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The present invention relates to process 
for heating or heat exchange and apparatus. 
in which such process may be carried out. 
In accordance with my invention, vapor 

under substantial pressure, as for example, 
under pressures of the order of 5 lbs. per 
square inch and higher, is employed as the 
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C, D, E, and F are alike so that a detailed 
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heating medium; heat exchange is effected 
by bringing material to be heated into indi 
rect contact and heat exchange relation with 
the heating medium; and in performing its 
function, the heating medium gives up its 
latent heat and condenses, without the pres 
sure thereupon being decreased to substantial 
extent. - 

As the heating medium, I employ steam or 
other vaporous material, such as, vaporized 
mercury, diphenyl vapors, or vapors of other 
liquids, similar to these in their vaporizing 
and condensing properties. I prefer to use 
dry saturated vapors, such as dry saturated 
steam or equivalent. 
My invention may be applied to any of a 

number of various types of apparatus. For 
a better understanding of my invention, and . 
in order to illustrate one type of apparatus 
in which my heating process may be carried 
out, but without intending to limit my inven 
tion to the specific structure disclosed, ref 
erence is had to the accompanying drawing 
in which: 

Fig. 1 is a diagrammatic elevational view 
of a heating system; - 

Fig. 2 is an elevational view in section of 
one of the heating units employed in the sys 
tem disclosed in Fig. 1. 

Referring to the drawing, 1 indicates a 
supply line through which vaporized heat 
ing medium is fed from boiler B into one or 
more of the heating units, C, D, E, and F. 
2 designates a return line through which con 
densate passes from the respective heating 
is and eventually is returned to the boil 

5. 

As shown in the drawing, the heating units 
description of one will suffice for all. Re 
ferring to a heating unit, 3 designates a line, 
equipped with valve 3a, through which mate 
rial to be heated may be introduced into the 

unit, while 4 designates a line through which 
the heated material may be passed therefrom. 
Line 5 connects supply line 1 with the heating 
unit, while line 6 joins the unit to the re 
turn line 2. 

Line 5 is equipped with valve 7 which is 
thermostatically controlled by means of ele 
ment 8 extending into line 4, so that valve 
7 may be controlled by the temperature of 
the heated material passing from the unit. 
Line 6 is equipped with valve 9 controlled 
by liquid level device 10 associated with such 
line. 
Each of the heating units C, D, E, and F 

comprises an outer casing 11, having ar 
ranged internally thereof, and between head 
er plates' 12 and 13 a series of tubes 14. The 
material to be heated is introduced into the 
unit through line 3 at its bottom, whereupon 
it passes through the tubes 14, thence out 
of the unit through line 4. The heating me 
dium is passed into the unit through line 5 
and circulates around the tubes 14 in indirect 
contact and in heat exchange relation with 
the material to be heated, thence, after being 
condensed, out of the unit through line 6. 
Beyond the portion of line 2 with which 

lines 6 from the respective heating units con 
nect, line 2 is equipped with a check valve 
G to prevent pulsations in the forward por 
tion thereof; and next beyond said check 
valve at point H, line 2 communicates with 
line 15, which leads from make-up supply 
tank K. Line 15 is equipped with pump P 
by means of which additional or make-up 
liquid to serve as heating medium is passed 
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from tank K and impelled into line 2. Op 
eration of pump P is controlled by valve 17 
in the line through which driving medium 
is supplied to the pump, the valve 17 being 
actuated by pressure controlled device 18 lo 
cated in line 2, just beyond the point at 
which line 15 communicates therewith. 
Tank K communicates with feed line 19, 

controlled by valve 19a, which latter is con 
trolled by liquid level device 19b actuated by 
the level of liquid in tank K. The tank is 
also provided adjacent its top with sealed 
overflow 20, and with vent pipe 21 equipped 
with vent condenser 22. 
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There communicates with line 15 between 
the point at which pump P is located and the 
point at which this line taps into line 2, a 
returnline 16, equipped with relief valve 16a, 
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which line leads into tank K. When pres 
sure in excess of a predetermined maximum 
occurs in line 15 between pump P and point 
H and/or in line 2 beyond check valve G, 
relief valve 16a opens, thus permitting flow 
of liquid into tank K. 
Next beyond pressure control device 18, 

line 2 is equipped with a pump P', prefer: 
ably of the centrifugal type, by means of 
which liquid is forced into the boiler B; and 
between pump P and the end of line 2 which 
communicates with boiler B, line 2 is provid 
ed with valve 23, controlled by the level of 
liquid in boiler B, and in addition, with 
check valve L. w 
In beginning to operate a system as above 

