Contents

0

0.1

0.2
0.2.1
0.2.2
0.2.2.1
0222
0223
0224
0.2.2.5
0.3

0.4
0.4.1
0.4.2
0.4.3
0.4.4
0.4.5
0.4.6
0.4.7
0.5

0.6

1

1.1

1.2
1.2.1
1.2.2
1.2.2.1
1.2.2.2
1.2.3
1.2.3.1
1.2.3.2
1.233
1.2.34
1.2.4
1.2.4.1
1.24.2
1.2.43
1.2.4.4

Preface . . ... . VI
Introduction. . .. ... ... .. .. .. . .. ... 1
Subjectofthebook. .. .. ... ... .. 1
Building Physics. . .. ... .o 1
Definition . ... ... e 1
Criteria . . ..o 2
Comlort. . . 2
Health . . .. .. 3
Architecture and materials . ............ ... ... ... .. ... 3
Economy . ... 3
Sustainability .. ... .. 3
Importance of Building Physics . .......... ... ... .. .. ... ... ... 3
History of Building Physics .. ....... .. ... . 5
Heat, airand moisture. ... ... ... 5
Building acoustics. . .. ... .. . 5
Lighting. . ..o 6
Thermal comfort and indoorairquality . ................................ 6
Building physics and building services .......... .. ... ... .. ... ... 7
Building physics and construction .. .............. .. ... . .. ... ... 7
What about the Low Countries? ... .......... ... ... ... ... .. ............ 8
Unitsand symbols. .. ... .. 9
LAterature. . . ..ottt e 12
Heat Transfer .. .. ... . ... .. .. . . . . . 13
OVEIVIBW. . . o e e 13
Conduction . .. ... 15
Conservation of @nergy. ... .. ... 15
Fourier’s laws . . ... ... 16
First law . ..o 16
Second law .. ... 17
Steady State. ... ... 18
What 18 167 . L 18
One dimension: flatassemblies ............ .. ... ... .. .. ... ... ...... 18
Two dimensions: cylinder symmetric. .. ........... ... ... ... ... ........ 26
Two and three dimensions: thermal bridges. .. ............ ... ... .. ... ... 27
TransSient re@iMe . . . .. oottt et e 32
What? . 32
Flat assemblies, periodic boundary conditions. ....................... ... 33
Flat assemblies, random boundary conditions .. ......................... 45
Two and three dimensions . ........ ... .. .. ... ... 48

Bibliografische Informationen digitalisiert durch E 1 NHLE
http://d-nb.info/1022167308 BLIOTHE


http://d-nb.info/1022167308

W b —

W D =

TV T P T T e T T T T
N S

Contents

CONVECION . . . oot 49
Heatexchangeatasurface.... ... ... ... ... ... .. ... .. ... . ... .. 49
Convective heat transfer. .. ... ... ... . 50
Convection typology. . . .. ... 52
Driving forces. . ... ... 52
Flow type .. .o 52
Calculating the convective surface film coefficient. . ............... ... ... 53
Analytically. . .. ... 53
Numerically ... ... 53
Dimensional analysis . .. ... . 54
Values for the convective surface film coefficient . . . ............ .. ... ... 56
Flatassemblies . . . ... ... ... 56
CaVILICS .« oottt e e 59
PIDES . o 61
Radiation. . ... ... .. 61
What is thermal radiation? . ... .. ... .. ... L 61
QUANTIEIES & . ottt e e 62
Reflection, absorption and transmission. . ............ccoouniii .. 62
Radiant surfacesorbodies . ... ... .. .. .. 64
Black bodies . . ... ... 65
CharacteristiCs. o o . oottt e 65
Radiant exchange between two black bodies: the view factor. . ......... .. .. 67
Properties of view factors. . ... ... ... L 69
Calculating view factors. . ... ... . .. 69
Grey bodies. . . ..o 72
CharacCteristiCs. . . . .. oot 72
Radiant exchange between grey bodies . ....... ... .. .. ... .. . ... 73
Coloured bodies ......... ... . . 75
Practical formulae. . ... ... . . . e 75
Applications . .. .. ... 77
Surface film coefficients and reference temperatures. ... .................. 77
OVEIVIEW. . . ot e e 77
Indoorenvironment .. ... .. ... 77
Outdoor eNVITONMENt . . .. ..ottt e e e e e 81
Steady state, one dimension: flat assemblies .. ....... ... ... . ... ... 84
Thermal transmittance and interface temperatures. . .. .................... 84
Thermal resistance of a non ventilated, infinite cavity. . ................... 88
Solar tranSMIttanCe . . .. .. oottt 90
Steady state, cylindrical coordinates: pipes .. ..o, 93
Steady state, two and three dimensions: thermal bridges. ... ............... 94
Calculation by the control volume method (CVM) . ... . ... .. ... ... 94
Practice . . .. 95
Steady state: windows. . ... ... . L 98
Steady state: building envelopes. . . ....... ... . . il 99
OVEIVIEW. .ottt e e e e e e e 99
Average thermal transmittance . ... ... .. ... L L i 99
Transient, periodic: flat assemblies. . . .......... .. ... ... ... . .. 100

