
1,771,077 C. A. DUNHAM 
METHOD. oF HEATING BY STEAM 

July 22, 1930. 
Filed July 26, 1929 

ZZT. 

III |2 : zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzZzZzZzZzZzZzZzZzZzZzZzzzZZZZZZZZ || 
|| || 

|||||||| 

42’ X, Z 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzZzZzZzZZZZZZZZZZZZZZZZZZZZ @   

  

  

  



M. 

Patented July 22, 193o 1771,077 
: 

--- 

UNITED STATES PATENT oFFICE 
CAONT A. DUNEIAM, OF GLENCOE, ILLINOIS, ASSIGNORTO C. A. DUNELAMI coMIPANY, 

oFMARSHALLSTowN, IowA, A coRPoRATIoN oF IowA 
MEBOID OFIBEATING BY STEAM 

Application filed July 26, 1929. serial No. 381,264. 
This invention relates to the art of heat 

ing by steam at sub-atmospheric pressures, 
and its principal object is to provide a novel 
method of increasing the flexibility of the 

5 system and the range of temperatures that 
i may be maintained, by not only controllably 
varying the sub-atmospheric pressure of the 
steam, but by also controllably, varying the 
volume of the body of steam maintained in 

10 the condensing space orradiator atany given sub-atmospheric pressure. 
This present invention involves certain 

improvements on and additions to the method 
of heating disclosed and claimed in my prior 

15 Patent 1,644,114 granted October 4, 1927. In 
said prior patent the steam is circulated 
through the radiators or condensing spaces at 
sub-atmosphericºpressures, which are varied 
accordingto the amount of heat required for 

20 maintaining the room or other space at the 
i desired temperature. At all times the radia 

tor or radiators are kept free of air and con 
i densate and full of steam. In mild weather 
the steam will be maintained at a lower pres 

2 sure, and consequently at a lower tempera 
ture than in coldweather. It is thus possible, 
through a very considerable range of tem 
peratures, and utilizing the same constant. 
amount of radiating surface, to maintain the 

30 desired heat output, whether the outside tem 
perature be low or relatively high, by main 
taining the radiatorata high temperature in 
cold weather and at a much lower tempera 
ture during mild weather, this being accom 

3º plished byvarying the temperature of the 
steam confined in the radiator. - º - 

It will be noted that in such a systern, in 
order to lower the temperature of the steam 
and hence the heat output from the radiator, 

4º it is necessary to decrease the steam pres 
sure, that is, increase the vacuum maintained 
within the heating system or portions there 
of. In actual practice it is not economical in 
heating service to maintain vacuums in ex i º cess of approximately 26 inches of mercury. 
The radiators are necessarily designed for 
maximum heatingrequirements, and if these 
radiators are filled to their entire capacity 
with steam at the minimum temperature cor 

º respondingto the maximum vacuum that may 

determined sub-atmospheric pressure. 

be practically maintained, the heat output 
mayeven yet be excessive in extremely mild 
weather. 
The present invention has for its imme 

diate object the provision of a steam heating 
System capable ofmaintaining the desired in 
side temperatures in even the mildestweather. 
Thisis accomplished by only partially fill 
ing the individual radiators, in proportion 
to their heating surface, with steam at the 

In 
otherwords, the heat output is regulated not 
only by determining the temperature of the 
steam by varying its sub-atmospheric pres 
sure, but alsoby varying the volume of this 
body of sub-atmospheric steam maintained 
in each individual radiator. This is prac 
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tically accomplished by varying the amount 
of sub-atmospheric steam admitted to and 
the amount of non-condensible gases that are 
withdrawn from the radiators. In the pre 
ferred exemplification of this method, the 
radiatorsare kept entirely free of non-con 
densible gases at allsteam pressures above the 
determined maximum vacuum so that the en 
tire condensing capacity of the radiator is 
available and the heat output is varied en 
tirelyby varying the pressure of the steam 
confined therein. After the maximum vac 
uum is attained, in order to obtain a further 
decrease in the heat output, the amount of 
steam admitted to the radiator is further de 
creased and a predetermined portion of the 
non-condensible gases are permitted to accu 
mulate in the radiator, thus decreasing the 
volume oramount of steam maintained with 
in the radiator. In this manner the heating 
system may be utilized in even the mildest 
weather formaintaining the desired indoor 
temperatures simply, automatically and with 
greater fueleconomies than have been pre 
viously obtainable. 
The principal object of this invention isto 

provide animproved method of heating, such 
as briefly described hereinabove and disclosed 
more in detail in the specifications which fol 
low, - 

Other objects and advantages of this in 
vention will be apparent from the following 
detailed description ofone form of apparatus lº 
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capable of carrying out this improved meth 
od, and the improved method of operating 
this apparatus as hereinafter disclosed. 

