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ABSTRACT: A housing unit has an air intake at one end and 
hot and cold decks at the opposite or output end. To cool and 
dehumidify all incoming air, an evaporator coil is placed in the 
housing assembly near its inlet end. A reheat coil is located 
downstream in the hot deck section of the housing, and ar 
ranged to be in series with and normally act as a part of a con 
denser coil. The reheat coil is thus supplied with a flow of 
refrigerant emanating from the condenser coil. The exchange 
of heat, in the reheat coil, heats the air passing through the hot 
deck and subcools the refrigerant before it enters the evapora 
tor coil. When higher levels of heating are required during 
periods when the furnace operation is not desired, a bypass 
valve places the condenser and reheat coils at least partially in 
parallel, and the compressor supplies some superheated 
refrigerant gas which is injected directly into the liquid 
refrigerant flowing into the reheat coil. A thermostat within 
the hot deck modifies zone thermostat command signals as a 
function of prevailing temperatures within the hot deck. 

  



Patented Nov. 17, 1970 
sheet-1 or 6 

lwVE/VTORS 23222% 

3,540,526 

  





Patented Nov. 17, 1970 3,540,526 

-2%aeaesara 

a2 /21 

  

  



3,540,526 Patented Nov. 17, 1970 

  



Patented Nov. 17, 1970 - 3,540,526 

Sheet 5 of 6 

ae 1 22 aas 
2/ 22 

2Ev 33 24a2a272/ea 
s a/Y2426 22ga sata /23-y 122 2.É. 4474/2/2 
as 2 ea a/aagaz472a's a2224624 
22 a dram-T Oves 2 
M2 42/2/ 

. O /9 
162/22 O 

N//27 %22 
e 

/ \ 

2%aez 
e27/2a 
23 ff. 22eee (1221 
122 2 C222avas 

at:46.7 223 22624 asava awaa/.   



Patented Nov. 17, 1970 3,540,526 

- - 22 azaa 
S1, 62%-2ate 292.aazeleaf 

away 
a? 

  

  



3,540,526 

ROOFTOPMULTIZONE AIR CONDITIONING UNITS 

This invention relates to rooftop, multizone air-conditioning 
units and more particularly to improved, preassembled units, 
each unit including all of the apparatus required for heating, 
ventilating, cooling, and filtering air which is pumped into the 
building. 
A preassembled rooftop multizone air-conditioning unit 

saves both interior and exterior spaces, gives flexibility in ar 
rangement and size, and provides year around heating, ven 
tilating, and air conditioning. Very often air-conditioning 
systems of the type which use these units are adapted to send 
individual mixtures of hot and cold air to each of a plurality of 
zones inside the building. The ratio of hot to cold air in the 
mixture going to any given zone is fixed responsive to the 
setting of a thermostat in that zone. The duct work, heating, 
and cooling equipment-within the unit through which the hot 
and cold air flows before it is mixed-is conventionally called 
the 'hot' and “cold" decks. The output end of the equipment 
is called the "zone mixing' area. 
The air-conditioning equipments of the described types 

maintain optimum temperatures without appreciable over 
heating, extra operating expenses, overshooting, cooling, or 
warmup. Nevertheless, some problems have been unduly 
troublesome. Among other things, the hot deck may operate 
at a higher temperature than needed for a particular heating 
load. During this time, overheating may occur because of 
leakage around zone dampers or air turbulances within the 
deck. Thus, when a zone thermostat is not calling for heat, 
there is a tendency for the system to unanticipatedly deliver 
heat. The problem of overheating may bring a demand for 
mechanical cooling and both heating and cooling systems 
must operate during periods when only one system is required. 
Other problems are that the known systems were not able to 
satisfy all of the air-conditioning load ratios imposed under 
varying conditions of occupancy and lighting, temperature 
control systems have not been able to recognize various load 
conditions, and unduly small refrigeration loads may occur if 
the system is able to use only a small percentage of the cold 
deck air flow. Those who are skilled in the art will readily per 
ceive still other problems, disadvantages, and shortcomings of 
these and other prior art systems. 

Air-conditioning systems engineers have sometimes turned 
to a so-called "reheat' system in order to solve these and 
other problems. However, at an early date, these engineers 
recognized the practical difficulties of providing reheat cycles, 
including costly heat exchange equipment and controls. 
Among other things this was because the reheat principle 
could not be used without auxiliary heating apparatus, even 
during the summer season. Since the energy released into the 
reheated air is not normally recovered in the refrigeration cy 
cle, the waste heat pumped into the systems conventionally 
require added refrigeration capacity. Therefore, known reheat 
cycles increase the refrigeration load at the evaporator and, 
therefore, increase the size and cost of the refrigeration ap 
paratus. Furthermore, a hot gas coil may cause operating 
problems if not controlled because zone dampers usually per 
mit air leakage. Control of refrigerant gas and oil flow in the 
refrigeration condensing circuit requires careful piping and 
circuit design. 

Accordingly, an object of the invention is to provide new 
and improved air-conditioning systems using reheat cycles. In 
this connection, an object is to provide superior comfort dur 
ing warm weather operation by wringing moisture out of both 
the outdoor and return air. Here, an object is to provide a hot 
refrigerant coil that puts waste heat to work and provides hu 
midity control, even in spaces requiring less than maximum 
cooling. Another object of the invention is to provide new and 
improved control over mixed air systems. Here, an object is to 
detect conditions wherein an over demand of either heating or 
cooling is likely to occur. More particularly, an object is to 
make the system respond to heating or cooling demands with 
reference to actual load conditions occurring within the air 
conditioned space, as distinguished from a sole reliance upon 
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2 
the anticipated load conditions within the space. Further an 
object is to control the ratio of fresh to returning air at the in 
take end of the unit. 

Still another object is to provide a single system for supply 
ing heat to many zones which may then be placing a great 
variety of demands for different levels of heating or cooling. In 
greater detail, an object is to provide improved controls for 
such systems. 
Another object of the invention is to reheat previously 

cooled air without wasting heat from the refrigeration cycle. 
In keeping with an aspect of the invention, these and other 

objects are accomplished by providing a housing unit having 
an air intake at one end and hot and cold decks at the opposite 
or output end. To cool and dehumidify all incoming air, an 
evaporator coil is placed in the housing assembly near its inlet 
end. A reheat coil is located downstream in the hot deck sec 
tion of the housing, and arranged to be in series with and nor 
mally act as a part of a condenser coil. The reheat coil is thus 
supplied with a flow of refrigerant emanating from the con 
denser coil. The exchange of heat, in the reheat coil, heats the 
air passing through the hot deck and subcools the refrigerant 
before it enters the evaporator coil. When higher levels of 
heating are required during periods when the furnace opera 
tion is not desired, a bypass valve places the condenser and re 
heat coils at least partially in parallel, and causes the injection 
of superheated refrigerant gas directly into the liquid 
refrigerant flowing to the reheat coil. A thermostat within the 
hot deck modifies Zone thermostat command signals as a func 
tion of prevailing temperatures within the hot deck. 
The above-mentioned and other features and objects of this 

invention and the manner of obtaining them will become more 
apparent, and the invention itself will be best understood by 
reference to the following description of an embodiment of 
the invention taken in conjunction with the accompanying 
drawings, in which: 