Heat balances .. ... .. . e 101



Contents

DRNNRDNNNN
o ——
Lo s o —

o
NN
—

222

2221
2222
2223
223

224

2241
2242
2243
2244
2245
225

2251
2252
2.2.6

2.2.6.1
2.2.6.2
2263
2264
2.2.6.5
227

2.2.7.1
2272

23
2.3.1
23.1.1
23.1.2
2313

X1
Transient, periodic: SPACES . . ... .ttt 102
ASSUMPLIONS . . . oottt e e e e e 102
Steady state heatbalance .. ... ... ... ... .. .. ... il 102
Harmonic heatbalances ......... ... ... . . i 103
Problems . ... e 107
LteratuULe. . . . oottt e 120
Mass Transfer ... ... .. . 123
Generalities. . .. ... e e 123
Quantities and definitions. . .. ....... .. ... ... .. 123
Saturation degrees. . . ... .. 125
Airand moisture transfer .. ... ... 126
MOISEUIE SOUMCES . . . o o ottt e et et et e e e et e et 128
Air, moisture and durability .. ... ... ... L 129
Link between mass and energy transfer . . .......... .. ... ... ... ... 130
Conservation ofimass . .. ... .. e 131
AT transter . .. e 132
OVEIVIEW. & o ettt e e e 132
Air pressure differences . ... ... L 133
WInd .o 133
Stack effects . ... ... 134
Fans. .o 135
AL PEIMEANCES . « . o e v e vttt e e ettt e e e 135
Air transfer in open-porous materials. . ........ ... Lo Lo L 139
Conservation of Mass . ... ... .. i e 139
Flow equation . . ... ..o e 139
AT PrESSUTES . . o o ottt e et e e e e e e e 139
One dimension: flatassemblies ... ........ .. ... .. .. .. .. ... .. ... 140
Two and three dimensions .. ......... .. ... ... . . i 142
Air flow across permeable layers, apertures, joints, leaks and cavities . . .. . .. 143
Flow equations . . ... 143
Conservation of mass: equivalent hydrauliccircuit . . .................... 143
Air transfer at building level. . ... ... .. . . L 144
Definitions . ... .o e 144
Thermal stack . . .. ..o e 145
Large openings . . ... ... ... 145
Conservation 0 MASS . . . ..ottt e 146
Applications . . .. ... 148
Combined heat and air transfer. . .. ........ ... .. .. ... ... .. L. 151
Open-porous materials .. ... ... ... 151
Air permeable layers, joints, leaks and cavities . ... ........ .. ... o oL 157
Vapour transfer . ... ... . 160
Water vapour intheair....... ... .. .. . . 160
OVEIVIEW. . . et e 160
QUANTIEIES . . ot ettt e 161

