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. . This invention relates to method and appa 
ratus for heating by indirect heat exchange, and 
refers more particularly to a method and appa 

"ratus for accurately and individually controlling 
;: the temperatures obtainable from each of sev 
eral secondary heat exchangers supplied from 
a common primary heat exchanger. 
The copending application of David Dalin, Se 

rial No, 868, filed January 7, 1948, now Patent 
No. 2,532,608, relates to the use of steam-water 
emulsion to maintain a constant temperature at 
a secondary heat exchanger and utilizes the fact 
that the sensible temperature of a steam-Water 
emulsion will remain constant, So long as its form 

- remains that of an emulsion at constant pres 
sure, regardless of the fact that the relative pro 
portions of steam and water comprising the 
emulsion may be changed. In the method and 
apparatus of said copending application control 
of the temperature is effected in a central steam 
generating boiler by regulating the preSSure (and 
consequently the temperature) at which the 
emulsion is generated, and at which it is substan 
tially maintained throughout the System. 

However, there are numerous applications in 
which such common control is insufficient and 
in which it is desirable to individually control 
the temperatures at each of the Several Sec 
ondary heat exchangers through which the fluid 
is passed in its circuit and at which it gives up 
heat. Numerous examples of such applications 
are to be found in the chemical and food proc 
essing industries, as well as many others which 
will readily suggest themselves. 
. The present invention has for its principal ob 
ject a method and means for carrying out such 
control. 
Another object of this invention resides in the 

provision of a method and means for individually 
regulating the temperatures of each of a number 
of radiators, all supplied with heat exchange fluid 
from a common boiler, and maintaining a pre 
determined temperature at each, which tempera 
ture may be the steaming temperature of the 
fluid or any lower temperature. 

* Still another object of this invention resides 
in the provision of a method and means for Sup 
plying a radiator in a closed circulatory system 
with steam-water emulsion having a predeter 
mined heat value, and of bypassing the portion 
of the emulsion having excess heat value above 
that required at the radiator to another part of 
the system, where it is recombined with fluid 

... which has circulated through the radiator, to 
thereby minimize heat losses in the System. 
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The invention is described in greater detail 
hereinafter, reference being made to the accom 
panying drawing, in which Fig. 1 is a diagram 
matic illustration of one type of apparatus suit 
able for carrying out the method of this inven 
tion; and Fig. 2 is a diagrammatic view of a de 
tail of the apparatus, namely the separator. 

Referring now to the accompanying drawing, 
the numeral designates a tubular steam boiler 
or primary heat eXchanger which, as is cuS 
tomary, may be situated in a combustion chamber 
or flue gas pass of a boiler plant (not shown) 
and in which boiler fluid is adapted to be heated 
to a steam-water emulsion. The inlet of the 
boiler or primary heat, exchanger is connected 
with a steam dome 2 by means of a conduit 3, 
and water from the steam dome is forcibly cir 
culated through the boiler, as well as the re 
mainder of the system, in the direction of the 
arrows a, by means of a circulating pump 4 con 
nected in the line 3 between the boiler and the 
steam dome. The outlet of the boiler is connected 
with one or more secondary heat exchangers 5 
at which the circulating fluid gives off to a me 
dium to be heated a substantial portion of the 
heat received at the boiler. 
The secondary heat exchange apparatus 5 is 

not connected directly to the boiler however. In 
stead, steam-water emulsion generated in the 
boiler is first introduced, through a communi 
cating duct 6, into steam separators. 6, one for 
each heat exchanger, where the emulsion may 
be wholly or partly separated into its liquid and 
vapor components. A conduit 8 communicates 
the upper portion of each steam separator with 
the output conduit to of the heat exchangers or 
radiators 5 to thus provide a bypass around the 
heat exchangers for a predetermined proportion 
of the steam component of the emulsion; and, 
as will be seen presently, this bypassed portion 
of the steam component carries so much of the 
heat value of the emulsion as is not required at 
the radiator. The hot water, together with So 
much of the steam component of the emulsion 
as is not bypassed around the radiator, leaves 
the bottom of each of the steam separators 
through a conduit 7 which connects with the in 
let 7 of one of the secondary heat exchangers. 
A control valve f2 is situated at the inlet of 

each of the steam separators, so that adjustment 
of the several valves 2 will enable regulation of 
the relative proportion of the generated emulsion 
admitted to each of the separators, and thus to 
each of the heat exchangers. A control valve 3 
in the bypass duct 8 which connects the steam 
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outlet of each steam separator with the outlet fo 
of its associated secondary heat exchange appa 
ratus regulates the rate at which steam is by 
passed around the radiators and thus enables a 
greater or lesser proportion of steam to be ad 
mixed with the hot water circulated through the 
secondary heat eXchanger to thereby control the 
heat value of the fluid circulated through each 
heat exchanger. Any one of the valves 2 may 
of course be closed completely-to-cut its aSSo 
ciated steam separator and heat eXchanger out 
of the system, and another. valve 4 in the out 
let conduit of each radiator may also be closed 
to prevent back circulation of returning fluid 
through the radiator which has been shut off. 

