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11 
This invention relates ‘to heating apparatus, 

and more particularly :to heating apparatus utiliz 
ing combustible fuel 'as *a source of heat. 
One form of the invention disclosed herein 

comprises a ‘boiler wherein a ‘liquid heating 
medium is vaporized by the heat derived from 
the combustion of gaseous ‘fuel, the ‘vaporized 
heating medium being passed into heat exchang 
ing relation with ‘the material to be heated and 
then returned to the ‘boiler ‘in a closed circula 
torysystem. 

‘There are many industrial processes wherein it 
is desired to heat a material at a rapid rate, while 
insuring that no part or the material is ‘brought 
toa temperature which would produce burning or 
deterioration thereof. The requirement for accu 
rately controlled heating means is especially 

of pharmaceutical and 
chemical compounds, thermo-plastic composi 
tions, foodstuffs and similar products whichdete 
riorate rapidly when raised to excessive tempera 
tures. > , 

Such materials have in the past been heated 
by various methods. _In>one known system, a 
central steam generating plant, utilizing coal or 
other fueLsupplies steam to a plurality of vessels 
containing the material tolbe heated. The tem 
perature of the steam may ‘in; such installations 
be accurately controlled-so ,as to limit the tem 
perature to which the material will be subjected. 
Such a system is wasteful and unsatisfactory in 
many cases, however, since it is necessary, in 
order to heat .a single container, that the entire 
central plant be put into operation, with conse 
quent fuel waste when _;this central system :is 
operating on a partial-load. ,Heat losses in con 
veying the steam from the central plant to the 
point of use may also be considerable, and the 
system as a wholejlacks ?exibility, while the orig 
inal installation is I:cost_ly._and requires costly 
maintenance of the steam lines, valves, pumps 
and other accessories. . , . 

The present inventionie 1 bodies .a designrwhich 
eliminates many of. the :obiections hereinheiore 
pointed out, and provides a degree ' of ?exibility 
andeconomy not possible with devices :ofrthe prior 
art above indicated. . 
An Object of thepresentinvention iS'ltO provide 

a heating idevicegof simpli?ed :constructioniwhich 
will avoid the disadvantages of the prior :artde 
vices above outlined, inithat it will hei-ndependent 
of other units and dependentzonly ,uponia supply 
of fuel at the site .of-heati-ng." ' 
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aheating device which a high percentage of 
the heat units developed by combustion of the 
fuel are transferred to the material to be ‘heated. 
A further object is to provide acornplete vapor 

heating unit which ‘may be made in any suitable 
size and shape, and of any suitable material, but 
which is complete unto itself and depends only 
upon a supply ofifuel. 
A further object of ‘the invention is to provide 

a heating unit utilizing heat of combustion, 
wherein the heating mediumis circulated rapidly 
to avoid the formation of bubbles in the heating 
medium and ‘to render the ‘heating process more 

efficient. 
Another object of the invention is to provide a 

heating unit of the type indicated, wherein over 
running of the heating cycle ‘is reduced to a 
minimum. 
Another object of the invention is to provide 

heating apparatus utilizing combustible fuel .and 
automatically controlled to maintain the pressure 
and. temperature ,of the vaporized heating 
medium within predetermined limits, wherein the 
automatic control operates to control separately 
the combustion in separate systems, to minimize 
I .verrunn'ing of the heating operation. 
Further objects and advantages of the inven 

tion will be apparent from the following descrip 
tion, taken in connection with the appended. 
drawings, in which: . 

