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This invention relates to refrigeration appara-
tus, and relates more particularly to heat pumps
of the type used for air cooling in summer and
for air heating in winter,

Prior heat bumps for cooling air in summer
and for heating air in winter have been unduly
complicated and costly, and have required elab-
orate controls for Teversal of -operation. This
invention overcomes these disadvantages.

A feature of this invention is that the evap-
orator and condenser are arranged to have an
equal number of refrigerant paths, expansion
place in capillary tubes which are self

be wrapped around the suction pipe of the re-
frigerant compressor for superheating the gag
therein and i
capillary tubes,

Another feature of this invention is that the
tubes used as evaporator tubes. in summer are
supported directly over the tubes used at that
time as condenser tubes, and precipitate mois-
ture condensed from the air thereon for provid-
ing evaporative cooling thereof,

Another feature of this invention is that sepa-
rate fans are used with

in both the cooling and heating seasons, the fans
being so Supported that either can be' arranged
to move air in different directions, thereby en-
abling them to bhe connected to ducts extending
in different directions.

Another feature of this invention is that sim-
ple, effective contro] systems may be used, which
energize electric heaters for auxiliary indoor heat
when needed, and which -defrost or prevent the
Trosting of the evaporator tubes in the heating
season.

Another feature of this invention is that the
heat exchange tubes are centrally arranged in
supporting racks with spaces on both sides there-
of for the location of electric heaters angd filters
80 that the air flow can be in either direction
without affecting performance;

Another feature of this invention is that the
refrigerant paths are S0 arranged that the air
flow through the heat exchange tubes can be
in either direction without affecting efficiency.

Another feature of this invention is that. in
case of failure of any component, the reversing
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valve means used will operate in the heating
cycle, preventing any possibility of the heat bump
operating in the cooling cycle during the heat-
ing season.

An object of the invention is to simplify heat
bumps used for heating air in winter and for
cooling air in summer,

Another object of the invention is to simplify
the controls of heat bumps used for heating air
in winter and for cooling air in

Another object of the invention is to improve
the performance of heat pumps for heating air
in winter and for cooling air in summer,

The invention will now be described with ref-
erence to the drawing, of which:

Fig. 1 is g side elevation of a heat pump em-
bodying this invention;

Fig. 2 is an end elevation of .the heat pump;

Fig. 3'is a simplifieq flow diagram Nustrating
the refrigerant circuit in the heating cycle;

Fig. 4 is a simplified flow diagram illustrating
the refrigerant circuit in the cooling ¢ycle:

Fig. 5 is an enlarged side elevation, partially in

the heating cycle;

Fig. 6 is an enlarged side elevation of the
piston of the valve means;

Fig. 7 is a sectional view along the lines 1—1
of Fig. 5, with arrows llustrating the flow of
the refrigerant in the heating eycle;

Fig. 8 is a view similar to Fig 7 and illustrates
the flow of the refrigerant in the cooling ecyele,
at which time the piston of Fig. 5 ig depressed;

Fig. 9 is a diagrammatic view illustrating a
control circuit which may be used, and

Fig. 10 is a diagrammatic view illustrating an-
other control circuit which may be used.

The hermetically sealed, refrigerant com-
bressor {9 is supported by the resilient supports
I1 on the base channels 12 angd between the ver-
tical channels 13.

The finned heat exchanger 14 which acts as
the condenser for the compressor in the cooling
cyele, is supported from the channels 13 directly
above the compressor, and the finned heat ex-
changer 15 which acts as the evaporator during
the cooling cycle, is supported from the channels
13 directly above the heat exchanger (4. 'The
slits 18 in the cross support {7 between the heat
exchangers 14 and {5 permit moisture .con-
densed from the air during the cooling eycle on
the surface of the heat exchanger 15, to drain
upon the heat exchanger 14 so as to aid in cool-
ing it by evaporative cooling.
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The suction and discharge pipes {8 and 19
respectively, of the compressor are connected to
the reversing valve means 20 and through same
to the heat exchangers 14 and {5. The control
for the reversing valve means consists of the
three-way valve 21 operated by the solenoid 22,
and connected by the tube 23 to the discharge
side of the compressor, by the tube 24 to the
suction side of the compressor, and by the tube
2§ to the space above the piston in the reversing
valve 20.

The heat exchanger 14 comprises the three
coils 26, 27 and 28 (Figs. 3 and 4), which are con-
nected at one side through the capillary tubes 30,
31 and 32 respectively, to the three coils 34, 35
and 36 of the heat exchanger 5. The capillary
tubes contain the strainers 40. 'The heat ex-
changers {4 and 15 are connected at their other
sides through the pipes 42 and 43 respectively, to
the reversing valve 20.

