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3,368,752 
DUAL DUCT AIR CONDITIONING WITH 
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Theodore W. Marshall and Frederick W. Rankin, Conners 
ville, Ind., assignors to H. H. Robertson Company, 
Pittsburgh, Pa., a corporation of Pennsylvania 

Filed Feb. 28, 1966. Ser. No. 530,659 
6 Claims. (C. 236-1) 

The present invention relates to dual duct air condi 
tioning systems and more particularly to an improved 
seasonal changeover assembly for such systems. 

Prior art 
Dual duct air conditioning systems utilize separate 

streams of conditioned air for ventilation and temperature 
control within a building. A typical duel duct air condi 
tioning system is illustrated in Goemann, U.S. Patent 
2,729,429. A substantially constant volume of ventila 
tion air has been provided in such systems by reprocally 
blending two separate streams of air, one hot and one 
cool, in accordance with the temperature requirements of 
an individual room, whereby an increase in the flow 
rate of hot air is accompanied by a decrease in the flow 
rate of cool air, and vice versa. During the winter months, 
i.e., when the building requires heating, these substantial 
ly constant volume air distribution systems are satisfac 
tory. During the summer months, i.e., when the cooling 
requirements greatly exceed the ventilation requirements 
of the building, such constant volume air distributing sys 
tems can become unsatisfactory. The seasonal problem is 
described in Goemann, U.S. Patent 3,019,987, wherein it 
is proposed to provide cool air in both air supply ducts in 
a sufficient volume to satisfy the thermal requirements 
of the building during the summer season, regardless of 
the fact that the total air flow may exceed the optimum 
ventilation requirements, i.e., the total air flow will not 
be maintained at a substantially constant value but in 
stead will fluctuate according to the temperature main 
tenance requirement in each individual room of the build 
ing. Various mechanical changeover apparatus has been 
presented in Curran et al. 2,883,111 and Curran et al. 
2,898,044 involving mechanical changes within the re 
ciprocal valving apparatus itself. Means for avoiding the 
seasonal changeover reciprocal valving problem are shown 
in Curran 2,957,628 and 2,957,629, which utilize excess 
cool air duct capacity. 

A seasonal changeover system 
A seasonal changeover distribution system which does 

not involve duplicate cool air capacity (such as 2,957,628, 
and 2,957,629) and which does not involve mechanical 
changes within the reciprocal valving (such as 2,883,111 
and 2,898,044) has been described in Jentoft Patent 
3,237,860 issued Mar. 1, 1966, from patent application 
S.N. 369,145, now Patent No. 3,237,860, filed May 21, 
1964 and assigned to the assignee of the present inven 
tion. The Jentoft patent describes an air distribution sys 
tem involving separate, mechanically independent, airflow 
control valves, each operable over the identical range of 
preSSures. 

Statement of invention 
The present invention provides a dual duct air distri 

bution system which can be adapted to seasonal change 
over installations. Air flow is regulated by two different 
valves which operate in response to differing actuating 
pneumatic pressures. During the winter heating season, 
one of the valves is normally responsive to a thermostat 
signal and the other of the valves is responsive to a flow 
controlling signal which maintains a substantially constant 
volume of air input into each individual room of the 
building. During the summer season, the flow controlling 
signal is inoperative and the thermostat signal controls the 
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2 
flow of air from both of the dual ducts which both con 
tain, during the changeover conditions cool air. The ther 
mostat signal operates one of the valves from full-closed 
to full-open position while the other valve is maintained 
in a full-closed position. Sequentially the thermostat signal 
operates the other valve from a full-closed position to a 
full-open position only when the first-mentioned valve is 
in a full-open position. Thus the two air inlet valves do 
not operate concurrently (as in Jentoft 3,237,860) but 
instead operate in sequence with the one valve being fully 
closed while the other valve is less than fully-open; and 
that other valve must be fully-open before the remaining 
valve moves from its fully-closed state. The seasonal 
changeover occurs by means of a significant change in the 
pneumatic supply pressure which is provided within the 
building. A signal switching device is responsive to the 
pneumatic supply pressure. Under normal circumstances, 
e.g., in the winter heating season, the thermostat signal 
controls the flow of air from only one of the two air 
carrying ducts; during seasonal changeover conditions, 
the thermostat signal controls the flow of air from both 
of the air carrying ducts. The thermostat signal can be 
normally applied to either of the two air carrying ducts, 
i.e., to the hot air carrying duct or to the cold air carry 
ing duct as will be hereinafter described in detail. The 
thermostat signal corresponds to the difference between 
(a) the air temperature within the said room and (b) 
a predetermined temperature for the said room which may 
be manually regulated by the occupant of the room. 
The use of sequential pressure range valves as provided 

in the present invention permits inclusion of a signal se 
lector device which prevents overblowing of the air dis 
tribution system in two circumstances. This protective de 
vice prevents runaway conditions from developing in cer 
tain circumstances as will be hereinafter described. 