FIG. 1 is a perspective view of a rooftop installation showing 
the inventive air conditioner upon it; 

FIG. 2 is a top plan view of the air conditioner unit of FIG. 1 
with all but a portion of its roof broken away; 
FIG. 3 is a side or elevation view taken along line 3-3 of 

FIG. 2 showing the air conditioner unit and the location of the 
major subassemblies therein; 

FIG. 4 is a side elevation simplification of FIG. 3 which 
shows a stream of air extending from an intake mixture of out 
side and return air on the right and through the cold deck to a 
mixing zone on the left; 

FIG. 5 and 6 are similar to FIG, 4 showing the mixing of air 
from hot and cold decks and the flow of air through the hot 
deck, respectively; 

FIG. 7 is a schematic view of condenser, reheat, and 
evaporation coils-together with the compressor and certain 
valve and sensing arrangements-used to control the 
refrigerants in the coils; 
FIG. 8 is a simplified form of FIG.7; 
FIG. 9 shows a conventional thermostat and damper motor 

servo system for controlling the mixture of output air depicted 
in FIGS. 4-6; 

FIG. 10 is a schematic circuit diagram which shows an elec 
tronic system for controlling the rooftop unit responsive to 
signals from the thermostat of FIG.9; 

FIG. 11 is a simplified version of FIG. 10 explaining a part 
of the operation thereof; 

FIGS. 12 and 13 form a schematic diagram which shows 
how the electronic controls of FIG, 10 may be used as master 
logic in an airconditioner system; and 

FIG. 14 shows how FIGS. 12 and 13 may be joined to pro 
vide a complete and understandable circuit. 

FIG. 1 shows a rooftop airconditioner unit as one exemplary 
use of the invention. In greater detail, an air-conditioned 
building 20 has a housing 21 mounted on its roof. One end 22 
of the housing 21 provides for the intake of air, and the other 
end 24 provides for the outlet of the air into the building 20. 
While it travels through the housing 21, the air is conditioned 



3,540,526 
3. 

in any known manner. The intake end 22 of the housing 21 in 
cludes, on its sides, a pair of fresh air intake louvers 25, 26 the 
louver 26 being hidden from view in FIG. 1. Air inside the 
building returns through ducts (not shown) at 27 to the hous 
ing 21 where a part of the returning airstream is exhausted to 
the atmosphere at 28 and a part is mixed with fresh air flowing 
into the louvers 25, 26. The output end 24 of housing 21 in 
cludes a number of ducts 29 for carrying individual streams of 
the conditioned air into the various zones of the building 
responsive to the settings of thermostats at each of those 
zones. This is the same air which returns to the housing 21 via 
the duct work at 27. 
One problem is to draw a stream of fresh air through the 

louvers 25, 26 on each side of the housing and to mix it, in 
proper ratio, with the stream of air returning from the inside of 
the building via the ducts 27. The problem is complicated 
because the prevailing winds blow strongly against one side of 
the housing 21 where they build a pressure while the same 
wind sweeps over the other side of the housing 21 where it 
builds a partial vacuum. Thus, the air intake damper settings 
commanded by the system may be inadequate, and the fresh 
air may flow from louver 25 directly to 26, for example, in 
stead of from the louvers 25 and 26 into the housing 21. 
The manner in which the system copes with these and other 

problems may become more apparent from a study of the 
remaining FIGS. 

Briefly, FIGS. 2 and 3 show the housing 21 with its inlet end 
22 on the right, and its outlet end 24, on the left. The exact lo 
cation of the actual input and output ducts 27, 29 may change 
with location and installation. 
A compressor 39 may be put at any convenient location; it 

is here shown inside the housing 21, upstream from the input 
louvers 25, 26 where the exhaust stream of return air flows. 
The compressor drives a superheated refrigerant (such as 
Freon 22 ) into the condenser coils 41. Preferably, a plurality 
of fans 42-44 may be located adjacent the coils 41 to cause a 
stream of air to move over them. If there are three fans, as 
shown by way of example, the air conditioner may be adapted 
to operate at one-third capacity when one fan is running, two 
thirds capacity when two fans are running, and full capacity 
when all three fans are running. 
To provide for the mixing of fresh outside and previously 

conditioned return air, the intake part of the housing 21 is di 
vided into two parts by the deck or floor 31. The outside 
airstreams enter the louvered inputs at 25, 26, deflects and 
flows above the floor 31 through an opening controlled by 
dampers 32. The air returning from inside the building, flows, 
in part, upwardly at 33 into the space below the floor 31 and 
then through the space controlled by the dampers 34 into 
housing 21. An exhaust fan 35, driven by motor 36, drives the 
remainder of the airstream 33 outwardly from the space 
beneath the floor 31 to the atmosphere via dampers 37. The 
spaces closed by dampers 32, 34, 37 may be opened or closed 
in any degree by suitable servomotors, which are driven 
responsive to the control circuit of FIGS. 12, 13. Thus, for ex 
ample, dampers 32 may be set relatively wide open, and dam 
pers 34 may be set much less widely opened to provide an in 
housing mixture of 75 percent outside air and 25 percent 
return air. 
The refrigerant leaving compressor 39 and entering coils 41 

might be superheated well above the saturation level to about 
190°F., for example. In the condenser coil 41, the refrigerant 
is cooled to the condensing temperature by the airstream 
driven through coil 41 by the fans 42-44 to an exemplary 
120°F., for example. Ideally, the heat cycle interchange within 
coil 41 is limited to a change in the state of the refrigerant 
from a superheated gas to a liquid, with all heat lost by the 
refrigerant being transferred to the airstream 28, exhausted 
into the atmosphere. 
The stream formed by a mixture of outside-to-return air is 

driven through dampers 32, 34 and filtered at 47. FIG. 2 
shows the filter as a blanket of material, such as fiberglass, 
pulled from a supply roll 48 and wound on a take up reel 49. 
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4, 
FIG. 3 shows the filter as a pair of flat frames, each including 
suitable filter material such as fiberglass on dense foam. 

