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Pr=Pw+Pa PV = mRT
Rw =461.5]J/kg.K (for water vapour) Ra=287.1]/kgK (for air)
Py = PrW W= M _ 0.622Py,
0.622+W mg  Pr—Py,
Latent (k] /kg) = W (2500 + 1.86T%*) Sensible (kJ/kg) = 1.005T*
M= W =M (Pwi - Pu2)tA
1 1
Pw = Psar x RH M = RVI+RvZ + L4 Ly
My M,
RH =2 x 100 T T
sat APy Total Ry Total
A =0.2024m0425h0725 Energy = Power x Time
°C+273=K 1m3 natural gas ~ 10.3kWh C= % =§
Reot = Ry + Ry + Ry + -+ Ry = U=1/R
A A
Q = EATt q = EAT
Ein= oI Eout = €6T* where 0=5.67 x10-8W /m?2K*
T= "2k AT _ R
N ATeor  Reot
4 4 1 2 1/2
q1-2 = E-0Ay (T —=T;) where E = I, Q=CA [; (p1 — Pz)]
g1 &
v, [2]% n
q/A = SHGC(I,) — U(t; — t,) c=1 Q = C(4P)
¢ _[z]" =135 - h h
il Gy = 1.35 te =to + a lt/ho — € AR/,
__7D _ 101
Cp = W DPs = 0'0342hpt(T_0 - T_l)
Ap = yps = 0.0342yhptTA_—; y = thermal draft coef ficient
Bmax =90 —21+6 Y=bs-0p
sinf = cosAcosécosw + sinAsind cosSsinw
sm(p = W

cos 0 =cos 3 cosysin X +sin  cos
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TABLE 9.5

TABLE 9.7 Solar Heat-Gain Factors, W/mz2, for 45°N Latitude
(From Stephenson, D.G., Tables of solar altitude, azimuth intensity and

Sol-Air Ti ture Minus Ai ture for 45°N L
r Temperature Minus Air Temperature for 45 atitude heat gain factors, NRCC 9528, 1967) [9.3]

for January 21 and July 21, degrees Celsius

January 21 N NE E SE S SW w NW  Horizontal January 21 North East South West Horizontal
08:00 0 2 12 15 8 0 0 0 -3 08:00 8 199 137 . 1
09:00 2 2 26 38 28 2 2 2 3 09:00 29 422 454 29 111
10:00 3 3 2 44 39 10 3 3 9 10:00 42 358 646 42 222
11:00 3 31 4 46 0 SRR 14 11:00 50 177 750, 0 2
12:00 3 3 3 34 48 34 3 3 16 12:00 53 57 792 57 326
13:00 3 3 3 23 46 41 11 3 14 13:00 50 50 756 177 299
14:00 3 3 3 10 39 44 22 3 9 14:00 42 42 646 358 222
15:00 2 2 2 2 28 18 26 2 3 15:00 29 29 454 422 111
16:00 0 2 0 0 g8 15 12 2 =3 16:00 8 8 137 198 17
Daily totals, W + h/m? 312 1346 4798 1346 1628
July 21 N NE E SE S SW w NW  Horizontal
05:00 2 4 4 2 [} 0 0 0 i) July 21 North East South West Horizontal
06:00 7 26 29 15 2 2 2 2 3 05:00 32 7 5 5 9
07:00 5 30 40 26 4 4 4 4 13 06:00 117 472 38 38 119
08:00 5 27 41 32 6 5 5 ) 24 07:00 83 651 68 63 286
09:00 6 18 37 35 13 6 6 6 32 08:00 87 679 107 82 454
10:00 6 9 28 33 19 T 6 6 39 09:00 97 606 209 97 595
11:00 T 7 15 27 24 9 7 T 43 10:00 107 457 318 107 704
12:00 7 7 8 18 26 18 8 7 44 11:00 114 252 394 114 772
13:00 7 7 7 & 24 27 15 7 1 12:00 116 126 420 126 795
14:00 6 6 6 719 3 28 9 2 13:00 114 114 394 252 772
15:00 6 6 6 6 13 35 37 18 3 14:00 107 107 318 457 704
16:00 5 5 5 5 6 32 41 27 4 15:00 97 97 209 606 595
17:00 s 4 4 4 4 26 4 30 5 16:00 87 82 107 679 454
18:00 7 2 2 2 2 15 29 26 6 17:00 83 63 68 651 286
19:00 2 0 0 0 0 2 4 4 7 18:00 17 38 38 412 119
19:00 32 5 5 71 9
Note: These values are for dark-coloured walls for which a/h, = 0.053. S :
For light-coloured surfaces, divide values by 2. ’ Deily total W im? 1560 183 21N 183 064
TABLE 10.1

