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effective temperature for sedentary persons, as. demermined -

at the ASHAE Research Laboratory, is 67-68 ET.

As explained in Chapter 6 for so-called still air wndmons
a relative humidity of app! imately 50 percent is required
to produce an efft of 68 ET when the dry-
bulb temperature is 725 F. However, even where provision
is made for artificial humidification, the relative bumidity is
seldom maintained higher than 40 percent during the ex-
tremely cold weather, and where no. provision is made for
humidifieation, the relative humidity may be 20 percent or
less. Consequently, in using the values listed in Table 3,
consideration should be given to the actual relative humidity
to be maintained, if provision is to be made for humidifica-

tion. If no humidification is to be provided, the higher tem-

peratures ‘may not even produce comfort on cold days; if
idity is to be m. ined at 50 percent, the lower tem-
peratures .will apply.

Inmomshavmghrgeghssum, whens\mlsnotShmmg
or in rooms with walls having a high heat iransmission co-
efficient, the lowered surface Lemperature will cause a t‘eelmg
of coolness even though the air temperature in the room is
at or above the temperatures indicated in the table. In rooms
of this character, it is desirable to design for even higher
temperatures than those listed, unless a compensating higher

p surface is installed to offset the low-temperature
surfaces. .

The indoor temperatures specified in Table 3 may be used
for panel heated spaces as well as for spaces heated by warm
air, radiators, or convectors. It is true that warm panel sur-
faces tend to produce & comiortable environment at a lower

room-air temperature than when warm panels are not pres- -

ent, but field experience in the United States has indicated
tlmt actual reducuons in air temperature are slight in opera-
tion.

Temperature at Proper Level. In nmkmg the a.ctua.l hem.
loss tomputations, however, for the various rooms in a build-
ing it is.often necessary to modify the temperatures given in
Table 3 so that the air temperature at the proper leve! will be
used. By air temperature at the proper level is meant, in the
case of walls, the air temperature at the mean height between
floor and ceiling; in the case of glass, the air temperature at
the mean height of the glass; in the case of roof or ceiling,
the air temperature at the mean height of the roof or ceiling
above the floor of the heated room; and in the case of floors,
the air temperature at the floor level. .

Temperature at Ceiling. The air temperature at the ceiling
is generally higher than at the breathing level due to stratifi-
cation of air resulting from the tendency of the warmer or less
dense air to rise. An allowance for this fact should be made
in caleulating ceiling heat losses, particularly in thé case of
high ceilings. However, the exact allowance to be made may
be somewhat difficult to determine &s it depends on many

* factors, including (1) the type of heating system, (2) ceﬂmg
height, and (3) the indoor-outdoor tem
‘The type of heating system is. particularly unportant as the
temperature gradient from floor to breathing level to ceiling
may depend to a large extent on whether a direct radiation,
unit heater, or wann air system is used, and in the latter. case,
whether the air is moved mechanieally or by gravity. The
temperature of the heating medium is also a factor.

It is impracticable to establish rigid rules for determining
the temperature difference to use in all cases. However, for
residences and structures having ceiling hexghts under 10 ft,

mately 1 percent per foot of height above the breathing level
may be made for ceiling heights up to 15 ft and approximat.ely
3o of 1 deg per foot of height above this level. The values in

. Table 4 are calculated on this basis. For du'ect radm\‘.lon and

gravity warm air sy ;, the all shoul
from 50 percent to 100 percent over those glven in Table 4.

" These rules shouid, however, be used with considerable dis-

cretion, as they do not apply to some types of heating systems
such as those using panel and bassboard radiation, where very
low temperature differences between the floor and the ceiling
may exist.

Temperature at Floor Level. Accordmg to tests at the
University of Illinois,*  * * the temperature at the fioor leve]
ranged from about 2 to 6 deg below that at the breathing
level, or somewhat greater than the difference between the
breathmg level and w:.lmg temperawm Tests at the Uni-
versity of Wi hat smaller differen-
tial between the floor and bmthmg level temperatures. As a
general’ rule, if the breathing level to ceiling temperature
differential is neglected (as with ceiling heights under 10 ft),
the breathing-level- to-ﬂoor differential may also be neglect.ed
as the two are ially where
both floor and ceiling losses are calculated for the same space.
In other cases, the 10 ft temperature differentials in Table 4
mybeumdmamwngaztheﬂoorbeazloss these dif-
ferentials to be subtracted from the breathing level tempers-
ture.

