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Effects of openings and shadings on thermal comfort for a non-air
conditioning model house in Bangkok were studied by evaluating and comparing a yearly
average value of PMV and SET* using a computer program developed for this study. The Heat
Balance Method and a simple air flow through opening-network model are used to calculate
an hourly inside surface temperature of the wall, mean radiant temperature and air velocity.
The results are then used to calculate all the required comfort indices and their yearly average
values. These values are then used to predict the thermal comfort level of the occupant inside
the mode!l house.

Results of the study show that the east and the west shadings give about the
same thermal comfort level. Installation of the shading in order to create a full shade on the
wall in either direction decreases a yearly average PMV value from 2.3 to 1.9 and decreases
the yearly average SET* 16 degree c. Shading on the north and the south gives less effects
on thermal comfort than the shading on the east and the west do. A shading on the north
decreases a yearly average PMV value from 2.0 to 1.9 and decreases the yearly average SET*
0.1 degree c. A shading on the south decreases a yearly average PMV value from 2.0 to L7
and decreases the yearly average SET* 0.3 degree c. Installation of two openings, one on
each side of the wall, is the best way to install the openings and it decreases a yearly average
PMV value from 2.3 to 1.6 and decreases the yearly average SET* 1.0 degree c. Lastly, the
installation of 3-inch thickness fiberglass on the celling, decreases a yearly average PMV
value from 2.3 to 1.8 and decreases the yearly average SET* 16 degree c.
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2NM 2
(2-node model)

a
(Exponent in power law wind speed profile
for local building terrain)
Amet
(Exponent in power law for meteorological station)
Aq ~
(DuBois surface area of nude body)
Adf :
(Effective flow area)
At , M2
(Effective radiation area of body)
BFN , LI m2hr

(Neutral skin blood flow)

Cadj )
(Adjusted flow coefficient)

Cer , k] |/ kg K
(Specific heat of body core)

cd ,
(Discharge coefficient)

Cd ,
(Constant for skin blood flow)

C.. , kI kg K
(Constant pressure specific heat of inhaled air)

ol kI Tkg K

(Constant pressure specific heat of blood)



Csk

CIES

cw

CTF

DISC

Ed

res

rsw.req

El'*

kI Tkg K
(Specific heat of skin)
2
(Proportionality constant for sweat control)

(Convective heat loss)
(Sensible respiratory heat loss)
1

(Wind pressure coefficient)

(Conduction transfer function)
Thermal Discomfort,

(Evaporative heat loss due to moisture diffusion through skin)

(Maximum possible evaporative heat loss)
(Evaporative heat loss due to respiration)
(Evaporative heat loss due to regulatory sweating)

, 2
(Evaporative heat loss required for comfort)

(Total evaporative heat loss from skin)
, C

(Effective Temperature)

(Clothing area factor)

/

2

/

2



dAl A2
(Angle factor from element dAL to plane A2)
Flux conduction transfer function
N
(Angle factor from person to surface N)
, 12
(Acceleration of gravity)

(Natural log ratio of width of wall under consideration to
wicth of adjacent wall)

, [m2K
(Total sensible heat transfer at surface)
, [m2K
(Convective heat transfer coefficient)
, [m2K
(Sensible heat transfer coefficient at clothing)
, , I m2kPa

(Evaporative heat transfer coefficient at clothing)

, [ m2kPa
(Evaporative heat transfer coefficient at clothing)
, kIl kg K

(Heat of vaporization of water)

,m
(Height of point )

jym
(Height of point |)

, [m2K
(Radiative heat transfer coefficient)



Hmet

ds

Kres

, ( ), [ 2K
(Overall sensible heat transfer coefficient including clothing)

, ( ), | 2kPa
(Overall evaporative heat transfer coefficient including clothing)

12K
(Evaporative heat transfer coefficient in standard environment)

. 2K
(Sensible heat transfer coefficient in standard environment)

(Wall height above ground on upwind building face)

(Height of wind anemometer at meteorological station)
, €0
(Clothing insulation)
, Clo
(Clothing insulation in standard environment)

(Air layer vapor permeation efficiency)

(Clothing vapor permeation efficiency)

12K
(Effective conductance between core and skin)
, kg m2/ MJ
(Proportionality constant)
,m
(Height)
,lm2
(Thermal load on body)



R

bl

Patm

1 . ClkPa

(Lewis ratio)

kgl 2
(Body mass)

kg /
(Air mass flow rate)
j I kg/

(Mass Flow rate from space i to space )

, 1 m2hr

(Blood circulation between core and skin)

L kg/
(Net mass flow rate of air dlue to air-handling system
ora pressurization system)

k kg !
(Mass flow rate from direction k outside the building to space )
kg/s
(Pulmonary ventilation rate)
;L m2
(Metabolic rate)
;o Im2