After it is filtered, the air is forced through an evaporator 
coil 52 by a blower 53. The evaporator coil 52 is located in 
housing 21 ahead of both the main blower fan 53 and the cold 
and hot decks 54, 55 instead of in the conventional cold deck 
location. In the evaporating coil 52, the temperature of the 
refrigerant is dropped to about 40°F. under the heat cycle 
temperatures assumed above. This both cools and dehumidi 
fies the total airstream. A suitable drip tray 57 beneath the 
evaporator coil 52 catches the water extracted from the air 
and allows it to runoff in any suitable manner. Thus, both the 
return air and outside air are positively dehumidified during 
the mechanical refrigeration cycle. Thereafter, the dew points 
are identical for both the hot and cold airstreams, which are 
mixed at 56 to satisfy the demands of the conditioned space. 
Regardless of any fluctuations in the demand for sensible cool 
ing, positive dehumidification of all spaces in thus assured. 
This is of prime importance in applications where high latent 
loads occur with low sensible heat ratios especially during 
periods while lighting is at nonstandard levels. 
The panel 58 gives access for servicing the unit and provides 

for mounting some of the controls of FIGS. 2, 13. 
The cooled and dehumidified airstream in the outlet from 

the blower 53 is divided into two airstreams, one of which 
flows through the cold deck 54, and the other of which flows 
through the hot deck 55. 
Means are provided for reheating the cool stream of dehu 

midified air emanating from the blower 53. This reheating is 
accomplished at virtually no cost by the refrigerant, indepen 
dently of all other heating equipment. In greater detail, inside 
the hot deck 55, leading to outlet ducts 29, (FIG. 1), is a re 
heat coil 60 which is coupled in series between the condenser 
coil 41 and the evaporator coil 52. The stream of air blown 
over the reheat coil 60 further cools the liquid refrigerant 
-from approximately 120°F. to a subcooled temperature of 
100F., for example-under the assumptions given above. 
This portion of the heat cycle gives up heat to the outflowing 
stream of air in hot deck 55 and warms it sufficiently for light 
to-moderate heating needs. Moreover, the resulting subcool 
ing of the refrigerant causes increased cooling in the evapora 
tor coil 52. Thus, the energy dissipated in reheat coil 60, in the 
form of heat lost to an airstream in hot deck 55, is regained in 
the cooling capacity of the subcooled refrigerant in the 
evaporator coil 52. 
A servomotor 61 is individually associated with each zone 

duct to control dampers which mix the air from the hot and 
cold decks. Thus, for example, a thermostat in a zone area 62 
(FIG. 1) may be set for a given temperature. This temperature 
occurs in that zone when the air in cold and hot decks 54, 55 is 
mixed on, say a 30 percent-70 percent basis, for example. 
Thus, the problem is to drive the motor 61 to set the dampers 
to a position that will cause such a 30 percent-70 percent 
mixture. The side view of FIG. 3 shows only one of many such 
zone motors. There are, of course, many such motors, as is ap 
parent from FIG. 2, each controlling the dampers in a separate 
set of zone ducts 29 leading to different areas of a building. 
Thus, for example, a thermostat at each of the zones 64, 65, 
controls motors 66, 67. There could be, say, 12 different and 
entirely separate mixes of hot and cold air forming 12 entirely 
different air temperatures for each of 12 different zones. 

This introduces a principle of individual zones having 
separate temperature controls depending upon the modula 
tion of hot and cold streams of air fed to those zones. More 
particularly, as shown in FIG. 4, a first mode of operation in 
volves the mixing of outside and return air at 26, 33 with cool 
ing and dehumidifying at 52, after which all of the air is 
delivered to the cold deck 54 because the hot deck zone dam 
pers are shut by the zone motor 61. This mode of operation is 
appropriate in the summer when there is no demand what 
soever for warm air. The second mode of operation is shown 
in FIG. 5 where the air which is cooled and dehumidified at 52 
is sent through both the hot and the cold decks 55, 54 and 
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mixed in some ratio by the dampers controlled by the zone 
damper motor 61. Zones requiring less than the maximum 
sensible cooling receive a mixture of cold air and warm tem 
pered air which has been reheated by the hot refrigerant in the 
reheat coil 60. However, both airstreams remain at the same 
dew point. This second mode of mild heating is appropriate 
during spring and fall when some zone thermostats are calling 
for heating and others for cooling. The third mode of opera 
tion, appropriate during the winter, is shown in FIG. 6 where 
the servomotor 61 closes the zone dampers in the cold deck 
54 and the entire stream of air is sent through the hot deck 55. 
All zones that require heating receive warm air which has 
been heated by a direct fired furnace 68. This air is also at the 
same dew point as the air being supplied to blower 53. The 
foregoing simplification, refers to seasonal air control which 
occurs during summer, fall, winter, and spring; whereas any of 
the three modes of operation could occur at any time, depend 
ing upon the demands of the zone thermostats. 
Next to be described is the manner in which the thermostats 

sense these temperatures and select between these three 
modes of operation. First, there is the outside temperature 
which may be sensed by conventional outdoors thermostats. 
When the weather is below a certain temperature, it is cold 
enough so that the compressor may be shut down completely. 
The coldness of the outdoor air may be used in place of the 
cooling by the evaporator coil. At this time, the furnace 68, in 
the hot deck 55, supplies all of the heat. When the outside air 
is above a certain temperature, the furnace may be shut down, 
but there is upstream mechanical cooling at 52 so the outside 
air is not used for heating. It is at this time that the reheating 
coil 60 supplies the heated air mixed (FIG. 5) with the cold 
a. 
There are two separate heating situations during the periods 

when the mechanical refrigeration is operating. One, the 
moderate situation, occurs when demands for reheat are 
minimal, and the reheat coil 60 receives adequate heat from 
the hot liquid refrigerant. The other situation occurs when the 
liquid refrigerant does not provide enough heat to satisfy more 
severe demands for reheat during mild weather. For most ap 
plications, a multizone unit never sees a full cooling load in 
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every zone simultaneously except at a startup condition, when . 
full cooling is required. Calculations show the requirement for 
hot deck airflow at design conditions to be relatively small, 
about 8 percent, for example. During this period liquid 
refrigerant furnishes adequate reheat. 

In keeping with the invention, the more severe demands for 
reheat-during periods while the furnace is not running-are 
met by providing a valve 70 which may be opened to transmit 
a selected amount of hot refrigerant gas from the compressor 
39 directly into the liquid refrigerant flowing to reheat coil 60. 
Thus, the condensor and reheat coils are effectively con 
nected both in series and in parallel during this mode of opera 
tion. That is, there is a first stream of gaseous refrigerant flow 
ing from the compressor 39 through the coils 41 and 60 in se 
ries and a second stream flowing at 190F. through valve 70 
and coil 60 in parallel with the first stream from the coil 41 at 
120°F. Most heat given off by the refrigerant in the first stream 
occurs in condenser coii 41 and is wasted by being blown into 
the atmosphere by the fans 42-44. However, all of the heat 
given off in the second stream is used to heat the hot deck 
airstream, and by proper design, the cooling power of coil 52 
is also increased by subcooling the refrigerant at coil 60. 
Hence, upon reflection, it should be apparent that by properly 
controlling the valve 70 the stream of hot gas may be in 
creased or decreased to increase or decrease the heat given off 
by the reheat coil 60. 
The electrical controls for accomplishing the described 