In the accompanying drawings: 
Fig. 1is an elevation showing the principal 

elements of a preferred form of heating sys 
tem operating according to this invention. 

Fig. 2 is an elevation, partially in section, 
through one of the radiator inlet valves. 
The apparatus here disclosed is essentially 

the same as that utilized in my former pat 
ent, hereinabove referred to. This appa 
ratus will first be briefly described, together 
with its operation as a sub-atmospheric steam 
heating system, and then the improved meth 
od of operation forming the particular sub 
ject matter of this invention will be disclosed. 
Many of the devices and mechanisms used 

in this systemare well known in the art, may 
be constructed in a variety of forms, and äre 
here indicated diagrammatically. 

Referring now to the drawings, Aindicates 
the steam generator which furnishes steam 
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controller 4 connected in the steam 

through the supply main B and reducin 
valve C to the radiators D. Condensate an 
air are drawn out of the radiators through 
thermostatic traps E, through return main F 
to the accumulatortanlk G. The vacuum pro 
ducing mechanism indicated generally at H 
withdraws the condensate, vents the air and 
forces the water back to the generator A, be 
sides maintaining the desired vacuum 
throughout the system. The means indicated 
generally at J controls the vacuum produc 
ing mechanism so as to maintain a fixed dif 
ference in pressure between the supply and 
return mains, and the suction mechanism is 
alsounder control of a float-operated switch 
mechanism K which responds to the level of 
the accumulated liquid condensate in the 
tank G. 
The steam generator A may be of any de 

sired form, the example here shown beingan 
ordinary boiler heated by a solid-fuel furnace 
provided with dampers 1 and 2 connected by 
a chain 3 with a pressure-operated damper 

pipe 5 
which is in communication with the boiler. 
A gauge 6 ispositioned in the pipe 5 for indi 
cating the pressure at which the steam is be 
ing generated. 
Steam passes from the boiler through sup 

ply pipe 7 and cut-off valve 8 to and through 
the reducing valve C into the supply main B. 
The reducing valve C may be of the well 
known form embodying balanced cut-off 

- valves whose movements to closed or open positions are governed by the enclosed pres 
sure diaphragm 9 and the weights 10 and 11. 
The diaphragm 9 is subject on one side to at 
mospheric pressure and on the other side to 
the steam pressure in supply main B. A sec 
ond smaller balancing diaphragm indicated 
at7 may be opposed to the main diaphragm. 

5 This reducing valve Cis distinguished by the 

fact that the reducing weights 10 and 11are 
so proportioned and positioned that a desired 
sub-atmospheric pressure may be maintained 
in the supply main B, while a somewhat high 
er pressure (usually also sub-atmospheric) 
exists in the supply pipe 7 leading from the 
boiler. By properly adjusting the weights 10 
and 11 (orother equivalent spring or weight 

i devices which may be used) any desired de 
gree of vacuum may be maintained in the 
supply main B. Preferably a pressure gauge 
13 isprovided to indicate this vacuum or sub 
atmospheric pressure. 
The valve C mayalso be subject to the con 

trol of a thermostat 70 located in one of the 
roomsto be heated. This thermostat includes 
a movable contact71 adapted to engage a fixed 
contact 72 when a certain maximum tempera 
ture is reached and to engage another fixed 
contact 73 when a determined lower tempera 
ture is reached. These contacts complete cir 
cuits so asto cause a motor 74 to successively 
rotate a crank-arm 75 through arcs of 180º. 
When this crank-armis in one position (cor 
responding to the maximum temperature) it 
will operate, through suitable link and lever 
mechanism indicated at76, to close the valve 
C. This valve operating mechanism is dis 
closed more in detail in my co-pending appli 
cation Serial No. 396,209, filed September 30, 
1929. 
When the crank-armis in the other position 

it will return the valve to the control of the 
diaphragm9. In this way the valve is auto 
matically closed to cut-off the further flow of 
steam to the radiators whenevera desired tenn 
perature is attained in the space to be heated, 
regardless of normal operation of the reduc 
ing valve. 