The evaporator and condenser are seen to have
an equal number of refrigerant paths, the ex-~
pansion of the refrigerant taking place in each
path, through its individual capillary tube, in-

stead of through the usual expansion valves, :

which will not permit reverse flow, and which
when used in g reverse cycle system, have to have
check valves and by-pass pipes, and which are
much slower acting than the capillary tubes.
The capacity of the heat pumps may be varied by
varying the number of paths. Each path may,
ior example, provide one ton of refrigeration ef-
ech. -

The air flows over the coils of each heat ex-
changer in parallel Thus, with reference to
Tigs. 3 and 4 of the drawing, the outdoor air flows
first over the coil 26, then over the coil 27 and

then over the coil 28. 'The indoor air flows first
over the coil 34, then over the coil 35, and then
over the coil 36. Thus air flow could be reversed
when required by duct ocations without affecting
the performance of the heat exchangers.

Since the capillary tubes interconnecting the
heat exchangers are wrapped around the suction
pipe, they add superheat to the gas passing there-

through and at the same time the liguid in the
capillary tubes is sub-cooled.

The filter 163 is arranged across the inlet to
the heat exchanger 15, and the indoor air and
booster electric heaters 44 and 45 respectively,
are arranged across its outlet. The electric out~
door air heater 46 is arranged across the inlet of
the heat exchanger {4, and the screen 47 is ar-
ranged across the inlet to the heater 46.

Using the control
ing, the booster heater 45 and the outdoor air
heater 46 are not used.

The heat exchangers {4 and {5 are centrally
located between the channels 13, with space on
opposite. sides thereof for the electric heaters,
and in the case of the heat exchanger 15, for
the air flter. This permits the electric heaters
and the filter to be properly placed for air flow
in either direction.
~ The centrifugal fan 48 driven by the electric
motor 49 draws outdoor air through the screen
41, the electric heater 46 and the heat exchanger
{8, and then discharges this air back to outdoors,
this flow being in the same direction in both the
heating and cooling cycles. )

The centrifugal fan 50 driven by the electric
motor 51 recirculates indoor air through the heat
exchanger 15 and the electric
in the same direction in both
heating cycles. :

system of Fig. 9 of the draw-
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50 are contained in the racks
9 which are bolted to the channels 13, and may
be so connected to the channels that their outlets
and inlets may he reversed or so that they dis-
charge vertically instead of horizontally.

The reversing valve 20 (Figs. 5-8) comprises
the cylinder wall 52 providing a cylinder in which
is slidably positioned the piston 53. The coil
spring 54 is between the bottom of the piston and
the base 55 of the valve and opposes down Inove-
ment of the piston. The base is secured to the
cylinder wall by the machine screws 56.

The removable head 571 of the valve is secured
to its cylinder wall py the machine SCrews 88,
and has the aligning pin 59 attached thereto and
which extends glidably into the piston for pre-
venting its rotation. The head has an inlet open-
ing in its center in which is threaded the cou-
pling 60 to which the tube 25 (Fig. 1) is con-
nected. .

The cylinder wall has connected thereinto in-
termediate its ends, the pipes 43, 18, 42 and 19.
The piston §3 has the lower siot 88 therein which
{ines up with the inner ends of the pipes 42 and
{9 when, during the heating cycle, the piston is
in its normal upper position illustrated by Figs.
5 and 7, permitting fluid to How through these
pipes in the direction indicated by the arrows of
Tig. 7. The piston also has the lower slot 68
which lines up at this time with the pipes 43 and
18 permitting fluid flow through these pipes in
the direction indicated by the arrows of Fig. 7.

The piston has the upper slots 66 and 87 which
extend at right angles to the slots 64 and g§5. The
slot 66 lines up with the pipes 43 and 19 when,
during the cooling cycle, the piston is depressed
under the pressure of the fluid admitted by the
solenoid controlled valve 2{ (Fig. 1), and permits
fuid to flow through these pipes in the direction
indicated by the arrows of Fig. 8. At this time
the slot 67 lines up with the pipes 18 and 42 per-
mitting fluid to flow through these pipes in the
direction indicated by the arrows of Fig. 8.