Fig. 1 is a view in vertical section of a, device 
embodying the invention; 

Fig. 2 is a vertical sectional view of the boiler 

and its connections; 
Fig. 3 is a horizontal section taken on the line 

3-3 of Fig. 1; and 
Fig. 4 is a schematic showing of the automatic 

control mechanism. 
It is to be understood that the invention is not 

limited in :its application to the details of con 
struction and arrangement of parts illustrated in 
the accompanying drawings, since. the invention 
is capable of other embodiments and of being 
practiced or carried out in various ways. Also 
it is to be understood that the phraseology or 
terminology employed herein is for the vpurpose of 
description and not of limitation. 
The heating apparatus shown in the drawings 

comprises ashell of sheetmetal or the like, made 
up of a cylindrical base section ‘l0, a cylindrical 
:body section I‘2,'a'trusto-conical section l4, and‘a 
stack 16. Surrounding the shell and spaced 
therefrom is a jacket made up of ‘a lower section 

‘A iurtherpbjeot' ojgthe invention is'zto provide ~55 l8 and an upper section 20, the space between 
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the shell and jacket being sealed with heat in 
sulating material 22. 
Within the insulated chamber thus formed is 

mounted a boiler comprising an upper head 23 
and a lower head 2%, connected together by ver 
tical tubes 23, which are secured in fluid-tight 
relation to the lower wall 25 of the upper head and 
to the upper wall 26 of the lower head in any suit 
able known manner, as by welding. The boiler, 
when in operation, is ?lled with liquid heating 
medium to a level indicated at 363, the heating 
medium being any suitable material such as a 
non-volatile oil, diethylene glycol, Dowtherm or 
the like, having suitable characteristics as to high 
boiling point, low latent heat of vaporization, and 
other qualities. In order to permit continuous 
circulation of the heating medium by thermo 
siphon action, return tubes 32, 33 lead from the 
upper head below the liquid level therein to the 
lower head, to permit downward ?ow of heating 
medium therein and thus balance the upward flow 
caused by heating of the liquid heating medium 
in the tubes 28. 
A vapor outlet 36 leads from the upper head 23 

above the liquid level therein and connects with 
a transverse vapor tube 38 which connects with 
a conduit 39 leading to the interior of a jacket 
40 on a process vessel 42, adapted to contain 
material to be heated. Condensed heating me~ 
dium from the vapor space of jacket ?lo is returned 
to the boiler by a conduit 44, which passes through 
the jacket section I3 and communicates with the 
lower head 24, the return tube 32 being connected 
thereto by means of a coupling 45. A manually 
operated valve 48 is mounted in the conduit 39, 
to cut oil the ?ow of heat to the vessel 22 when 
desired. A'similar valve 50 is mounted in the 
return conduit 46, both valves being preferably 
of the packless diaphragm type indicated in the 
drawing. 
The upper head 23 is suspended by brackets 52 

from the tube 38, the tube in turn being suspended 
from the jacketby means of brackets 56. The 
lower head 24 is suspended from the inner shell 
by means of a horizontal annular plate 
cured to the head by welding, and ?tting between 
?anges on the base section I6 and the body sec 
tion I2 of the shell. A cylindrical deflector 58 
surrounds the upper portion of the tubes 23, and 
is suspended in any convenient manner, as by 
means of spaced connecting elements Gil welded 
thereto and to the upper head 23, the de?ector 
being spaced by a short distance from the upper 
head 23 so that the de?ector will not entrap 
lighter-than-air gases, such as producer’s gas, 
which might be present in the apparatus because 
of leakage or other cause. 
The tubes 23 will, in the operation of the appa 

ratus, be ?lled with liquid heating medium, and 
will be surrounded by hot gases imparting their 
heat to the heating medium within the tubes. As 
an additional heating means for the heating me 
dium, smaller tubes 62 are threaded through 
tubes 28 in concentric relation thereto, and are 
secured in the known manner to the upper wall 
66 of the upper head 23 and to the lower wall 65 
of the lower head 24. The smaller tubes are pref 
erably of equal number with the tubes 28, and 
are designed to pass hot gases and transfer the 
heat therefrom to the heating medium in the 
upper and lower heads and in the tub-es 28, as 
well as to act as staybolts for the heads. The 
tubes 28 and ‘62 are preferably spaced rather close 
to each other, as indicated in Fig.’ 3, so as to pro- 
vide a rapid and economical heating action. 
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Beneath the lower head 24 is a horizontal wall 
10 formed of heat insulating material and pro 
vided with apertures 'II which register with the 
smaller tubes 62. Below the wall and spaced 
therefrom is a second horizontal wall '52, the two 
being joined together by an annular insulating 
member ‘74, thus forming an annular combustion 
chamber 76 which communicates through the 
smaller tubes 52 with the chamber 18 at the upper 
portion of the shell. The chamber '56 is supplied 
with a combustible mixture through a conduit 85] 
provided at its outlet with an electric igniting 
device Si of known type. The mixture is forced 
through conduit 80 by means of a centrifugal fan 
32 driven by an electric motor 83, the flow of 
IniXture being controlled by a valve 84 actuated 
by a solenoid 85. It will be seen that when the 
?ow of ‘combustible mixture is turned on and the 
motor started and the mixture ignited, the mix 
ture will burn in the chamber 16 and the hot gases 