Objects 

The objects of this invention include: 
Providing seasonal changeover features in a dual duct 

air conditioning system which normally employs thermo 
static regulation of the air from one of the dual ducts 
and flow compensating regulation of the flow of air from 
the other of the dual ducts, whereby a substantially 
constant volume of ventilation air flow is normally main 
tained; 

Providing a dual duct air conditioning control system 
which accommodates seasonal changeover requirements 
regardless of whether the temperature responsive signal 
is applied to the normally hot air stream valve or to the 
normally cool air stream valve; 

Providing a dual duct air conditioning control system 
operable with two valves which are responsive to actu 
ating pneumatic pressures at different pressure ranges; 

Providing a dual duct air conditioning control system 
which can be adapted to prevent overblowing of hot air 
or cold air during circumstances when extreme demands 
for temperature correction are presented. 
With these objects in view, the invention will be de 

scribed in detail by reference to the accompanying draw 
ings in which: 
FIGURE 1 is a schematic illustration of a typical build 

ing room utilizing a seasonal changeover air distributing 
apparatus according to this invention; 
FIGURE 2 is a schematic illustration of a thermostat 

of the type utilized in FIGURE 1; 
FIGURE 3 is a schematic illustration of a flow regu 

lating device of the type illustrated in FIGURE 1; 
FIGURES 4 and 5 are cross-sectional views of a typical 

Switching valve in two alternative positions; 
FIGURE 6 is a schematic illustration, similar to FIG 

URE 1, showing an alternative embodiment of the pres 
ent apparatus; 
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FIGURE 7 is an enlarged illustration of a thermostat 
of the type utilized in FIGURE 6: 
FIGURES 8 and 9 are graphical representations of 

theoretical performance characteristics of commercially 
available thermostats; 
FIGURE 10 is a cross-sectional view of a typical signal 

selector device as provided in FIGURE 1 and in FIG 
URE 6: 
FIGURE 11 is a schematic illustration of the normal 

operation of the apparatus of FIGURE 1 under usual 
conditions; 
FIGURE 12 is a schematic illustration of the operation 

of the apparatus of FIGURE 1 in its alternative condi 
tions, i.e., during seasonal changeover; 
FIGURE 13 is a schematic illustration of the apparatus 

of FIGURE 6 under usual conditions; 
FIGURE 14 is a schematic illustration of the apparatus 

of FIGURE 6 in its alternative condition, i.e., during 
seasonal changeover. 

Referring to FIGURE 1 there is illustrated a typical 
building room 10 indicated by a broken line 11 and 
containing an air distributing outlet unit 12. Ventilation 
air is introduced into the room 0 through a pair of 
air inlet conduits 13, 14 which terminate within the air 
distributing outlet unit 12. The air inlet conduits 13, 14 
are equipped with valves 15, 16, respectively, which have 
pneumatic operators 17, 18, respectively. 
The air inlet conduit 13 is connected to a source 19 

of hot air and also connected to a source 20 of cool 
air. The air inlet conduit 14 is connected to a source 21 
of cool air at all times. A flapper valve 22 normally 
(i.e., during the winter heating season) is in the illus 
trated position with the air inlet conduit 13 directly con 
nected to the source 19 of hot air. The flapper valve 22 
may be moved during the alternate seasonal changeover 
condition to the dotted line position 22 whereby the air 
inlet conduit 13 will be connected to the source 20 of 
cool air. 
The air distributing outlet unit 12 includes an interior 

chamber 24. Baffles 25, 26 each extend partially across 
the interior chamber 24 defining an orifice 27 through 
which air is discharged from the interior chamber 24. 
A suitable grille 28 is provided in the casing of the air 
distributing outlet 12 for discharging air into the interior 
of the room 10. A baffle member 29 may be provided 
between the orifice 27 and the grille 28 to promote mixing 
of inlet air from the two air inlet conduits 13, 14 prior to 
introduction into the room 10. An air outlet conduit 30 
is provided to discharge a quantity of air from the in 
terior of the room 10 corresponding to the amount which 
is introduced through the grille 28. 