Instead of the reducing valve C, as here 
shown, an automatic temperature-controlled 
reducing valve of any suitable form may be 
substituted, for example, the valve disclosed 
in my prior Patent No. 1,644,114, hereinabo ve 
referred to When such a valve is used, he sub-atmospheric pressure of the steam sup 
plied to the radiators will be varied auto 
matically in accordance with temperature re 
quirements, but otherwise the operation of the 
systemis the same ashereinafter set forth. 
The risers 14 lead from the supply main B 

to furnish steam to the several radiators D, 
two of which are here shown by way of exam 
ple, although it is to be understood that any 
desired number of radiators may be used. 
The risers 14' here shown lead to radiators 
ona floor above those indicated in the draw 
ings. team passes from the riser 14 through 
any suitable inlet valve 15 into the radiator 
D. This inlet valve will normally be open 
when the radiatoris in service to permit free 
passage of steam from the supplymain to the 
radiator, but the valve may be closed when 
any individual radiator is notto be used for heating purposes. Although the heating sys 
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tem as a whole is adjusted to meet the general 
prevailing temperature conditions, and the 
several radiators are positioned and propor 
tioned to satisfy the average heating require 
ments at the respective localities, itis some 
times desirable to adjust the supply of heat 
ing medium to any one individual radiator 
in accordance with unusual local temperature 
conditions, and a thermally operated inlet 
valve controlled by athernostat located in 
the vicinity of the radiator may be used in 
stead of the ordinary inlet valve 15. One 
suitable example of such a thermally operated 
valve is disclosed in my prior Patent 

15 1,644,114, hereinabove referred to. 
As indicated in Fig. 2, an orifice plate 16 

is interposed in the pipe leading from the 
inlet, valve to the radiator, this plate restrict 
ing the flow of steam so that for average pres 
sures in the supply piping, the maximum 
quantity of steam that the radiator will re 
ceive is fixed and proportioned to the con 
densing capacity of the radiator. The ori 
fices 17 in the plates. 16 of the various radia 

5 tors of the system will differin size, dependent 
upon the relative positions of the several 
radiators with respect to the source of supply 
of steam, and depending upon the volume and 
condensing capacity of the particular radia 
tor, so that all of the radiators regardless of 
their form, capacity or position, will receive 
the proper quantity of steam. Further char 
acteristics and functioning of these orifice 
plates will be referred to more in detail here 
inafter, when the particular improvements 
forming the subject, matter of thisnewmethod 
of heating are set forth. 
At the outlet of each radiator D is ather 

mostatically operated steam trap E, which 
normally retains the steam within the radia 
tor, but permits the outflow of accumulated 
liquid condensate and air or other non-con 
densible gases through pipe 18 to the return 
main F. In order to effectively operate the 
differential vacuun heating systenn, as set 
forth hereinafter, it is essential that the 
radiator be continually purged of all water 
and non-condensible gases, or at least a de 

i termined portion thereof, So that all or a 
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definite portion of the radiator may be com 
pletely filled with steam. At the same time 
it is essential that, no material amount of 
steam should leak into the return pipes. A 
fluid-filled thermostatic trap capable of prop 
erly performing this service is nowwell 
known in the art andis described in detail in 
my prior patent hereinabove referred to. 

, The liquid condensate and non-condensible 
gases flow downwardlyby gravity, assisted 
by the suction of the vacuum producing 
mechanism hereinafter described, through 
the return main F and suction strainer 19 
into the accumulator tank G. The drain out 
let 20 is normallyclosed by the valve 21. The 
water of condensation and non-condensible 

3 
gases accumulating in the supply main Bare 
vented through the pipe 22, thermostatic trap 
or float and thermostatic trap 23 and pipe 24 
to the return main F, andare afterwards 
transported along with the condensate from 
the radiators. 
The suction producing mechanism H, as 

here shown, comprises a tank 25 partially 
filled with water, from the lower portion of 
which a pump 26 withdraws water through 
pipe 27 and forces this water upwardly 
through jet exhauster 28 and pipe 29 back 
into the upper portion of tank25. This hurl 
ing water circuit produces a suction in the 
casing ofejector 28, which draws up the water 
and air from the lower portion of the accumu 
lator tank G through pipe 30, these fluids 

5 

being carried along with the water of the 
hurling circuit and discharged into the tank 
25. A one-way check valve 31 in pipe 30 pre 
vents the return of these fluids to the accumu 
lator tank. The gases discharged into tank 
25 are vented to the atmosphere through pipe 
32 provided with outwardly opening check 
valve 33. A second outlet from the cen 
trifugal liquid pump 26 passes through valve 
3, pipe 35 and check valve 36 to the steann 
generator A. A. float 37 in the tank 25 oper 
ates, When the level of accumulated liquid 
in the tank 25 has reacheda certain height, 
through the link and lever connections 38 to 
Qpen the valve 34 and permit the pump 26 to 
force surplus water through pipe 35 to the 
boiler. 
The motor 39 which drives the pump 26 is 

t) 

, 

connected by wires 40 and 41 with the 
starter 42, which is under the separate and independent control of two distinct switch 
mechanisms 43 and 44. Switch 43 is con 
trolled through lever mechanism 45 by a 
float 46 positioned in the accumulator tank 
G. When a certain amount of condensate 
has gravitated through return main F into 
thistank, the float 46 will belifted sufficiently 
to close the switch 43, which results in start 
ing the motor 39, and the vacuum producing 
mechanism commences to function to with 
draw the condensate and gases in tank G 
and discharge them into the tank 25. Here 
the gases are vented, and when sufficient 
Water has accumulated, it is returned to the 
boiler in the manner already described. 