functions are shown in the remaining figures, More particu 
larly, FIG. 9 shows a conventional thermostat-damper motor 
servosystem which is used to control a motor at the output end 
of the air-conditioning unit 21. For example, the zone thermo 
stat might be one in the zone shown at 62 in FIG. 1, and the 
motor may be that shown at 61 in FIGS. 2 and 3. In FIG. 9, the 
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6. 
letters R, W, and B, stand for the conventional color-coding of 
the red, white, and blue wires used in many thermostats. Since 
this is a well known circuit, it is enough to here note that it is 
basically a bridge wherein an arm 71 may be moved left or 
right to call for cooling or heating, respectively. The relative 
distance of movement in either direction fixes the relative 
amount of heating or cooling that is demanded. Responsive 
thereto, the servo motor 6 drives a potentiometer arm 73 
while it controls the dampers in the hot and cold decks. When 
the dampers reach the required settings, the bridge of FIG. 9 is 
in balance, and the hot-cold air mix is that which provides 
temperatures requested by the zone thermostat setting. Again, 
this drawing represents any of many commercially available 
damper motor controls such as the Honeywell"Series 90. "It is 
cited here merely to identify the R, W, and B wires and to in 
dicate the nature of the voltage variations, appearing at the 
points, R. W. and B (FIG. 10) as a result of the thermostat 
operations. 
With the nature of the servocontrol system in mind, the 

details of the inventive control system will become more ap 
parent from a study of FIGS. 10-12, 

FIG. 10 may be conveniently divided into ten parts, as 
shown by dot-dashed lines, as follows: a power supply 75, a 
difference amplifier 76, a master switching bridge 77, a driver 
78, a three step heating command circuit 79, a driver 80, a two 
step cooling command circuit 81, a warmup control circuit 82, 
a diode zone heating gate circuit 83, and a diode zone cooling 
gate circuit 84. Each diode in gate 83 connects to a white wire 
W in a corresponding zone thermostat and each diode in gate 
84 connects to a blue wire B in a thermostat of a correspond 
ing heating zone. For example, by way of identification, the 
thermostats in zones 62,64, 65 (FIG. 1) may be connected via 
their white wires to diodes 62d, 64d, and 65d(FIG. 10) and via 
their blue wires to diodes 62d', 64d", and 65d'. All zone ther 
mostat red wires connect to point R in the differential amplifi 
er 76. 
The power supply circuit 75 may take any suitable form. It 

is here shown as including a power source 86 (which might be 
standard commercial 1 15V, 60 c.p.s. power), a fuse 87, and a 
transformer 88. The output of the transformer 88 is connected 
to a full wave rectifier 90, 91 bridged by capacitors 92, 93 
which bypass transformer voltage spikes to ground. Coupled 
across the rectifier 90,91 is a capacitor 94 which smooths the 
rectified voltages. A resistor 95 is coupled between the rectifi 
er 90, 91 and a collector of a transistor 96. The base of this 
transistor 96 is biased by a pair of voltage dividing resistors 97, 
98, and bypassed to ground by a capacitor 99 for further 
smoothing of the ripple voltage. 
Means are provided for modifying any command signals 

received from a zone thermostat by the temperatures actually 
prevailing in the air-conditioning unit 21. More particularly, 
the difference amplifier 76 provides a means for comparing 
the voltage at the servocircuit (FIG. 9) demanding the worst 
case of heating with the temperature actually prevailing in the 
hot deck 55 of the air-conditioning unit. The details of how 
this amplifier 76 operates in conjunction with other parts of 
the system may become more apparent from a study of FIG. 
11, explained in greater detail hereinafter. 
The principal components of the difference amplifier are 

two NPN transistors 102, 103 sharing a common resistor 104, 
which is used to supply an emitter bias. The base bias for the 
transistor 102 is provided via a resistor 105 which is also part 
of a bridge circuit, as shown in FIG. 11. A resistor 106 is cou 
pled between the collector and base of transistor 102 to feed 
back a signal for swamping the effects of manufacturing 
tolerances. The resistor 07 is a collector load. Resistor 108 
aids in setting proper voltage divisions. The red wire R in each 
zone thermostat (FIG.9) is connected at 109. A signal which 
varies as a function of the temperature in the hot deck is ap 
plied to the base of the transistor 103. The capacitor 111 
smooths a signal voltage applied through the zone heating 
gates 83. 



3,540,526 
7 

The difference amplifier 76 compares the signals which it 
receives (i.e. a reference and the worst case demand for heat 
received via gate 83 and sent over the wire 128) to give an 
output signal which is proportional to the amount of heat ac 
tually required, considering the prevailing deck temperatures. 
More particularly, the difference amplifier 76 is fed from a 
bridge (FIG. 11) formed by a number of resistors, a thermistor 
in the hot deck, the zone thermostat sensor signal, and a 
source of a reference potential established by a transistor and 
resistor network. Thus, a demand for heat is modified by ten 
peratures actually prevailing in the hot deck at the time when 
the demand is made. 
The master switching bridge 77 includes the thermostat at 
15 located in hot deck 55, a clamp circuit 116, a pair of NPN 

common emitter transistors 117, 18, and a reference voltage 
circuit 119. The clamp circuit 116 includes a voltage divider 
121, 122 connected across the power supply for establishing a 
predetermined reference potential at the point 123. Relay 
contacts 124 are a suitable device for applying the potential at 
point 123 to the base of transistor 117 to inhibit the master 
switching bridge 77 during periods when predetermined 
amounts of mechanical cooling are required. During non 
clamped conditions, the base of the transistor 117 is biased 
from a voltage divider comprising the resistors 26, 127, con 
nected between the output voltage of power source 75 and a 
zone thermostat. Resistor i29 supplies an emitter bias. Thus, 
the current through the transistor 17 varies as a function of 
the potential on the white wires unless there is a cooling de 
mand which exceeds at least a predetermined level, in which 
case contacts 24 are closed, and the output current from the 
bridge 77 is a steady state resultant of the clamping potential 
appearing at the point 123. The base of the transistor 118 is 
biased from a voltage divider 131, 132 connected across the 
power source 75. The emitter bias is supplied via a resistor 
33. 
Means are provided for modifying any heating demands 

from a zone thermostat by the temperature actually prevailing 
in the hot deck 55. This means is incorporated in a bridge cir 
cuit appearing in FIGS. 10 and 11. In greater detail, the circuit 
coupled between the emitters of the transistors 17, 118 pro 
vides part of the bridge shown in FIG. 11 which includes a 
thermistor 115 located in the hot deck 55. This circuitry also 
includes a potentiometer 135 having an arm which may be 
moved to any point for establishing a reference potential. If 
moved all the way to the left, the reference is for a maximum 
allowable temperature, such as 140°F. inside the hot deck. If 
moved all the way to the right, the reference is for the 
minimum temperature, such as 70°F. inside the hot deck. Con 
nected to the potentiometer arm is the upper end of a parallel 
combination of the thermistor 115 which is bypassed by a re 
sistor 136. This parallel combination of thermistor and resistor 
provides a more linear responsive curve than is normally 
available from a thermistor, perse. The lower end of the paral 
lel combination is connected to a variable resistance 37, in 
series with a fixed resistor 138, which is useful for selecting an 
operating level. 
The operation of the master switching bridge circuit 77 

