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The present invention relates to a method and appa 
ratus for improving the performance of heat pumps dur 
ing cold-weather operation. More particularly, the pres 
ent invention relates to improvement of efficiency of heat 
pumps which comprise a compressor, an evaporative coil, 
and a condensing coil by providing a source of heat for 
Said evaporative coil during use of said heat pump at low 
temperatures. 
The heat pump has obtained broad recognition as a 

year-around source of air conditioning, providing cooling 
in the summer and heating in the winter. These heat 
pumps operate on a closed cycle, compression based re 
frigeration system which includes a compressor, an evapo 
rative coil, a condensing coil, and a refrigerant. In the 
operation of these heat pumps, the refrigerant is com 
pressed, liquefied by heat exchange with an air current 
which is thereby heated, and the liquefied refrigerant is 
allowed to vaporize through a choke valve into an evapo 
rative coil which is contacted by a second stream of air 
which is thereby cooled. The evaporated refrigerant is 
recycled through the compressor for liquefaction and a 
repetition of the above-described process. The heating 
capacity of a heat pump is sensitive to ambient tempera 
ture conditions, falling off rapidly with lower ambient 
temperatures. This is due to the decrease in temperature 
differential between the air passing across the evaporative 
coil and the temperature of the liquid vaporizing there 
within. In the prior art, for operation at extremely low 
temperatures, it has been necessary to supplement the 
heat pump with an electric resistance heater piaced in the 
stream of air circulated inside the building being heated, 
or to utilize gas heaters placed within the building and 
normally vented to the atmosphere because of building 
code requirements. Either alternative is an expensive 
expedient in that electrical energy is an expensive source 
of heat in most areas, and the requirement of venting for 
gas heaters placed within inhabited buildings involves a 
great loss of heat in flue gas which is exhausted to the 
atmosphere. 
The present invention obviates the use of these sup 

plement, heating means within the building being heated 
by providing heating means for the evaporative coil of 
the heat pump. This source of heat may be a gas or oil 
burner, the exhaust gases from a gasoline-driven engine 
used to operate the compressor of the heat punp, circu 
lating water from the jacket of such gasoline engine, ex 
haust steam from a steam engine used to drive the com 
pressor, including turbine-driven compressors which are 
themselves driven by steam, or any other scurce of heat 
which may be availabie for use. 
By the practice of the present invention, all combus 

tible fuels may be kept out of the space being heated, 

10 

5 

20 

30 

35 

45 

50 

60 
thereby complying with building code requirements and 
providing safe operation while avoiding losses of heat 
due to venting of flue gases. Further, during the op 
eration of a heat pump at low temperatures, it has fre 
quently been necessary to make provision for defrosting 
the evaporative coil periodically in order to remove con 
densed and frozen moisture which collects upon these 
coils during the heating cycle. By the practice of the 
present invention, such provisions for defrosting are no 
longer necessary and the entire defrosting concept can 
be eliminated. - - 

In the use of the present invention, wherein substanti 
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ally total recycle of the heated gases within the evapo 
rator housing is utilized, heat losses are minimized and 
approach those of gas-fired space heaters utilized without 
venting. Thus, although nonvented space heaters are for 
bidden by ordinance in most cities, the eficiency asso 
ciated with nonvented space heaters may still be obtained 
by using a heat pump modified in accordance with the 
present invention. Thus, it is apparent that the heat 
pump, by incorporating the present invention, is made 
practical for use in even the most extreme of cold climates 
rather than being limited to mild climates as is presently 
the case. 
As an indication of the diminution of heating capacity 

in a commercial heat pump as the ambient temperature 
declines, the following information set forth in Table 
relates the heating capacity and compressor watts to the 
ambient temperature at which the heat pump is operating: 

Table I 

Outdoor Temperature, degrees Heating Compressor 
Capacity Watts 

12,500 2,000 
16, 400 2, 190 
2,800 2,400 
28, 600 2,620 
35,700 2,850 
42,500 3,130 
49, 600 3,480 

In order to illustrate more fully the concept of the pres 
ent invention, reference is directed to the drawings 
wherein: 

F.G. 1 is a representation of a split-unit heat pump 
wherein the compressor and one coil are located outside 
the building being heated during the winter and cooled 
during the summer; and 
FIG. 2 is a schematic representation of an automatic 

control system for operating the valves to insire full 
recycle of the air within the coil housing in response to 
the temperature of the ambient air. 

