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Thailand is situated ina hotand humid region and receives a high level of heat radiation from the throughout the

year, and the roof is the architectural elementin a building that receives the highest rate of such radiation. Improper designs of glass
roofs or skylights in buildings therefore often result in very high interior tem peratures, adversely affecting the utilization of the buildings.
This research seeks to establish some understandings regarding certain design variables influential to the reduction of heat gain from
a transparent roof, which can serve to pave the way to better designs and more suitable selections of glass and other construction
materials. This study is an experimental research concentrating on the comparisons of the heat-reduction efficiencies of selected
variables. Itstarts with the comparison of two types of glass normally used in building construction namely "reflective glass”and "heat-
mirror glass" which have the same shading coefficient but different physical and heat-conduction characteristics. The experimental
mockup units used consist of glass roof, on top of space enclosed by 4"-thick polystyrene foam walls to help keep the heat
conduction through the walls to @ minimum. The interior temperatures are compared under each type of glass as well as among
different variations  other selected design variables. The variables studied include the amount and location of wall openings, the
presence of materials with differing thermal mass or heat retention capacities (clay bricks versus lightweight concrete blocks), and the
addition of tall and leafy plants. The final part of the research is devoted to the combining of the favorable characteristics of all the

variables studied to achieve the best solution,

Itis found that fora non-air conditioned scenario, even though they have the same shading coefficient, the peak
temperature under the heat -mirror glass roofis higher than thatunder the reflective glass roof by as much as 10 degrees Celsius. This
isdue tothe factthatitis more difficult for the interior heatgained by radiation to escape via conduction through the heat-mirror glass.
Itis also found thatthe presence of large wall openings can quickly lower the interior temperature to the point where itis comparable
to the outside air temperature. As for the presence in the interior of materials with differing thermal mass, it is found that the interior
temperature of the unit with the denser thermal mass material (clay bricks) undergoes less variation than that of the unit with the less
dense material (lightweight concrete blocks). The peak temperature in the unit with the denser thermal mass material is 5 degrees
Celsius lower than that in the unit with the material of a less dense thermal mass. Lastly itis also found that the presence of a tall and
leafy plantcan shield the lower part of the space from the radiated heat to result in temperatures 10 to 15 degrees lower than that of

the upper part of the space.

Itcan be concluded from the foregoing results that the interior temperature under a glass roof in an actual building
can best be lowered by the introduction of wall openings especially on the upper parts above the leafs of tall and leafy trees or plants
which should also be introduced, openings on the upper parts of the walls are stressed because they can best ventilate the hot air
thatrises to these parts as a result of stratification. The presence of a lot of leaves high up in the interior can also shield the lower part
from significant radiation. The photosynthesis of the plant can also help transform the Sun’ radiated heat into water vapor and be
ventilated out of the building. The lower parts of the interior, especially the floor and walls, should be made of a high thermal mass
material such as concrete or bricks so they can help retard a rise in the interior’s air temperature during the daytime. With all these
points incorporated into a mockup unititis found that the peak interior temperature can be reduced to a level 2 to 3 degrees Celsius

lowerthan the outside airtemperature.
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GLOSSARY

ABSORPTION

AIR

AIR MOVEMENT

AMBIENT AIR

TEMPERATURE

ASHRAE

BRITISH THERMAL UNIT

(BTU)

BUILDING ENVELOPE

America Society of Heating, Refrigerating and

Air-Conditioning Engineerings



COMFORT ZONE !

(zone)
!l
| 6

L (air temperature)

2. (relative humidity)

3. (mean radiant

temperature)

4, (air velocity)

b. (metabolic rate)

6. (clo-valug)
CONDUCTION THERMAL CONDUCTION
CONVECTION
DBT

(DRY BULB TEMPERATURE)



DIFFUSE RADIATION

DIRECT RADIATION

EFFECTIVE TEMPERATURE

ENERGY
energy)
energy )
(kinetic energy )
EMISSIVITY

«

1924 (Yaglou)
ASHRAE

(heat
(light energy ) (sound
(potential energy)
(electrical energy )



I 1
(blackbody)

GREEN HOUSE EFFECT

(shortwave radiation)
(absorbed)

(thermal properties)
(Radiated) 2
(longwave radiation)

HEAT CAPACITY 2

(mass)



HEAT TRANSFER ?
2 (conduction) ?  (convection)
? (radation)

HUMIDITY
RELATIVE HUMIDITY

INFILTRATION

ISOLATION

LATENT HEAT ?

100

MEAN RADIANT ?

TEMPERATURE

MICROCLIMATE

NIGHT SKY RADIATION



PASSIVE COOLING

PSYCHROMETRIC CHART

RADIATION

RELATIVE HUMIDITY

(thermodynamics)

(enthalpy)

(vapour pressure)

(percentage)



RVALUE
R
(conductivity -k)

SENSIBLE HEAT

SHADING COEFFICIENT

(SC) '
y8 1
SC (
SC = solar heat gam of fenestration
solar heat gain of reference glass
reference glass 118
= 0.86
=0.08 =0.06

sc=|
SPECIFIC HEAT

1 1

STACK EFFECT

STRATIFICATION



THERMAL CONDUCTION

THERMAL CONDUCTIVITY

[12K

THERMAL MASS

THERMAL LAG
TIME LAG

TIME LAG

THERMAL



THERMAL RESISTANCE

12. KW
THERMAL TRANSMITANCE
wim2. K
THERMOCOUPLE
U-VALUE
(W/m2. K)

(Bu/ft2 hr. F)

R (R-value)
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(handbook of fundamental)

WATT S

WBT
WET-BULB TEMPERATURE
(Sensor)

(
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