In order to control the air discharge, a thermostat 31 
(FIGURE 2) is provided in the interior of the room 10, 
remote from the air distributing outlet unit 12. 
A flow regulating device 32 (FIGURE 3) is provided, 

preferably within or secured to the casing of the air 
distributing outlet unit 12 for measuring the instantaneous 
rate of air flow through the orifice 27. A switching valve 
33 (FIGURES 4, 5) is provided for the selective con 
nection of pneumatic impulse conduits in a manner to 
be described. A pressure selector device 34 (FIGURE 
10) likewise is provided for connecting pressure impulse 
conduits in a manner to be described. A source 35 of 
pneumatic pressure is provided from which pneumatic 
pressure is delivered to thermostat 31, the flow regulating 
device 32, and the operating port 36 of the switching 
valve 33. A pneumatic conduit 37 delivers the pneumatic 
impulse to the thermostat 31. A pneumatic conduit 38 
delivers the pneumatic impulse to the flow regulating 
device 32. A pneumatic conduit 39 delivers the pneumatic 
impulse from the conduit 38 to the operating port 36 
of the switching valve 33. 
The flow regulating device 32 contains a pair of pneu 

matic impulse conduits 40, 41. The conduit 40 has an 
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opening outside the orifice 27; the conduit 41 has an open 
ing on the opposite side of the orifice 27. The differential 
pressure between the orifice openings of the conduits 40, 
41 is a measure of the instantaneous rate of air flow 
through the orifice 27. 
The thermostat 31 as shown in FIGURES 1, 2 is of the 

reverse-acting type. The performance characteristic is il 
lustrated in FIGURE 9. As the observed temperature in 
the interior of the room 10 increases, the thermostatic sig 
nal pressure produced in the thermostatic signal conduit 
42 decreases; conversely, as the observed temperature in 
the interior of the room 10 decreases, the pressure in the 
thermostatic signal conduit 42 increases. 

Switching valve 
The switching valve 33 may be constructed in a variety 

of ways. It includes a pair of inlet ports 43, 44, an outlet 
port 45, and an operating port 36 all of which are con 
nected to a common chamber which is formed by the hous 
ing of the switching valve 33. A spool 46 contains three 
pistons which divide the interior of the valve housing into 
four distinct chambers 47, 48, 4.9, 50. The operating port 
36 at all times communicates with chamber 47. The inlet 
port 43 at all times communicates with chamber 48. The 
inlet port 44 at all times communicates with chamber 49. 
The chamber 50 contains a compressible spring 51. A stop 
member 52 is provided in the chamber 47 to limit travel 
of the spool 46 in one direction. A stop member 53 is pro 
vided in the chamber 50 to limit the travel of the spool 
in the opposite direction. The outlet port 45 is connected 
with the chamber 48 in FIGURE 4 when the spring 51 
is tightly compressed and the spool 46 abuts the stop 
member 53. Alternatively, the outlet port 45 communi 
cates with the chamber 49 as shown in FIGURE 5 when 
the spool 46 abuts the stop member 52 with the spring 51. 
extended. 
The spool 46 is caused to move from the right position, 

, FIGURE 4, to the left position FIGURE 5 as the pres 
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sure applied to the operating port 36 is altered. So long 
as the pressure maintained within the chamber 47 is suffi 
cient to overcome the resistance of the spring 51, the 
spool will appear in abutment with the stop member 53 
as shown in FIGURE 4. When the pressure in the cham 
ber 47 decreases, the resistance of the spring 51 causes 
the spool 46 to advance to the left in abutment with the 
stop member 52 as shown in FIGURE 5. 

Pressure selector device 

The pressure selector device 34 is illustrated in FIG 
URE 10 and typically includes a housing 55 having two 
inlet ports 56, 57 and one outlet port 58. The inlet ports 
56, 57 communicate with a pair of opposed nozzles 59, 60 
respectively, which are positioned in the interior 61 of the 
housing 55. Mounted within the housing 61 is a flapper 
element 62 which is pivotal about a pin member 63. Re 
silient pads 64, 65 are secured to the opposite end of the 
flapper element 62 confronting the nozzles 59, 60. When 
the pressure impulse at the nozzle 59 exceeds the pressure 
impulse at the nozzle 60, the resilient pad 65 will be forced 
against the nozzle 60 and the pressure impulse of the noz 
Zle 59 will be delivered to the interior chamber 61 and 
hence through the outlet port 58. Alternatively, when the 
pressure impulse at the nozzle 59 is less than the pressure 
impulse at the nozzle 60, the resilient pad 64 will be forced 
against the nozzle 59 and the pressure impulse of the noz 
Zle 60 will be delivered to the interior chamber 61 and 
hence through the outlet port 58. Thus the function of the 
pressure selector device 34 is to deliver the higher of the 
two applied pressure impulses at the inlet ports 56, 57 to 
the outlet port 58. 