Switch 44 is controlled by the differential 
pressure regulator J, which comprises a mov 
able diaphragm adapted in awell known 
manner to open or close the switch 44. The 
diaphragm of differential pressure regulator 

i 0 

2) 

is subject, on its opposite sides, to the pres 
sures existing in the supply and return mains. 
For this purpose an equalizing pipe 47 has 
one leg 48 connected with supply main B 
and the otherleg,49 connected with return 
main F. Positioned in the central portion of 
equalizing pipe 47 are a normally open cut 
off valve 50 and a one-way check valve 51 
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opening toward the supply main B. This 
equalizing pipe will never permit the pres 
sure in the supply side of the system to fall 
below the pressure existing in the return 
side, since should such conditions arise, the 
check valve 51 will opento permit the pres 
sures to equalize. A pair of similar surge 
tanks 52 and 53 are located in the high and 
low pressure sides respectively of equalizing 
pipe 47, and these tanks are connected b 
pipes 54 and 55, respectively, with the hig 
and low pressure chambers of differential 
pressure regulator J, at the two sides of the 
controlling diaphragm therein, When the 

i difference in pressure between the supply 
and return mains falls bellow a certain prede 
termined and adjustableminimum, the dif 
ferential controller.Jwillbe operated to close 
the switch 44, thus starting the motor 39 and 
the pumping mechanismwill operate, as al 
ready described, to withdrawliquids and 
gases from the tank G. and hence from the 

: return main F. This will lower the pres 
i 

3 

sure in the return main Fand the pump will 
continue to operate until a desired maximum 
pressure differential is established between 
the return and supply mains, whereupon reg 
ulator J will operate to open the switch 44 
and thus stop the exhausting mechanism. 
A maximum vacuum regulator, indicated 

at L, is in communication, through pipe 56 
and pipe 63 with the accumulator tank G. 
When a certain predeterminedi maximum 
vacuum is reached in return main Fand tank 

5 G the regulator L will operate to opena nor 
mally closed switch mechanism 57 which is 
connected in series with switch mechanism 
44 and starter 42 through wires 58, 59 and 60. 
A cut-out switch 65 may be positioned in this 
circuit, this switch being closed when auto 
matic operation of the heating system is 
desired. It wili now be apparent that as 
long as the sub-atmospheric pressure in the 
system is above the predetermined maximum 
vacuum permitted, the switch 57 will remain 
closed and switch mechanism 44 will be op 
erative to control the motor 39 and main 
tain the proper pressure differential between 
the supply main B and return main F. Aft 
er the maximum vacuum permitted has been 
attained in the return main, switch 57 wili 
be opened so as to break the operating circuit 
of switch mechanism 44, whereupon the mo 
tor 39 will stop and the regulator J. Willino 
longer be effective to start the exhausting 
mechanism when the pressure differential 
falls below the previously desired minimum. 
The power mains leading to starter 42 are 
indicated at 61 and 62. 
The vent pipe 63 leads from the upper por 

tion of accumulator tank Gand is provided 
with an outwardly opening check valve 64. 
As longas the sub-atmospheric pressures pre 
vail in the heating system, check valve 64 
will be maintained closed by the outer at 
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mospheric pressure, but this pipe 63 will be 
effective to vent gases from the tank G. when 
ever the pressures in the return side of the 
system are permitted to rise above atmos 
pheric pressure. 
as hereinafter set forth, check valve 64 will 
be closed and pipe 63 is ineffective to vent gases, all of the gases being discharged 
through pipe 30 to tank 25 and thence vented 
through pipe 32. 
In the normal operation of this sub-at mospheric steamsystem, as thus far de 

