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utilization over the heating season can be calculated from
these data. They show a varistion from approximately 72
to 88 percent depending upon the type and size of system.
Laboratory tests on a gas conversion burner in a heating
boiler operated with on and off cycles gave about 72 percent
efficieney® Other tests on coal-fired room heaters indicated,
for the heating season, efficiencies of 65 to 75 percent, when
the heat from the flue pipe was included.’ A survey of 30
residences in one locality showed a variation of 45 to 75 per-
cent in utilization efficiency, d ding upon the
of the equipment and the fuel used?

Experience at the Umvemty of I].I.mo:s was used in es-

blishing overall effici for a tabul of the compara-
tive costs of heating the same building with various fuels to
be found in a publication of the Small Homes Council

The efficiencies of utilization over the heating season
shown in Table 1 are suggested as a puide. Considerable

Table 1 ... . Efficiency of Utilization
Over the Heafing Season

1960 Guide

where

H = caleulated heat loss including infl
hour, based on ¢, and & .
t = average inside temperature maintained during heating
period, Fahrenheit.
e = ge outside h i period,
Fahrenheit (for U. S. cities with an Oct 1-May 1 heat-
ing seasor—see Table 2).
& = indoor design temperature, Fahrenheit (usually 70 F).
t, = outdoor design temperature, Fahrenheit (see Table 2).
so that the value of F becomes
Bt — N
F= Bu—wc ®

The calculation of X, the average heat requirement, Btu
per hour, over the period under consideration is given only

losas, Btu per

approximately by Equation 2, when the value of H used is -

tbe calcu!ated maximum load, or design heating load for the
b i by f.he methods outlined in Chaptexs

Type of Fuel-Burning Unit Efficiency, Percent

75-80

60-80

65-80

60-80

Bltummnu.s coal, hand-fired with controls. 50-65
Bituminous coal, hand-fired without con-

trols. . ... 40-60

Bituminous ecoal, stoker-fired.. 50-70

Anthracite, hand-fired with controla... ... 60-80

Anthracite, hand-fired without controls. . - 50-65

Anthncn.e, stoker-fired. ................. 60-80

Coke, hand-fired with controls............ 60-80

Coke, hand-fired without controls........ 50-65

judgment may have to be exercised in selection of appro-
priate values for any given case of fuel consumption calcu-
lations,

CALCULATED HEAT LOSS METHOD

The quantity of fuel or energy required for heating may be
found by the Calculated Heat Loss Method from the equa-
tion

XN
F=%c ®

where

F = quantity of fuel or energy required (in the units in
which C is expressed).

X = average heat requirement for the period under con-
sideration, Btu per hour.

N = pumber of heating hours in estimate period (for an
Oct. 1~May 1 heating season, 212 days X 24 hr = 5088).

E = efficiency of utilisation of the fuel over the period,

d 23 a decimal; not the effici at peak or

rnt«od load condition.

C = heating value of one unit of fuel or energy.

The value of X is usually found from the equation
H{t — )
[ R

X= @)

9,11, and 12. This value is commonly used since it is usually
availsble from the heating system design calculations. This
procedure will usually lead to values of X which are too high.
In the first place, the design wind speed on which such cal-
culations are based is usually higher than the average wind
speed for the period so that infiltration losses may be over-
estimated. In addition there will usually be. ma.ny sources of
heat not taken into t in the

heat demand which may actually contribute to the heating
and thus may decrease the fuel or energy reqmred Ior heat—
ing with ily affe the heat

The more important sources are solar radiation, people,
lights, and equipment.

Improved esti of fuel requi; will result if H
can be recalculated 50 as to be more representative of average
conditions over the heaﬁng period rather than the marimum
mndmuns umd in maximum heating load estimation. Further

y be ob d at the expense of more in-
volved calcu]amons by making estimates of the average heat
gains, and deducting these from the calculated heat losses.
There is a practical limit to the refinement in calcuiations
which should be attempted since there will always be some
factors which are only approximately known. The weather,
for example, very largely determines the heat losses, but will
normally be described only approximately in terms of aver-
age values of a limited number of weather elements. Wind
speed, and sunshine will not necessarily be distributed uni-
formly over periods of different outdoor temperatures. In ad-
dition there is a limit to the accuracy of prediction of the
weather elements over the period of interest which is always
in the future. For these and other reasons, including such
unpredictable factors as the way in which windows and doors
will be opened and closed, the determination of H or of X
must always be in the nature of an estimate only.

