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Caitas. 

This invention relates to methods of and ap 
paratus for fluid processing or treating systems, 
particularly Cf the forced circulation type where 
in the fluid to be processed or treated is supplied 
to the inlet of a heated path under pressure and 
discharges at the other end of the path either 
as a liquid, a Vapor, or a liquid-vapor mixture. 
Such Systems contemplate the generation of 
Stean from Water, the processing of petroleum 
hydrocarbons, or any analogous fluid treating 
Or processing. 
While I have chosen to illustrate and describe 

aS a preferred embodiment of my invention the 
generation of stean in a forced flow vapor gen 
erator, it is to be understood that this is by way 
Cf example Only and that the invention is equally 
applicable to the processing of petroleum hydro 
carbons or of any fluid in forced flow through 
a heated path. 
The particular vapor generators here under 

cCInsideration are of the forced flow type having 
a fluid flow path including one or more long small 
bore tubes, in which the flow in the path is ini 
tiated by the entrance of liquid under pressure 
at One end and the exit of vapor only at the 
Other end and characterised by a,n infioW of . Iliq 
uid normally greater than the outflow of vapor, 
the difference being diverted from the path inter 
mediate the ends thereof. 
Such a vapor generator, having small liquid 

storage and operated with wide range combus 
ticin devices, forns a combination rendering 
practical extremely high heat release rates with 
the consequent ability to economically handle 
practically instantaneous load changes from min 
imum to maximum, and vice versa, without heavy 
standby expense, and is particularly suitable for 
Operating conditions such as locomotive or ma 
rine service where load Wariations are of a wide 
range and are required to be met Substantially 
instantaneously. 
The generator has a minimum liquid storage 

capacity with a maximum heat, absorbing surface 
So disposed and arranged as to be substantially 
instantaneously responsive to rapid changes and 
Wide diversities in heat release rate in the fur 
nace. The heat absorbing Surface, or flow path 
for the Working media, is preferably comprised 
of a plurality of long small-bore tubes with an 
enlargement, preferably at the end of the gen 
erating SectiC:n, Which acts aS a Separator to di 
vide liquid and vapor. The vapor is them passed 
through a superheater, While the excess liquid 
carried through the tubes of the generating sec 
tion for the purpose of Wetness and preventing 

(CI. 196—132) 

5 

O 

5 

20 

2 

30 

40 

45 

50 

55 

Scale deposit, is diverted out of the separator un 
der regulated conditions and is shown as being 
returned to the hot Well for recirculation. Or other 
usage. It is usual that a portion of the liquid 
collected in the separator is sent to Waste to keep 
the concentration below a predetermined value. 
The diversion or spillover of liquid from the Sep 
arator is preferably through two paths, one of 
which is a, normal or continuous spillover and 
the other a variable or adjustable Spillover, al 
though the control of such diversion does not 
particularly enter into the present invention. 
The excess of liquid Over Vapor generated, and 

which may be completely or partially recircul 
lated, may comprise twenty, thirty, or even fifty 
percent of the liquid entering the flow path un 
der pressure. The same is true in the case of a 
processing of petroleum hydrocarbons, in which 
in fact the percentage by weight of liquid leav 
ing the heated path may be as much as or great 
er than the Weight rate Of VapOr. 
In the multi-circuit path of a forced flow vapor 

generator it is usual to introduce flow restrictors 
or equalizers between the econonizer and vapor 
generating sections of the path, to attempt to 
attain equalization of flow, heating, and other 
variables through the parallel paths of the gen 
erating section and prevent overheating of one 
tube as compared to another. Flow restrictors 
are usually sections of tubing of relative small 
diameter introducing a resistance to flow of SeV 
eral times that of the tube path following, So 
that variations in flow resistance of said follow 
ing tube path will be of minimized effect relative 

5 to the total resistance including the flow re 
strictors. Through multiplying the flow resist 
ance several times in this manner it is, of course, 
necessary to overcone such resistance With feed 
pUInp p0Wer. m 

I propose to replace such flow restrictors b 
equalizing valves inserted in the several tube 
portions of the paths at the entrance to the vapor 
generating section, utilizing the pressure drop 
therethrough to automatically regulate the Sup 
ply of liquid to the individual paths, and with 
the knowledge that such a plurality of equalizing 
valves will tend to be self-equalizing insofar as 
heat, and fioW distributions between the different 
tube paths is concerned. Any generating tube 
which has a tendency, due to unequal application 
of heat for example, to generate more Steam 
than its parallel tubes tends to become over 
heated through the presence of generated Steam 
Within the tubes, rather than a wetting liquid. 
While the previous flow restrictors or balancing 