Additional pneumatic connections 
The thermost at 31 delivers a thermostat signal through 

a thermostatic signal conduit 42 which is connected to the 
75 inlet port 44 of the Switching valve 33. The same thermo 



3,368,752 
5 

static signal impulse is delivered from the conduit 42 
through a conduit 66 to the inlet port 57 of the pressure 
selector device 34. The flow controlling signal is delivered 
from the flow controller 32 through a signal conduit 67 
to the inlet port 43 of the switching valve 33. The output 
pressure impulse from the switching valve 33 is delivered 
from the outlet port 45 through an impulse conduit 68 to 
the operator 17 of the valve 15. The same outlet pressure 
impulse is delivered from the conduit 68 through impulse 
conduit 69 to the inlet port 56 of the pressure selector 
device 34. A pressure impulse conduit 70 delivers the 
output signal from the signal selector device 34 through 
outlet port 58 to the operator 18 of the valve 16. 

Operation of the device of FIGURE I 
The apparatus of FIGURE 1 performs under usual 

conditions and also performs under alternative conditions. 
The operation under usual conditions is schematically 
illustrated in FIGURE 11 and the operation under the 
alternative conditions or seasonal changeover conditions 
is illustrated in FIGURE 12. 

During the winter heating season, hot air is provided 
in the conduit 13 and cool air is provided in the con 
duit 14. The hot air valve 15 has an operator 17 which 
is adapted to open the valve 15 fully at a first pressure 
value and to close the valve 15 fully at a second pres 
sure value. For example, the closing may commence at 
an applied pressure of 3 p.s.i.g. and the closing may be 
completed at an applied pressure of 8 p.s.i.g., whereby 
the range of operation for the valve operator 17 is from 
3 to 8 p.S.i.g. At applied pressures less than 3 p.s.i.g., the 
operator 17 opens the valve 15 fully; at applied pressures 
above 8 p.s.i.g., the operator 17 will close the valve 15 
fully. Under usual conditions, i.e., during the winter heat 
ing season, the switching valve 33 is maintained in what 
ever position is necessary to connect the flow regulating 
device 32 directly with the valve operator 17 through the 
conduits 67, 68 and the switching valve ports 43, 45. Con 
currently the thermostat signal is delivered through the 
thermostatic signal conduit 42, through the impulse con 
duit 66, through the pressure selector device 34 and the 
impulse conduit 70 to the valve operator 18. The valve 
operator 18 is adapted to provide a full open valve 16 
at a third pressure value and a full-closed valve 16 at a 
fourth pressure value. That is, the valve operator 18 is 
responsive over a pressure range extending from a third 
value to a fourth value. The pressure range for the opera 
tor 18 in a typical case is from 8 p.s.i.g. to 13 p.s.i.g. 
Note that the range for the operator 18 is higher than 
the range for the operator 17. Thus the range of the op 
erator 18 consists essentially of pressure values which 
are higher than those in the range of the operator 17. 
In this example the operator 17 has a range which ter 
minates at the precise value, 8 p.s.i.g., where the range 
of the operator 18 commences. This is an ideal situation. 
Some gap or overlap between the two ranges is permis 
sible. A gap between the two ranges is preferable to an 
overlap, but a small overlap in the two ranges can be 
sustained. The thermostat 3 controls inlet flow of cool 
air through duct 14 via valve 16, whereas the flow regu 
lator 32 controls the flow of hot air through the duct 13 
via valve 15. 
When the room 10 is cooler than the predetermined 

temperature, the thermostat (FIGURE 9) develops a 
higher pressure which is applied to the operator 18 caus 
ing the valve 16 to move in a closing direction and de 
liver less cool air from the duct 14. The change in inlet 
flow from the cool air duct 14 tends to decrease the total 
flow of air through the orifice 27. The flow regulator 
senses the reduced flow and lowers the flow regulating 
signal which is applied to the operator 17. Accordingly 
the valve 15 moves in an opening direction to allow more 
hot air discharge from the duct 13 to maintain constant 
volume output flow at a higher average temperature. The 
reverse sequence occurs when the temperature in the 
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6 
room rises above a preset value. Then the thermostat 31 
senses the increased temperature and generates a lower 
thermostatic signal pressure which is delivered to the op 
erator 18 causing the valve 16 to open and admit more 
cool air. The flow regulator signal increases causing a 
closing movement of the hot air valve. 15. 

