Heat Transmission in Building
Structures

Chapter 5
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where:

g = heat transfer rate, Btu/hr or W
k = thermal conductivity, Btu/(hr-ft-F) or W/(m-C)
A = area normal to heat flow, ft? or m?

4t = temperature gradient, F/ft or C/m

Equation 5-1 incorporates a negative sign because ¢ flows in the positive direction of

x when 4L s negative.
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Where R ig the thermal resistance defined by
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Figure 5-2 Radial heat flow in a hollow cylinde
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q=hA(t-1)
where:

¢ = heat transfer rate from fluid to wall, Btw/hr or W

h = film coefficient, Btu/(he-f-F) or W/(m?)
= bulk temperature of the fluid, For C
t = wall temperature, F or C




The film coefficient / is sometimes called the unit surface conductance or alterna-
tively the convective heat transfer coefficient. Equation 5-8a may also be expressed in
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terms of thermal resistance:

R'= L (hr-ft)/Btu or C/W
hA

(hr-ft2-F)/Btu or (m?-C)/W




» There are two types of convection:

Forced convection: when the bulk of the fluid is moving relative to the heat transfer
surface. This motion is usually caused by blowers, fans or pumps. Most building
structures have forced convection due to wind along outer walls or roofs.

Free convection: it happens when the flow is entirely due to buoyancy forces. It occurs
inside narrow air spaces and on the inner walls.

Thermal Radiation

« it is the transfer of thermal energy by electromagnetic waves, and it can occur in a
perfect vacuum.

« The direct net transfer of energy by radiation between two surfaces that see only
each other and that are separated by a non-absorbing medium.

g, = G(Tﬁ - I)
) = ﬁ (5:40)
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Where:

0= Boltzmann constant, 0,173 x 10° Btu/
I'=absolute € temperature, R or K

= emittance of surface l or surface ?
A—sum e area, ft2 or m?
F =confi guration factor, g

(h-ft>-R%) = 5.673 x 108 W/ (m2-K4

function of geometry only (Chapter 6)
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Table 5-2a gives the surface film coefficient and unit thermal resistance as a
function of wall position, direction of heat flow, air velocity and surface emittance
for exposed surfaces such as outside walls.

Table 5-2b gives representative values of emittance for some buildings and
insulating materials

Thermal radiation is a large factor when natural convection occurs.
With higher air velocities the effect of radiation diminishes.
Radiation is very important in the heat gains through ceiling spaces.

Tables 5-3a and 5-3b give conductance and resistances for air spaces as a function
of orientation



Figure 5-4 Wall with thermal resistances in series.

Each of the resistances may be expressed in terms of fundamental variables using Eqs.
5-3a and 5-9a:
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The film coefficients may be read from Table 5-3a, the thermal conductivities from
Tables 5-1a and 5-1b, and the thermal resistance for the air space from Tables 5-3a
and 5-3b. For this case, a plane wall, the areas in Eq. 5-14 are all equal.




Unite resistance or conductance
(equation 5-7) can be used
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weighting factor when the area is
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Figure 5-5 Insulated pipe in convective environment.

Convection occurs on the inside and outside surfaces while heat 1s conducted
through the pipe wall and insulation. The overall thermal resistance for the pipe of Fig.
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or, using Eqgs. 5-6 and 5-9a,
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Thermal resistances may also occur in parallel. In theory the parallel resistances
can be combined into an equivalent thermal resistance in the same way s electrical

resistances:
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Thermal bridge

A large variation in the thermal resistance of parallel conduction paths is called a
thermal bridge

A thermal bridge as in ASHREA is an envelope area with significantly higher
rate of heat transfer than the contiguous enclosure.

Example on that is a steel column in an insulated wall.

Thermal bridges have two primary determintal effects: they increase heat gain or
loss, and they cause condensation inside or on the envelope surface.

These effects can be significant in the building’s energy cost or damage done to
the building structure by moisture.

To overcome the effect of thermal bridging the following is suggested:

a) use of lower-thermal-conductivity bridging material, b) changing the
geometry or construction system, ¢) putting an insulating sheath around the
bridge




q = UAAt

Wwhere:

UA = conductance, Btw/(hr-F) or WiC
A = surface area normal to flow, 2 or 2
At = overa]] temperature difference, ForC
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Table 5-4a Coefficients of Transmission U of Masonry Cavity Walls, Btu/(hr-ft2-F)@
Resistance R (hr-ft>-F)/Btu
Construction 1 Construction 2

Between At Between At
Item Furring  Furring  Furring Furring

1. Outside surface 0.17 0.17 0.17 0.17

(15 mph wind)

. Face brick, 4 in. 0.44 0.44 0.44 0.44

. Cement mortar, 0.5 in. 0.10 0.10 0.10 0.10

. Concrete block? 18 07) 1.72 2.99 2.99

. Reflective air space, 2.77 — 2.7 —
0.75 in. (50 F mean;
30 F temperature
difference)

. Nominal 1 x 3 in. 0.94 0.94
vertical furring

. Gypsum wallboard, 0.45 0.45 0.45 0.45
0.5 in., foil backed

. Inside surface (still air) 0.68 0.68 0.68 0.68

Total thermal resistance R R;=6.33 R =450 R;=7.60 R, =5.77

Construction 1: U,=1/6.33 =0.158; U, =1/4.50 = 0.222. With 20% framing (typical of 1 x 3 in.
vertical furring on masonry @ 16 in. o.c.), U, =0.8(0.158) + 0.2(0.222)=0.171
Construction 2: U;=1/7.60= 0.132U,=1/5.77 = 0.173.
With framing unchanged, U o = 0.8(0.132) + 0.2(0.173) = 0.140

“U factor may be converted to W/(m2-C) by multiplying by 5.68.
b8 in. cinder aggregate in construction 1; 6 in. lightweight aggregate with cores filled in construction 2.

