er researchers
are col the interaction
betwee

Numerical analysis of indoor climates have been conducted to design comfort
heating/air-conditioning systems(53,54). These studies include numerical calculation of
air temperature distribution, air movement and thermal radiation exchanges and the
prediction of comfort.

COMBINED EFFECTS

ct of temperature, illuminance and noise on
al non-specific scale. They expressed
three environmental factors. A melhod to

heat transfer between the human body anand in helium I
expo air pressun
the e mperature on skin temperatures and thermal sensation.

CONCLUSION

lnvestigators have examined the effects to
maximize energy savings at high air temp nd
fluctuatíon of environmental variables have of
personal air-conditioning systems. Studies an
heat balance equations have also been conducted. Future stud¡es will reveal the
combined etfecls of heat and other factors, e.g. light, sound or air quality.
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