should now be clear. Transistor 118 is applying a fixed poten 
tial to the right-hand end of potentiometer 135 responsive to 
the fixed voltage divisions appearing across the resistors 131, 
132. The transistor 117 is applying a nonfixed variable poten 
tial to the left-hand end of potentiometer 135, according to 
the voltage on the white wire Wreceived from a zone thermo 
stat at 128 unless contacts 124 are closed to provide a clamp 
ing potential. The variable potential is picked up in a voltage 
division established by a potentiometer which is preset at 140. 
The thermistor 115 modifies the picked up potential by 
dropping it by an amount which reflects temperature in the 
hot deck of the air-conditioning unit. Then, this modified 
potential is applied over wire 141 to the base of the difference 
amplifier transistor 103 where it is compared with the fixed 
voltage that is used for driving the transistor 102. Thus, the 
difference amplifier 76 has an output 112 which represents a 
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8. 
summation of all of these variables including demands from 
the zone thermostat and temperatures prevailing in the hot 
deck 55. 
Means are provided for satisfying the worst case demand for 

heating or cooling. The signals representing this worst case de 
mand may be seen in FIG. 9. If the thermostat wiper arm 7a is 
placed closest to the blue wire B, then the voltage potential 
between terminals W and R will be at a maximum value. When 
fed through a gate, for example, gate 62d, this voltage is 
rectified to provide a half-cycle DC signal which has the 
highest voltage level, and thermostats having any other 
settings have lower voltage levels. If arm 71 is placed closest to 
the white wire W, the voltage between terminals B and R is at 
the highest voltage level. In the same way, this voltage may be 
fed through a gate, for example, gate 62d, to produce a highest 
level DC signal. During periods of mechanical cooling, a relay 
(not shown) closes contacts 24 to clamp the voltage at the 
base of the transistor i17, and thereby inhibit the more ex 
treme demands for heating which may otherwise be trans 
mitted through the master switching bridge 77. This action is 
necessary so that the refrigeration system may function 
properly while providing the source of heating through coil 
6. 

In greater detail, the output of the differential amplifier 76 
is coupled to the driver stage 78. Here an NPN transistor 45 
is connected at its base to the wire 2, at its collector to the 
output of the power source 75, and at its emitter to a series of 
resistors 146. It should be apparent that the potentials appear 
ing at the points 147, 48, 49 will vary as a function of output 
current from the difference amplifier, the output being ap 
plied to the base of the driver transistor 145. Each of these 
three points 147, 48, 149 is connected to an individually as 
sociated one of three Schmidt trigger circuits 51, 152, 53, 
respectively. It is thought that there is no need to describe the 
circuits 151-153 in detail since the design of these Schmidt 
trigger circuits is entirely conventional except for an inclusion 
of a relay in the load of one of the trigger circuit transistors. 
For example, the relay 155 is shown in the collector load of 
the transistor 154 of trigger circuit is 1. When Schmidt trigger 
circuit S1 switches "on', relay 155 operates and closes con 
tacts 56 and when it switches "off", relay 155 releases and 
opens contacts 156. Thus, depending upon the amount of cur 
rent flowing through the driver transistor 145, the pciential 
either at point 49, or at points 149, 48, or points at 147 
-149 may raise to a level which is adequate to trip the as 
sociated Schmidt trigger circuit. The relay contacts 156 are 
also used to pilot switching on and off of the reheat solenoid 
valve 70 during refrigeration mode of operation. Therefore, 
precisely speaking, the clamp circuit is not to inhibit the fur 
nace, but rather to maintain the control point of hot deck 
thermistor 115 at a value not to exceed about 78°F. for mild 
weather and summer operation. The clamp opens when 
refrigeration is deemergized, and the heating is taken over by 
the furnace. This switching and interlocking is performed ex 
ternally to the logic circuit of FIG. 10. 
As the current through transistor 145 increases, the voltage 

levels 147,148, 149 increase and turn off or release the relays, 
i.e., contacts 156, etc. open. Conversely, as the voltage levels 
147, 148, 149 decrease, the Schmidt triggers turn on or 
operate the relays. That is why relay 157 with the lowest driver 
voltage at point 149 is the first step of heating. 
The mode of furnace control operation should now be clear, 

A zone thermostat is set in each 20ne (such as 62, 64, 65-FIG. 
1) and a corresponding voltage is fed over the white or blue 
wires to the gates 83, 84. The diode receiving the highest volt 
age from a zone thermostat conducts on the appropriate half 
cycle, in this case the negative half-cycle. Thus, if the white 
wire 165 is the most negative, the diode 62d conducts and 
makes the anodes of all other diodes (such as diode 64d, 65d) 
equally negative. Since it has been assumed that white wire 
165 is more negative than any other white wire, such as 166, 
the angdes of all other diodes are more negative than the 
cathodes, and all of the other diodes in the gate 83 are back 
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biased. Hence, it should be clear that the furnace is controlled 
by only the most negative voltage representing the highest de 
mand for heat. Obviously, the furnace can meet all demands if 
it can meet the worst demands, which is the reason for calling 
this a "worst demand” system. 5 
The driver 80 and cooling command circuit 81 are essen 

tially the same as the driver 78 and heating command circuit 
79. 
The cooling zone gate 84 operates in essentially the same 

manner responding to the worst case demand or the highest 
level of cooling. Again, if the worst case is satisfied, the more 
moderate demands for cooling may also be satisfied. However, 
there is no need for the master switching bridge circuit 77-or 
a comparable circuit-in the cooling cycle because there is no 5 
need for a thermostat in the cold deck 54. 
The normal functioning at night and early morning is for the 

building to be under operation at a lowered night temperature 
when it is unoccupied. All zone thermostats are, therefore, 
calling for full heating during a warmup period before the 20 
building reaches normal day temperature. During the cycle, 
fuel is saved by keeping the outside air damper completely 
closed. The potential at the point 161 reaches a value which 
switches the warmup Schmidt trigger circuit 162 to turn off or 
release the relay 163 and open its contacts 164 but only when 25 
no zones are calling for cooling. The logic is that if no zones 
are demanding cooling, all zones must be demanding full heat 
ing. Contacts 164 open to cause other controls to drive the 
outside air damper 32 completely closed. 
The circuit of FIG. 10 is used as a master logic, decision- 30 

making, unit for driving a relay control circuits FIGS. 12, 13 
which provides the interface for the air conditioning, heating, 
and ventilating system mounted in the housing 21. Among 
other things, this interface circuit controls the intake of both 
the fresh outside air and the previously conditioned inside air, 35 
and mixes them together in a ratio which is set by prevailing 
conditions. When weather conditions are neither hot nor cold, 
commands may cause ambiguous effects as when a system 
might call for outside (or return) air under conditions when no 
outside (or return) air is required with a result that the air con- 40 
ditioning (or furnace) is overworked. Thus, as the interior of 
the air-conditioned building becomes colder, the zone ther 
mostat calls for more heat, but the thermostat does not know 
the reason for the apparent drop in temperature. The change 
might not occur as a result of a drop in outdoor temperature. 
Perhaps, the drop could result from the initial cold deck cool 
ing when the refrigeration apparatus is first put into operation. 
Under these conditions (refrigeration energized) the position 
ing of dampers 32,34 (FIG. 3) may be set to cut off all outside 50 
air and to use all return air, which could be opposite to the 
desired effect. There is a similar problem with regard to the in 
terface control over the reheat coil 60. 

