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Chap 7. Thermal Insulation and Moisture Barrier ##.22 %
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Oheating = 24(HLE)HDD)XEK) i (7-2)
Gratue = (Gnesing(umitcost) 7-3)
(7)(HVF)
Typical Heating Representative Heating

Fuel Value 2 System Efficiencies
electric resistance 3.6 kJ/kWh 1.0
electric heat pump 3.6 kJ/kWh 20 - 275
oil, #2 heating 38,000 kJ/L 10.65 - 0.75
natural gas 35,000 kJ/m> 0.70 - 0.85
LP gas 26,000 kJ/L 0.70 - 0.85
coal 28E6 kJ/t 0.60 - 0.70
wood (best stoves) 22E6 kl/t 0.50 - 0.6(?
wood (fireplaces) 22E6 kl/t O or negative

2 only example values; more exact data should be obtained
from fuel suppliers.

Example 7-1. Estimate the yearly cost to heat a single family home in a region
characterized by 4000 heating degree days (base 18.3 C). The home’s heat loss factor
(HLF) is 650 W/K, the correction factor K is estimated to be 0.7, and #2 heating oil

will be used with an estimated heating system efficiency of 0.75. The oil costs
$0.25/L.

0 heating = 24(HLF)(HDD)(K) = 24 (650) (4000) (0.7) = 4.4E7 W-hr = 1.6E8 kJ
Quatze = (1.6E8 kJ)($0.25/L)/(0.75)(38,000 k/L) = $1400/year

Example 7-2. A design engineer faces the problem of determine the optimum
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thickness of foam board insulation to install on the inside surface of the foundation
wall of a greenhouse. The wall is concrete block with a basic R-value of 0.35 m*K/W
(the R-value with no insulation on the wall, but including the surface thermal
resistances). The greenhouse is to be located near Lansing, Michigan.

Natural gas is the heating fuel and is expected to cost $0.20/m? (today’s dollar, with
fuel inflation equal to the generation inflation rate) during the life of the insulation.
The annualized cost of installing the insulation has been estimated to be

Thickness Annual Cost, $/m®  R-value, m*°K/W
Omm 0 0
12.7 1.75 0.55
254 2.50 1.10
50.8 450 2.20
76.2 9.50 3.31
101.6 11.50 441

The greenhouse will be heated to a constant air temperature of 21.1 C. (Typical
practice is to have day and night temperature settings which differ, but for simplicity
in this example assume constant indoor air temperature.)

Qus.s201 = UA(21.1 C — 18.35 C)(1466 hr)

tﬂva,rizl.l c

_ 1466(18.35) + 1277(12.8) + -~ + 176(—15) + 40(—20.5) + 1(26.1) _

1466 + 1277 + 1153 + 1561+ 1139+ 504 + 176 + 40+ 1 >66C
Qheating = UA(21.1 C —5.66 C) (7317 hr) (3600 s/hr) (0.001kJ/J)
Oheating = 1.162E6KJ/m?
_ (1.162E6 kJ/m®)(80.20/m%) _ 5
vatue =70 50)(35,000 kj/m®) $8.30/m
Insulation: Wall Yearly Value of
Thickness R-Value Heat Loss  Yearly Heat Loss
Omm  035mZK/W ,@xg@ kJ $4.67
12,7 0.90 «— 0.339E6 1.82
25.4 1.45 0.210E6 1.13
50.8 2.55 0.119E6 0.65
16.2 3.66 «-0.083E6 0.44
101.6 4.76 0.064E6 0.35
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RERHTHERERE

thiclness, mimfinstall-cost |heat-cost] Total-Costl |Total-Cost? |Total-Costs
0 0 457 4.67 23,35 14.50
12.7 1.75 1.52 3.07 1085 .07
204 2.0 1.13 363 g.15 608
o058 4.5 065 5.5 7.5 .00
6.2 9.5 0.44 0.94 11.7 10.59
101.6 11.5 9.35 20,85 58,25 41.14
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Total-Costl  HZ[EE—FIIEER
Total-Cost2  FE R FRIINEARG » {H-HZERERHEME
Total-Cost3  FFEDERIINEAECE » HEEFERNHEE @ FErEFEE10%

7-3. Condensation on Wall Surface
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H > Rw % & B 53 en# e (thermal resistance of the entire wall)

Example 7-3
Determine minimum wall and ceiling thermal resistance to prevent wall and ceiling
surface condensation in a poultry house if indoor design conditions are 22 C and 75%
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relative humidity; the building is to be located near Fort Wayne, Indiana.

22C — (—200)
22C —17.4C
22C — (—200)
22C — 17.4C

R, = (0.12m*K/W)( )= 11m?K /W

Rcaiiing’ = (Dllmz Kfm{: ] = 1Dm2KfW

7-4. Condensation Within Walls
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7-4.1. Wall Vapor Diffusion

Fick’s Law @ W = -pu(dp / dX) ceoveereeieieeieeieeeeeeeee, (7-5)
2 WEHCERE -5 FHIGEKE
W k> #HET 3 (permeability)

W = -lUPL = P2) L (7-6)
2P p/L: -k > FHEc % Hig(permeance) » E = ng/s-m2-Pa = perms
L/u=RH20: -k i»3FFTFe 4 (resistance) » H =: TPa-m2-s/kg = reps

10 perm (IP » & 41) = 574 perm (SI » = 41)

p.417 hAppendix 7-2 17| 5 - Ak 4 en-K G P AT % Bic(permeance) ¥ K i
FEETre 4 (resistance) o

air_at 50% relative humidity

test material

est materia

dessicant
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pure water

L
dry-cup test wet-cup test

Example 7-4

A wood-framed wall is constructed using 15.9 mm thickness Douglas fir plywood as
outside siding, 12.7 mm thick sheathing quality structural insulating board, 88.9 mm
mineral wool backed with asphalt impregnated paper, and 15.9 mm thick gypsum
wallboard as inside sheathing. The inside surface of the wall is painted using a latex
prime-sealer and one coat of a semi-gloss vinyl acrylic, the outside surface has
accumulated three coats of white lead and oil paint.