Referring now to FiG. 1, there is schematically set 
forth a heat pump utilizing the present invention. In 
FiG. 1 the heat pump is made up of a compressor 60 
communicating by way of line 9A, four-way valve 502, 
and line E93 with a condensing coil 864 wherein heat is. 
transferred to the air flowing within a building duct 46 
by means represented schematically by fan (45. Coolant 
is passed from the condensing coil 04 by way of line 
305 into an evaporating coil 96 and from thence by 
way of line 167 and four-way valve 102 into line 108 
for return into the compressor i09. The compressor 
168 is shown as being driven by an internal combustion 
engine is, although it might suitably be driven by an 
electric motor, a steam engine, a steam turbine, or other 
motive means. The evaporating coil 105 is shown as 
being placed within a housing is 1, comprising an air 
inlet AE2 controlled by valve E3, the air being passed 
through the housing and over the evaporative coil 96 by 
means of fan 14. The air is passed from the housing 
by way of outlet 15. Recycle duct means 16 are pro 
vided whereby during very low temperature operation, the 
valve 13 may be substantially closed and valve 17 which 
serves both outlet 5 and recycle duct E6 is substan 
tially closed, leaving only so much clearance as is re 
quired for the circulation through the housing of suf 
ficient oxygen to support combustion when a gas or fuel 
oil fired flame is used as a source of heat. During cold 
temperature operations, the cooling water from the in 
ternal combustion engine R10 is circulated by way of 
lines 20 and 125, pump i22 and line A23 to a heat trans 
fer radiator 124 within the housing and in the path of 
circulating air before it contacts the evaporative coil 106. 
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The cooling water is returned by way of line 125 into 
the jacket of the engine E0. During Summer operations 
when the additional heat is not desired, or in winter but 
when the heat load on the heat pump is less than its 
capacity at ambient temperatures, all or a portion of the 
water may be circulated through external radiator 27 for 
providing sufficient cooling for the internal combustion 
engine. The amount of water circulated through the radi 
ator 124 may be controlled by a heat responsive element 
129 which actuates a valve 130 within the circulating 
water line in order to control the amount of heat deliv 
ered to the inside of housing ii. Supplementary to 
the circulating water from the internal combustion engine, 
where the amount of heat abstracted from the circulating 
water is insufficient, a burner 132 is supplied with gas by 
way of line E33 controlled by valve 34. The valve 134 
is controlled by a temperature responsive element 29 
similar to the manner in which valve 30 is controlled. 
The amount of heat supplied by the gas burner 132 may 
supplement the heat available from the engine 110 or may 
be in lieu of the circulating water source above described. 

Eouring cold weather operation, assuming that the gas 
burner is necessary to provide at least a portion of the 
heat required, the valves 113 and 117 are moved to the 
dotted line position shown in FIG. 1, under which condi 
tion the air circulated through the housing 1i will be 
sufficient only to supply the oxygen needed for combustion 
of the gas burned, and a partial recycle stream of air is 
provided. It should be noted that when the heat supplied 
by the circulating water from the motor 10 is sufficient : 
to supply the heat load for the heat pump, the valves 113 
and 15.7 may be completely closed, resulting in a full 
recycle of air within the housing 111. 

Under these conditions, the heat pump operates merely 
as a means for transferring heat from the gas burner or 
internal combustion motor into the building to be heated. 
Since the housing 111 normally will be supplied with in 
sulation, the amount of the heat lost into the atmosphere 
is negligible and is comparable in degree to the minor 
heat losses which are experienced with the use of Space 
heaters not vented to the atmosphere. Thus, the advan 
tages of a nonvented space heater are obtained without 
the danger of suffocation or asphyxiation of persons with 
in the building being heated, and in full compliance with 
city ordinances. Further, defrosting of the evaporative 
coil is no longer required. 

It should be recognized that when a steam-driven prime 
mover is used instead of the internal combustion engine 
10, exhaust steam may be circulated through the radiator 
124 for supplying heat to the heat pump. Likewise, 
where an electrical prime mover is used instead of en 
gine 110, the gas burner 132 will provide all of the heat 
for the heat pump. and the valves 7 and 113 will be 
only partially closed in providing recycle operation. 
The recycle operation above described is particularly 

useful at extremely low ambient temperatures, wherein 
the temperature difference between ambient temperature 
and the temperature downstream of the evaporative coil 
becomes quite low. For example, at temperatures below 
about 30° F., the air circulating across the evaporative 
coil 106 in once-through operation may be insufficient to 
provide more than a nominal amount of heat, considered 
apart from that heat added by the gas burner. Assuming, 
for example, that the heat pump is being operated at a 
heat load of about 35,700 B.t.u. per hour, with the tem 
perature upstream of the evaporative coil 106 being main 
tained at 40° F. by the addition of extraneous heat from 
radiator 124, the temperature downstream of the coil 
being 28.5 F., and assuming that the ambient tempera 
ture is 28.5, no heat will be abstracted from the ambient 
air circulating through the housing. This is so because un 
der the conditions stated, the temperature downstream of 
the evaporative coil is equal to ambient temperature, and 
no net loss in heat content or enthalpy will be experienced 
by the air in its passage through the housing. Since the 
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downstream temperature will remain at 28.5 if the up 
stream temperature is maintained at 40 F., as the ambient 
temperature drops below 28.5, a net loss of heat to the 
ambient atmosphere will be experienced by reason of 
the difference between the 28.5 F. discharge temperature 
and the ambient temperature. Assuming an ambient tem 
perature of 18.5, it will be seen that a 10 F. difference 
in temperature between the exhausted air and ambient 
atmosphere will be suffered and that the heat in the dis 
charged air representing the 10 difference will be a net 
loss to the system. Under these conditions, a substan 
tially total recycle of the air within the housing will limit 
the heat loss to the atmosphere to that amount of air 
which necessarily must be circulated in order to provide 
oxygen for combustion of the heating fuel. 