Source: Adapted by permission from ASHRAE Handbook, Fundamentals Volume, 1997.




Table 5-4p Coefficients of Transmission / of Flat Built-up Roofs

Resistance R

\
Item Construction | Construction 2
1. Outside surface 0.17 0.17
(15 mph wind)

. Built-up roofing, 0.375 in. 0.33 0.33
- Rigid roof deck insulation? - 4.17
- Concrete slab, lightweight 2.22 222
aggregate, 2 in.
. Corrugated meta] deck 0
- Metal ceiling suspension 0¢
system with meta] hanger rods
. Nonreflective ajr space,
greater than 3.5 in. (50 F mean;
10 F temperature difference)
. Metal lath and lightweight
aggregate plaster, (.75 in.
. Inside surface (still air)

Total thermal resistance R

Construction |- Uy = 1147320211 Btu/(hr-ft2-F)e
Construction 2: Uavg =1/890=0.112 Btu/(hr-ft2-F)e

“Heat flowup. Use largest air space (3.5 in.) value shown ip Table 5-3q,
’In construction 2 only,

“Area of hanger rods is negligible in relation to ceiling area,
Use largest air space (3.5 in.) shown in Table 5-3a.
“U-factor may be converted to W/(m?-C) by multiplying by 5.68.




The data given in Tables 5-4a and 5-4b and Examples 5-1 and 5-2 are based on

1. Steady-state heat transfer

2. Ideal construction methods

3. Surrounding surfaces at ambient air temperature

4. Variation of thermal conductivity with temperature negligible

Some caution should be exercised in applying calculated overall heat transfer coeffi-
cients such as those of Tables 5-4a and 5-4b, because the effects of poor workman-
ship and materials are not included. Although a safety factor is not usually applied,
moderate increase in U may be justified in some cases.

The overall heat-transfer coefficients obtained for walls and roofs should always
be adjusted for thermal bridging, as shown in Tables 5-4a and 5-4b, using Eq. 5-18.
This adjustment will normally be 5 to 15 percent of the unadjusted coefficient.

The coefficients of Tables 5-4a and 5-4b have all been computed for a 15 mph
wind velocity on outside surfaces and should be adjusted for other velocities. The data
of Table 5-2a may be used for this purpose.

The following example illustrates the calculation of an overall heat-transfer coef-
ficient for an unvented roof—ceiling system.




Windows and Doors

« Tables 5-5a and 5-5b give the overall heat transfer coefficient. The values
are for winter design conditions, but can be used in summer when corrected
according to wind velocity using table 5-7.



Concrete Floors and Walls below Grade

The heat transfer through basement walls and floors depends on the temperature
difference between the inside air and the ground, the wall or floor material (mainly
concrete) and the conductivity of the ground.

Tables 5-9 and 5-10 give reasonable results for load calculations but should not be
used for annual or seasonal load estimates.

Judgment must be used in selecting data for basement floors less than 5 ft (1.5 m)
below grad.

For slabs, it is reasonable to use slab on grad data, down to about 3 ft (90 cm).

Heat losses from below grade walls and floors are dependent on the ground
temperature near surface than on the deep ground temperature.

Ground surface temperature vary about a mean value by an amplitude (Amp),
which is a function of geographic location.

The heat loss is given by equation 5-20
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" The heat loss from the slab is expressed as

q=UP{t ~1)
where:

U’ = heat loss coefficient, Btu/(hr-ft-F) or W/(m-C)
P =Perimeter of slab, ft or m

t.= inside air temperature, F or C

t = outdoor design temperature, F or C




Moisture Transmission

The moisture moves from a location where the concentration is high to lower
concentration.

Moisture transmission occurs in the form of vapor that condenses when comes in contact
with a surface with temperature lower than its dew point.

The movement and condensation of moisture can cause sever damage to the structure and
may lead to mold formation, which can be toxic to residents.

During winter the moisture is the greatest in the interior space.

The moisture reduces the thermal resistance of the insulation. Freeze ups may occur and
cause damage to the structure.

During summer months, the moisture transfer process is from inside to outside.

The transfer of moisture can be controlled through the use of barriers or retardants such
as aluminum foil, thin plastic film and ventilation

The moisture retarder should be near the warmest surface to prevent moisture from
entering the insulation.

The barrier is usually installed between the inside finish layer and the insulation.
In summer the moisture can be controlled by natural ventilation.