(Metabolic rate due to shivering)
i
(Number of building spaces connected to space i)
i
(Number of connections to outside from space i)
, kPa
(Water vapor pressure in ambient air)
, Pa
(Ambient pressure)



Pav@ . ! Pa
(Average ahsolute pressure)

Ph h , Pa
(Hydrostatic pressure difference between hand ground level)
P i, Pa
(Gauge pressure at space i)
: ) 7
(Gauge pressure at space |)
e , Pa
(Outside gauge pressure)
05 , kPa
(Saturated water vapor pressure at skin temperature)
- Standard operative vapor pressure, kPa
BSET. SET*, kPa
(Saturated water vapor pressure at SET*)
P Pa
(Dynamic pressure due towind at height h)
PPD Prediicted Percentage of Dissatisfied,
PMV Prediicted Mean Voie,
AP , Pa
(Pressure difference across flow path)
Qe ,
(Convection part of internal load)
Heaw ,
(Convection heat transfer from the surface)
Qv ,

(Sensible heat transfer due to infiltration and ventilation)
% s HVAC,

(Heat transfer to/from HVAC system)
Oegny ;T

(Convective heat flux to air)



gk

o

~LWR

ALWS

ANWX

A sol

rfsw

N(Xso

Qdry

~evap

Qres

0

.

(Conductive heat flux from inside surface)
, 2
(Condluctive heat flux from outside surface)
;2
(Net longwave radiation flux exchange
with the air and surroundings)
;2

(Longwave radiation flux from equipment in zone)

;2
(Net longwave radiiant exchange flux between zone surfaces)

. 12
(Transmitted solar radiation flux from winclows)
1/ 2
(Net shortwave radiant exchange flux between zone surfaces)
;2
(Absorbed solar radiation flux)
W [mz
(Heat production)
2
(Sensible heat loss)
2
(Latent heat loss from skin)
;2
(Heat loss due to respiration)
2
(Total heat loss from skin)
;2

, I kg K
(Radiative heat loss or universal gas constant)



Ra . 2K/
(Air layer thermal resistance)

R . 2KIW
(Convective resistance)

Rd . 2KIW
(Intrinsic clothing thermal resistance)

Rea , 2kPa/
(Evaporative resistance of air layer)

Red , 2kPa/
(Evaporative resistance of clothing)

. . 2K/
(Radiative resistance)

Rh , %
(Relative air humidity)
(Shelter factor)

Sr ,
(Constriction constant for skin blood flow)

, 2

(Thermal heat storage)

sq , 2
(Thermal storage in core component)

SK , 2
(Thermal storage in skin companent)

SET* K
(Standard effective temperature)
Sign
(Sign of pressure difference)
, C
(Air temperature)



th ,°c

(Body temperature)
tbset ! OC
(Assigned body temperature)
e ,°C
(Lower limit of evaporative regulation zone)
o , °C
(Upper limit of evaporative regulation zone)
o ,°C
(Average clothing surface temperature)
t, ,°C
(Body core temperature)
L, ,°C
(Exhaled air temperature)
fno o
(Mean body temperature)
o °C
(Mean radiant température)
t, ' ,°C
(Plane radiant temperature)
tsK ! OC
(Skin temperature)
T K
(Air temperature)
- , K
(Average temperature)
Te, ! K
(Average clothing surface temperature)
Ta K

(Body core temperature)



T K
(Inside surface temperature)

Trt « 'K
(Mean radliant temperature)
N N, K
(Temperature at surface N)
To K
(Outside surface temperature)
- Operative temperature, K
Tl ' K
(Outside air temperature)
Toeq :
o Im2
(Skin temperature required for comfort)
TSENS Thermal Sensation,
Un H m/
(Mean wind speed at height H)
ne ! ,m/
(Meteorological station wind speed)
v , m/
(Air velocity)
vr , m/
(Relative air velocity)
(Skin wettedness)
wa kg ( D )/kg(dryar)

(Humidlity ratio of inhaled air)

w crit !

(Critical skin wettedness)

w dif !

(Skin wettedness due to diffusion)



. kg ( D )/kg (dryair)
(Humidiity ratio of exhaled air)

W rsw !

(Skin wettedness due to regulatory sweat)

, 2
(External work)
W@ kgl 2
(Mass of body core)
| kgl 2
(Mass of skin)
X Inside  conduction transfer function
Y. Cross  conduction transfer function
2 Outside conduction transfer function

a ]
(Fraction of total body mass)

8 :
(Emissivity)
a Stefan-Boltzman, ~/ m2K4
(Stefan-Boltzman constant)
p kg /m3
(Air density)
8 , M
(Boundary layer thickness for local building terrain)
8«, ® m
(Boundary layer thickness for the meteorological station)
b ,
(Wind angle measured clockwise from normal to wall 1)
0 ,

(Angle between wind direction and outward
normal of wall under consideration)
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