For an understanding of how the interface operates, 
reference is made to FIGS. 12, 13. The circuit of FIG. 10 pro- 55 
vides the master logic which fills the box in the lower left hand 
corner of FIG. 12. The wires A-F of FIG. 10 connects to the 
wires A-F of FIG, 12. 
The major subdivisional elements of this diagram (FIGS. 12, 

13) are a heating command circuit 170, a blower control 171, 60 
a zone damper motor 172, a temperature control circuit 173, 
a mixed air control circuit 174, a clogged filter detector 175, a 
crankcase heater 176, a refrigeration control unit 177, and a 
failures control circuit. 178. Any suitable power source 180 
may be connected across the two vertical busses. This could 65 
be a standard 120 volt, 60 c.p.s. commercial power source, for 
example. Any suitable on-off switch 181 may be provided to 
apply or remove the power. Sensors 182, 183 may also be pro 
vided to remove power when excessive temperatures occur, as 
for example, a high temperature sensor 182 may be in the hot 70 
deck and another 183 in the return air duct. 
The heating command circuit 170 includes a set of contacts 

185 which may be opened during an interval controlled by a 
DL relay, as explained below. The device 186 is a thermostat, 
with either automatic or manual reset, for protecting the unit 75 
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when excessive heat begins to flow. A light 187 indicates when 
the circuit has opened to break the power connection to the 
furnace. The contacts 185 are part of a lockout device, which 
may be associated with compressor hardware, for preventing 
the furnace from coming on while cooling is required and 
whenever the refrigeration compressor 39 is running. Thus, 
the furnace 68 and air-conditioning equipment will not fight 
each other. Contacts 88 are an auxiliary temperature protec 
tion device. 
The contacts 190-192 are provided to energize one, two, 

or three electrical coil controlling contactors 193-195, 
thereby providing three steps of heating. These contacts 190 
- 192 are closed responsive to commands from FIGS. i0 sent 
over wires C, D, E. Thus, for example, if the relay KE 
operates, the KE contacts 190 close, contactor 93 operates, 
and one-third of the heating capacity is provided. If relays KF 
and KG operate, contacts 91, 192 close, and the remaining 
capacity comes into action. 
The blower control circuit i7 includes a switch 200 which 

may be remotely located, away from the air-conditioning unit. 
It includes a first position "MANUAL" for manually turning 
on the blower 53 by operating a relay KD. A second position 
"OFF" turns the blower "OFF". A third position "AUTO" 
places the blower 53 under the control of either a time clock 
contact 201 or a night thermostat 2502 which maintains a 
preset minimum temperature when the building is not occu 
pied. In any event, a circuit may be completed through either 
the MANUAL position or the AUTOMATIC position of the 
switch to operate a relay KD which closes a circuit at contacts 
203 to turn on the blower 53. 

In parallel with the relay contacts 203 are an interlock set of 
contacts 204 which keep the blower 53 running whenever the 
compressor 39 is in operation. Another set of contacts 205 
provide a lockout circuit which prevents the blower 53 from 
restarting after device 206 has opened. Device 206 provides 
for running the blower 53 to dissipate hot deck heat whenever 
such temperature is above a prescribed maximum generally 
falling within the range of 100°F. to 30°F. A pair of contac 
tors 207,208 are the devices which close the circuits that ac 
tually operate the blower 53 and exhaust fan motor 36, 
respectively. The contacts 209 are on a switch which reacts to 
the position of the exhaust damper, and they prevent the ex 
haust fan from operating when the dampers 32, 34 are closed. 
The contacts at 211 are any suitable overload devices such as 
circuit brakers, temperature sensitive thermostats, or the like. 
Contacts 212 are closed to light lamp 213 whenever the 
blower 53 is running. 
Next to the described are the zone damper motor circuit 

172 and the temperature control circuit 173. Associated with 
the cooling cycle equipment, and perhaps with one stage of 
heating also, is an outdoor thermostat 215 for preventing cool 
ing during periods when the outside temperature is below, say 
50F., or the like. Also associated with this circuit is a manual 
switch 216 which serves any suitable function, such as provid 
ing for maintenance shut down, while contacts 217 are a 
manual override for preventing the thermostat 215 from 
operating the refrigeration equipment. The contacts 220, 22. 
lead to the master logic circuit switching system. The KD con 
tacts 220 are closed whenever the unit is commanded to 
operate. The contacts 221 are closed whenever blower 53 is 
running. These contacts may represent any suitable interlocks; 
for example, contacts 220 and 221 are closed if the main . 
blower is running. The transformer 222 supplies 24-volts 
power to the servomotors. These motors may work in con 
junction with any suitable room thermostats, such as a 
Honeywell T921A room thermostat acting together with a 
M934A motor, for example. These motors set the individual 
mixing zone dampers leading from the hot and cold decks 54, 
55 to the ducts 29 in order to mix the heated and cooled air in 
a ratio which establishes a desired temperature for each zone. 
The mixed air controller modulates the flow of outside and 

return air to provide a single mainstream having a predeter 
mined mixture. In greater detail, item 225 is a standard com. 
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mercial servomotor-again any suitable device may be used 
for providing this function, such as a Honeywell motor M905E 
controlled by mixed air controller 226-which could be a 
Honeywell controller device, T991 A. Again the letters R, W, 
and B identify the red, white, and blue wires. Item 227 is an 
override device. When the master logic circuit of FIG. 10 is 
not on the second cooling step, the relay KB is not operated, 
and motor 225 operates the mixed air dampers to bring in an 
amount of fresh air which is commensurate with the building 
air conditioning needs. For example, the dampers 32, 34, 
(FIG. 3) may be set to provide a mainstream having a 
predetermined ratio of inside to outside air which meets 
prevailing building needs in view of atmospheric conditions. 