scribed, the reducing valve Cis adiusted S0 
asto maintain the desired degree of Vacuum 
in the supply main B. As is well known, 
steam will be generated at atmospheric pres 
sure at: 212° Fahrenheit. Under higher pres 
sures, steam will be generated at higher tem 
peratures, and conversely under a vacuum, 
steam will be generated at lower tempera 
tures, the temperature of the steam depend 
ing upon the degree of vacuum existing in 
the system. This principle is utilized in 
this heating system so that by varying the 
sub-atmospheric pressure in the supply main 
B and also in the radiators D, the tempera 
ture of the steam in the radiators is corre 
spondingly varied So that steam at compara tively low temperatures may be maintained 
in the radiators when prevailingweather con 
ditions necessitate only a mild radiation of 
heat from the radiators. Steam may be more 
economically generated at lovver tempera 
tures, and it is more efficient and economical 
to maintain a constant supply of steam at 
a comparatively low temperature thanan 
intermittent P of steam at a higher 
temperature. It will also be noted that if the 
volume of this body of steam constanty 
maintained in the radiator is decreased, the 
heat output of the radiator will be corre 
spondingly decreased, thus providing a means 
for still further reducing the heat output in 
extremely mild weather, and this additional 
step is utilized in the improved method here 
inafter set forth. 
While the degree of vacuum existing in 

the system may be varied from atmospheric 
pressure, or slightly above, to as low asper 
haps 26 inches of vacuum in order to obtain 
the desired heating effect from the radiators, 
it is also essential that a substantially con 
stant and relatively Small difference in pres 
sure be maintained between the supply and 
return sides of the radiators, this pressure 
differenti al being just sufficient to insure the 
proper circulation of steam and provide for 
withdrawing the condensates and noncon 
densible gases from the radiators. Accord ingly the vacuum producing systemis ad 
justed to operate tomaintain this fixed pres 
sure differential between the supply andre 
turnsides of the radiators, but as hereinafter 
explained, in orderto maintain this fixed dif 
ferential, it will also function to maintain 

In the normali operation, o 
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the desired degree of vacuum throughout the 
system. 
When starting the operation of the Sys 

tem, heat is applied to the boiler and the 
exhausting mechanism His started to create 
a suction in the system. At this time the 
system will be empty of steam and the ther 
mostatic traps E will be open. There will 
be no substantial pressure differential be 
tween the return and supply mains and the 
suction created by the exhausting mechanism 
Hwill extend throughout the system, lower 
ing the pressure in the boiler so that steam 
israpidly generated and drawn into the sup 
ply mains and radiators. When the desired 
minimum pressure is obtained in the supply 
main B, the reducing valve C will close and 
will thereafter open and close intermittently 
or adjust itself at intervals sufficient to main 
tain the desired sub-atmospheric pressure of 
steam in the supply main B. The pressure in 
the generator Amay rise somewhat higher, 
although it may stillbe sub-atmospheric, and 
the-fire can beso regulated that this pressure 
will not rise materially above the vacuum 
maintained in supply main B. If steam at higher temperatures is required for other 
purposes the pressure in the boiler may be 
increased to any desired extent, Steam at: tempting to pass through the traps E will 
close the valves in these traps until such time 
as sufficient condensate has accumulated to 
open these valves and permit its withdrawal. 

º Fhe pumping or exhausting mechanism H 
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will continue to operate until the sub-atmos 
pheric pressure in return main F (whichis 
now cut off from the supply main B by the 
closed traps E) has beenlowered until the 
necessary pressure differential has been at 
tained, whereupon the control mechanism J 
will operate the switch 44 to stop the motor 
39. As steam condenses in the radiators D, 
the pressure in the radiators and supply main 
B will be lowered below the sub-atmospheric 
pressure for which the valve C is set, and 
this valve will open and admit more steam 
to the supply main and radiators, thus keep 
ing the radiators full of steam at the desired 
sub-atmospheric pressure. The thermostatic 
traps Ewill automatically opento permit the 
accumulated condensate and noncondensible 
gasesto pass out into the return main F 
and will againbe closed when steam attempts 
to pass through these traps. This entry of 
air and condensate into the return main F 

e will somewhat raise the pressure in this main 

O 

so that the difference in pressure between the 
return main and supply main may fall below 
the necessary minimum, whereupon the con 
trol mechanism Jwill operate toclose switch 
44 and start the motor 39 of the pumping mechanism, which will begin functioning at 
once to again reduce the pressure in the re 
turn main F. The pumping mechanism H 
will only operate at such intervals as is nec 