‘will pass upwardly through the tubes e2, giving 
up their heat to the heating medium in the boiler, 
and passing through chamber 78 to the stack I6. 
Disposed centrally in the lower head 24 is a due 

86, within which is housed the main gas jet 88. 
The jet 88 is provided with an electrical igniting 
device 89, and is supplied through a conduit 90 
with a mixture of air and combustible gas, the 
conduit being controlled by an automatically con 
trolled valve 92, actuated by a solenoid S4 in the 
known manner. The conduit 90 and combustion 
chamber 16 are insulated by means of the insu 
lating wall 72, which includes a metallic plate 96 
and ?brous heat insulation 98 held in position 
by means of pins I ll!) welded to the plate 96. The 
space below the plate 96 is ?lled with heat insula 
tion 99. It will be apparent that when a com 
bustible mixture is permitted by the Valve 92 to 
pass through the conduit 90 to the jet 88 and is 
ignited, the hot gases of combustion will pass 
through the ?ue 86 and upwardly into the space 
between the tubes 28, and will thence be deflected 
downwardly below the lower edge of de?ector 58, 
whence they will pass upwardly to the chamber 
l8 and out at the stack I6. 

It will be understood that instead of the gas 
burning equipment just described, apparatus for 
burning other types of fuel, such as liquid hydro 
carbons, may be used. 
For automatic control of the heating process a 

pressurestat IDI of known type is mounted upon 
the upper section I8 of the jacket by means of a 
bracket I02.‘ A pressure tube I84 is connected 
between the tube 38 and the pressurestat to com 
municate to the pressurestat the pressure of 
vaporized heating medium therein. The. pres 
surestat contains a pressure responsive bellows 
I65 which is operative, upon the occurrence of 
pressures of a predetermined value set by adjust 
ment of an adjusting screw I06, to open a switch, 
indicated at I08 in Fig. 4, in a relay circuit H2 
which controls a circuit H4 leading to the 
solenoid 94. Upon the occurrence of a somewhat 
higher pressure, corresponding to a higher tem 
perature of the vaporized heating medium, the 
bellows I05 will open a second switch, indicated 
at H0, in a second relay circuit H6 which con 
trols a circuit II 8 leading to the electric motor 
83 and the solenoid 85, thus successively shutting 
oiT the supply of fuel to conduits 90 and 86. The 
circuits are supplied through leads I20 which are 
controlled by a manual switch I22. 
In the operation of the‘ device, the heating 