Therefore, it is preferred to operate the heat pump of 
the present invention under substantially total recycle 
of air within the housing 111 when ambient temperature 
is equal to or below that down-stream of the evaporative 
coil under full load. 

Referring now to FIG. 2, there is schematically shown 
a system whereby automatic control of the recycle fea 
ture may be controlled by ambient temperature. In the 
schematic diagram shown in FIG. 2, the housing 211, 
similar to housing 11, is provided with valves 213 and 
27, similar to the valves 113 and 117. The valves 213 
and 27 are movable between fully open positions and 
a substantially closed position as shown by the dotted 
lines in the diagram by moving means indicated by the 
boxes 218 and 220. These means 218 and 220 may 
comprise two position solenoid type movers or other type 
two position motors supplied with suitable linkages in 
order to move the valves 213 and 27 in the desired man 
ner. These linkages may include bell cranks and push 
rods, ratchets and ratchet gears, etc., all is is well known 
in the art. The particular linkages form no part of the 
present invention. The ambient atmosphere is sensed 
by a temperature responsive means 222, and upon the 
ambient temperatures becoming lower than the set point, 
the means 218 and 220 are actuated in order to move 
the valves 213 and 27 to the positions shown in the 
Solid lines. As ambient temperature rises above the set 
point, the movers 218 and 220 would move the valves 
213 and 27 in the positions shown by the dotted lines. 
The temperature set point would be related to the tem 
perature downstream of the evaporative coil 206, under 
full-load conditions. It could be this temperature ex 
actly, or 1 or so above that temperature in order to 
avoid loss of added heat to the atmosphere. The heater 
232 is controlled by temperature sensitive means 234 
which controls the valve 236. It should be understood 
that a pilot light will be provided in order to maintain 
a means for lighting the valve 232 should the gas flow 
be shut off completely by valve 236. The override 
means 224 positioned in the circulating air duct 205 may 
be provided to reset the temperature responsive means 
234 to a higher temperature, providing a larger tempera 
ture difference between the circulating air within housing 
211 and the liquid within the evaporative coil 206 and 
thereby increasing the flow of heat into the condensing 
coil 206 for transmission into the flowing air within duct 
205. Thus, a dual control system is provided which will 
maintain temperatures within the comfort range within 
the building being heated while maintaining a recycle 
air stream within the duct 211 at ambient temperatures 
which require this recycle stream for optimum efficiency. 

It should be noted that the system set forth above 
is applicable not only to the split unit type of heat 
pump as is shown in FIG. 1, but also to the combined 
unit which is contained in a single housing, which would 
merely mean an adaptation of the heating means to 
provide heat adjacent the evaporative coil. It might 
also be noted that during summertime operation, the 
heating system of the present invention is inactivated, 
the valve 102 would be rotated in order to change the 
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direction of coolant flow, in which case the coil 165 
would become the condensing coil and coil it 4 would 
become the evaporative coii. This would provide for 
cooling within the building duct 46. 
By means of the invention as above set forth, a 

process for increasing the efficiency of heat pumps at 
low ambient temperatures has been provided, which 
comprises supplying additional heat to the air stream 
upstream of the evaporative coil whereby the "apparent' 
ambient temperature is raised above that actually obtain 
ing. It has been shown that by the practice of this. 
process, the capacity of a heat pump may be maintained 
near an optimum, and heat losses to the ambient atmos 
phere are minimized. Accordingly, therefore, the proc 
ess of increasing the efficiency of a heat pump and the 
apparatus therefor, as set forth above, should be imited 
not by the specific examples given, but rather by the scope 
of the appended claim. 

i claim: 
In a heat pump system comprising a first duct con 

taining a condensing coil and means passing air there 
over, a compressor, an evaporating coil, and means fluidly 
connecting said compressor, said condensing coil, and 
said evaporating coil for circulation of a refrigerant in 
a closed system, 

the improvement which comprises a housing having 
an air inlet and an air outlet, 

wall means interiorly dividing said housing into a 
main duct and a recycle duct, said wall means ter 
minating proximate to said outlet, 

said evaporating coil being located in said main duct, 
means for circulating air through said main duct and 

said recycle duct, 
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heating means in said housing, 
first valve means associated with said air inlet and 

movable to an open position and a closed position, 
second valve means associated with said air outlet and 

movable to an open position whereby said recycie 
duct is closed and said outlet is open, and to a 
closed position whereby said recycle duct is open 
and said outlet is closed, 

first temperature sensing means located exteriorly of 
said housing, 

means responsive to said temperature sensing means 
to move said first and second valve means to said 
closed positions over said air inlet and air outlet 
thereby opening said recycle duct means at a pre 
determined lower ambient temperature, and to said 
open positions over said air inlet and air outlet 
thereby closing said recycle duct means at a pre 
determined higher ambient temperature, 

second temperature sensing means in said first duct, 
third temperature sensing means in said housing up 

stream of said evaporating coil, 
and means responsive to both of said second and third 

sensing means for controlling said heating means. 
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