Values of the average outdoor temperature, ., are re-
quired for the calculation of X by means of Equation 2.
Such values for the period October 1 to May 1 are given for
U. S. cities in Table 2. The assumption of an Oct. 1-May 1
heating season is reasonably accurate in the well-populated
New York-Chicago zone but heating may be required over
a longer period for points as far nerth as Minneapolis, and
over a shorter period south of Washington, D. C. Conse-
quently values taken from Table 2 may have to be adjusted

(Text continued on p. 552.)
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Table 2. ... Average Monthly and Yearly Degree Days for Cities in the United States and Canada®: b- « (Base 65 F)

No.of | Avg. Y.
State Station Years Sea- | Winter| hy | Aug.| Sept. Mar. | Apr, ,'“"_f,’
sons_i Temp.d of
Als.... | Aoniston. A 52.3 o 0o 17 381 1
Birmingham A 51.8 o o 13 378 128 2780
Mobile. .. A o o 0 222 47 1612
Mobile C 58.9 o 0o 0 2091 400 1529
Montgomery . A o ¢ ¢ 288 80 2137
Montgomery ... .. C 56.4 of o o 265 68| 1954
Aris. 35.9 ] 49| 78 243 949| 687 212 7525 -
59.5 o o o 960 74 0f 1698
57.7 o o o 175 62 0] 1492
62.5 o o o 88 14 o] 951
Ark. 06/07-40/41; 35 1 1 38 519] 247 7|
A of o 9 418f 127 0| 3188
Little Rock.. . ...A 6 ¢ 10 122 0|
Calif.. .| Eureka. . ..C 49.3 | 267) 248( 264 4931 432 282| 4632
Fresno. .. A of o o 304| 145 o 2532
Inde . | 98/89-40/41] 43 0] O 28 477 267 18] 3834
Los A 31 22 58 1854 56| 2015
Los Angeles C 59.3 o O 17 212f 129 19] 1451
Needles. ... . | 17/18-38/39 22 of -0 0 124 O] 1495
Point Rs: . { 88/99-40/41; 43 350( 336 263° 437) 413 363) 4474
Red Blufi. . 52.9 of o 0 336 177 0] 2516
Bacramento o 0 22 348; 222 7 2822
Sacramento 53.0 ¢ o 17 317| 196! 5| 2600
San Diego m 7 2231 151 43 1574
San Francisco. 144] 136| 101 378] 377 164 3421
an Francisco 54.2 | 189 177} 110 317 279 1801 3069
an Jose. 53.5 71 1] 26 229 46] 2410
Colo.. . .| Denver 37.0 5 1] 120 843 525/ 65 6132
37.9 0 5 103 797| 492 60! 5673
04/05-40/41) - 37 25/ 37 201 8591 615 139] 7143
. 39.9 o 0O} 36 738 402 231 5796
07/08-40/41) 34 2801 332| 509 1245 990 434 10678
- o O 74 715{ 456 27y 5709
Conn. -A | O] 14 101 871 628 6139
A - 0] 18 43 865| 567
D.C A of o 37 619| 323 4333
- ..C 43.4 o o 32 -606| 314/ 4258
- Fla..... Apalachicola. . ... (o} 60.9 o o 0 184 33| 1307
Jacksonville. . ... A 60.6 o o 0 169 23] 1243
..C 62.0 a o o 154( 14 1113
A 72.5 o o © 8 g 89
C 73.1 o o o 7 O 77
Al o o o 12 [ 178
C 71.4 g o O 15] 0| 173
..C 59.7 o o o 203 45 1435
A o o o 102| [ 674
AL o ¢ 8 404| 133 2826
(o} of o 8 392 135 2811
A o o 0 308] 62| 2138
A o o 0 215, 62 9
A 56.7 o 0 0 238  43] 1710
....... 05/06-40/41] 36 o o 2 178 52 1513
A 39.8 o 0 135 719] 453 5890
A - 0 0j 133 663] 408 5483
Pocatello. ..A 35.0 o of183 880[ 561 6976
ni..... -Cairo C 46.4 o O 28 523 182 3756
Chicag: A 35.1 0 0 90 868) 507 6310
Pearia . A 37.3 0] 11 86 828| 435 6087
A 37.7 o 6 8 769| 404 5693
c 39.8 0f 0 56 713| 350 5225

* Data for United States cities from » yublization of the United States Weather Bureau, Mentily Nermal Temperatures, Precipitation and Degres Doy, 1954, are far
the period 1921 to 1850 inclusive. Those United States cities for which year sre given in Column $ are Rot listed in the sbove publication and the data are thos which
‘wers computed by the United States Weather Bureau in 1948 and 1947 iv sceardance with the requirements of the Natinnal Joint Committes on Weather Statistics.

¥ Data for sirport stations, A, and city stations, C, are botk given whers savailable.

* Data for Cenadian cities by the ical Division, D

of Transport from normal montbly mean temperatures, adjusted for the sam-

wmer months by a metbod described by H. C. 8. Thom, Tha Baticoal Relationship between Heating Degrea Days and Temperature, Monidly Weather Beview, Vol. 82,

No. 1, fanuary 195¢. ¢ Far period October to April, inclusive.
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