Values of Gradient Height and Power Law Exponents for Wind Profiles
(From Aynsley, R.M., Melbourne, W., and Vickery, B.J.,
Architectural aerodynamics, London: Applied Science Publishers Ltd., 1977,
Table 3.1, p. 89) [10.1]

Gradient Mean Gust-
height speed speed
zZ, exponent exponent
Terrain category and description m o B
1. Open sea, ice, tundra, desert 250 0.11 0.07
2. Open country with low
scrub or scattered trees 300 0.15 0.09
3. Suburban areas, small
towns, well-wooded areas 400 - 0.25 0.14
4. Numerous tall buildings,
city centres, well-developed
industrial areas 500 0.36 0.20
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TaBLE 5.1
Water-Vapour Pressures at Saturation at Various Temperatures over Plane
Surfaces of Pure Water and Pure Ice
Pressure. Pa Pressure, Pa
Temp., Over Temp., Over Temp., Press., mp., G
°Q ice C e vt i TABLE 4.1
Emittances and Absorptances for Some Surfaces
-50 3.935 -22 85.02 5 0.8719 33 5.031 (From ASHRAE Handbook 1981 Fundamentals, Table 3, p. 2.8) [4.1]
—-49 4.449 =21 93.70 6 0.9347 34 5.320
—48 5.026 —20 1032 7 1001 35 5.624 issivi Absorptivity for
~47 5.671 —19 1135 8  1.072 36 5.942 Emissivity solar radiation
—46 6.393 —18 124.8 9 1.147 37 6276  Surface 10 to 38°C
—45 7.198 =17 137.1 10 1.227 38 6.626
—44 8.097 —16 150.6 11 1.312 39 6.993 1. Small hole in an enclosure 0.97-0.99 0.97-0.99
—43 9.098 —15 165.2 12 1.402 40 7.3718
—-42 10.21 -14 181.1 13 1.497 41 7.780 2. Black, nonmetallic surfaces 0.90-0.98 0.85-0.98
—41 11.45 —-13  198.4 14 1.598 42 8.202
40 12.83 —12 2172 15 1704 | 43 8.642 3. Red brick and tile,
-39 14.36 —11 2376 16 1.817 44 9.103 stone and concrete, 0.85-0.95 0.65-0.80
—38 16.06 -10 259.7 17 1.937 45 9.586 rusted iron and dark paints
-37  17.94 -9 2837 18 2063 | 46 10.09
-36 20.02 -8  309.7 19 2196 47 10.62 4. Yellow and buff building materials  0.85-0.95 0.50-0.70
=35 22.33 -7 3379 20 2.337 48 11.17 .
-34 24.88 —6 368.5 21 2.486 49 1174 5. White or light cream surfaces 0.85-0.95 0.30-0.50
-33 27.69 -5 401.5 22 2.643 50 12.33
-32 3079 -4 4372 23 2809 | 51 12.96 6. Glass 0.90-0.95 . transparent
=131 34.21 -3 4757 24 2.983 52 13.61 (8% reflected)
-=30 37.98 -2 5173 25 3.167 53 14.29
-29 42.13 —1 5623 26 3.361 54 15.00 7. Bright aluminum paint 0.40-0.60 0.30-0.50
—28 46.69 0 6108 27 3.565 55 15.74 .
Triple point 8. Du!l bras-s, copper, aluminum, 0.20-0.30 0.40-0.65
=27 51.70 +0.01 of water 28 3.780 56 16.51 polissed fron
-26 57.20 1 —_ 656.6 29 4.006 57 17.31 9. Polished brass, copper 0.02-0.05 0.30-0.50 .
=25 63.23 2 — 705.5 30 4.243 58 19.15
-24 69.85 3 — 757.5 31 4.493 59 19.02 10. Highly polished tin, aluminum, 0.02-0.04 0.10-0.40
-23 77.09 4 —_ 812.9 32 4.755 60 19.92 nickel, chrome