ATTIC TEMPERATURES

Freq ly, it is y to the attic tempera—
ture, and in such cases Equauon 1 can be used for this pur- -
pose:

= A Ude + l.(A U, + AJU. + AU w
. AU+ AU, + AU, + AU, .
where

t, = attic temperature, F;ahrenheiz.
indoor temperature near top floor ceiling, Fabrenheit.
td Fahrenhei

Mo = P degrees.
A, = area of ceiling, square feet.
A, = area of roof, square feet.
A, = area of net vertical atlic wall surface, square feet.
A, = area of attic glass, square feet.
=

coefficient of trausmission of ceiling, based on surface
conductance of 2.20 (upper surface, see Chapter 9).
. 2.20 = reciprocal of one-half the air space resistance.
U, = coefficient of transmission of roof, based on surface
' conductance.of 2.20 (lower surface, see Chapter 9).
.U, = cocfficient of transmission of vertical wall surface.
U, = coefficient of transmission of glsss.
late the heated sttic,
ing th i i 70:.—10A:1000;
lZﬁ)‘Aﬁ‘ZIN A4, =10; U,:OMU—04,U.=

Solutlon .Substituting these vslue.s n Equation 1:
(l(Xl) X 0.40 X 70) + 10{(1200 X 0.50)
+ (100 X 030) + (10 X 1.13))
(1000 X 0.40) + (1200 X 0.50)
+ (100 X 0.30) + (10 X 113)
34413
041

o=

=331 F.

Equation' 1 1

the comparatively small t.empemt.ure liffe Lhe
breathing level and ceiling Ily may be neglected wi

serious error, For higher ceilings, an allowance of approxi-.

the effect of any mterchxmge of air
such as would take place through attic vents or louvers in-
tended to preclude attic condensation. Test data® * ™ indi-
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Table 4 . ... Approximaote Temperature Differentials
Between Brecthing Level and Ceiling, Applicable
to Certain Types of Heating Systems*

Cailing Broathing lovel Temperature {5 R Above Floor]

Height

F teo[es |70 72| 74 76 | 78 [ 80 | 85 | 90
10 |30 3.3 3.5 3.6 3.7 3.8 3.9 4.0 43 45
1 |36 39 42 3 44 4.6 47 4.8 51 54
12 {42 6| 49 50 592 53 53 546 60 63
13 |48 52 56 58 59 61 62 64 68 7.2
14 |54 59 6.3 6.5 6.7 6.8 7.0 7.2 7.7 81
15 | 6.0 65 7.0 7.2 7.4 7.6, 7.8 8.0 85 9.0
16 |e.1] 6.6/ 7.1 7.3 7.5 7.7] 7.9 8.1 8.6 8.1
17 |62 67| 7.2 7.4 76 7.8 8.0 82 87 9.2
18 (63 6.8 7.3 7.5-7.7 7.9 81 83 88 93
19 64| 6o 7.4 7.6] 7.8 8.0 8.2 84| 89l 94
20 |65 7.0] 7.5 7.7 7.9 81 8.3 8.5. 9.0 9.5
25 |7.0] 7.5 8.0] 8.2 8.4 8.6 8.8 9.0/ 9:5 10,0
30 |7.5 80| 85 8.7 8.9 9.1 9.3} 9.5 1000| 105
35 | 80| 8.5 9.0] 9.2 9.4 9:6 9:8l10.0] 10.5| 11.0
w0 |85 9.0 9.5 9.7 9.9l 1011] 103] 10.5) 1100] 11:5
45 | 9°0] 9.5 10.0] 10.2| 104| 10.6] 10:8[ 11 0} 115) 12’0
50 | 9.5 10.0] 10.5| 10.7} 10.9| 111} 11.3{ 11.5) 120 12.5

* The figures in this table are based 66 an incresse of 1 peroent per foot of height

* above the breathing level (5 ft) up to 15 ftand Yo of one degree for each loot above

un. This table is generally applicable to forced air types of heating systema. For
anumnwmm.mvdwwmmhmmmL

cate reduction in temperature difference between attie air

and weather is linear with attic ventilation rates between 0
and 05 cfm per sq ft of ceiling ares. A ventilation rate of