described, the vaporized heating medium 
under pressure, as for example, under a pres: 
sure of 400 pounds per square inch, supplied 
from boiler B, is passed through feedline 1, 
thence through one or more of the lines 5. 
into one or more of the heating units. Un 
der starting conditions the valves 7 in line 5 leading to the respective heating units are 
wide open, the thermostatic actuating mech 
anism 8 of each valve having been set so that 
it will begin closing its valve upon becoming 
heated to a temperature above that to which 
it is desired to heat the material passing 
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through the particular heating unit. Ma 
terial to be heated is introduced into the heat 
ing unit through line 3, whereupon such ma: 
terial comes into indirect contact and heat 
exchange relation with the heating medium, 
which later condenses. . If there is no head 
of liquid in the lower part of the heater nor 
in line 6 leading from the heater, valve 9 
in line 6, which is controlled by liquid level 
device 10, is completely closed. Under these 
conditions condensate builds up in line 6 
above the point at which valve 9 is located, 
to the level of the point at which line 6 con 
nects with the heater, and preferably also to 
some extent in the lower part of the heater, 
but in either event to an extent so that vapors 
can not pass from the heater through line 6. 
When condensate has built up in line 6 above 
a predetermined level, device. 10 acts to com 
pletely open valve 9 in line 6, whereupon con 
densate passes from the heater through such 
line into return line 2. In designing the heat 
ing system, it will be understood that as a 
practical matter, the cross-sectional area of line 
5, will, in general be greater than the cross 
sectional area of line 6; however, theoretical 
ly, there is no objection to having line 6 of 
substantially the same or greater cross-sec 
tional area than line 5. The pressure in line 
2 is maintained constant and substantially 
equal to the pressure on the outlet sides of 
valves 9 by means of the portion of the sys 

1,906,422 

tem comprising tank K, line 15, and pump P, 
the relief valve Gin line 2 closing only when 
pressure in the portion of line 2 to the right 
of valve G, as shown in the drawing, is less 
than pressure in line 2 at point H. 

After operation of the system is under 
way, with a given heat requirement, less, for 
example, than the maximum heating capac 
ity for which one of the heating units has 
been designed, when the heated material 
passing from the heater reaches a predeter 
mined temperature, thermostatic device 8 in 
line 4 acts to gradually p. 
7 in line 5 to slightly reduce the pressure at 
which heating medium is being supplied. 
This is accompanied by a reduction in the 
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pressure acting to force condensate from the 
heater, and a consequent accumulation of 
condensate and rise of condensate level in the 
heater will result, thus reducing the effective 
area of heat transfer between vapors and the 
material being heated to that necessary to 
just maintain the material leaving the heater 
at the predetermined and desired tempera 

-ture. 
When, for example, the beating require 

Inent for a unit is increased, as when there is 
an increase in the rate. at which material to 
be heated is passed through the heater, the 
temperature of the heated material passing 
out through line 4 will be slightly lowered, 
thus causing device 8 to open wider the slight 
ly closed valve 7, whereupon additional pres 
sure in the heater caused by opening of such 
valve, will force liquid from the heater at a 
greater rate, thus lowering the level of liquid 
within the heater and exposing greater 
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amounts of heating surface within the heater, 
through which heat from the vaporized heat 
ing medium may pass into indirect contact 
and heat exchange relation with the material 
to be heated. - 
When, for example, decrease in the rate of 

passage of material to be heated into the 
heater occurs, the incident sight rise of tem 
perature above the predetermined desired 
temperature of the material passing out of 
the heater through line 4 will cause device 8 
to slightly close valve 7 in line 5, and thus 
sightly decrease the pressure in the heater, 
whereupon condensate will gradually build 
up in the heater to a level or head sufficient to 
compensate for the difference in pressure 
caused by the slight closing of valve 7. This 
gradual accumulation of condensate will cut 
down more and more the area through which 
transfer of heat from the vaporized heating 
medium to the material, being heated may 
take place, or in other words, the condensate 
will cover up unneeded heating area within 
the heater until just sufficient of the area re 
mains exposed above the condensate surface 
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to allow heat transfer at the rate necessary. 
to maintain the outgoing heated material at 
the desired temperature. The principle upon 30 
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which the operation above described is based, 
is that heat transfer from a vaporous heating 
medium at a given temperature to material 
to be heated, when brought into indirect, heat 

5 exchange relation therewith, will take place 
at a considerably greater rate than if the heat 
ing medium were in the liquid state at the 
same temperature; and this principle is well 
understood by heat engineers. To illustrate, 
in the case of steam at its condensation point, 
the coefficient of heat transfer is about 5 times 
that of liquid water at the same temperature. 
See standard tables of heat transfer coeffi 
cients. In other words, on the basis of equal 
areas and equal temperature differential, the 
rate of heat transfer in the area in which 
steam is condensing would be several times 
that in the condensate area. The difference 
in heat transfer between the liquid and con 
densable vapor areas is further accentuated 
by the fact that the liquid is present as a 
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more or less quiescent body while the vapor 
is in circulation. 
Summarily, the vaporized heating medium 

