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that of the heat-power thermodymmxc cycle govermng"'-he
conversion between heat energy and mechanical work. It is

derived from the Second Law of Thermodynamics (sce Chap--
ter 67, Terminology). The operating efficiency, or eoeﬂiment of
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The air-to-air heat pump is the most common type. It ig
particularly suitable for factory-built unitary heat pumps,
and has been widely used for residential and commercia}
Applxmtmnx The first diagram in Table 1 is typical of the

performance (CP), of an el perfect refrig

system for cooling and heating eﬁect.s is gwan by Equntmna ..

1 and 2 respectively.:

(.CP) ik e ) (l)”

7-: ) Fahrenheit abaol

With the ideal Carnot cycle opemt.mg 8s 8 heat pump, the 0o~
efﬁclent of perionnanee is, . L

[¢]

T.'
(CP) = TCT,

In acmal sysu:ms, the coeﬁiments of performanoe are much
lower and are defined in the following terms:. <

The heatirig .coefficient of performance, (CP)., of an in-
stailed heat pump may. be defined as the ratic of the total
tnstantaneous useful heating effect produced by. the. heat:
pump syétem st stated conditions, to the heat equivalent of
the total energy input rate n:quued to dnve of operate the
system. If total energy input of all such:as. fans
and pumps is not included, it should be so stated. - -

The cooling coefficient of performance, (CP),, of an: in-
st.alledbestpumpmybedeﬁneduthemhoofthem—

useful refrj ion effect produced by.the heat-
pump system at stated ditions, to the. hest equivalent of
the total energy input rate required to drive or opemfc thc
gystem.

Thel‘ermpafarmwwzfactor (PF),lssmuInrtocoeﬂi
cient.of performance, but is used when" referring to values
based on an exdended period of timeé, such as a day, month;
orseason.'l’hepenodofumeeoveredsholudbegwenwhen
using this term. If supplemental hmt i8 involved, its eﬁect
should also be speclﬁed.

Heat Pump Types

Heat pumps for air-conditioning servicé may be’ classified
secording to (a), type of heat source and sink, (b) heating
and cooling distribution fluid, (¢) ‘type of tharmodymmlc
cyele, (d) type ‘of building structure, ‘and (e) size. and con-
figuration. The more common types are shown in Table 1,

refr ion circuit employed Inmallerumtaryhes'.pumpg
it is common to replace the expansion and check valves with
a capillary tube for refrigerant control. A few installations
have been made in which the forced-convection indoor heat
transfer surface has been replaced by a radiant panel.

In gir-to-air heat-pump systems, as shown -in- the second.
diagram of Table 1, themcmmtsmaybemtewhangedhy
means of dampers (mo(.or-dnven or manually upe.ruhad),

obtain either heated.or cooled air for the oond.moned €page,

With this system one heat—exchnnger coil is a.lways_ b
evaporator and the other is always the condenser.” The
conditioned air “will pass over the- evapomwr dunng u,;
cooling cyclé and the outdoor air will pass over the eondenser
The change from cooling to hestang is, Accomplxsh by
positioning the dampers.
. Awala-&omrheﬂtpumpuseswatcrasahmtmuree d
mnk anduacswwtmnsmnhea.teoorfmmtheeondx

Aw—lo-waur heat pumps are commonly used in laxge bmld-
ings where zone control is , and are also sometimes
employed for the production of hot or cold wa'.er in mduxt.rul
applications. E

Earth-to-air heat pumps mny employ direct expansion of
the refrigerant in an embedded coil, as illustrated in Table'1,
or they may be of the indirect type, descnbed under the waber—
to-air type.

A waler-to-water heat pump uses wner as f-he heat aouree
and sink for both cooling snd heahng opemuon Heaung-

cooling ¢h may be
circuit, but, in ‘many’ cases, it is more eonvenmn'. to perfonn
the swxbchmg in the water eircuits as illustrated ii Tablé 1. -

An earth-to-water heat pump (not shown in Table 1) may,
be like the earth-to-air type shown, except fof the substitution
of a refri ter hest exch: for, .the, finned _ coil
shown on the indoor eide. It mnya!sotakeaformsmuhrto
the water-to-water system shown, when a’ aeeondary—ﬂmd
ground coil is used. .

Some heat pumps wlnch use, earth as ﬂm hest source and
sink are essentially of .the water-to-air type. An-antifreese
solution is pumped through a circuit consisting of the chiller-
condenser and a pipe coil embedded in the earth.

Other types of heat pumps in addition to those listed in
Table 1 are possible. An example is one which utilizes solar
energy as a source of heat; its refrigerant. circuit may re-
semble the water-to-air, air- to-air, or other types, depending
on the form of solar collector md the.means of heating and
cooling distribution employed. ;

Another variation is the use of more thnn one heat 80!
Some heat pumps have- utilized air as_the primary | lwnt
source, but. are changed over-to extract heat.from. water,
{e.g., from a8 well or storage tank) during. penodsof peak
load. 'l'heuseofsolntenergyteqmmmtbzrheatsowce
during periods of mxuﬂicxent salar radiation.. .

Other Refrigeration Cydés . v

Any thermodynamic cycle that is caps.blc of producmg a
cooling effect may t.heorehcally be used as- 8 heat pump'

cycle, p
abson)twn cyde (b)
the e;ectaor cycle, (c) gas cye bot.h open and cloM * and'
(d) the thermoeléctric cyele.}t i B

It is not currently practicable.to use any ‘of tbesa cycla &y’

heat pumps, due to limitations in efficiency, cost, of size,

e

EAT SOURCES AND: “SINKS

< Table' " shows"the pnncxpd medm being -used" with heat
pumps ~as7atheat’ source for: benhng and ‘as a heat sink.for
cooling.' The' most practu:&l chmee fot a partlcular Apphm-
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tion will be influenced primarily by geographic location,
climatic conditions, initial cost, availability, and type of
strucbure Various factors to be considered for each source
are given in Table 2. A more’ detailed discussion of deﬂgn
and selection fagtors for each source and sink follows.
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