Function of the pressure selector 34 
It will be observed that under normal operating con 

ditions, the thermostatic signal pressure in the thermo 
static signal conduit 42 normally is in a range of about 
8 to 13 p.s.i.g., i.e., above the pressure presented in the 
flow regulating impulse conduit 67. Hence normally the 
selector device 34 receives inlet impulses of 3-8 p.s.i.g. at 
one inlet port 56 and of 8-13 p.s.i.g. at the other inlet 
port 57. The higher of the two inlet pressures is delivered 
through the impulse conduit 66 and is applied to the op 
erator 18 through the impulse conduit 70-except in a 
peculiar circumstance where a building room is over 
heated (that is, exhibits a temperature well above the 
predetermined temperature set for the thermostat 31 by 
the room occupant). In this circumstance the thermostat 
31 observes the excessive room temperature and generates 
a very low output pressure in the thermostat signal con 
duit 42 which is delivered to the valve operator 18 caus 
ing the valve 16 to open fully or nearly full. For example, 
suppose that the pressure applied to the valve operator 
18 is 8.3 p.s.i.g. which causes the flow of cool air into 
the room to exceed the constant volume which is desired. 
The flow regulator device 32 senses that excess air is 
being delivered and increases the pressure in the flow 
regulating impulse conduit 67 until the flow of hot air 
through the conduit 13 is completely terminated by clos 
ing the valve 15 at an applied pressure of about 8 p.s.i.g. 
The pressure in impulse conduit 68 continues to increase 
until a pressure, for example 8.9 p.s.i.g., is developed. 
That pressure of 8.9 p.s.lig. is delivered through the im 
pulse conduit 69 to the selector device 34 causing the 
higher pressure, namely, 8.9 p.s.i.g., to be presented at 
the outlet port 58 and thence at the valve operator 18 
whereby the flow regulator 32 commences closing the 
valve 16 to limit the quantity of cool air emanating from 
the conduit 14 to the desired constant volume rate of 
flow for the entire system. Thus the pressure selector 
device 34 prevents over blowing of the room with cool 
air in excess of the desired constant volume ventilation 
air requirement. w 

Seasonal changeover-FIGURE I 
When the summer cooling season arrives, the apparatus 

of FIGURE 1 is transferred to seasonal changeover con 
dition by shifting the flapper valve 22 to its alternative 
position 22' whereby both the air inlet conduits 13, 14 
received cool air. Similarly the pressure level of the pneu 
matic signal supply source 35 is shifted in a direction 
which allows the switching valve 33 to move to its al 
ternative position. It should be observed that the pressures 
in the pneumatic supply conduit 35 both during the usual 
conditions and during seasonal changeover conditions 
must exceed the maximum operating pressure of the sys 
tem which is, in these examples, 13 p.s.i.g. Typically the 
pneumatic pressure supply will change from a level of 
about 20 p.s.i.g. in one condition to a level of about 
15 p.s.i.g. in the other condition. That simple change 
in pneumatic supply pressure results in a switching of 
the switching valve 33 from its one alternative position 
to the other alternative position. 

Referring to FIGURE 12, the switching valve 33 is 
shown in its alternative position for seasonal changeover 
and both of the air inlet conduits 13, 14 are provided with 
cool air. The thermostatic signal is delivered through the 
thermostat signal conduit 42 through the switching valve 
33 to the impulse conduit 68 and hence to the valve oper 
ator 17. Likewise the thermostatic signal is delivered 
through the thermostatic signal conduit 42 through the 
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impulse conduit 66, through the selector device 34 and 
the impulse conduit 70 to the valve operator 18. The flow 
controller 32 is totally disconnected from the system dur 
ing seasonal changeover. Similarly the pressure selector 
device 34 is functionless during seasonal changeover since. 
the same pressure impulse is applied to both of its inlet 
ports 56, 57. 
The thermostat 31 has the performance characteristic 

illustrated in FIGURE 9, i.e., as the observed temperature 
in the room increases, the thermostat signal pressure de 
creases. At the operating point X (FIGURE 9) the ther 
mostatic pressure developed in the thermostatic signal con 
duit 42 might be 9.1 p.s.i.g. At this value, the valve 
operator 18 locates the valves 16 somewhere between 
its open and closed position, more nearly open. At this 
pressure level the valve operator 17 maintains the valve 
15 fully closed. As the temperature in the room rises 
above a predetermined value X, the pressure of the ther 
mostatic signal conduit 42 decreases until, at a level of 
8 p.s.lig, the valve 16 is fully opened and the valve 15 
remains fully closed. If the pressure of the thermostatic 
signal conduit 42 decreases further, the valve 16 remains 
in its fully open position and the valve 15 commences 
to open as a result of application of a pressure less than 
8 p.si.g. to valve operator 17. When the temperature 
drops below the predetermined value X, the pressure in 
the thermostat signal conduit 42 increases and the valve 
15 is fully closed as the pressure rises to a value of 8 
p.s.i.g. That valve 15 remains fully closed and the valve 
16 commences to close as the pressure continues to rise 
above 8 p.s.i.g. until a level of 13 p.s. i.g. is reached at 
which point both of the valves 15, 16 are fully closed. 