Maximum vapour pressure and relative humidity ........... ... .. ... .. 161



3.1

3.2
3.2.1
322
323
3.2.3.1

Contents
Changes of state in humid air. .......... ... ... . ... ... .. ... . .. ..., 166
Enthalpy of humidair. . ... .. ... ... .. ... . 166
Measuring airhumidity. .. ... ... . . 167
Applications .. .. .. 167
Water vapour in open-porous materials .. ........... .. ... ... ... ... .. 172
OVEIVIBW. . oo 172
Sorption isotherm and specific moisture ratio . . ........................ 173
Physicsinvolved. .. ... ... . 174
Impactofsalts. .. ... ... 177
CONSEQUENCES . . . ottt et e e e 177
Vapour transferintheair .......... ... ... . .. .. ... . 177
Vapour transfer in materials and assemblies. ........................... 179
Flowequation. ... ... ... . i 179
Conservation of Mass . . .. ... ... .. 182
Vapour transfer by ‘equivalent’ diffusion. . ............ ... ... ... ... ... 182
Vapour transfer by ‘equivalent’ diffusion and convection .. ............... 197
Surface film coefficients for diffusion . . ............ ... ... ... ... ... .. 204
Applications . ... ... 207
Diffusion resistance ofiacavity ........... .. .. ... .. . .. ... 207
Cavity ventilation . . ... .. 207
Water vapour balance in a space: surface condensation and drying. .. ... . ... 210
Moisture transfer. .. .. ... ... . 211
OVeIVIEW. . o o 211
Moisture transfer in @ pore . . ... ... e 211
Capillarity . .. .o 211
Watertransfer . . ... ... .. 213
Vapour transfer . . ... ... e 222
Moisture transfer. . .. ... ... .. 224
Moisture transfer in materials and assemblies . . ............. .. .. .. .... 224
Transport €qUAtIONS. . .« ..ottt 224
Conservation ofimass . .. ... ... 227
Starting, boundary and contact conditions . .. ....... ... .. ... ... ... ... 227
Remark ... .. 228
Simplifying moisture transfer. . . ......... ... ... 228
Themodel. . .. .. . 228
Applications . ... ... 230
Problems. ... ... . .. 245
Literature. . .. ..o e 263
Combined heat-air-moisture transfer. . .. ........ ... .. ... ........ 267
OVEIVIEW. . o oot e 267
Material and assembly level .. ... .. .. .. o 267
ASSUMPLIONS .« o ot et ettt et ettt e e 267
Solution. . ... .. 267
Conservation laws. . .. ... . 268

MaSS . o 268



Contents

3.232
324

324.1
3.24.2
3243
325

3.2.5.1
3.25.2
3253
3.2.6

3.2.6.1
3262
3.2.63
3.2.7

3.2.7.1
32.7.2

33
3.3.1
332
3.3.2.1
3322
3323
3324
333
3.33.1
3332
3333
3334
3335
334
334.1
3342

34
35

X1
Energy. ..o 269
Flow equations .. ... ... 272
Heat. . .o 272
MIaSS, AL . o ot 272
Mass, MOISLUTE . . . .. .. e e 273
Equations of state . . .. ... ... 273
Enthalpy/temperature, vapour saturation pressure/temperature . .. .......... 273
Relative humidity/moisture content . .. . ....... ... ... .. .. .. ... ... .. 273
Suction/moisture content . ......... ... 273
Starting, boundary and contact conditions . ........ ... .. ... . oL 274
Starting conditions . . ... ... e 274
Boundary conditions. . . ....... ... 274
Contact conditions ......................... A 274
Two examples of simplified models. . .......... ... .. ... .. ... ... 275
Non hygroscopic, non capillary materials . .............. ... ... ....... 275
Hygroscopic materials at low moisture content . ... ..................... 276
Building level . ... ... 277
OVeIVIEW. . .ttt 277
Balance equations. . .. ... ..t e 277
VapOUL. . o 277
N 279
Heat. . ..o 279
Closing the loop . . ... . . 282
Hygricinertia .. ... ... 283
Generalities. .. ... ... .. 283
Sorption-active thickness ... ... ... .. . 283
Zone with one sorption-activesurface .. ........ ... .. . o oL 286
Zone with several sorption-active surfaces. . ......... ... .. ... . oo 287
Harmonic analysis .. ....... ... . 288
CONSEQUEINICES .+« v vttt et e ettt e 289
Steady State. . . ..o 289
Transient . . . .. .. 289
Problems. ... .. .. 292
LIterature. . .. . ..o 303
Postscript. . .. ... . 305

Problems and Solutions .. ......... ... ... . .. . . . . ... 307