2. 
resistors tend to minimize the effect of inequali 
ties in tube resistance and thereby to equalize 
flow in the parallel tube circuits, the Substitu 
tion of my improved equalizing valve for each 
foW restrictor serves not only to retain the ad 
vantage of flow equalization, but additionally 
tends toward an equalization of heat, tempera 
ture, density and other properties of the vapor 
liq iid mixture leaving the tubes. 
In particular, the equalizing valve functions to O 

compare the density of the liquid leaving the 
economizer section for entrance to the vapor gen 
erating section, with the density of the liquid 
vapor mixture leaving the vapor generating sec 
tion and prior to its entrance to the separator. 
drun. From such comparison of densities the 

15 

rate of admission of liquid to the particular vapor 
generating path is controlled, to maintain the 
outlet density at or near predetermined value. 
No such heat and/or temperature equalizing 

tendency is obtained with flow restrictors. When 
they alone are used, one must depend upon the 
total resistance; that is, resistors plus tube re 
sistance must be near enough alike in the differ 
ent circuits to tend to equalize flow therebetween. 
Through my invention. by the substitution of 
equalizing valves for flow resistors, there is a 
greater tendency toward circuit equalization of 
flow, heat, temperature, and density, since I have 
not lost the action of pressure drop in equaliza 
tion of flows. and at the same time I have gained 
an erualization of thermal conditions of the fluid 
leaving the circuit. 

It does not appear necessary to go into the rea 
sons for employing a plurality of long Small-bore 
tubes for the forced flow path, inasmuch as this 
is well recognized in the art. Suffice it to say 
that having such construction. it is of prime im 
portance that the plurality of circuits be equalized 
insofar as flow, heat, temperature, density, etc. 
are concerned. 
... While it is true that I am principally describ 
ing mv invention in connection with a forced cir 
culation vapor generator. it must be remembered 
that other treating and processing systems, such 
for example as the processing of a petroleum hy 
drocarbon, also employ a plurality of long Small 
bore tibes for the forced flow path, and here 
again the necessity of equalization of flow, heat, 
temperature, density, etc. is of prime importance. 
Again the problem is of great importance in 
equalization between parallel superheater circuits 
and paralel economizer circuits, etc. 
In the drawings: 
Fig. 1 diagrammatically illustrates a drumless 

forced flow vapor generator to which the present 
invention is directed. . 

Fig. 2 is a sectional elevation of an equalizing 
valve incorporating my invention. w 

Fig. 3 is similar to Fig. 1, but more com 
pletely discloses the determination and utiliza 
tion of density of a mixture of liquid and vapor. 

Fig. 4 is a diagrammatic illustration of the ap 
plication of my invention to a petroleum process 
ing system. 

Fig. 5 diagrammatically illustrates the inven 
tion applied to a forced flow vapor generator 
with a plurality of Superheater sections. 

Fig. 6 diagrammatically illustrates the applica 
tion of the invention to a forced foW Walpor gen 
erator having a plurality of economizer sections. 
The drumless forced flow vapor generator to 

which the present invention is particularly di 
rected is diagrammatically illustrated in Fig. 1 to 
indicated gas flow, working fluid flow, and heat 
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2,837,851 
absorbing surface, arranged as contained within 
the enclosure represented by the dot and dash 
ines. 
The flow path for the working medium is con 

prised of long Small-bore tubes brought together 
at Suitable headers, The generator includes an 
economizer f at the cooler end of the gas passage 
and which receives liquid from a pump which 
may be connected to a hot Well. The pump may 
be of any suitable type or characteristic adapted 
for the service. 
The liquid from the economizer outlet header 2 

is conveyed by a tube 3 to a manifold 4 from 
which the liquid is distributed to the generating 
section through, in this instance, three equalizing 
valves 5 whereby the liquid is proportionately dis 
tributed to the tubular fluid flow passages 6, 7 
and 8 constituting the vapor generating section 
of the assembly. 
These three flow circuits comprising the vapor 

generating surface join in a header 9, from which 
a tube ?o enters a bulge in the fluid flow path 
which is in the form of a separating chamber 
for dividing the fluid into liquid and vapor, the 
Vapor passing to a Superheater f2 and the excess 
liquid being diverted from the fluid flow path 
through a pipe 3 to the hot well or to waste. 
The 'heat Source' is illustrated as having an 

oil burner with adequate air admission facilities, 
but may comprise any well known fuel burning 
arrangement and have ordinary provisions for 
initial ignition, safety features, etc. 
The direction of flow of fluid from the header 4 

through the equalizing valves 5, the vapor gen 
erating passages 6, 7 and 8, the header 9, and 
to the separator f , is indicated in Fig. 1 by air 
rows and with single line diagram representing 
the tubular flow path. 