Permeability ng/(Pa + s + m)
Matcrial (For unit thickness of 1 metre) dry cup wet cup Other Permeance ng/(Pa « s « m?)
Congcrete 1:2:4 min 4.7 dry cup wet cup inverted
Wood, sugar pine 0.58 Material 50-0" 100-50% wet cup
Mineral wool, unprotected 170 1011.5 Foamed polyucethane insulation 25 mn
Expanded polystyrene—bead 3-8.5 28 kg/m3 75 75 _
31 kg/m3 63 63 —
— Foamed polystyrene insulation 25 mm
Permeance ng/(Pa « 5 « m?) Extruded 29 kg/m? 92 92 —
Extruded 35 kg/m? 44 42 —
Material dry cup wet cup other Polyethylene film
0.05 mm 9 8 -
Brick masonry, 10 cm - - 46 0.10 mm 5 4 —
Congrete block, 20 ¢m, cored, 0.15 mm 3 2 -
limestone aggregale — — 138 Nylon film 0.025 mm 39 40 —
Tile masonry, glazed, 10 cm _— — 7 Vinyl film 0.05 mm 19 19 —
Asbestos cement board, 5 mm 31 — — Cellulose acetate film 0.25 mm 270 . 640 —
Plaster on wood lath - 630 — Waxed building paper
Plaster on plain gypsum lath on studs - — 1150 medium \:\/eighl 5 9 _
Gypsum wallboard, 9.5 mm, plain — - 2870 heavy weight . 6 51 -
Hardboard, 3 mm, tempered _ _ 290 Asphalt-smm;ated sheathing paper
Plywood, douglas fir, exterior glue, 6.5 mm  — — 40 ?Z; tgjmz (g :';’ Z;g ‘;gg 25
Enamels, 2 coats on smooth plaster — — 29-86 -25 kg/m?2 (25 Ib) 1 _
n ’ heavy weight 47 360 500
Primers, ‘sealers, 2 coats on 5120 Asphalt-saturated roofing felt 0.75 kg/m3 110 680 910
insulano.n board - - 521 Tar-infused sheathing paper . 375 1770 4050
Various primers, 2 coats + 1 coat Asphalt-infused sheathing paper 365 1080 2400
flat oil paint on plaster - - 92-172 Asphalt-coated building paper 47 63 115
Flat paint, 2 coats on insulation board - - 230 Perforated asphalt-coated sheathing paper 630 800 860
Water emulsion, 2 coats on 17200 gryeryral clay tile 6 mm 660 -
insulation board — - 4900 Vitreous ceramic tile 9 mm 0.6 23 —
Exterior paint, 3 coats white lead and Fibreboard, untreated 12.5 mm 2470 2520 —
oil on wood siding 17-57 — - Fibreboard, sheathing grade (2.3 mm 1720 1780 -
Styrene butadiene latex Asbestos cement board 285 480 —
coating 0.62 kg/m? 630 — -
Polyvinyl acetate latex
coating 1.25 kg/m? 320 — -
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Thermal Conductivities and Conductances of
Building and Insulating Materials Material ke/m? W/im - X) Wi - K)
Handhook Fund. T
(From ASHRAE I 1981 1 , Table 3A, p. 23.14-23.17) (8.1] 480 013 .
] k C 320 0.10 —
Material ' kg/m? W/(m « K) W/(m2 - K) Dense concrete, dry 2250 1.32 -
Dense concrete, not dry 2250 1.82 —
Building board Stucco 1860 0.72 —_
Asbestos cement board 1920 0.58 — Masonry units
Gypsum or plaster board, 9.5 mm 800 — 16.6
Gypsum or plaster board, 12.5 mm 800 — 12.5 Brick, common 1920 0.72 —
