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Sensible Heat Loss . .
The formula for the heat required to warm the outdoor
air which enters a room by infiltration t6 the temperaturé
of the room, is given in Equation 5: -
H. = 0.240 Qo(t: — &) &)
where - i .
H, = beat required to raise temperature of air feaking into
building from & to &, Btu per hour. .
0.240 = epecific heat of air. .
Q = volume of outdoor air entering building, cubic feet
per bour (see Chapter 25), -
p = density of air at tempersture 4, pounds per cubic
foot.
It is sufficiently accurate to use p = 0.075, in which casa
Equation 5 reduces to:

H, = 0018Q( — &) . ()

. The volume Q of outdoor-air entering per hour depends on
the wind speed and direction, the width of erack or size of
openings, the type of openings, and other factors, as ex-
plained in Chapter 25. The two methods generally used to
obtain the quantity of infiltration air are the crack method
and the air change method. The crack method is very indefi-
nite, since it must be based on a number of assumptions.
Consequently, the air change method is preferred, even though
the accuracy may not. be any better. Where the crack method
is used for estimating leakage, it is more convenient to express
the air leakage heat loss in terms of the crack length:

H, = BL(t — &) (5b)
whers P
B = air leakage per (hour) (foot of crack) (see Chapter 25) for
the wind velocity and type of windows or door crack
involved, multiplied by 0.018. o
L = length of window or door crack to be taken into con-
sideration, feet. . .
Ezampls 6; What is the infiltration heat loss per bour through
the crack of a 3 X 5 ft average, double-hung, ' don-weather-

th
stripped, wood window, based on a wind sﬁged of 15 mph? As-
sume indoor and outdoor temperatures to be 70 F and O F, re-

spectively,

Solution: A ing to Table 2, Chapm%,mmlmkxa
through & window of this type (based on'1/16 in. crack and 3,
in, clearance) in 39 cu ft (it of crack) (hour). Therefore, B =
39 X 0.018 = 0.70. The length of erack L is (2 X 5) + (3 X 3),
or 19 fi; & = 70 and ¢, = 0. Bubstituting in Equation 5b:

H, = 0'70,)( 19 X (70 ~- 0) = 931 Btu per hour.
Cruck Length to be Used for Computations

For designers who prefer to use the crack method, the

basis of calculation is'as follows: The amount of crack used

. for computing the infiltration heat loss chould be not less

.than half of the total length of crack in the outside walls of

the room.: For 8 building having no partitions,” air entering

‘through the cracks on the windward side must leave through

the eracks on the leeward side. Therefore, take oné-half the

- stotal erack for computing esch side and end of the building,

-In a room with one exposed wall, take all the crack; with two

" exposed walls, and with three or four exposed' walls, take the

wall having the crack that will result in the greater air leakage;
.but in no case take less than half of the total crack. *

In small residences the total infiltration loss of the house
is generally considered to be equal to the sum of the infiltra-
tion losses of the various rooms. However, this is not neces-
sarily accurate, as at any given time infiltration. will take
place only on the windward side or sides and not on the )
ward gide. Therefore, for determining the total heat i

%t)a building materials the;
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infiltration loss on the wall having the most total crack, byt
in 0o case on less than half of the total crack in the building,

Number of Air Changes to be Used for Com.
putations

Since a certain ant of jud, is required ding
quality of construction, weather conditions, use of the room,
and other factors in estimating infiltration by any method,
some designers base infiltration upon an estimated number of
air changes rather than upon the length of window cracks,
Table 1 of Chapter 25 indi air ch ly used,
but should be taken only as a guide. L

When céaleulating infiliration losses by the air
method, Equation 5a may be used by substititing for Q the
volume of the room multiplied by the number of air changes
obtained from Table 1, Chapter 25. For further discussion of
the method see section on Air Change Method in Chapter 25.

Latent Heat Loss .

When it is intended to add moisture 1o air leaking into a
room in order to maintain proper winter comfort conditions,
it is necessary to determine the heat required to evaporate
the water vapor added. This heat may be calculated by:

Hy = Qp(W:— Why ®

e

where

H; = heat required to increase moisture content of air lenk-

ing into building from W, to W;, Btu per hour.

Q = volume of outdoor air entering building, cubic feet

. per hour, . .

» = density of air at temperature ¢;, pounds per cubic foot.