5 

essary to maintain the pressure differential 
between the supply and return mains, or 
when the accumulation of liquid in the accu 
mulator tank G necessitates its removal to 
tank 25 and thence to the generator. The general object of this system is to ob 
tain a substantially constant emission of heat 
from the radiators at a ratejust sufficient to 
replace the heat lost from the building and 
thus maintain a constant temperature in the 
rooms. In the operation of the system as 
thus far described, this is accomplished by 
changing the temperature of the body of 
steam of substantially constant volume main 
tained in the radiators, and this in turn is accomplished by varying the sub-atmospheric 
pressure of this steam. This pressure varia 
tionis accomplished by adjustment of the re 
ducing valve C, while maintaining the re 
turn main pressure lower, by a substantially 
constant pressure differential, than the sup 
ply main pressure. When the pressure and 
temperature of the steam in the radiators 
has been reduced to a practical minimum, the 
heat output from the radiators can be still 
further reduced by decreasing the volume of 
the body of steam, or the amount of steam, 
maintained in each radiator, and the means 
for accomplishing this step of the method 
will nowbe described. 

positioned between each inlet valve and the 
adjacent radiator, is provided with a meter 
ing orifice 17 designed to permit a steam flow 
from the supply pipeto radiator directly 
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As already noted, the regulating plate 16 

00 
proportionalto the heat emitting capacity of 
the radiator. This orifice area will be pro 
portioned so that for the normal pressure 
difference maintained between the supply 
and return mains at all pressures up to the 
maximum, steam Will be supplied toeach ra 
diatorat a ratejust sufficient to keep it. sub 
stantially filled. Inasmuch as the area of 
orifice 17 is proportioned to give a deter 
mined steam flow sufficient to fill the radi 
ator when a given 

tial less than this only a fraction of the nor 
malamount of steam will flow through the orifice. 
The system will operate asset forth here 

inabove as long as the pressures and temper 
atures in the systemare above the maximum 
vacuum for which regulator Lis set, or in 
case a maximum regulator Lis not provided, 
above the maximum vacuum that the ex 
hausting mechanismis capable of maintain 
ing in the return side of the system. The 
regulator Lis notabsolutely necessary, but 
itsuse is desirable since it will stop the 
pump and thus save power when the maxi 

105 

10 
ressure differential is 

maintained between the two sides of the ori 
fice, it follows that for any pressure differen 
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mum vacuum is attained. For all sub-at 
mospheric, pressures above this maximum vacuum, the predetermined pressure differ 



e 
ential for which regulator Jis adjusted Will 
be maintained between the supply and re 

10 

turn sides of these radiators, and the radi 
ators will bekept free of condensate and non 
condensible gases so that a body of steam 
of substantially constant volume will filleach 
radiator, although the pressure of this steam 
and consequentlyits temperature is adjusted 
“to secure the desired heat output. Itmight 
here be mentioned that due to the various 
gases that are freed from the water when 
steam is generated, there is quite an appre 

i ciable volume of gas developed in the sys 
i tem, aside from the air which leaks into the 
5 

() 

system, and these accumulated gases are the 
“non-condensible gasesºwhich have been fre 
quently referred to in this description. It 
is these gases that must be eliminated from 
the radiators, along with the condensate, in 
orderto permit the radiators to be completely 
filled with steam. 
When the maximum vacuum (for example 

26 inches of mercury) has been attained, the 
regulatorL will open the switch 57, and regu 

3 lator J is no longer effective to cause the 
exhausting mechanismto operate. Further 
reduction of the sub-atmospheric steam pres 
sure in the supply main and radiators, due 
to the adjustment of reducing valve C and 
to the condensation of steam in the radiators, 
will furtherlower the pressure on the supply 
side of the system, but since the exhausting 

i mechanismis no longer in operation the pres 

40 

i 

35 

60 

65 

sure in the return side of the system will not 
be lowered below the maximum vacuum es 
tablished by regulator L. Consequently the 
pressure differential between the supply and 
returnsides of the radiators will be decreased, 
and this pressure difference will no longerbe 
sufficientto entirely remove the non-condensi 
ble gases from the radiators, orto draw in 
enough steam to entirely fill the radiators. 
Accordingly, a certain amount of these gases 
will accumulate in each radiator, thus de 
creasing the space available for steam in the 
radiator, or in other words, decreasing the 
effective steam capacity of the radiator. The 
result is that a smaller body of the low tem 
perature steamismaintainedin each radiator, 
and the heat output of the radiatoris corre 
spondingly decreased. It will be understood 
that when, due to condensation of steam in 
the radiators, the sub-atmospheric pressure 
in the radiators and supply main falls below 
that for which reducing valve Cis set, this 
valve will opento admit more steam and thus 
raise the pressure to the desired minimum. 
Also. when the pressure in the return main 
rises above the maximum vacuum for which 
regulator Lisset, switch 57 will again be 
closed and since switch 44 is closed, due to 
the fact that the pressure differential for 
which regulator Jis set is not now estab 
lished, the exhausting mechanism will again 
operate...until the desired maximum vacuum 
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is again attained. In this way a state of sub 
stantial equilibrium is maintained, permit 
ting the supply of a diminished volume of 
steam to the radiators and the withdrawal 
of condensate and a certain proportion of the 
non-condensible gases. As an alternative to the operation as here 
inabove set forth, the differential pressure 
regulator canbe adjusted soasto maintain 
a diminished pressure differential, or the ex 
hausting mechanism, H may be adjusted to 
run more slowly, so that at all pressures (in 
cludingthose above the maximum vacuum for which regulator Lis adjusted) the radia 
tors will notbe completely evacuated of non 
condensible gases, and a diminished supply 
of steam will beadmitted so that the effec 
tive steam capacity of the radiators will be 
correspondingly reduced. The steam supply 
now being restricted so as to only partially 
fill the several radiators, the constant heat 
output of the radiators will be correspond 
ingly reduced. 