Operation—Fig. 9

In the operation of the heat pump using the
control scheme {llustrated by Fig. 9 of the draw-
ing, the operator by placing the switeh 70 on its
first contact Ti closes the circuit energizing the
indoor air fan §0 from the electric line. Placing
the switch on its second contact 72 closes a circuit
connecting the relays 13
line, to the other side of which the indoor ther-
mostat 15 is connected. If the thermostat is in
middle position only, the indoor air fan operates
and provides ventilation without either heating
or cooling. ;

1f the thermostab calls for cooling aft, for ex-
ample, 78° F. it will touch the contact 16 corn-
pleting the energizing circuit of the relay 13,
causing it to pull up its armatures 1T and 18.
The armature T1 will strike the contact 79 and
connect the solenoid 22 across the line, causing it
to be energized and to admit gas from the com-
pressor 10 into the reversing valve means 20,
causing the piston 53 to be depressed and to route
the fluid flow as illustrated by Figs. 3 and 8. At

The fans 48 and

. 'the same time the armature 18 will strike the

70

‘heaters 44 and 45
‘the cooling and &It
o5 sure cut-out 88 of the compressor 10, = %"

contact 80 and will close the energizing cireuits
of the relays 81 and 82, which circuits include
the normally contacting armature 83 and contact
84 of the relay 85. The energizing circuit of the
rélay 81 also includes the normally contacting
armature 86 and contact 8T of the high-low pres-

and 14 to one side of the -
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The relay 8F then pulls up its armature g9
against the contact 90 and closes the energizing
circuit of the compressor 0. At the same. time,
the relay 82 pulls up its armature 94 against the
contact 92 closing the energizing ecireuit of the
outdoor air fan 48,

The heat pump. is then in full operation in its
cooling cycle, the refrigerant flow being illustrated
ig. 4 of the drawing. 'The compressed: re-
frigerant vapor from - the compressor is cooled
in the condenser 14 over which the fan 43 moves
outdoor air; and is liguefied. The liquid refriger-
ant is then expanded through the capillary tubes
30, 3t ang 322 into the evaporator 15 which ab-
sorbs heat from the indoor air moved thereover
by the fan 50,

When the thermostat 15 ealls for heating, at
for example; 72° ¥ while the switch T¢ is on its
second contact 72, it will close the circuit in-
cluding the contact 93, the relay 14 angd the elec-
tric mains, causing the relay 74 to be energized
and to pull up itg armatures 85 and 96, The ar-
mature 85 will then strike the contact 97, closing
energizing circuits for the relays 8i and 82,
causing the compressor and outdoor air fan ‘to
operate,

At this time, the solenoid 22 is deenergized so
that the piston of the reversing valve means 2§
rises and routes the refrigerant in the heating
cycle as illustrated
the heat exchanger i5
and the heat exchanger
rator.

The armature 96 at the same time strikes the

acting as the condenser
14 acting as the evapo-

contact 98 partially closing the deenergizing eir.

cuit of the relay 29, The low level, indoor ther-
mostat 108 completes the energizing circuit of
the relay 99 if the operation of the heat pump
does not provide sufficient heating, and the in-
door temperature falls
causing the relay 99 to be energized and to pull
up its armature (92 against the contact {63 and
closing the energizing circuit of the indoor air
heater 44.

While the load
heat pump, the thermostat 75 win cycle the com-
bressor and outdoor air fan, If the heat load
exceeds the capacity of the heat bump, the ther-
mostat {86 will cycle the indoor heater 44 while
the heat pump operates continuously.

If frost forms on the heat exchanger {4 dur-
ing the heating cycle, the frost switch 105 which
may be in contact with Same, or responsive to g
bressure drop resulting from frost therein, will
strike its contact 188, closing the energizing eir-
cuit of the solenoid 22, causing the reversing
valve means 28 to switch from the heating tq the
cooling cycle, and causing the heat exchanger 14
to operate as the cendenser and to heat up suffi-
ciently to melt the frost, following which, the
switch {185 opens and the cooling cycle is changed
back to the heating cycle. The outdoor air fan
continues in operation at this time since the out-
door air will normally be at a higher temperature
than the heat exchanger (4 when frost forms on
it.