in operation, mixed entering air controller 226 is located in 
the cold deck, downstream from evaporator coil 52. It func 
tions to control dampers 32, 34 and, therefore, the mixed en 
tering air at a predetermined temperature. There are two 
modes of operation. First, during the heating cycle when the 
refrigeration equipment is inoperative and outside air is 
generally colder than the controller 226 setting, the controller 
maintains desired temperature of the mixture by closing out 
side air damper 32 and opening return air damper 34 in pro 
portion to the amount of the temperature drop below the 
desired value at cold deck 54. Second, during periods when 
the master logic control panel has energized the first stage of 
refrigeration, the controller 226 continues to respond to a 
drop in cold deck temperature by positioning the outside air 
damper in a closing direction and opening the return air 
damper. During this sequence, the mixed air temperature at 
47 will rise as long as outside air is at a lower temperature than 
return air, but the overall system adjustment is different than 
might first appear. The problem during mild weather (55°F. to 
65°F.) when refrigeration is first energized, is to present 
enough load at the evaporator to balance the refrigeration ap 
paratus at reasonable and desired temperatures. Thus this 
control system solves this problem by repositioning outside 
and return air dampers to increase the air temperature enter 
ing the evaporator when controller 226 senses a drop in cold 
deck temperature. An increase in temperature of the air enter 
ing the evaporator causes a new balance point for the 
refrigeration apparatus and, thereby, enables controller 226 to 
maintain a desired, predetermined cold deck temperature 
(typically 55°F.). 
An important advantage of this arrangement is that the in 

take air mixing dampers modulate the mainstream mixture of 
fresh and preconditioned air as a function of both prevailing 
atmospheric conditions and the cold deck temperature condi 
tions. The contacts 228, 229 disable this circuit when the com 
mands of the logic circuit (FIG. 10) go to a second step cool 
ing, and the relay KB operates. At that time, the outside 
weather is assumed to be very warm and the dampers assume 
some predetermined position. For example, they may form a 
mainstream consisting of 25 percent fresh air and 75 percent 
return air. 
The clogged filter circuit 175 comprises a switch 230 that 

lights a lamp 231 when the filter needs replacing. Some filters 
47 (FIG. 2) are in the form of large rolls or blankets of filter 
material, such as glass fibers, for example. These rolls advance 
a step at a time, slowly presenting clean filter material at inter 
vals which are fixed by the needs of the area involved. Here, 
the switch 230 may be a limit switch that is actuated near the 
end of the roll. In another case, the filters 47 are stationary 
devices, and the switch 230 may be a device for measuring the 
air pressure on opposite sides of the filter. Contacts 230 close 
when the pressure differential exceeds a predetermined 
amount. In any event, a light 231 lights when the filter 47 
needs replacing. 

In compressors of the described type, the refrigerant some 
times finds its way into a crankcase filled with oil. When it 
does, the compressor could be damaged severely. Therefore, a 
heating element 233 is placed in the crankcase to heat the oil 
therein to a temperature which is high enough to boil out the 
refrigerant without damaging the oil. As current flows through 

2 
------------ 

this heater coil 233, a current sensitive relay 234 operates. 
Failure of the crankcase heater 233 causes relay 234 to drop 
out and contacts 241 to open. A lamp 240 goes on when the 
crankcase heater burns out to release the relay 234 and close 
contacts 242. A pair of fuses 235, 236 and thermostats 237, 
238 break a power supply circuit under compressor failure 
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conditions to release relay 239. This failure causes DH con 
tacts 250 to open the circuit to the refrigeration control circuit 
177 when the compressor motor temperature becomes too 
high. Contacts 244, 245 are thermal sensitive devices which 
are actuated by the crankcase oil pressure through a heater 
circuit. The lamp 246 indicates when the crankcase oil pres 
sure has dropped to a dangerously low value. 
A high refrigerant pressure device 251 also disables the 

compressor. In the event of an opening of contacts 250 or 251, 
power is removed from the compressor failure relay DM, 
which releases, and contacts 252 close to light the lamp 253 
and thereby indicate the nature of the trouble, 
The selection of the desired cooling capacity is made 

responsive to master logic decisions (FIG. i0) that operate or 
release the cooling relays KC, KB (FIG. 2) which, in turn, 
control the relays 255. That is, the roof top refrigeration unit 
includes three condenser fans 42-44 (FIG. 1), each of which 
provides a step of condensing capacity when it is running; 
thus, there may be one-third, two-thirds, or a full three-thirds 
of condensing capacity. When there is no failure shutting 
down the compressor, relay DM is operated, and contacts 256 
are open. If there is a demand for cooling, at the first level, 
contacts 257 are closed. If a timer-controlled relay DL is 
operated, contacts 259 close and relay 258 operates to run 
one fan 42. When the master logic circuit (FIG. 10) com 
mands second step cooling, relay KB (FIG. 12) operates and 
closes contacts 262. Hence, both of the relays 258, 260 
operate, and two fans, 42, 43 are running. A thermostat 263 
senses atmospheric temperature, operates relay 264, and turns 
on the fan motor 44 whenever the outside air is above a given 
temperature, thus providing a maximum condensing capacity. 
The next circuit includes valves HL, JC, and HG and has to 

do with the condition wherein the zone thermostats are likely 
to demand both cooling and heating at the same time. Here, 
care is required to be certain that the furnace and refrigera 
tion equipments are not fighting each other. In greater detail, 
under these conditions one zone thermostat may be asking for 
the first step of cooling, and relay KC is operated. Contacts 
265 are closed. Contacts 267 are part of a timer lockout cir 
cuit which is not immediately pertinent; if there is no timer 
controlled lockout, contacts 267 are closed. This operates a 
hot liquid solenoid 268 which permits flow of the hot liquid 
refrigerant into the reheat coil 60. During this condition (first 
stage of cooling), a zone thermostat could ask for either more 
cooling or more heating. If more cooling is required, relay KB 
(FIG. 12) operates to open the contacts 270 and thereby 
release the solenoid J.C. The solenoid JC thereupon applies a 
heavier load upon the compressor and brings the refrigeration 
unit's cooling capacity up to a higher level. On the other hand, 
if heat is requested, the relay KE operates to close the contacts 
271. This operates the hot gas solenoid HG to close the valve 
70 and thus supply hot refrigerant gas to the reheat coil (this is 
the series circuit including the coils 41, 60). Thus, the system 
may move from first step cooling (relay KC operated; sole 
noids HL, JC operated) to either full cooling (relay KB 
operated; solenoid JC released) or to first stage heating (Relay 
KE operated; solenoid HG operated). 
The final part of the refrigeration control circuit 177 is a 

timer which precludes the circuit from coming on for a 
predetermined period after it has turned off. This prevents a 
rapid cycling of the compressor which could cause damage to 
compressor valves and bearings. The major component in this 
circuit is a 4-minute timer motor DP and its two contacts DP1, 
DP2. An associated relay 275 controls the energization of the 
timer motor DP and the compressor starting circuits. The 
remainder of the timer circuit may be understood best from a 
description of one time cycle. 
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Assume first that the air-conditioning equipment is in 
operation and that the compressor is running normally. The 
timer is not running and is setting in a normal condition with 
its moving contacts DP1 making a connection from terminal A 
to A1 and its moving contacts DP2 making a connection from 
terminal B to terminal B1. Relays 275; 278 have operated 
previously, and are locked operated via contacts 276,277. 