IR ouldoors

15.9 mm plywoad

—12.7 mm sheathing
——88.9 mm insulatian

AR [ 159 mm wall board
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Indoor conditions are expected to be 20 C and 40% relative humidity and design
conditions for weather are — 20 C and 60% relative humidity. The building is located
at an altitude of approximately 500 m.

Estimate the flux of water vapor diffusing through the wall under these conditions.

Exterior paint:  An average permeance will be assumed, (17 + 57) /2 =37
perms, thus, the resistance is 1/37 = 0.0270 reps.
Siding: (15.9 mm / 6.4 mm)(0.025 reps) = 0.062 reps. P
Sheathing: Having no other information, the average permeance will
be used, (2360 + 5900) / 2 = 4130 perms. The resistance
will be 1 /4130 = 0.00024 reps.
Insulation: (88.9 mm / 1000 mm)(0.0041 reps) = 0.00036 reps.
Paper backing:  0.043 reps (the dry-cup value was used because of the
design conditions indoors of 40%, and insulation is
normally installed with the paper backing nearer the
interior side of the wall).
Inside sheathing: (15.9 mm /9.5 mm)(0.00035 reps) = 0.00059 reps.
Interior paint: 0.0028 reps + 0.0026 reps = 0.0054 reps.
Ru20 = 0.0270 + 0.062 + 0.00024 + 0.00036 + 0.043 + 0.00059 + 0.0054 = 0.13859
W = (Pi- Po) / Rrz0 = (0.95E — 9TPa — 0.06E — 9TPa) / 0.14 reps = 6.4E — 9kg/s-m?

7-4.2. Condensation Rates
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Px = Pi + (Ru20, X / Rp20, total)(Po — Pi)eeereeereeremeeneniienniennnns (7-7)
tx = t| + (Rtherma], X / Rtherma|, tota|)(to - t|) ............................... (7'8)
Example 7-5

Determine whether condensation can be anticipated within the wall described in
Example 7-4, and if so, where.

outdoors

J inside sheathing

=i insulation

<4—+ outside sheathing

siding
1 2 3 45
Thermal Moisture
Resistance, Resistance.,
Temn KW reps(ST)

inside surface .12 o

interior paint O o054

Evpsum board o.099 0. DD 59

backing paper O 0,043

insulation 1.94 O 00 36

sheathing 023 O 24

siding .14 A2

exlerior paint L] 0,027

outside surface .03 0

ol 2.559 O.13859
Aciual Saturation
Vapor Yapor
Section RH»0x RThemnal, x Temyp. Pressure Pressure
indoor air O o 20.0C  0.950 kPa 2.37 kPa

1{a} Q .12 15.1 0,950 210
1{b} Q.0054 012 18.1 0015 2.10
2{a) 0.00599 0.219 16.6 Do12 1,91
2(b) 0.04859 0,219 16.6 0.635 1.91
3 0.04935° 2.159 -13.7 0.633 019 =
-4 _ C.04359 2.389 -I73 0.633 0.3
5{a) 11159 2.529 -19.5 0.2332 0.11
3{b) 0.13859 2.529 -19.5 0040 0.11

outdoor air G.13859 2,559 =200 0.060 010
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7-4.3. Vapor Retarding Barriers
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Example 7-6

Continue with the wall section of Example 7-4 and determine the vapor diffusion
resistance (rep value) required for a vapor retarding barrier at 2(a) to prevent
condensation within the wall.

0.95—0.19
0.19 — 0.06

0.95 - 0.06

Ragaea = 0'13559( 0.19 — 0.06

) - 0.04935( ) = 0.4724 reps(SI)
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Chap. 7 Homework

1. A poultry house is to be designed and the maximum relative humidity is to be
70%. Develop a graph to show how the required minimum R-value of the walls to
prevent condensation on the indoor wall surface varies as a function of the design
minimum outdoor air temperature. The outdoor air temperature should be graphed
on the x axis, and the range should be from — 40 C to — 10 C.

2. A single family home is to be built in a region characterized by 4800 heating

degree days (base 18.3 C). The walls are to be constructed of concrete blocks,
with bricks on the outside and insulating foam covered by gypsum wallboard on
the inside. Heat will be by #2 fuel oil and a new, high-efficiency furnace will be
used having a seasonal efficiency of 90%. Oil prices are expected to be
approximately $0.30 per L.
Assume the R-value of the components of the wall less the foam will be 0.6
m2K/W, the foam board has a thermal conductivity of 0.018 W/m K, and its cost
will be the same as listed in Example 7-2. Determine the most economical
thickness of foam insulation to use.

3. Consider the wall described in Example 7-4. The only change is that the outer
surface has been painted with a latex primer-sealer and one coat of a semi-gloss
vinyl acrylic. The wall is part of a single family home located in a very hot and
humid climate. The indoor air will be conditioned to 24 C and 60% relative
humidity, and outdoor design conditions are expected to be 38 C and 70% relative
humidity. Graph the temperature profile, the actual vapor pressure profile, and the
saturation vapor pressure profile through the wall. Will there be condensation
within the wall? If so, determine the rep value of the vapor barrier required to
prevent condensation.
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