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these data. They cshow a variation from approximately 70
to 90 percent depending upon the type and size of system.
Laboratory tests on a gas conversion burner in a heating
boiler operated with on aad off cyeles gave about 72 percent

" efficiency.® 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 utilieation efficiency, depending upon the condition
of the equipment and the fuel used.*

Experience at the University of Illinois was used in es
tablishing overall efficiencies for a tabulation of the
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 hesting season
shown in Table 1 are suggested 2s a guide. Considerable

Table 1 .... Efficiency of Utilization Over the
Heating Seasan (Residentical Systems)

Trpe of Fuel-Burning Unit Efficiency, Percent
70-80
60-80

0il, conversion unit . 60-80

Bituminous coal, han 50-65

Bitumi 50-70

Anthracite, hand-fired with controls 60-80

Anthracite, stoker-|

Coke, hand-fired with controla 60-80

judgment may have to be exercised in selection of appro-
priate values for any given ease of fusl copsumption calen-
lations. -

CALCULATED HEAT LOSS METHOD

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

XN
F = Fe @

where

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

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

N = number of beating hours in estimate period (for an
Oct. 1-May 1 heating season, 212 days X 24 hr = 5188).

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

d a3 a decimal; not the effici 'y at peak or

rated load condition.

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

The value of X is usually found from the equation

H@ — ¢)
X o —=
D @
where
H = calculated heat loss including in§l loss, Btu per

hour, based on 4 and ¢.
¢ = average inside temperature maintained during heating
period, Fahrenheit. .

1962 Guide And Data Book

& = average outside temperature through estimate period,
Fahrenbeit (for U. 8. cities with aa Oct.1 -May 1 heat
ing season—see Table 2).

& = indoor design temperature, Fahrenheit (usuaily 70 ).

& = outdoor design temperature, Fahrenheit (see Table 1,
Chapter 25 of the 1961 Guipe Axp Data Boox).

80 that the value of F becomes
H{t — LN
T EBw-uC @
The calcul of X, the age heat i Bt

per hour, over the period under consideration is given only
approximately by Equation 2, when the value of H used s
the calculated maximum load, or design heating load for the
building, as puted by the hods outlined in Chapt,
23, 24, and 25 of the 1961 Guibe ANp Data Book. This value
iz commonly used since it is usually available from the heating
system design caleulations. This procedure will usually lead
to values of X which are too high. In the first place, the design
wind speed on which such calculations are based is usually
higher than the average wind speed for the period so that in-
filtration losses may be overestimated. In addition there will
usually be many sources of heat not taken into account in the
stimation of i heat d d which may actually
contribute to the heating and thus may decreasc the fuel or
energy required for heating without necessarily affecting the
maximum heat demand. The more important sources are solar
radiation, people, lights, and equipment.

Improved esti of fuel

can be recalculated 5o as to be more representative of average
conditions over the heating period rather than the marimum
conditions used in maximum heating load estimation. Further
imp: may be obtained at the of more in-
volved ealculations by making of the age heat
gains, and deducting from the calculated heat losses.
There is a tical limit to the refi in caleulati
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 perieds 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
enpredictable 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, f., 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. 8. 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
& longer period for points as far north as Minneapolis, and
over a shorter period south of Washington, D. C. Conse-
quently values taken from Table 2 may have to be adjusted
appropriately, When data on degree days are available these
may be used in the calculation of average outd p
ture for use in Equation 2 or 3. (See definition of degree day,
Chapter 63 of the 1961 Guipe AND Data Boox.)

It may be noted that a portion of Equation 3, ({—t)N
will, when divided by 24, correspond exactly to the degres
days for the period, provided that 1=65 F, the usual basis
for calculating degree days (see discussion of degree days in

will result if H .
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Table 2....Average Monthly and Yearly Degree Days for Cities in the United States and Canados. 8. ¢ (Base 65 i
T No.of | Avg.
Sigte Stafion Yeors Sec- | Winter | 2y | Awg.| Sept.| Oct. | Nov. | Dec Apr. | May | somm
sonr | Temp.$
52.3| 0 O 171 118 435 6i4| T2
518f of o 13] 12z3] 396 128}
of o ‘o "25 719 a7 1]
s89) o o ol z3| 1s8 357 40
o of. of 69| 304 491 20
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35.9 | 40| 78 243 | 588l sve| 1135
s85{ of o o] zz 74
s7.7| o o ol 13| 18 360 62
625{ o o of o 105 25 14}
. 35 1 1 38| 26 s s 2471
i | of o 9| 11 435 127
Little Rock... ... A o o 10] 110 405) 654 123
if. .| Enreka. 9.3 | 267] 248) %64 | 335 411) 508] 439
B |-y P, §Y 8| i e i
depend - 4] 43
il® / 3 2 5 200 301 185
. ©3) 9 O 1) 4 Uy 2 129
.. { 11ns-3s3e 22 o @ 1
.. osfm—mﬁg et 350 336| 263 | 282} 317, 413
A 529 0 o ol 59 319 177
‘A of o 22! es 357 505 229
c ss0f o o 17] 75 321) 567 196
‘A ; 1l 7| 26| 52| 147 256 151
A 144] 136) 101 | 174] 318 487 327
c 5¢.2 | 189] 177{ 110 [ 128| 37| 406) 219
c 35} 7| 1| 26| 97| 20, 450 229
Calo. A wo| 8§ 1l a5 m| i 523
: oo MEEEAR-RE bF
- 1o, | s 23} 1
o] | 2|4 o8 | 55 12 =
i, 41 280| 332 1
Y /) o of 74! 388} 771) 1051 456
ford..........A 0 14]101| 384) 699] 1082]
Conn-- e vea, A of 18 93| 363 663 1028 547,
i A o o 237 519) 837 323
D-C. gﬁ:'i:%:. c @4| o o 32| 231 s 831 314)
6091 o o ol 17 154 304 33
Pl 2 - s08| o o ol 16 148 309 2
’ ezal o o ol xnl 120 27| 14
7251 o o o] o o 2 o
71| o o o o o g q-
o o of o 8 &2 0]
n4| of o of o 5 48 ql
s67) o o ol 18 17 45
o o of o 60 163 [
o o sl 10 308 6u 133
0 o o 8 wil 38 sul 135
A o o of 59 2=l 454 62|
A : of o of 63 20 am 62].
Al 6.7 0 o 0 38 225 412 el
05/06-40/41] 36 of o 2| 48 28 38 52]
39.8( of o 135 389 762 1054 453
o of133| 406 747| 961 408
35.0{ o of 183{ 87| 873/ 1184 561
64| o o 21 106 7 182}
351 | o o 9ol 3500 7e5| 1147 507,
33| o 11 88| 339 759 1128 435)
3771 of e 8| 315 723| I 404]
39.8] of o 5] 259 668 1017 350)
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Wers camputed by the United Gtates Weather Buread in {M8 and 1947 in accordance with the requirements of the Natianal Joint Committes oo Weather Statistica.

* Data for sirport

stations, 4, sad city stations, C, are both
* Data for Capadiag cit by the i

given where availsble. °

Division, Dy of Tranuport from pormal montbly mean temperatires, sdjusted for tha suma-

ez Manths by » method described by H. C. 8 Thom, The Ratianal Relationahip betwecs Heating Degroo Days and Temperature, MontMly Feather Bewiers, Vol. 82,
¢ Far period October to Apri, inclusive.
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