It should be noted that when the reducing 
valve Cisthermostatically controlled the sys 
tem will be operative as above set forth even 
though the valve is not manually setto ob 
tain the desired low temperature. In case 
the rooms reach the desired temperature be 
fore the radiators are entirely filled with 
steam thethermostatwill close the valve to 
cut off the steam supply. The system will 
then adjustitself as already described to a 
condition wherein the radiatorsare filled with 
certain proportions of steam and non-con- 100 
densible gases both under high vacuum. 
Due to the improvements hereinabove set 

forth, the flexibility and the range of tem 
peratures that may be maintained by this 
sub-atmospheric heating systemare greatly 105 
extended, and proper indoor temperatures 
may be maintained in even the mildest 
weather. 
The novel feature of controllably adapting 

the principle of Qnly partially filling radia- 11o 
tors with steam touse with steam underlow 
sub-atmospheric pressures, has many distinct 
advantages. By utilizing steam under a low 
pressure or high vacuum, a greater propor 
tion of the radiating surface may be heated 115 
without overheating the building, this giving 
a more comfortable inside temperature and 
maintaining a more healthful humidity in 
the air in the room. The system canbe more 
easily controlled to give the desired heating 12o 
effect at each individual radiator, owing to 
the low heat content per unit of volume of . 
the heating medium. This modified sub-at 
mosphericheating system has certain advan 
tages over a system in which the radiators 125 
are completely evacuated at all sub-atmos 
pheric pressures, since the amount of work imposed on the exhausting mechanism is re 
duced After certain maximum highvac 
uums have been attained in a system of this 130 
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type, the exhausting mechanism cannot be 
economically operated, and this improved 
system permits the use of the exhausting 
mechanism to completely evacuate the radia 
tors at all those moderate sub-atmospheric 
pressures at which the mechanism can be 
most efficiently operated, and permits a con 
trol of the system in still milder weatherby 
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cutting down the volume of steam condensed 
in the radiators rather than by reducing the 
temperature and pressure of this steam to 
an impractical minimum. 

I claim: 
1. The method of heatingby steam which 

consists in introducing steam into a par 
tially evacuated condensing space in amounts 
limited to give pressures thereinbelow at 
mospheric pressure, withdrawing condensate 
as formed and a portion of the non-con 
densible gases from said space without per 
mitting the escape of steam therefrom, and 
controlling the heat output from the con 
densing space by controllably varying the 
sub-atmospheric pressure in said space by 

º increase or decrease of the amount of steam 
introduced to vary the temperature of the 
steam, and also by varying the proportions 
of steam and non-condensible gases within 
the condensing space. 

2. The method of heating by steam which 
consists in introducing steam into a condens 
ing space having separate supply and dis 
charge ducts, effecting the withdrawal from 
said space of condensate as formed and a 
portion of the non-condensible gases while 
retaining the steam therein, by maintaining 
a sub-atmospheric pressure in the return duct 
lowerthan the pressure in the supply duct, 
limiting the inflow of steam to the supply 
duct so as to give a pressure in the condens 
ing space below atmospheric pressure, and 
varying the pressure-differential between 

- the supply and return ducts so as to vary 
5 
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the amount of steam admitted to and of non 
condensible gases withdrawn from the space. 

3. The method of heating by steam which 
consists in introducing steam into a condens 
ing space having separate supply and dis 
charge ducts, effecting the withdrawal from 
said space of condensate asformed and a 
portion of the non-condensible gases while 
retaining the steam therein, by maintaining 
a sub-atmospheric pressure in the return duct 
lowerthan the pressure in the supply duct, 
limiting the inflow of steam to the supply 
duct so as to give a pressure in the condens 
ing spacebelow atmospheric pressure, fur 
ther restricting the rate of inflow of steam 
to the condensing space so that for a given 
pressure differential between the supply and 
discharge ducts just sufficient steamwill be 
admitted to fill the space, and controllably 
decreasing this pressure differential tofur 
ther restrict the amount of steam admitted 
to-the space and the proportion of non-con 

7 

densible gases withdrawn therefrom and 
thus controllably varying the effective steam 
capacity of the condensing space. . 