0.5 cfm per sq ft reduces thig attic-to-weather temperature

difference approximately 50 percent, while a ventilation rate

of 0.1 efm per sq ft reduces this temperature difference about *

10 percent. When attic ventilation meets the requlremenm
of Table 3 in Chapter 10, 0.5 cfm persq | ft is the app

_areas of the unheated space
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the range between the indoor and outdoor-temperatures, de-
pending on the relative areas of the surfaces adjacent to the
heated room and those exposed to the outside. If the re-
spective surface areas adjacent to the heated ‘room and ex-
posed to “the outdoors are approximately the same, and if
the coefficients of ion are approxi ly equal the
temp in the uoh d'space may be assumed to be
the mean of the indoor and outdoor design temperatures. If,
however, the surface areas and coefficients are unequal, the
temperature in the unheated space should be estimated by
means of Equation 2.

(AU, + AUy + AU + etc)
"‘ + (AU + AU + AU, + ete) (
AU+ AUs + AsUs + ete.
+ AU. + AU+ AU + ete.

where

t, = temperature in unheabed space, Fahr-
enheit.
& = indoor design tempenture of heated
. - room, Fahrenheit.
t,.= outdoor: design temperature, Fahren-
~ . heit.
Ay, Ay, 4;, etc. = areas of surface of unheated space ad-
. jacent to heated space, square feet.
A., Ay, A, , etc. = areas of surface of unheated space ex-
posed to outdoors, square feet.
U, Us, Uy, ete. = of ion of surf:
- . c of Ay, A, Ay, ete.
U, ,U,, U,, etc. = coefficients of transmission of surfaces
. AA.,A;,A.,eu:

B le #: Calculate the heated sp
adjacent to a heated room having surface ma.s (A. , Aa,and 4,)

. in"contact therewith of 100,-120, and 140 sq ft and coeflicients

(Us, Us, and Us) of 0.15, 020, and 0.25, respectively. The surface
th to the outdoors (A. and 4,)

, the attic’ -

are resp 100 and 140 =q ft, and the co: nding coeffi-

ventilation rate under design ditions. Theref
temperature found from Equation 1 above can be redueed
upon the estimate rate.
However, since this affects the overall heat loss of a residence
with an msulated cex]mg only one or two percent, it ean be
neglected without serious error.

Neither does this ion take into ideration such
factors as heat exchange between chimney and attic or solar
radiation to and from the roof. Because of these latter effects,

actual attic temperatures are frequently higher. than the

caleulated values using Equation 1. The attic temperature
mybecalclﬂawdmtheusualmmnerbymeansofm
tion 1, allowing t.he full value of the roof. The error resulting
from this will Ity be considerably less than

if the roof were neglected (asis the practice) and

'.he attic temperature asumed to be the same as the outdoor
p e. When rel ly louvers are installed,
as i3 customary in the southern states, the attic temperature
is often assumed. as the average.between the - indoor and
outdoor temperatures.
For a shorter, app meéthod of caleulating: heat
losses through attics, the combined ceiling and roof coef-
ficient may be used, as described in Chapter 9.

TEMPERATURES IN UNHEATED SPACES

The heat loss from heated rooms into unheated rooms or
spaces must be based on the estimated or assumed tempera-
ture in such unheated spaces; This temperature will lie in

t 010 and 0.30. The sixth surface‘is on e ground and
mneglecwdmthmuample Assume ¢, = 70 and £, = — 10.

in Equation 2:

70[(100 x 015) + (20 % 0.20) + €140 X 0.25)}
+ —10K100 X 0.10) + (140 X 030)}
(100 X 0.15) + (120 X 0.20) + (140 X 0.25)
4 (100 X 010) + (140 X 030)

b=

L-‘ﬂ=37lr.

The bm\pemturm in untieated spaces having large glass
areas and-having two or more surfaces exposed to the out-
dobrs (such as sleeping porches and sun parlors), generaliy
are assumed to be the same as outdoors. :

GROUND TEMPERATURES

Ground temperatures to be assumed for estimating base-
ment heat losses usually will differ in the case of basement
walls and floors, the temperatures under the floors generally
being higher that these adjacent.to walls. Factors affecting
these temperatures will be.discussed.

Temperatures Under Basement Floors

The temperatiire of the ground under basement floors®” is
affected by heat sources within the baserment and is not in-
fluenced by atmospheric conditions. In computing losses