means will be put into operation by manually 
closing the switch I22. This will result in ener 
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sizing thesolenoid 29.4, permitting mixture to allow 
through :the ~.conduit £0 to :thej‘et :88 where itrwill 
he ignited by the igniting device £9 and-will ‘sup 
ply heat to the heating medium'athrough tubes 
7&8 as 'hereinbeiore. indicated, :Closing .of .the 
switch J22 will also cause {the solenoid :85 .and 
11391791‘ 13:3 to be pnergizedgwhich will result in the 
valve .85 being opened and the gas in .conduit so 
being :icrced into the combustion chamber 1.6, 
Where :it-will be, ignited :by .meansiof the igniting 
device 81.- p’IThe hot products of combustion will 
pass irromzthe combustionchamber :16 upwardly 
through the smaller tubes :52 and thence into the 
chamber. andput the stack :l-?. ~l3y reason of 
like large amount .of ‘heat transfer area repre 
-,s_ented bythe tubes :28 and $2, the heatingmedium ' 
will .be rapidly iheated, causing generation of 
yaporsin the vapor space of the :head 12%, vwhich 
yapgrs willfill the conduit ‘3.8 and be superheated 
therein, but will be prevented from passing to the 
jacket es of the process vessel 42 by reason of 
valves i8 and 59 being closed. During the heating 
operation, heating medium will flow upwardly 
vvfrom the lower head 24 through the tubes 28 to 
the upper head 23, and thence downwardly 
through return tubes 32, 33 to the lower head. 
Such circulation is brought about by thermo 
siphon action in the known manner, and ‘because 
of the arrangement of the parts as shown is rapid 
enough to ‘break up‘ any vapor bubbles which may 
170F111- in the system, and thus to insure against 
the >formatien of bubbles in lower head 25 or in 
the space between tubes 28 and tubes 62., or else 
where in the boiler, which bubbles wouldtend to 
cause burning of the tubes due to the low rate 
of heat transfer away from the metal adjacent 
such bubbles. 
As the vapor in the boiler approaches the de 

sired temperature, the valves 48 and 50 may be 
opened, permitting the vapor to pass through 
conduit 38 to- the jacket 40 of the process vessel 
to heat the contents thereof, the condensate re 
turning ‘to the boiler through conduit M. As the 
temperature of the vapors approaches the pre 
determined temperature set by adjustment of the 
screw I95 of the pressurestat, the bellows I05 
will be actuated to cause the switch I08 to be 
opened, thus deenergizing the solenoid 94 and 
closing the valve 92. The closing of this valve 
cuts oil the flow of combustible mixture to the ' 
gas jet 38, and thus reduces the heat intake to 
that supplied by conduit 89, which is of consider 
ably less capacity than the conduit 90. Upon 
further increase in pressure, the bellows H35 will 
open the switch H0, which will deenergize the 
electric motor 83 and cause valve 84 to cut off 
the supply of gas passing through conduit 89. 
By means of the apparatus above described, the 

rate of heating which is utilized when starting 
the apparatus up from cold is maintained at 
maximum rate until a certain pressure is reached 
which is slightly below that for which the screw 
“16 is set, then as the temperature approaches 
the predetermined temperature the heating rate 
is out down by the closing of the valve 92, leaving 
the heating process to be carried on at a rela 
tively slow rate by means of the gases burning 
in combustion chamber ‘it. Finally the supply 
of heat is cut off altogether by opening the switch 
H0, at a temperature which is still somewhat 
below the desired temperature of the vapors in 
the conduit 38. However, by reason of the residual 
heat in the tubes and other elements heated 
directly by the hot gases, heat will continue to 
flow to the heating medium for a short time after 
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the motor =83 has been stopped, :so that the ‘upper 
limit of temperatures within the permissible 
range is closely approached but not exceeded, and 
no .burning .or other damage to the ‘material re 
sults. By this means, the heating rate may ‘be 
maintained at .a maximum during most of the 
heating .cycle While “overshooting” due to 
hysteresis is prevented by the use of ‘heating :de 
-vices of relatively large and small capacity, and 
by so constructing the device that the residual 
heat of the boiler is small compared to that of 
the usual central ‘heating system. Since in the 
present device the heat generated in individual 
systems at the site of use, each heating appara 
tusor system may be of capacity su?icient merely 
to supply its associated vessels or other equip 
ment, and may be started lip-or shut down inde 
pendently of other :units in the :plant, ‘and ‘in 
minimum‘ time. ' 
Although the invention has been described with 

reference to. a particular embodiment thereof, it 
may 'be embodied in other ‘forms within the skill 
of artisans in this art. The invention is there 
fore not limited to ‘the .form disclosed, noriothere 
wise except in accordance with ‘the ‘language of 
the following claims. ' 