W; = bumidity ratio of indoor air, pounds per pound of dry
W. = humidity ratio of outdoor air, pounds ‘per pound of

Hyy = latent heatr of vapor at W;, Btu per poun_d.‘

- If the latent heat of vapor Ay, is assumed to be 1060 Btu
per Ib, Equation 6 reduces to: . . B
Hy = 719.5Q(W: = W,) * ’ (6a)

Equations 58, 5b, and 6a may also.be used for determining
the sensible and latent heat-gains due to infiltration in cool-
ing load computations. - '

SELECTION OF WIND SPEEDS

The effect of wind on the heating requirements” of any
building should be given ideration for two :

1. Wind i the heat ission of walls,
ﬁ, and roof, affecting poor wally to & much greater extent
Aban good walls, - ¢ -- - . o e S

2. Wind materially increases .the infiltration of cold air
through the cracks around doors and windows, and even through
i mselves (see Tables 2 and 3, Chapter

Theoretically, as a basis for design, the most unfavorable
combination of temperature and wind speed should be chosen.
It is entirely possible that a building might require more hedt
on 3 windy diy with a moderately low outd peratu
than on a quiet day with a much lower cutdoor temperature.
However, that combination of wind and temperature which
is the worst would differ with different buildings, because
wind speed has a greater effect on buildings which have rela-
tively high infiltration losses. It would be possible to compute
the heating load for a building for several different combins-

ments of larger buildings, it is more accurate to base t.he"toml

tions of temp and wind gpeed which records show to
have occurred, and to select the worst combination, but de-
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signers éenemuy do not fee! that such a degree of refivement . -
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Tabie 7 .. .. Heat Equivaients of Various Sourcess*

’Skmmpleweomhﬁnn‘ tween the design temp S in
Column 6 of Table 1, and the simultaneous maximum wind
has not been made at the present time. Ha dmgm:r
fers the air change method for computing infiltration load,
pmr,h correlation is not too important.’ Designers wl.lo use the
S Paethod may use & leakago rate ot 15 mph wind speed,
ualess local experience has established that other speeds are
ore appropriate. Abnomﬂly l}igh wmd_ speed may have
ignificant effect on the transmission coefficient U. (See Table
20, Chapter 24

Exposure Factors
) igners use empirical erposure factors to incrgese
WM;!ncyugmmt Ioss of rooms or spaces on t..he side or sides
of the building exposed to the prevailing winds. However,
the use of expo factors is ur ssary. when t.hg_qmthod
of calculating beat losses described, in this chapter is used.
They may be regarded as faclors af.sajdy for the rooms or
spaces to the -prevailing winds, to allow for addi-
tional capacity for these rooms or spaces, or to balance the
iation, particularly in the case of m}xlhswry bu.\ldm:@.
Tall buildings may have severe infiltration heat losses, in-
duced by their stack effect (see Chapter 25), dmt“wxll re-

Machinery (Motor in rodm)
. B = MotorHp/efficiency X 2544 Btuh
Machinery (Motor outside room) = Motor Hp X 2544 Btuh
. Electric Lighta ’ . = Killowatts X 3413 By
Gas (Producer = 150) (Manufactured = 535) g

R (Natural = 1000) Btu/cu ft

* Additional valuas are given bn Chapter 27, Tabls 27, -
[ i mwwuumume@mu@

audiences are present, the heating system must have sufficient
capacity to bring the building to the stipu!ated indoor tem-
perature before the audience arrives. In mdus'.na_l plants,
quite a different condition exists, and heat sources, if alwx?ys
available during , may be substituted for a portion
of the heating requirements. -In no case should the actual
heating installation (exclusive of heat sources) be re_du_ced
below that required to maintain st least 40 F in the building.

" -Electric Motors and Machinery
Motors and the machinery which they drive, if both are

" Jocated in the room, convert all of the electrical energy sup-
plied into heat. This heat is retained in the room if the prod-

quire special consideration. Although the exp: 8
fxequenpt‘i; is assumed to be 15 percent, the actual allowance

10 be made, if any, must, to a large extent, be a matter of ex--
> 4 jud h

an( t of the d since there are no
suthentic test data svailable from which rules could be devel-
oped for the many conditions encountered in practice.

AUXILIARY HEAT SOURCES

The heat supplied by persons, lights, motors, and machinel"_y_

uct factured is not remt

If power is transmitted to the machinery from the outside,
then only the heat equivalent of the brake horsepower sup-
plied is used. In some mills this is the chief source of healing,
and it is frequently sufficient to overheat the buil_dmg even in
zero weather, thus requiring cooling by ventilation the year
round. Table 7 shows the heat output equivalent of various
sources of heat in a factory. For information concerning the
heat lied by persons, refer to data given in Chapter 7

should alwaya be ascertained in the case of theat b

balls, industrial plants, and’ commercial buildings such as- ;

stores, office buildings, ete., but all es for s_uch heat
sources must be made only after careful consideration of all

local conditions. In many cases, these heat sources may ma~ .

terially affect the sise of the heating plant and may have a

* marked effect on the operation and contro! of the system. In *

any n, , the night, week-end, and any other
unoccupied periods’ must be evaluated. In gepersl, where

and Table 26, Chapter 27. For appliances see Table 27,
¢ .Chapter 27. .- -

INTERMITTENTLY HEATED BUILDINGS
In the case of intermittently heated buildings, additional
heat is required for raising the temperature of the air, -ghe
+ * building materials, and the material contents of the lgmldm_g
. to the specified indoor temperature. The rate at which this

) d until its temperature is the
. same as the room temperature. -
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Fig. 1.... Floor Plans of Residence




