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* 20 percent hus been odded fo fhe avaiable intarnal goia to account For
the heat of compression odded with the uir-conditioning compressor.,
fig. 11.... Quontity of Intemal Heat Available to
External Areas and Storage Tank at Various Outdoor
Temperatures During Occupied Periods*

exterior and interior zones. Figure 11 shows the result of
transferring this internal excessive heat gain to the exterior
zone by means of a heat pump. Curve A of Fig. 11 is the total
internal heat available and curve B is excess heat (above that
needed by the exterior zone) which can be kept in a storage
tank (using a cycle similar to that shown by Fig. 4) for future
use at night, kends, or other ied periods. For this
particular installation, during the occupied periods no out-
side heat source or supplemental heat i3 needed at outdoor
temperatures of minus 5 F or above.

OPERATING COST

It is preferable to compute the electnc consumption of the
ref) and fang separately from
'-bnt of the 1 n.uxtlmry eqmpment which is used more or l-

tly, such as fans and water 3!
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OUTDOOR TEMPERATURE-F

Fig. 12 .. .. Typical Plot of Shuﬂuré Heat Loss and Sys-
tem Capacity for Various Outdoor Temperatures

the day at outdoor temperatures above 41 F. This tempera-~
ture, at which the system changes from heating to cooling
cycle, is referred to as the changeover temperature. The hourly
occurrence of the various outdoor temperatures, needed to
properly evaluate the operating cost for a particular area, can
be compiled, for convenience, in the form of Table 1. This
type of weather data, for the period of 1935-1939, can be
obtdined from the United States Department of Commerce,
Weather Bureau, Asheville, North Carolina. Also, a number

Table 1 .... Average Hourly Occurrence of
door Temperatures®

For the 5-year period 1934-39 for Roanoke, Virginio

pumps. This auxiliary equipment can then be included as es

part of the basic load of the structure. This is particularly
true with air source-sink systems where the kilowatt inputs to
the compressor and the heat soumnk fans vary with the

and, ly, must be related to
at the various outdoor

3
the exp d hours of
hmpemmm :

In comp ing cost of ai heet pumps, it has
been found from a study of actual installations that the kilo-
watt-hours consumed during the defrosting cycle are approxi-
mately 2-3 percent of the total heat pump electrical con-
sumption during the two or three ooldest months and, there-
fore, can be (| d in the calcul: causing an
appreciable error.

The first step in operating cost ana.lyms is to plot the day
a.nd mght heat loss and the system heating capacity at various

, a8 illustrated by Fig. 12, in order to
obtain the day and mght balance points, which are the points
at which the heating capacity satisfies the structure heat loss
for the period. If these balance points are above the cutdoor
design temperature, the portions represented by the shaded
area must be furnished by supplementsl heat The actual re-
quired 3¢ 1 heat is by the difference
between the quantity needed to heat the structure below
the balance point and the quantity supplied by the beat pump
system.
It can be noted from Fig. 12 that no heat is required during

JANUARY
Temp Weighted Average
Range Accumdtive Hours Omarating Toms
Doy* | Night® | Totol | Day®| Nightt] Tote!
04 | — - -71—-1-1-
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10-14 2 4 6| 121 12} 12
15-19 7 13 15| 15 ] 15
w (20261 18 31 9 | 13} 19 )19
5 25-29 39 68 107 =3 23 23
] 30-34 101 141 242 28 28 28
= 35-39 17 %7 398 32 31 31
4044 290 524 35
45-49 332 619 37 36
50-54 | 319 354 673 38 36 37
55-59 | 344 367 711 39 37 38
362 371 733 41 37 39

w | 7078 | 102 394
£ 75790 175 | 347 | 52
S 264 | 367 | 631
38 335 | 311 | 706
0094 362 | 372 | 734
9599 | 370 | 373 | 743
100-104] 372 { — —

= The average hourly occurrence of outdoar tempersture over the 5
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loads, say 25, 50, 75 and 100 percent. Some judgment must
be exercised, however, in using this data and design factors,
since the amount of moama.l heat gain and size of eqmpment

lected, in relation to the calculated load, will i the
partial load operating hours. The use of the equivalent full
load hours of comp tion is not reslistic or
even for conventional cial cooling

It is necessary to k.\mw t.he monthly kllowatt elect.nc de—
mands and the cor h for
the base electric load, as well as for the hmt pump or any
other electric equipment, in order to apply the proper elec-
tric taniff. Thebmeloads, wnasco!umnsl2&nd3of
Table 2 may include ligh s, office h
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h and supply fans, circulating pumps, and similar mams
which are normally essential to a structure and are not
affected by a particular air conditioning design. The heat
pump kilowatt demand, during the month, which is required
1o satisly the net day and night heat loss or heat gain (which-
ever is the greater), can be obtained from manufacturer’s
data. These iting kilowatt d ds are multiplied by a

incident factor to obtain the coincident demands, listed in

columans 4 and 7, and which can be directly added to the base
load d ds to obtain the values listed in column 10. These

ident factors can best be obtained from published data
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on similar insmllaﬁons.
Op ng costs are d upon a number of important
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Fig. 13 .... Caloulated Heat Loss and Gain at Various
Outdoor Temperatures

of facturer's product and licati Is inciude
similar weather dnta for many geogmphxc areas.

The electric ‘energy consumption for heating must be
added to that required for cooling to.obtain a total yearly
cost. It is advantageous to compile the hours of operation at
the different cooling loads, similar to the procedure followed
for the heating computations. Unfortunately, there is po
positive way of predxcf.mg the operating time of a pamcuh.r
cooling installation. It is generally agreed by most sir-con-
dltmnmg engineers, and has been substantiated in several
Jinstances by published field test data, that commercial me-
"chanical air conditioning equipment, during occupied periods,
shoold be opersted when the outdoor temperature is 55 F or

infl ing factors. In order to make sure that all of the items
are properly idered, the followi has been
found very helpful as a guide in obhnmng rea.sonably ‘ac-
curate heating and ooolmg perati costs of the refri

and the d sir fans, for an air-
source, air-sink, commercial and industrial heat pump system.
The procedure described here is primarily for air-source heat
purps, but may also be used for water-source systems.

Procedure for Estimating Energy Requirements
For Heat Pump Heating and Cooling

It is necessary to computie the energy requirements for
heating and cooling by months in order to apply the proper
electric tariff as explained in the section Operating Cost.

Heating

1. Calculate the Doy and Night Heat Losses, oblain Sitem
Capaa?ydmmdphinthzfmngwmgfi'w I12. The calculated
heat internal gain to obtain
the day heat loss and with the reduced ventilation requirement
{or the ungccupied periods for the nipht heat loss. Suggestions are
given in the section Heahng and Coolmg l.cuad Emmtea The

above, and during other times when the outd:
is 75 F and above, as shown by Fig. 13. Field dafa can be

*.used a3 & guide in compiling the hours of operation at partial

mmufncmm.r’s gyhhshed d.m‘.n
. Obtain
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Table 2..... Sug d Form of Op ing Cost S

y for C ial and Industrial Heat-Pump System:
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