Alternative embodiment-FIGURE 6 

The essential apparatus shown in FIGURE 6 corre 
sponds with that shown in FIGURE 1. Identical numerals 
are employed to identify identical elements. The valving 
and conduit arrangements are somewhat different as will 
be hereinafter described. Each of the elements shown in 
FIGURE 6 is identical with the element shown in FG 
URE except for the thermostat 31 of FIGURE 6. The 
thermostat 31' is illustrated in FIGURE 7 and is a dual 
acting thermostat, sometimes identified as a heating-cool 
ing thermostat which is adapted to operate with a direct 
-characteristic when a pneumatic impulse of a first value 
is applied to the unit and is adapted to operate inversely 
when a different pneumatic impulse is applied to the unit. 
For example, the thermostat 31' has the performance char 
acteristic of FIGURE 8, direct acting, during the winter 
heating season in the usual condition, and has the per 
formance characteristic of FIGURE 9, reverse acting, 
during the seasonal changeover conditions. The other dif 
ferences between FIGURE 6 and FIGURE 1 are: 

a thermostatic impulse conduit 42 connecting the ther 
mostat 31' and the inlet port 44 of the switching valve 33; 

a thermostatic impulse conduit 66 connects the conduit 
42' with the inlet port 57 of the selector device 34; 

a pneumatic supply impulse is delivered from a pneu 
matic supply source 35 to a pneumatic impulse conduit 
37 to the thermostat 31'; 

the outlet port 45 of the switching valve 33 is con 
nected by a conduit 71 to the operator 18' of the valve 
16; the inlet port 56 of the selector device 34 is con 
nected by an impulse conduit 72 to the conduit 71; 

the outlet port 58 of the selector device 34 is con 
nected by an impulse conduit 73 to the valve operator 
17 of the valve 15; 

the valve operator 17' is operable over a higher pres 
Sure range than the valve operator 18', e.g., the operator 
18 moves from a pressure of 3 p.s.i.g. (open) to 8 p.s.i.g. 
(closed) and the operator 17' moves from a pressure of 
8 p.s.i.g. (open) to 13 p.s.i.g. (closed). In all other re 
spects the device shown in FIGURE 6 is identical with 
that shown in FIGURE 1. 
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8 
FIGURE 6 and the apparatus of FIGURE 1 is that the 
thermostat 31' controls the hot air inlet valve 5, under 
'usual conditions, i.e., during the winter heating season. 
In so doing the thermostat 31' has a direct-acting charac 
teristic of the type shown in FIGURE 8 whereby increased 
observed room temperatures are accompanied by increased 
thermostat signal pressures. 
The performance of the apparatus shown in FIGURE 

6 will be described by reference to FIGURES 13 and 14. 
Under the usual conditions, shown in FIGURE 13, the 

switching valve 33 directly connects the flow regulator 
pressure conduit 67 to the valve operator 18' through 
the switching valve 33 and the impulse conduit 71. The 
thermostat signal is delivered through the thermostatic 
signal conduit 42", through the impulse conduit 66', 
through the pressure selector device 34 and the impulse 
conduit 73 to the valve operator 17. In this instance 
the thermostat 31', receiving a usual pneumatic supply 
through the conduit 37' is direct acting and has the char 
acteristics shown in FIGURE 8. Accordingly when the 
thermostat 31' observes that the room has a temperature 
above the desired value Y, an increased pressure is de 
veloped in the thermostat signal conduit 42 and deliv 
ered as described to the valve operator 17' causing the 
valve 15 to be moved in a closing direction. Decrease in 
total air flow is instantaneously sensed by the flow con 
troller 32 which generates a decreased pressure through 
the switching valve 33 and the impulse conduits 71 to the 
valve operator 18' causing the valve 16 to open and allow 
additional quantities of cool air to flow through the cool 
air duct 14. 