Plywood 545 0.115 - Brick, face 2080 1.32 -
Insulating board, regular 290 0.055 — Clay tile, hollow:
Hardboard, medium density 800 0.105 — 1cell 100 mm — - 5.0
Particle board, low density 590 0.078 — 2 cells 200 mm - - 3.0
Particle board, medium density 800 0.136 - 3 cells 300 mm - - 23
Particle board, high density 1000 0.170 — Concrete blocks, 3 oval core:
Sand and gravel aggregate 200 mm - — 5.0
Building paper Lightweight aggregate 200 mm —_ - 2.9
Concrete blocks, rectangular core:
Building paper - — 95 Sand and gravel 2 core 200 mm - - 5.6
Vapour barrier, plastic film — negligible Same with insulaiion-filled cores — — 29
- Lightweight aggregate 2 core 200 mm — — 26
Insulating blankets and batts Same with insulation-filled cores - - L1
Mineral fibre 50-68 mm 5-32 0.81 Plastering materials
(rock, slag, or glass) 75-88 mm 5-32 0.52
89-162 mm 532 0.30 Cement plaster, sand aggregate 1860 072 -
Gypsum plaster, light aggregate 720 0.23 —
Insutating boards and slabs Gypsum plaster, sand aggreate 1680 0.81 -
Gypsuin plaster, vermiculite aggregate 720 0.25 -
Cellular glass 136 0.555 —
Glass fibre, organic bonded 65-145 0.036 — Roofing
Expanded polystyrene
extruded, cut cell surface 29 0.036 —_ Asphalt shingles - - 12.5
extruded, smooth skin surface 35 0.029 — Built-up roofing 9.5 mm — - 17
extruded, smooth skin surface 56 0.027 - Wood shingles - - 6.0
Molded beads 16 0.040 —
Expanded polyurethane < di
R-11 expanded 24 0.023 — Siding materisls
Mineral fibre, resin binder 240 0.042 - Asbestos cement shingles - - 25
Wood fibreboard, interior finish 240 0.050 R Wood shingles - - 6.7
Wood siding, bevel, 13 x 200 mm - - 7.0
Insulating materials loose fill Wood siding, bevel, 19 x 250 mm — — 54
Wood plywood 9.5 mm — — 10.0
Cellulose insulation (milled paper) 37-50 0.039-0.046 -
Sawdust or shavings 128-240 0.065 -
Mineral fibre (rock, slag, or glass) Metal siding, hollow backed
approximately 95-127 mm 10-32 - 0.52 over board sheathing - - 50
approximately 165-222 mm 10-32 - 0.30 Architectural glass - - 0
approximately 190-254 mm 10-32 — 0.26
approximately 260-350 mm 10-32 - 0.19 Wood
Vermiculite, expanded 110-130 0.068 — L
65-95 0.064 _ Maple‘r. oak, an_d s_lmllar hardwoods 720 0.16 —
Roof insulation Fir, pine, and similar softwoods 510 0.12 —
Various types supplied in thicknesses Melals
to provide the rated conductance Aluminum 2740 220 _
i Brass, yellow 8 300 120 —
Masonry materials Copper 8 900 390 _
Cement mortar 1860 0.72 — I“?ﬂd 11300 23 -
Lightweight concretes 1920 0.75 —_ Nickel . g :90 45 _
(Various aggregates) 1600 0.52 - Steel, mild 30 -
1280 0.36 - Miscellaneous
960 0.25 -
640 0.17 - Glass, soda lime 2470 10 -
Adr, still 1.2 0.025 -
Water, still 1000 0.60 —

