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SUMMARY.

SUMMARY.

This thesis describes a programme of research the aim of which was to investigate the
thermal behaviour of spaces enclosed by fabric membrane envelopes.

Initial analysis of the overall situation suggested that a fabric membrane can affect
conditions within a space enclosed by it as a result of its internal surface temperature and
the amount of thermal radiation it directs into that space. In order to investigate these two
parameters, a test cell was constructed which allowed the thermal behaviour of a range of
fabric membranes to be monitored.

The monitored data revealed that the thermal behaviour of fabric membranes is only
significantly affected by their angular thermal optical properties. These properties were
then measured and a dynamic spread sheet model was developed which was able to
simulate the monitored behaviour fairly accurately.

In order to investigate the thermal behaviour of spaces enclosed by such membranes,
conditions within four existing fabric roofed buildings were monitored. The monitored data
revealed that comfort temperatures could vary significantly from place to place within such
spaces. These variations were produced by both the stratification of internal air
temperatures and differences in internal radiant temperatures.

An attempt was made to simulate the behaviour of the buildings monitored, using a general
applications CFD code in conjunction with information generated by the spread sheet
model. Whilst simple behaviour patterns could be simulated accurately using this approach,
it was apparent that over simplistic boundary specification options left the CFD code
unable to accurately predict strong internal stratification.

It was proposed that improving the reliability of this process would require the

development of a more holistic CFD model which should be able to accurately predict the
thermal behaviour of fabric membranes itself.
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hyi Inside surface radiant heat transfer coefficient W/m20¢
hyq Outside surface radiant heat transfer coefficient W/m20¢
1 Incident solar radiation W/m2
Iq Incident direct beam solar radiation W/m2
Idn1 Theoretical clear sky direct horizontal solar radiation W/m2
Idn Direct normal solar radiation W/m2
Idn1 Theoretical clear sky direct normal solar radiation W/m2
It Normal extraterrestrial solar radiation W/m2

If Incident diffuse solar radiation W/m2
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Ithi
SC
scl
Lr
I§(ext)
I3(int)

Kext
Kint
Ky,

K¢

L

m

N

Py
Qsol
Qmem
q
9eondi
9condo
devi
9evo
di

diwi
diwo
do

qpPi
qpf
9p(ext)
9p(int)
qr

q7

qtf
qdt(ext)
91(int)
o

qa;
qof
Yoy(int)
Jou(ext)

Theoretical clear sky diffuse horizontal solar radiation
Solar constant

Corrected solar constant

Incident sky diffuse solar radiation

Remaining external incident solar radiation at depth &
Remaining internal incident solar radiation at depth &
Angle of incidence

External incident radiation extinction coefficient
Internal incident radiation extinction coefficient
Extinction coefficient at wavelength A

Clearness index

Characteristic length

Air mass

Cloudiness index

power distribution of a full radiator at 283°K

Solar heat gain

Boundary heat transfer

Net power exchange

Net internal surface conductive heat transfer

Net external surface conductive heat transfer

Net internal surface convection exchange

Net external surface convection exchange

Net internal surface heat transfer

Net internal surface long wave infra red radiation exchange
Net external surface long wave infra red radiation exchange
Net external surface heat transfer

Reflected direct beam solar radiation

Reflected diffuse solar radiation

Reflected external incident solar radiation

Reflected internal incident solar radiation

Solar radiation directed into an enclosure
Transmitted direct beam solar radiation

Transmitted diffuse solar radiation

Transmitted external incident solar radiation
Transmitted internal incident solar radiation
Absorbed solar radiation.

Absorbed direct beam solar radiation

Absorbed diffuse solar radiation

Absorbed internal incident solar radiation

Absorbed external incident solar radiation

LIST OF SYMBOLS.

W/m?2
W/m2
W/m2
W/m2
W/m2
W/m?2
0

W/g
W/g
W/g
ratio
m
ratio
ratio
W/A
W/m?2
W/m2
w
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2
W/m2

XXiv



v(0)
v(i)

Thermal resistance

Core thermal resistance

Air gap thermal resistance

Inside surface thermal resistance
Outside surface thermal resistance
Shadowband ring radius

Shading Coefficient

Solar Heat Gain Factor

Solar time

Surface temperature

Turbidity coefficient

External hemisphere black body surface temperature
Ground temperature

Internal surface temperature
Atmospheric turbidity

Solar altitude corrected turbidity
Maximum observed surface temperature
Minimum observed surface temperature
External surface temperature
Obstruction temperature

Equivalent black body sky temperature
Inside air temperature

Enclosure surface temperature

Outside air temperature

Equivalent enclosure surface temperature
Radiant temperature

Resultant temperature

Thermal conductivity ( U value)

Local surface velocity

Free stream wind speed

Ground view factor

Internal air velocity

Obstruction view factor

Parallel flow velocity

Sky view factor

Voltage at near normal angle of incidence
Voltage at angle of incidence i
Precipitable water content

Day number

LIST OF SYMBOLS.

m20c/W
m20c/W
m20c/W
m20c/W
m20c/W
mm
ratio
W/m?2
ratio

O¢

ratio

Oc

O¢

O¢
unitless
unitless
O¢

O¢

O¢

O¢

O¢

O¢

O¢

Oc

(1-365)
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Symbol

o(0)
A(ext)
%(int)
a(i)
of)

€int

Description

Absorptance

Near normal solar absorptance

Solar Radiation absorbed by internal half of membrane
Solar Radiation absorbed by external half of membrane
Hemispherical solar absorptance at angle of incidence i
Diffuse solar absorptance

Long wave infra red absorptance

Inclination of surface from horizontal

depth

Horizontal clear sky apparent emittance

Horizontal cloudy sky apparent emittance

Equivalent emissivity

Hemispherical emissivity

Membrane internal surface emissivity

Enclosed space emissivity

Near normal emissivity

Membrane external surface emissivity

Latitude

Time lag

Wavelength

Day angle

Hour angle

Reflectance

Near normal solar reflectance

Diffuse solar reflectance

Hemispherical solar reflectance at angle of incidence i
Long wave infra red reflectance

Reflectance at wavelength A

Steffan- Boltzmann constant 5.6697 * 10-8
Transmittance

Average solar transmittance of membrane.

Near normal solar transmittance

Diffuse solar transmittance

LIST OF SYMBOLS.

Units

ratio

ratio

W/m?2
W/m?2

ratio
ratio
ratio
0
mm
ratio
ratio
ratio
ratio
ratio
ratio
ratio

ratio
0

seconds

nm (ym)

(o]

(o]

ratio
ratio
ratio
ratio
ratio

ratio

W/m2K4

ratio
ratio
ratio

ratio

Hemispherical solar transmittance at angle of incidence iratio

Long wave infra red transmittance

Transmittance at wavelength A

ratio

ratio
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