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eycle the excess heat from the internal zone (over that re-
quired by the exterior zone) may be stored in the tank for use
as supplemental heat when the structure heat loss exceeds the
internal heat gain. Storage tanks permit off-peak direct eléc-
tric heating, as well as off-peak cooling during the summer
period, in order to take full advantage of the lower electric
energy rates available from many utilities.

The ting cycle of the arrangement illustrated by Fig.

Air-to-Air Heat Pump Cyde*

The well water ean be supplied directly to the d
and chiller instead of by means of an exchanger, as illustrated
by Fig. 1, thus el one heat fer surface. This
direct supp\y of well water in this manner is generally used
on small systems, but may be used on larger systems, pro-
viding the well water is chemically acceptable and does not
unduly the heat & fer surfaces.

The operation of the air-to-liquid cyele shown for Fig. 2,
is identical to that described for the well water system of
Fig. 1, except that outdoor air instead of well water is the
heat source and heat sink.

Fig. Smwuthehmtsoumemdhmtmk and as the
heating and cooling medium, by changing the tion of the
refrigerant flow.

The use of direct-expansion type heat transfer sur{aces in
this manner will also provide either independent or simul-
taneous heating and cooling. Also, the heat removed from
areas requxrmg cooling may be transferred to the zones need-
ing heating in a similar manner to that described for the in-
direct systems. One advantage of the direct type system is
the elimination of the additional heat fer surfaces. This
advantage may be offset in some installations by the pre-
cautions which must be observed to assure proper refrigerant
flow and to obtain the desired capacity modulation. Each
installation must be evaluated to determine which cycle is
the most practicable and, at the same time, provides the most
satisfactory performance. Such an analysis part.icularly ap-
plies to a multi-zone installation or to a system in which the
heat source and heat sink equipmént must be located a con-

iderable di: from the
A further 1mpn)vement in etﬁcxency with a eormpondmg
lower op cost freq can be achieved by incor-

pomtmgaswmgetankmthesystem aslllustnwdbyﬁg 4.
A doublecircuit condenser (two sets of tubes in a single
shell) is used to avoid contaminating the heating circuit with
dirt from the cooling tower circuit and, at the same time, to
localize the cooling tower water treatment and to enable main-
taining independent water pressures in the two circuits. In this

4 is similar to that described for Figs. 1 and 2, except that the
excess heat from the structure either can be transferred to the
storage tank, or rejected to the cooling tower. Generally, the
modulating valve in the condenser circuit maintains s pre-
determined supply water temperature to the zone units. As
the water temperature rises above this setting, the valve is
positioned to divert the warm water to the top of the storage
tank and to use the lower temperature make-up water from
the bottom of the tank. When the excess heat from the strue-
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Fig. 4 .... Heat Pump Redaiming Cyde®

Heat Pump Systems for Air Conditioning

ture can no longer be transferred to the storage tank, the
second condenser pump is operated and the excess heat is ré-

jected to the cooling tower. During periods when more sup- -
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sor ity, or the suppl { heat, is g Hy used only
in the winter weather and, quently, will have a

low usage factor. Each of the two poss:b\htm must be evalu~

p]cmen(x-l heat is needed than that available from the i

ated to d ine the most

ares, the 3-way valve in the condenser circuit is positioned to

use the warmer water from the stomge tank. When the tem-~

ture of the storege tank water is reduced below a level
that is no longer apphcablz for direct heating, the 3-way
modulating valve in the chiller circuit can be positioned to
use the stored water as the heat source. A considerable
quantity of additional heat can be recovered from the storage
tapk water by reducing its temperature to 40-45 F. The same
operating cycle ean be used to provide off-peak storage of cold
water durmg the summer periods.

EQUIPMENT SELECTION
The heat source and heat sink mrfaces heating and cooling

surfaces, and q are sized and
selected m weordanoe with cumant refrigeration and air-
conditioning di d in Ch 28, 32, 33, 34,

36, 39, and 41 of the 1961 Gume AND Dara Boox. The ca-
pacity of the system must meet both the design hestmg and
coohng requirements. Normally, the refrigeration equipment
is first selected to meet the cooling load and then checked with
mheauugloadtnseezfthe ,' ture lift and

Heating and Cooling Load Estimates

Renlistic winter outdoor design p should be
selected in order to obtain authentic heating requi s
and to p t installation of oversized 1 1 heating
equipment.