Next, assume that there is a shutdown, which could result 
from either a loss of electrical power or a low pressure in the 
refrigeration system, or a thermostat-controlled demand 
signal. The contacts 279 open responsive to any suitable low 
pressure sensor. Either contacts 279 or a power supply failure 
releases the relays 275,278. Relay 278 prohibits operation of 
the refrigeration unit during the shutdown conditions. Relay 
275 closes its break contacts 281 to start or prepare a start cir 
cuit for the timer motor DP. Recall that the timer motor EDP 
normally stands so that contacts B-B are made at this time. 
Eventually the fault is corrected, or the electrical power 
returns to the line. The time motor DP starts via the circuit in 
cluding the contacts 281, B1-B, and the winding of the timer 
motor DP. The motor DP then starts and drives itself through 
a 4-minute cycle. After the motor has run for 4 minutes, the 
contacts B-B1 open, and the contacts B-B2 close. 
Nothing further happens unless there is or until there is a 

demand for cooling which presumably is responsive to a zone 
thermostat. At that time, the relay KC operates, and the con 
tacts 265 close. The timer motor restarts via the contacts 265 
and B-B2. After 8 seconds, the contacts DP1 switch from 
A-A1 to A-A2 and relay 278 operates via contacts 279. Relay 
278 operates to prepare a self-locking circuit at contacts 276 
and to prepare to operate relay 275 at contacts 277. 
The timer motor continues to drive for another 17 seconds 

at which time the contacts DP1 close A-A1 and contacts DP2 
close B-B1. When the contacts A-A1 close relay 275 operates 
to close contacts 282 and thereby operates the contactor 283, 
which starts the compressor 39. Some compressors may start 
on half its windings. Then, any suitable device (such as a dash 
dot) measures 1 second and thereafter closes contacts 284. 
The contactor 285 operates to start the other half of the com 
pressor. Also responsive to the operation of relay 275, the 
contacts 281 open to stop the timer motor DP. 

Briefly, in review, on a normal shutdown of the compressor, 
the timer runs 4 minutes during which the compressor cannot 
restart because contacts 282 are open. If a demand for cooling 
recurs during this period; (relay KC operates), there is no ef 
fect until after the end of the 4-minute period when the con 
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for lowering the temperature of a mainstream of air flowing 
from said intake through said housing to said outlet, means for 
splitting said mainstream of air downstream of said cooling 
means into first and second parts, means for heating the air in 
said first part of said mainstream, means for sensing the tem 
perature of said heated first part of the airstream, means 
responsive jointly to said zone thermostat and said sensed tem 
perature for mixing said two parts of said airstream in a ratio 
which provides a stream of air having said predetermined tem 
perature, and means in said second part of said airstream for 
controlling said means for combining return and outside air so 
as to maintain a predetermined temperature in said second 
part of said airstream. 

2. The air-conditioning unit of claim wherein said housing 
includes a refrigeration circuit comprising, in series, a con 
denser coil, a reheat coil, and an evaporator coil, said 
evaporator coil comprising said upstream cooling means, and 
being mounted in said housing upstream with respect to said 
reheat coil to cool all air entering said intake, said reheat coil 
being downstream in a part of said housing through which said 
first part of said airstream flows. 

3. The air-conditioning unit of claim 2 and a compressor for 
supplying a superheated refrigerant gas to said condenser coil, 
and, means comprising said reheat coil for subcooling the 
refrigerant emanating from said condenser coil, whereby heat 
given off during said subcooling heats said first stream of air 
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tacts 282 close and the compressor is able to restart. If the de 
mand for cooling recurs after, the 4-minute period, the com 
pressor starts after a 25 second delay with no further delay. On 
a normal shutdown, the relay KC is released and a pumpdown 
occurs in a normal manner until the refrigeration pressure is 
reduced to 10 p.s. i. for example. The contacts 279 open to 
release the relays 278 and 275, and the resulting opening of 
contacts 282 releases the contactors 283,285. This stops the 
compressor, and closure of contacts 281 drives the timer 
through its cycle. In normal operation, the contacts 279 reset, 
the compressor may be restarted which cannot in any event 
occur within the 4 minutes immediately following shutdown, 
as measured by the cycle of the timer motor. 
The reference numeral 290 identifies a conventional oil 

pressure safety circuit. 
While the principles of the invention have been described 

above in connection with specific apparatus and applications, 
it is to be understood that this description is made only by way 
of example and not as a limitation on the scope of the inven 
tion. 
We claim: 
1. An air-conditioning unit for supplying heated or cooled 

air to at least one air-conditioned zone, a thermostat in said 
zone for demanding a delivery of said air to said zone at a 
predetermined temperature, said unit comprising a housing 
having an air intake, including means for combining return air 
and outside air, and an air outlet with upstream cooling means 
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and said subcooled refrigerant provided increased refrigera 
tion capacity in said evaporator coil. 

4. The air-conditioning unit of claim 1 and an electrical con 
trol circuit for commanding said mixing means, to modulate 
the first and second parts of said main airstream, said control 
circuit including a bridge having means connected across the 
null point thereof for comparing a command signal with a 
reference potential, and means comprising a circuit extending 
from said zone thermostat through said sensing means to one 
arm of said bridge for supplying said command signal to said 
bridge. 

5. The air-conditioning unit of claim 4 wherein said sensing 
means includes a thermistor connected in parallel with means 
for supplying a linear signal. 

6. The air-conditioning unit of claim 1 and means respon 
sive jointly to atmospheric and in-air-conditioner conditions 
for mixing the intake of fresh and preconditioned air in a 
predetermined ratio. 

7. A master logic control circuit in combination with a heat 
ing and cooling system, said circuit comprising a pair of gates 
for emitting a plurality of signals representing demands for 
heating or cooling, means for selecting the worst case demand 
signal for either heating or cooling and for inhibiting all other 
signals, and means for modifying said worst case demand 
signal as a function of conditions then prevailing in said 
system, wherein said modifying means comprises a difference 
amplifier having a reference potential connected to one input 
and the output of said gates connected to another of said in 
puts, the circuit extending from said gates to said difference 
amplifier being connected via a thermistor located in a heating 
part of said system, said modified worst case demand signal 
being used for actuation of said system. 

8. A master logic control circuit in combination with a heat 
ing and cooling system, said circuit comprising a pair of gates 
for emitting a plurality of signals representing demands for 
heating or cooling, a bridge circuit having a difference amplifi 
er connected across the null points thereof, one arm of said 
bridge including a temperature sensing means, said gates and a 
zone thermostat selected by said gates, means for selecting the 
worst case demand signal for either heating or cooling and for 
inhibiting all other signals, and means for modifying said worst 
case demand signal as a function of conditions then prevailing 
in said system, said modified worst case demand signal being 
used for actuation of said system. 

9. The circuit of claim 8 and a driving means coupled in se 
ries with a multi-tap voltage divider, means for coupling the 
output of said difference amplifier to said driving means, said 
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driving means having characteristics such that the potential at trigger circuits individually associated with said taps whereb 
said taps decreases when said worst case demand signal in- a number of said trigger circuits which switches is a functio 
creases in intensity, and a plurality of voltage sensitivity of said intensity of said demand. 
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