4. The method of generating and utilizing 
steam for heating consisting in generating 
the steam and condensing it in communi 
cating spacesboth of which are at sub-atmos 
pheric pressures, maintaining a sufficient dif. 
ference in pressure between the supply and 
discharge sides of the condensing space to 
determine the movement of fluids there 
through, and regulating the heat output by 
varying the pressures in the spaces and also 
varying the said pressure differential. 

5. The method of heating by steam which 
consists in controlling the inflow of steam to 
a condensing space so that a body of steam 
ismaintained in the available portion of this 
Space ata determined pressure below, atmos 
pheric, maintaining a partial vacuum in the 
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C 5 
outlet from the space sufficient to withdraw 
condensate and a portion of the non-con 
densible gases, and varying the pressure dif 
ferentialbetween this vacuum and the pres 
sure of the sub-atmospheric steam to deter 
mine the amount of steam admitted to and 
of non-condensible gases withdrawn from 
the space and thereby determine the volume 
of the space available for condensing steam. 

6. The method of heating by steam which 
consists in varying the sub-atmospheric 
pressure of a body of steam in a confined 

90 

Spaceto determine its temperature until a 
predetermined minimum pressure and tem 
peratureisattained in the confined body of 
steam, eliminating from said space the con 
densate as formed and all of the non-con densible gases at all pressures above the pre 
determined minimum, and restricting the 
volume of steam admitted and of non-con 
densible gases withdrawn after the minimum 05 

steam pressure has been attained to vary 
thevolume of the body of confined steam. 

7. The method of heating by steam which 
consists in introducing the steam from a com 
non supply duct at sub-atmospheric pressures 
into a plurality of condensing spaces having 
a common discharge duct, through restricting 
orifices which limit the amount of steam intro 
duced into each space to the capacity of Such 
Space to condense it, varying the pressure of 
the steam in the supply duct to vary the tem 
perature of the steam in said spaces, main 
taininga pressure in the discharge duct suffi 
ciently lower than that in the supply duct to 
effert movement of fluids into the condensing 
Spaces and the withdrawaltherefrom of con 
densate as formed and of a portion of the 
non-condensible gases, and varying the pres 
sure differentialbetween the disc arge and 
supply ducts to determine the proportions of 
steam admitted and of non-condensible gases 
withdrawn and hence determine the effective steani capacity of the condensing spaces. 

8. The method of heatingby steam which 
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consists in introducing the steam from a com 
mon supply duct at sub-atmospheric pressures 
into a plurality of condensing spaces having 
a common discharge duct, through restricting 
orifices which limit the amount of steam in 
troduced into each space to the capacity of 
such space to condense it, varying thè pres 
sure of the steam in said spaces, maintaining 
dewn to a predetermined minimum pressure 
a pressure in the discharge duct sufficiently 
lower than that in the supply duct to effect 
movement of steam into the condensing spaces 
and the withdrawaltherefrom of condensate 
as formed and of all non-condensible gases 
without permitting the escape of steam, and 
after said predetermined minimum pressure 
isattained in the supply duct, furtherlower 
ing the pressure of the steam supplied to the 
condensing spaces whereby the pressure dif 
ferential between the supply and discharge 
ducts is decreased and non-condensible gases 
are permiited to accumulate in determined 
amounts in the condensing spaces thus Ie 
stricting the steam capacity thereof. 

9. The method of generating and utilizing 
steam for heating consisting in generating 
the steam and condensing it in communicat 
ing spaces, both of which are at sub-atmos 
peric pressures, restricting the flow of steam 
into the condensing space and maintainunga 
difference of pressure between the supply and 
discharge sides of said space so as to bring 
about a determined movement of fluids 
through said space, and varying the said 
pressure difference to determine the amount 
of steam admitted to and condensed in said 

i condensing space. 
10. Themethod of generating and utilizing steam forheating consistingin generating the 

steam and condensing it in communicating 
spaces, both of which are at sub-atmospheric 
pressures, restricting the flow of steam into 
the condensing space and maintaining a dif 
ference of pressure between the supply and 
discharge sides of said space so as to bring 
about a determined movement of fluids 
through said space, and regulating the heat. 
output by varying the pressures in the said 
spaces and also varying the pressure differ 
ential. 

CLAYTON A. DUNHAM. 