Metric conversions for heat transfer

UorC Buu/(ft2 « hr « °F) x 5.678 = W/(m? + K)

k-ft Biu/(ft « hr « °F) x 1.730 = W/(m + K)

k-in. Btu « in./(f12 « hr » °F) x 0.1442 = W/(m + K)
Heat flow Bru/(ft? « hr) x 3,155 = W/m?

pecific weight, 1b/lt) x 16,02 = kg/m* {mase< density).
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Table 2 Emissivity of Various Surfaces and Effective
Emittances of Facing Air Spaces?®

Effective Emittance &, of

Air Space
Average One Surface’s Both
Emissivity Emittance ¢; Surfaces’

Surface [ Other, 0.9 Emittance ¢
Aluminum foil, bright 0.05 0.05 0.03
Aluminum foil, with
condensate just visible 0.30b 0.29 —
(>0.5 g/m?)
Aluminum foil, with
condensate clearly visible 0.70b 0.65
(>2.0 g/m?)
TapLES.2 Aluminum sheet 0.12 0.12 0.06
Surface Conductances for Air W/(m? « K) Aluminum-coated paper, 020 0.20 011
(From ASHRAE Handbook 1981 Fundamenials, Table 1, p. 23.12) (8.1] polished ’ ’ ’
Direc T Brass, nonoxidized 0.04 0.038 0.02
m:rnon Surface emissivity Copper, black oxidized 0.74 0.41 0.59
Position of surface flow £ =090 e =020 £ - 005  Copper polished 0.04 0.038 0.02
Iron and steel, polished 0.2 0.16 0.11
Still air Tron and steel, oxidized 0.58 0.35 0.41
Horizontal upward 9.3 5.2 4.3 Lead, oxidized 0.27 0.21 0.16
Sloping 45° upward 9.1 5.0 4.1 Nickel, nonoxidized 0.06 0.056 0.03
Verl!cal horizontal 8.3 4.2 34 Silver, polished 0.03 0.029 0.015
Slop‘mg 45 downward 7.5 34 2.6 Steel, galvanized, bright 0.25 0.24 0.15
Horizontal downward 6.1 2.1 1.25 Tin, nonoxidized 0.05 0.047 0.026
Movi . Aluminum paint 0.50 0.47 0.35
oving air — A
(an ios Building materials: wood,
y position) .
24 km/h, for winter any 34 _ _ paper, masonry, nonmetallic 0.90 0.82 0.82
paints
12 km/h, for summer any 23 - - —
Regular glass 0.84 0.77 0.72
TABLE 8.4

Thermal Conductances of Plane Air Spaces, W/(m? « K)
{From ASHRAE Handbook 1981 Fundamentals, Table 2, p. 23.12, 23.13) [8.1]

Air space Thickness
Direction Mean Temp. 19 mm 92 mm
of temp., diff.,
Position flow °C K E=003 E=082 E=003 E= 082
Horizontal Up 30 5 2.4 7.5 1.9 7.0
w20 : 7.0 2.7 16.6!
-20 10 kN | 6.1 2.5 5.6
45° Up 30 5 1.9 7.0 1.8 6.9
10 20 2.8 6.8 2.4 6.5
=20 10 2.6 5.6 2.3 53
‘
" Vertical Horizontal 30 5 1.6 6.8 1.5 6.6
10 20 1.9 5.9 2.0 6.1
-20 10 1.8 - 4.8 1.9 4.9
45° Down 30 5 1.6 6.8 1.2 6.3
10 20 1.6 5.6 1.6 5.6
=20 10 1.5 4.5 1.5 4.4
Horizontal Down 30 — 1.6 6.8 0.56 57
10 — 1.5 5.6 0.51 4.6
=20 — 1.3 4.3 0.45 235
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