I claim: 
‘1. ‘In heating apparatus, a 'iboilerifor vaporiz~ 

able heating medium comprising :upper and ‘lower 
heads, tubes connecting the heads, :a burner lo 
cated adjacent the lower head and designed to 
supply hot gases to the exteriors of said tubes, a 
second set of tubes extending through ,both heads 
and through the ?rst mentioned tubes, a burner 
for supplying hot gases to the interiors of said 
second mentioned tubes, said second burner in 
cluding forced draft means, means responsive to 
a predetermined pressure in the boiler for ren 
dering said ?rst mentioned burner inoperative, 
and means responsive to a predetermined higher 
pressure in the boiler for rendering said second 
mentioned burner inoperative. , 

2. The invention defined in claim 1, wherein 
said pressure responsive means comprises a pres 
sure responsive element and electrical circuits 
successively opened and closed by the pressure 
responsive element and operative to control the 
respective burners. 

3. The invention de?ned in claim 1, wherein 
the pressure responsive means comprises separate 
valves controlling the flow of fuel to said burn 
ers, separate circuits controlling said valves, and 
a pressure responsive element subject to pressures 
in the boiler for successively opening and closing 
said circuits at different predetermined pressures. 

4. In heating apparatus, a boiler for vaporiz 
able heating medium comprising upper and lower 
heads, tubes connecting said heads, a vapor out 
let conduit leading from the upper head and 
adapted to be connected to the point of use, a 
condensate return conduit leading to the lower 
head and adapted to return condensate from the 
point of use, a return conduit leading directly 
from the upper head to the lower head to permit 

' circulation of heating medium therein by thermo 
siphon action, an insulating shell surrounding 
said boiler, said lower head being provided with 
a central aperture, a burner communicating with 
said aperture for supplying heated gases to said 
tubes, a combustion chamber beneath the lower 
head, tubes extending from the combustion cham 
her and through both heads and the ?rst men 
tioned tubes, and a separately controlled burner 
for supplying hot gases to said combustion cham 
ber. 
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5. In heating apparatus, a process vessel com 
prising a heating jacket, a boiler for vaporizable 
heating medium, conduits connecting said boiler 
and said jacket for conveying vaporized heating 
medium to the jacket and returning condensate 
to the boiler, said boiler comprising upper and 
lower heads, tubes connecting the heads and 
communicating therewith to permit flow of heat 
ing medium therebetween by thermo-siphon ac 
tion, means including a burner of relatively large 
capacity for passing hot gases into contact with 
the exterior surfaces of said tubes, tubes extend~ 
ing through said heads and said ?rst mentioned 
tubes and secured to said heads to act as stay 
bolts for the boiler, means including a burner of 
relatively small capacity for passing hot gases 
through said second mentioned tubespgand means 
responsive to pressures in theboilerto'separately 
and successively render said burners operative 
and inoperative. . 

6. The invention de?ned in claim 5, wherein 
the pressure responsive means includes separately 
operable valves controlling the supply of fuel to 
said burners, a plurality of electrical circuits con 
trolling said valves, switches controlling said cir 
cuits, and a, pressure responsive element operative 
by a predetermined pressure in the boiler to open 
one of said switches and operative upon a prede 
termined higher pressure in the boiler to open 
another of said switches. 

7. The invention de?ned in claim 5, comprising 
in addition heat insulation separating said burn 
ers, a fuel conduit connected to said small ca 
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pacity burner, and a valve and a compressor in 
said conduit, said pressure responsive means be 
ing operative to simultaneously close said valve 
and shut off said compressor. 

8. In heating apparatus, a boiler for vaporiz 
able heating medium comprising upper and lower 
heads, tubes connecting the heads, a vapor outlet 
conduit leading from the upper head, means for 
passing hot gases into contact with the exteriors 
of said tubes and of said conduit to heat the heat 
ing medium therein, return conduits to permit 
flow of heating medium from the upper head to 
the lower head by thermo-siphon action, means 
responsive to pressures within the boiler for ren 
dering the ?rst mentioned means inoperative, and 
a de?ector plate extending downwardly from the 
upper head and surrounding said tubes, said de 
?ector plate being provided adjacent the upper 
head with bleed apertures to permit escape of 
combustible gas. 

ROBERT C. BELGAU. 
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