It Will thus be Seen that the circulating pump 
4 pumps water under positive circulating" pres 
Sure from the steam dome to the boiler, through 
which it circulates the water at a rate and under 
a pressure such that the water is heated to the 
point of partial vaporization, to thus generate a 
steam-water emulsion. This steam-water emul 
sion is then conducted to the Several Steam Sepa 
rators, whereafter the water, mixed with some 

... predetermined amount of Steam, is , conducted 
through the secondary heat exchange apparatus 
5, while the remaining separated steam is by 
passed through the conduits 8. As a result the 
secondary heat exchange apparatus 5. Operates 
partially or exclusively with hot water, and the 
temperature difference between the heat-absorb 
ing parts and the media to be heated is. Variable 
because the hot water temperature is continu 

... ously sinking during the passage of the hot Water 
through the apparatus. The quantities of liquid 
which may be caused to pass through the Sec 

... ondary heat exchange apparatuS 5, may be Con 
trolled by means of the valve 2. By, throttling 
the by-pass conduit 8 more or less, by means of 
the valve f3, hot water can be mixed with steam 
bubbles in varying proportions so that the ten 
perature of the first part of the heat absorbing 
surface in the respective Secondary heat: eX 
change apparatus may be held constant, i.e. at 
saturation temperature, but, all Steam. having 
become condensed in the course of travel through 
the first part, the temperature, in the latter part 
will successively sink because all of the latentheat 
of condensation will have been abstracted from 
the fluid and it will begin to give up its sensible 
heat... In order to insure the control of the emul 
sion and of the separated steam under all con 
ditions of load, the secondary heat, exchangers 5 
should be constructed with a relatively high-flow 

: resistance, possibly by providing ... them. With 
', throttling means, and the by-pass, conduit 8 
...should-be calculated and arranged to provide a 
low flow resistance. The heat-absorbing sur 
faces or, in other words, the heat. consumption 

... apparatus should be designed in Such a way that 
, the inlet and the outlet of the pipe, coils are 
: placed side by side, with the coils run parallel 
to one another for Some distance. In this. Way 
substantially the same temperature may be, ob 
tained at all points on the secondary heat ex 
changer. A further equalization of the tempera 
ture is obtained if the inlet and the outlet of the 
pipe, coils are heat conductively connected to 
each other, e. g. by flanges of heat-conductive 
material welded between them. 
The steam separator can advantageously be 

mounted at those points of the emulsion pipe 
line where separated consumption steam is re 

... quired. In this case said steam-may be used for 
other purposes. 

4. 
In the embodiment shown, the steam separa 

tor consists of a cylindrical vessel 5, into the 
upper part of which the emulsion pipe line 6 
Opens tangentially to thus cause the emulsion to 
be quickly rotated in the vessel. The steam is 
Separated from the water at the top and the hot 
Water is collected at the bottom of the vessel, the 
upper surface of the water becoming concave, 

0. 
Substantially as shown by the dash and dot line 
When a Substantial proportion of the steam is 
being bypassed through the conduit 8. The hot 
water conduit 7 leaves the lower part and the 
steam by-pass conduit 8 leaves the upper part of 
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the Secondary heat exchanger. 

the vessel 5. In the Figure 2 illustration it will 
be appreciated...that the regulating valve 3 for 
the Steam bypass line of the separator shown has 
been opened sufficiently to permit only the liquid 
component of the emulsion to enter the inlet of 

If the valve is 
throttled to Some extent, the pressure within the 
Separator vessel will build up to the point where 
Steam bubbles will be forced into the outlet, 7 
along with the liquid, and if the valve 3 is 
closed completely steam-water emulsion, as-gen 
erated in the boiler, will be circulated through 
the secondary heat exchanger. 
Other media than Water, such as diphenox and 

mercury, may of course be used in practicing the 
invention. 