undersubstantial pressure passes into aheating 
unit of my system, and upon giving up its la 
tent heat condenses and accumulates in line 6 
and in the lower part of the heating unit to a 
height sufficient to cover up with liquid that 
portion of the tubes of the unit which is not 
required to provide the desired heat exchange 
between the vaporized heating medium and 
the material being heated. Therefore, each 
of the units automatically maintains at a pre 
determined temperature the heated material 
passing therefrom, and this substantially by 
the extraction of latent heat from the heating 
medium. Since each heating unit operates 
substantially independently in the manner 
aforesaid, my invention provides for maxi 
mum flexibility in meeting varying heating 
demands. Materials to be heated may be 
brought to varying temperatures in the sev 
eral heating units and at varying rates. In 
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to effect a particular heating result. The 
pressure upon the heating medium is main 
tained as nearly constant as possible through 
out the entire system, there being no substan 
tial pressure loss in the system due to throt 
tling of the heating medium. is 
In accordance with my process and in a 

system such as disclosed, the pressure dif 
ferential between the line through which 
heating medium is supplied in the form of 
vapors to the one or more heating units and 
the pressure in the line through which con 
densate is returned from the heating units to 
the boiler, is of a much lower order than in 
systems heretofore employed since in my sys 
tem, there is no substantial drop in pressure 
due to throttling. The distinct advantage 

65 thus gained is that less work will be required 
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the units themselves the area of heat exchange is automatically controlled by the building 
up of condensate to cover that area not needed 
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to bring the condensed heating medium back 
to the pressure required to feed it into the 
boiler against the pressure in the boiler itself. 
One or more units, in accordance with my 

invention, may be fed with heating medium 
through a common supply line, and the con 
densed heating medium may be passed from 
the one or more units through a common re 
turn line. If a plurality of units are em 
ployed, a rate of heating may be maintained 
in each unit independently of and, if desired, 
different from the rate of heating in each of 
the other units. 

It will be understood that when more than 
one heating unit is employed, the units may 
be of different sizes and of varying struc 
tural details. For example, the tubes of the 
heater may be arranged horizontally instead 
of vertically, the heating medium may be 
passed through the tubes and the fluid to be 
heated passed around the tubes, instead of as 
described above. Or, in fact, the heating unit 
may be in the form of a jacketed chamber or 
the like, in which the heating medium is 
passed into and condensed in the jacket. 
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"Since in the ordinary course of operation, 

in accordance with my invention, in a sys 
tem generally of the type above described, 
that is, when there is some condensate in the 
bottom of each of the heating units, the out 
let pipes 6 from the units connected to return 
line 2 provide free passage. of condensate 
from one or more of the units to one or more 
of the other units, which results in a tend 
ency to equalize the pressures in each of the 
units. Therefore, a minimum of pressure 
drop due to throttling of the vaporous heat 
ing medium entering a heating unit, is neces 
sary regardless of the heating requirement in 
the particular unit, since variations in such 
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requirement are taken care of by “drown 
ing' greater or less amounts of the area of 
heat exchange exposed to the vaporous heat 
ing medium. 
What I claim is: c 
1. In heat exchange apparatus, a compart 
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ment wherein indirect contact and heat ex- . 
change between vaporous heating fluid and 
material to be heated may be effected, where 
by heat, may be imparted to the material to 
cause condensation of the fluid, means asso 
ciated with said compartment, whereby the 
rate of passage of vaporous fluid thereinto 
may be controlled by the temperature of ma 
terial therein being heated, and means asso 
ciated with said compartment whereby flow 
of condensate of the heating fluid from the 
compartment is prevented when condensate 
thereinfalls below a predetermined level, but 
which otherwise permits flow of condensate from the compartment. 
2. In heat exchange apparatus, a plurality 

of compartments in each of which heating 
fluid may be passed into indirect contact and 
heat exchange relation with material to be 
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heated, whereby heat is imparted to the mate 
rial and condensation of the fluidis effected, a 
common supply line, a branch pipe leading 
therefrom to each of said compartments, means 
associated with said branch lines whereby the 
rate of flow of fluid into the compartments 
may be controlled by the temperatures of the 
materials being heated, a return line, a pipe 
leading from each of the compartments to 
the return line, means interposed within each 
of the return lines whereby flow of condensate 
from the compartment is prevented when con 
densate falls below a predetermined level, but 
which otherwise permits flow of condensate 
thigh the pipe and into the return line. 3. In heat exchange apparatus, a plurality 
of compartments in each of which heating 
fluid may be passed into indirect contact and 
heat exchange relation with material to be 
heated whereby heat is imparted to the ma 
terial, and condensation of the fluid is ef 
fected, a common supply line, a branch pipe 
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leading therefrom to each of said compart 
ments, means associated with said branch 
line whereby the rate of flow of fluid into the . 
compartment may be controlled by the, tem 
perature of the material being heated, a re 
turn line, a pipe leading from each of the 
compartments to the return line, means inter 
posed within each of the return lines whereby 
flow of condensate from the compartment is 
prevented when condensate falls below , 
determined level, but which otherwise per 
mits flow of condensate through the pipe and 
into the return line, and means associated 
with said return line whereby the pressure 
therein is maintained at substantially that of 
the pressure at the junction of each of the 
pipes leading from the compartments with 
the return line. 
In testimony whereofI affixty signature. 

JOHN A. ROULTON. 