Should the -outdoor temperature drop- to g
point at which the heat pump cannot supply
heat, the outdoor thermostat 107 win strike its
contact 198, closing the energizing cireuit of the
relay 25, causing it to pull up its armatures 83
and (99. The armature 83 will then leave the
contact 84 and aopen the previously described en-
erglzing cireuit: of the compressor and outdoar
air-fan, causing them to ceage operation. - At the

by Fig. 3 of the drawing, with «

to, for example 68° F, s

is within the capacity of the -

10

15

same time, ‘the armature. 108 will strike the con-
tact £10-and close the -energizing eireyit of the
which will -pull up its armature 102
against the contact |03 and close the energizing
circuit. of the indoor air heater 44, The heater #4

and 99,

The- control system. -deseribed in the foregoing
thus provides automatic switchover from venti-
lation to heating or cooling ag required; provides
automatic protection against ice formation on
‘ during the heating cycle; provides
automatic change. over from heat bump opera-
tion to electrie heat operation should the out-
door temperature fall too low for heat pump op-

" eration to be practieal, and brovides automatic

20

,,,,,

30

a5

a0

Supplementary, electric heat if necessary, dur-
ing the. operation. of the heat bpump during the
heating cycle.

Opergtion—Fig. 10

In the operation of the control system illus-
trated by Fig. 10 of the drawing, the operator
closes the switch (12 to energize the indoor air
fan 50 and to place the heat pump in aperation
I either cooling oy heating is required. If the
indoor thermostat [ 3 is satisfied within the
range of say 72° P, to 78> F., the indoor fan alone
Operates and provides ventilation without heat.
ing or cooling, If the thermostat ({3 calls for
cooling, at say 78° B, its-armature |14 will strike
the contact 115, closing the energizing cireuit of
the relay (16 which ‘will then pull up its arma-
tures 117 and (18, At this time the armature 118
strikes the contact |19 closing the energizing cir-
cuit of the solenoig 22, eausing it to place the re-
versing valve means 20 in cooling position, At
the same time, the armature LT strikes the con-
tact 120 closing the energizing cireuit of the re-
lay 121, the contacts of the high-low-pressure

the relay 134 touching the con-
tact 135 at thig time.  The relay 121 then pulls
up its- armature (23 against the contact 124,
closing the energizing circuits of the compressor
{8 and of the outdoor airfan48.

If the indoor temperature falls to 72¢ B so
that the thermostat {13 calls for heat, its arma-
ture {44 first strikes the eontact 125 closing the
energizing cireuit of the relay 128, causing it to
pull'up its armatures {27 and §28. The armature
128 then strikes the contact 129 closing the ener-
gizing circut of the relay 121 which pulls up its
armature 123 against the contact {24 and elos-
ing the energizing circuits of the compressor {5
and of the outdoor fan £8. The solenoid 22 is not
energized at this time so that the reversing valve
means 28 is in the heating position. A the same
time the armature 127 strikes the contact £30
and partially completes the energizing cireuit of
the relay 132, the energizing winding of which
is connected in series with the armature {55 and
contact (56 of the relay 135, and is energized
when the relay (35 pulls downt its armature § B3 as
will be deseribed Iater.

the relay (38 causing it to pull up it armature
£33 against its contact 140 and closing the ener-
gizing circuit of the booster; electrie indoor heg~

cor 4§, -

“The autdoor air thermgétat? (41 has.its aria-
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ture 142 and contact 43 connected in series with
the energizing winding of the relay {144, and when
the outdoor temperature falls below & predeter-
mined temperature, which may be 38° ., the
armature 142 strikes the contact 143 closing the
energizing circuit of the relay 144, the relay ar-
mature 133 touching its contact 134 at this time.
The relay {44 then pulls up its armature 145
against its contact 1486, closing the energizing cir-
cuit of the outdoor air heater 48, which adds
heat to the outdoor air passing over the evapora-
tor and enables the heat pump to work at 2
higher capacity. This action may be understood
by the following example. Without adding heat
to the outdoor air passing over the evaporaior,
the outdoor air could, for example, enter the
evaporator at 40° 7., and be gooled thereby to
320 P, at an evaporator temperature of 25° F.
If heat is added to the outdoor air, say 25% of
that required, then the outdoor air could leave
the evaporator at 34° ., at an evaporator tem-
perature of 27° ¥, Thus there would be more
capacity by a difference of 2° P. evaporator tem-
perature. There would be no frost and there
would be & coefficient of periormance greater
than one as long as the air leaving the evapora-
tor is not warmer than the outdoor air.

If the outdoor temperature Grops to a still
1ower predetermined temperature which may be
28° ., one at which adding electric heat by the
ocutdoor air heater 46 joses its value, the arma-
ture (59 of the outdoor thermostat 141 strikes
the contact 154 completing the energizing civcuib
of the relay 135 causing it to pull up its armature
{33 away from the contact 134 and to open the
energizing circuit of the relay i2i and thereby
open the energizing circuits of the compressor
and the outdoor air fan.

A% the same time the relay 144 is deenergized,
causing the energizing circuit of the outdoor air
hester to be opened.