The winter design temperatures given in Columbp 6, Table 2,
Chapter 25 in the 1961 Gume AND DaTa Book, should be
used unless experience and more authentic data for the par-
ticular locality are available. The experience of some utility
companies has shown that values selected from Col. 7, Table 2,
Chapter 25 of the 1861 Guipe Axp Data Boox, will give
satisfactory results.

The use of heavily conservative heating requirements and
lowermg (.he nightly mdoor temperature are nof recom-

the dditional heating it
would unnecessarily increase both the first md operatmg
costs of the system. Instead, considerstion should be given to
the use of operating cycles employing auxiliary equipment to
provide higher operating efficiencies, and to all means of load

balance can be obtained fully as a heating
system (see Chapter 58 of the 1961 GUine AND Data Boox)

Supplemental Heating

The heating needs may exceed the capacity avzilable from
equipment selected for the cooling load, particularly if out—
door air is used as the heat source. When this di

1. Employing the i jeal amount of insuiation
with proper vapor barrier in sidewalls, ceilings and floors of &
structure. Windows and doors should at least be weatherstripped
and properly caulked, and in most areas of the country storm
windows and doors, ar the equivalent, can be justified.

2. Utilization of available, dependable heat sources within the
str‘;muuv? such as lights, motors, heat producing machinery,
and people.

ically closing the outdoor air intakes during mg&’tﬁi

oecurs, ennsldemtwn must be gwen to I | beati kends and otber ods, 50 that the heat loss
or to additi p! p . The additional compres-  be limited to tn.nsmxssmn a.nd tmuan
4. Proper selection of the the ventila-
. OUTOOOR HEAT TO INDOOR ?-wn air load isan &ppreclable parv.of the mm msmnble ventila-
SOURCE~ $INK COIL at CONDENSE R~ COOLER out
- Pt nboulr]' be nelected Mmunum qun.nuues of ¢ ouﬁdoor air m'! even
—

CORPRESSOR W02 COMPRESSOR MO
EINGLE STAGE CODLING NRE STAGE COOLIXG
LOW STAGE MEATING HIGH STRGE HEATING

NOTE: WLVE 10PEN TO PROVIDE TWO-STAGE OPERATION

odors in the aunosphem dm: tos hxgh percent of hydmgen
gulfide, smog, and other ‘-‘-8'3

processes. It has been found that phym:al and clnumm! odor
removal units, such as with a
conveptional or electric air filter, are eﬂecuve in purifying and
removing odor causing substances (see Chapter 10 in the 1961
Gum= ANp Dara Boox, and Chnpt.er b::duximlm) The

resulting in eavings in both first cost and operating cost.

Reciprocating or Cenh'ifugul Compressors

Both the reci I types of
can be used for the oentml plnnt type of heat pump system.
Present available experience does not permit an evaluation of
the exact size for shifting from one type to the other.

Most sir source installations have employed single stage .

Some Postitie Compressar Combinafionz

Low Stege High Stage

reciprocating ©Ompressors, but also the use of multistage’

has i . The two-stage compound com-
prmswn system is particularly applicable in the extremely
northern climate where the frequent occurrence of low out-
makes the single stage system impracti-

cable. In “the two-stage arrangement shown in Fig. 5, the

door
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i C Centrifvgad

* Provides two-stoge compownd compression for fow cuidoor ir fem-
Perciures.

Air Source Heat Pump with Series-Parallel

Rg. 5. ..
! Compressor Arrangement®

can be used in parallel during the cooling-cycle
and in series during the heating cycle. The mmn advantage of
staging is the 1 smaller heat t-sink surface
(due to the larger possible air-s re{ngemnt temperature dif-
ference) and the proportionally smaller auxiliaries needed to

provide a given heatmg effect at the lower outdoor tempera-
tures. At an outd of i ",15—2017
the performance of the two-et.nge and smgle stage systems is