Operation of the pressure selector device 34 
When the thermostat 31' observes, under usual condi 

tions, that the room is colder than the predetermined value 
Y, the thermostat signal pressure decreases in the thermo 
stat signal conduit 42 until the valve 15 reaches a full open 
condition. If, in that full open condition of the valve 15, 
the amount of hot air flowing through the duct 3 exceeds 
the constant volume amount which is desired, the flow reg 
ulator device 32 will instantaneously observe the increased 
flow rate and develop an increased pressure in the flow 
regulator conduit 67 which will eventually close the valve 
16 as that pressure rises to a value of 8 p.s.i.g. If the air 
flow from the hot air duct continues at its high rate, the 
pressure in the flow controller conduit 67 will continue to 
rise until it exceeds the lowering pressure in the thermo 
Static signal conduit 42" and impulse conduit 66 at which 
event the pressure selector device 34 will deliver the higher 
flow regulator pressure to the impulse conduit 73 resulting 
in a partial closing of the valve 15 until the net flow rate 
of conditioned air delivered by the system is restricted to 
its preselected constant value. Thus on excess demands for 
heating, the apparatus self-limits the output to the desired 
constant volume and overblowing of heated air is 
prevented. 

Seasonal changeover-FIGURE 6 
The operation of the apparatus of FIGURE 6 during 

the seasonal changeover conditions is illustrated schemati 
cally in FIGURE 14. Both the air inlet ducts 13, 14 are 
provided with cool air during the seasonal changeover 
conditions. The switching valve 33 is disposed in its alter 
native position with the thermostat signal conduit 42 con 
nected to the impulse conduit 71. The flow regulator 32 is 
inoperative under these conditions. The thermostat 31', 
during seasonal changeover conditions, performs in its 
alternative characteristic as shown in FIGURE 9 whereby 
an increase in observed temperature results in a decrease 
of thermostat signal pressure delivered to the thermostat 
signal conduit 42'. Thus, during seasonal changeover con 
ditions, when the temperature in the room exceeds the pre 
determined value X, a relatively low thermostat signal 
pressure is applied to the thermostat signal conduit 42", 

The essential difference between the apparatus of 75 for example, 7 p.S.i.g., at which pressure the valve 15 is 
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fully open and the valve 16 is partially open. When the 
temperature is colder than the predetermined value X, the 
thermostat signal pressure increases in the thermostat sig: 
nal conduit 42 and the valve 16 becomes fully closed 
when that pressure exceeds 8 p.s.i.g. and the valve 15 be 
comes partially closed as the pressure exceeds 8 p.S.i.g. 
We claim: - 
1. In an air distributing system for a building OOIn 1 

cluding separate conduit means each providing a sepa" 
rate stream of conditioned air to said room, one said sepa 
rate stream being identified as a first stream and being 
always relatively cool and the other said separate stream 
being identified as a second stream and being in a usual 
condition, relatively hot, and in an alternative condition, 
being relatively cool; 

a first valve means for regulating the flow of air from 
said first stream through a first outlet into Said room; 
a second valve means for regulating the flow of air 
from said second stream through a second outlet into 
said room; 

a thermostatic means responsive to the temperature 
within the said room for providing a thermostatic sig 
nal corresponding to the air temperature within said 
room; 

a flow regulating means for providing a flow regulating 
signal directly corresponding to the cumulative flow 
rate of air from both said first outlet and said second 
outlet; 

the improvement comprising: 
signal switching means adapted in said usual con 

dition to deliver as an output signal said flow 
regulating signal to a selected one of the said 
first and second valve means, and adapted in Said 
alternative condition to deliver as an output sig 
nal the said thermostatic signal to the said se 
lected one of said first and second valve means; 

signal delivery means for delivering the said thermo 
static signal to the non-selected one of the said first 
and second valve means; 

said selected valve means being operable between a 
full-open and a full-closed position in response to ac 
tuating signals over a first range of pressures; 

the said non-selected valve means being operable 
between a full-open and a full-closed position in 
response to actuating signals over a second range 
pressure; 

the said first pressure range consisting essentially of 
pressures which are lower than the pressures of the 
said second pressure range; 

whereby in said usual condition, the said cumulative 
flow rate of air from said outlets is substantially 
constant as a result of increase of air flow from one 
said outlet being accompanied with decrease of air 
flow from the other said outlet and vice versa; and 

whereby in said alternative condition, the said cumu 
lative flow rate may vary as a result of increase in 
flow of air from said non-selected valve means while 
the selected valve means is closed and sequential in 
crease in flow of air from said selected valve means 
only while the valve of said non-selected valve means 
is fully open, according to the said thermostatic sig 
nal which is applied, in said alternative condition, 
to both said first and second valve means. 

2. The improvement of claim 1 including: 
a signal selector means having two inlet ports and one 

outlet port which is at all times connected to the said 
non-selected valve means; - - - - 

the said signal delivery means including means for deliv 
ering the said thermostatic signal to one inlet port 
of said signal selector means and for delivering said 
output signal from said signal switching means to the 
other inlet port, said signal selector means being 
adapted to deliver the higher of the two inlet pressure 
signals through the said outlet to the said non-selected 
valve means; 
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whereby in the said usual condition, the said thermo 

static signal is applied to the said non-selected valve 
means except where the pressure of the said flow reg 
ulating signal exceeds the pressure of the said thermo 
static signal in which circumstance the said flow reg 
ulating signal is delivered through the said signal 
selector means to the said non-selected valve means. 