It will thus be seen that by means of this in 
vention the temperature output of each of sev 

... eral Secondary heat exchangers may be regulated 
Within very close limits by regulating the relative 
proportions of steam and hot water circulated 
through each and by regulating the rate of such 
circulation through each. Thus if said propor 
tions and rate are such that not all of the steam 
is condensed at the time the fluid reaches the 
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ditions. 

outlet, the temperature through the entire sec 
ondary heat exchanger will be substantially con 
stant and Will be equal to the steaming tempera 
ture of Water under the prevailing, pressure con 

On the other hand, where the rate of 
circulation of the water is predetermined and the 
rate of heat abstraction therefrom is known the 
outlet temperature of the water may be readily 
determined, and the mean temperature obtained 
at the secondary heat exchanger during the 
course of Such circulation may likewise be readily 
determined and maintained. It follows that any 
temperature may be accurately maintained at 
each of the secondary-heat eXchangers, from the 
steaming temperature of water under the pre 
Vailing conditions in the heat exchange coils 
downwardly, and that the desired temperature 
may be achieved by adjustment of the control 
valves 2 and 3. It will be obvious that such 
regulation may be separately... effected for each 
of the individual secondary heat exchangers, so 
that each of them may be operating at a different 
temperature from the others, and maintaining 

d that temperature constantly and accurately, de 
... Spite the fact that all of the Secondary heatex 
is changers are supplied with heat exchange fluid 
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from a common central source. 
It will be noted that recombination of the by 

passed steam. With the fluid which has been cir 
culated through the heat exchangers effects a 
saving of the unused heat value of that portion 
of the emulsion represented by such steam. 
From the foregoing description, together with 

the accompanying drawings, it will be readily 

... 75 

apparent that the method and apparatus of this 
invention, provides heating means whereby the 
temperature of each of a number of heaters, all 
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supplied from a common central Source, may be 
individually regulated with a high degree of accu 
racy and whereby the heat output of each may 
be accurately controlled and its temperature thus 
maintained at any desired value up to the steam 
ing temperature of the fluid circulated there 
through. 

Having now described our invention, what we 
claim as new and desire to secure by Letters 
Patent is: 

1. The method of controlling the heat output 
of heat exchange fluid circulating in indirect 
heat exchange relation with a medium to be 
heated to thereby heat said medium to a prede 
termined temperature, which method comprises: 
forcibly circulating liquid heat exchange fluid in 
indirect heat exchange relation with a heat 
Source at a temperature and under a pressure 
such as to convert the same to a liquid-vapor 
emulsion; centrifugally separating the liquid and 
vapor components of the emulsion; forcibly cir 
culating the separated liquid component of the 
emulsion through a secondary heat exchanger in 
indirect heat exchange relation with medium to 
be heated; forcibly circulating a portion of the 
separated Vapor component of said emulsion 
through said heat eXchanger with the liquid 
component; and regulating the proportion of 
vapor circulated through said heat exchanger 
with said liquid to maintain the temperature of 
the fluid circulating therethrough at a predeter 
mined mean value. 

2. In apparatus of the type in which indirect 
heat transfer is effected between media, to be 
heated and boiler fluid circulated in a closed sys 
tem, including a boiler and a plurality of radi 
ators at which such heat transfer occurs, means 
for individually controlling the temperature of 
the radiators, comprising: means including a 
steam dome providing a source of liquid boiler 
fluid; means for forcibly circulating liquid boiler 
fluid from said Source through the boiler at a 
rate and under a pressure such as to convert the 
fluid to a vapor liquid emulsion; a plurality of 
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Separators, one for each radiator, in each of 
which emulsion is adapted to be separated into its 
liquid and vapor components, each having an 
inlet communicating with the outlet of the boiler, 
a vapor outlet near its top and another outlet 
near its bottom; duct means communicating said 
other outlet of each of said separators with the 
inlet of a radiator to enable the liquid component 
of emulsion in the separator to be circulated 
through the radiator together with a portion of 
the vapor component; duct means communicat 
ing the vapor outlet of each of the separators 
with the steam dome to enable separated vapor 
component to be bypassed around said radiators; 
means in Said last named duct means for regu 
lating the proportion of separated vapor compo 
nent which is bypassed around the radiators from 
each Separator to thus regulate the proportion of 
vapor component which is circulated through 
each radiator with the liquid component so that 
the fluid passed through each radiator will have 
a predetermined heat value corresponding to that 
of the generated emulsion introduced into its 
Separator less that of the vapor component there 
of which has been bypassed around the radiators; 
and means Connecting the outlet of each of said 
radiators with the steam dome for returning the 
fluid circulated through the radiators to the 
Steam dome. 

DAVID DALIN. 
TORE.J. HEDBACK. 
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