At the same time the relay 135 pulls down its
armature 155 against the contact {66 and com-
pletes the energizing circuit of the relay 182
which then pulls up its armature {52 against the
contact 153 and closes the energizing cireuit of
the indoor air heater 44. The operation of the
heater 44 is controlled by the indoor thermostat
through the relay 126.

The indoor thermostat will cycle the heat pump
during light heating joads, will cycle the hooster
indcor heater while continuing the operation of
the heat pump during heavier heat loads, and
will eycle the booster peater during the opera-
tion of the main indoor heater when the outdoor
temperature requires that the heat pump be shut
down, and the heat from the main indoor heater
is insufficient.

Advantages of the control system of Fig. 10 are
that defrosting is never necessary since no frost
is ever formed; with limited electric heat at the
heat exchanger 14, more R. t. u.’s per watt inpub
are obtained when heating with the heat pump
at low outdoor temperatures, and indoor booster
electric heat is always available for providing
modulated heating when either the heat pump
or the indoor heater is in operation.

Since the normal position of the reversing valve
means 20 is for heating cycle operation, it wiil
return to this position upon failure of any com-
ponents which might otherwise result in the con-
tinuous operation of the heat pump in the cooling
cycle, during the heating season. While  this
might also result, under some conditions, in the
operation of the heéat pump in the heating cycle®
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during the cooling season, this is far less serious
than where the heat pump would operate in the
cooling cycle during the heating seasoll, causing
damage to health and freeze-up of equipment.

cince the heat exchangers {4 and {5 are located
in vertically sxtending racks over the compressor,
the space required by the heat pump is reduced,
piping is simplified, and drainage of the refrig-
erant back to the compressor is expedited. - Lo-
cating the heat exchanger 13 which functions
as the evaporator in the cooling season, directly
over the heat exchanger {4 which functions as
the condenser at that time, not only enables con-
densate to drip on the condenser as previously
referred to, but faciltates the connection of ducts
to the spaces supplied with conditioned air, sinece
these can be extended over the outdoor air duct
as required, without cross-overs. BY mounting
the indoor and outdoor air fans on the exterior
of the rack, they can be placed on either side
thereof for moving the indoor and outdoor air in
desired directions.

It should be understood, of course, that the
invention is not limted to the exact apparatus
and arrangement of apparatus illustrated, since
modifications thereof may he suggested by those
skilled in the art without departure from the
essence of the invention.

What we claim as our invention, is:

1. In a heat pump having an indoor air heat
exchanger, an outdoor air heat exchanger and &
refrigerant compressor, the combination of re-
frigerant reversal valve racans comprising & cyl-
inder having an inlet pord connected to the dis-
charge side of said compressor, and having an
oppositely disposed outlet poYL connected to the
suchion side of said COmMpIressor, said eylinder
having a third port and having a fourth port
jocated opposite eaid third port, gaid third and
fourth ports being jocated between said iniet and
outiet ports, said third port being connected 1o
one end of said outdooer air heat exchanger, said
fourth pert being connected to one end of said
indoor air heat exchanger, mesans including re-
frigerant expansion means connecting the other
ends of said heat exchangers, 2 piston slidable
in said cylinder from & first to a second position,
said piston having 2 first transverse slob aligned
with said inlet and fourth ports when said pis-
ton is in said one position whereby gas Dpasses
from said compressor through said inlet port,
said slot and said fourth port into said one end
of said indoor air heat exchanger, said piston
having a second transverse slot spaced trans-
versely of the piston from said first slot and
aligned with said outlet and third ports when
said piston is in said one position whereby gas
flows from said one end of said outdoor air heat
exchanger through said third port, said second
slot and said outlet port to said suction side of
said compressor, sald piston having a third trans-
verse slot spaced jongitudinally of the piston from
azid first and seeond slots, sald piston having a
fourth slot spaced transversely of the piston
from said third slot, said piston being slidable to
said second position where said third slot s
sligned with said inlet and third ports and said
fourth slot is aligned with said outlet and fourth
ports whereby discharge gas from said compres-
sor passes through said inlet port, said third slot
and said third port into gaid one end of said
outdoor air heat exchanger, and gas from said
one end of said indoor air heat exchanger passes
through said fourth port, said fourth slot and
said outlet port to said suction side of said com-
pressor, and means for moving said piston 1o
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piston, and in which means is brovided for bias- 5

said first position.

3. The invention claimed in claim 2 in which
the biasing means is a spring acting against one
; in which means including a

JOHN L. DITZLER,
GERALD L. BIEHN.
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