3. The improvement of claim 1 wherein the said se 
lected valve means is the said second valve means and the 

10 said output signal from the said signal switching means is 
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applied to said second valve means; 
said thermostatic signal is applied to said first valve 

means; 
said thermostatic signal having a pressure inversely 

related to the observed room temperature at all 
times; 

said second valve means being operable between its full 
open and its full-closed positions in response to ac 
tuating signals over a first range of pressures; 

said first valve means being operable between a full 
open and a full-closed position in response to actuat 
ing signals over a second range pressure; 

the said first pressure range consisting essentially of 
pressures which are lower than the pressures of the 
said second pressure range; 

whereby in said usual condition, the said cumulative 
flow rate of air from said outlets is substantially con 
stant as a result of increase of air flow from one said 
outlet being accompanied with decrease of air flow 
from the other said outlet and vice versa; and 

whereby in said alternative condition, the said cumula 
tive flow rate may vary as a result of increase in flow 
of air from said first valve means while the said 
second valve means is closed and sequential increase 
in flow of air from said second valve means only 
while the said first valve means is fully open, accord 
ing to the said thermostatic applied, in said alterna 
tive condition, to both said first and second valve 
eaS, 

4. The improvement of claim 3 including: 
a signal selector means having two inlet ports and one 

outlet port which is at all times connected to the said 
first valve means; 

the said signal delivery means including means for de 
livering the said thermoplastic signal to one inlet port 
of said signal selector means and for delivering said 
output signal from said signal switching means to the 
other inlet port, said signal selector means being 
adapted to deliver the higher of the two inlet pres 
sure signals through the said outlet to the said first 
valve means; 

whereby in the said usual condition, the said thermo 
static signal is applied to the said first valve means ex 
cept when the pressure of the said flow-regulating 
signal exceeds the pressure of the said thermostatic 
signal in which circumstance the said flow-regulating 
signal is delivered through the said signal selector 
means to the said first valve means. 

5. The improvement of claim 1 wherein the said se 
60 lected valve means is the said first valve means and the 
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said output signal from the said signal switching means 
is applied to the said first valve means; 

said thermostatic signal is applied to said second valve 
means; 

said thermostatic signal having a pressure directly re 
lated to the observed room temperature during said 
usual conditions and inversely related to the observed 
room temperature during said alternative conditions; 

said first valve means being operable between its full 
open and its full-closed positions in response to ac 
tuating signals over a first range of pressures; 

the said second valve means being operable between a 
full-open and a full-closed position in response to 
actuating signals over a second range pressure; 

the said first pressure range consisting essentially of 



3,368,752 
11 

pressures which are lower than the pressures of the 
said second pressure range; 

whereby in said usual condition, the said cumulative 
flow rate of air from said outlets is substantially con 
stant as a result of increase of air flow from one said 
outlet being accompanied with decrease of air flow 
from the other said outlet and vice versa; and 

whereby in said alternative condition, the said cumula 
tive flow rate may vary as a result of increase in flow 
of air from said second valve means while the 
said first valve means is closed and sequential increase 
in flow of air from said first valve means only while 
the said second valve means is fully open, according 
to the said thermostatic applied, in said alternative 
condition, to both said first and second valve means. 

6. The improvement of claim 5 including: 
a signal selector means having two inlet ports and one 

outlet port which is at all times connected to the 
said second valve means; 

the said signal delivery means including means for de 
livering the said thermostatic signal to one inlet port 
of said signal selector means and for delivering said 
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output signal from said signal switching means to the 
other inlet port, said signal selector means being 
adapted to deliver the higher of the two inlet pres 
sure signals through the said outlet to the said sec 
ond valve means; 

whereby in the said usual condition, the said thermo 
static signal is applied to the said second valve means 
except when the pressure of the said flow-regulating 
signal exceeds the pressure of the said thermostatic 
signal in which circumstance the said flow-regulat 
ing signal is delivered through the said signal selector 
means to the said second valve means. 

References Cited 
UNITED STATES PATENTS 

3,026,041 3/1962 Jentoft -------------- 236-13 
3,145,926 8/1964 O'Day -------------- 236-13 
3,237,860 3/1966 Jentoft --------------- 236-1 

20 EDWARD J. MICHAEL, Primary Examiner. 