It will be understood that while the vapor gen 
erating surface is shown as comprising three par 
allel flow paths, this is representative only, and 
the flow paths may be a single path or any de 
sired number of paths in parallel. 
In Fig. 2. It illustrate in sectional elevation a 

preferred form of the equalizing valve 5, as for 
example the valve 5 in connection with the flow 
path 8 of Fig. 1. In both Figs. 1 and 2 the pipe 
4 joins the header 4 with the equalizing valve 5. 
This flow of water leaves the valve 5 through a 
pipe 5 to the vapor generating path 8, from 
Which it returns through the pipe 6 to the valve 
5, thereafter leaving through the pipe 7 to the 
header 9. In Fig. 1 I have indicated a shutoff 
valve 8 in the pipe 4, and a needle control 
valve 9 joining the pipes 4 and 5 and by-pass 
ing the valve 5. The purpose of the valves 8 
and 9 Will be explained more in detail herein 
after. 

Referring now specifically to Fig. 2, it will be 
observed that the heated water from the econo 
nizer enters the valve assembly through the 
pipe f4 below a movable valve member 20 having 
guide fins 2 and seating normally on a seat 
member 22. When the valve member 2G is moved 
upwardly (on the drawing) water from the pipe 
4 passes between the valve member 20 and the 
seat 22 to the pipe f5 in quantity determined 
by the amount of opening. 

Fluid from the heated flow path 8 may be all 
Water, all steam, or a mixture of water and steam, 
and enters the valve 5 through the pipe is be 
low a movable valve member 23 having guiding 
fins 24 and adapted to seat against a seat mem 
ber 25, 
The movable valve members 20, 23 are interre 
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lated by a push rod 26 slideable through a parti 
tion member 27. The valve members 20, 23 and 
push rod 26 are urged together and downwardly 
by a compression spring 28 adjustable through 
the agency of a screw 29 in well known manner. 
Normally then the valve members 20 and 23 are 
urged against the seat members 22 and 25 by the 
spring 28. 
When Water under pressure is available in the 

header 4 the pressure thus effective upon the un 
derSide of the valve member 20 causes it to move 
upwardly to unseat and allow flow from the pipe 
4 to the pipe 5. Such upward positioning 
moves the push rod 26, the valve 23, and com 
presses the spring 28. The result is a flow of 
liquid through the fluid path 8, the pipe 6, and 
the pipe I, to the header 9. When the path 8 
is heated and Vapor begins to be generated there 
in, the fluid entering the valve assembly 5 
through the pipe 6 constitutes a mixture of 
liquid and vapor at greater specific volume and 
lower density than the liquid passing through the 
pipes 4 and 5. For a condition of equilibrium 
this flow of liquid-vapor mixture requires a 
greater valve opening between the member 23 and 
the seat 25, and thus the area of the member 23 
is greater than that of the member 20. The de 
sign of these relative areas, as well as the initia! 
Scale of the Spring 28, and adjustment of the 
Screw 29, depends upon the desired density of 
the fluid leaving the section 8 through the pipe 
i8. In other words, in a forced flow vapor gen 
erator of the type being described, and having a 
Separator , it is desired to admit more water 
through the pipe 5 than can be evaporated in a 
single passage through the path 8, and the liquid 
vapor mixture leaving through the pipe 6 will 
consist of the vapor which has been generated 
plus the excess liquid. This excess liquid may 
desirably be from 10% to 50% of the amount en 
tering the pipe 5, and is adjustable Within cer 
tain limits through the agency of the screw 29. 
For wider operating changes it may be desirable 
to replace the valve members 20, 23 with valve 
members of different cross sectional area or to 
change the spring 28. 
I have provided an arrangement which is con 

tinuous and automatic in function to control the 
admission of liquid to a flow path, such as the 
heated path. 8, to continuously maintain a de 
sired density condition of the fluid leaving Said 
flow path and with adjustment possibilities 
whereby said desirable density may be the den 
sity of the entering liquid, or the density of its 
vapor, or of a mixture of the liquid and vapor. 
This result is obtained in general by utilizing 
the differential across a valve of variable open 
ing for the control of flow to maintain a prac 
tically constant density. Its utility and advan 
tage in connection with a vapor generator of the 
type herein disclosed will be apparent, for regard 
less of the care taken in design of the propor 
tioning and location of the various flow paths, as 
well as of the heating, there is a possibility that 
one path may be subjected to greater or more . 
direct heating than another path, and Some 
means must desirably be provided to proportion 
the liquid among the various paths in accord 
ance with the heat applied thereto and the heat 
absorbing capability of the paths. Furthermore, 
it is essential that such an arrangement be con 
tinuous in operation and entirely automatic in 
action. The arrangement, Such as I have dis 
closed, satisfies these demands. I desire it to be understood that in Speaking of 
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3 
density in this description and in the claims I 
use the term in its well understood and generic 
-definition and meaning such as has been estab 
lished by the International Critical Tables, Bu 
reau of Standards, and other authorities, as fol 

Density of any substance (a liquid, gas, liquid 
gas mixture, or a solid) is expressed in units of 
Weight per unit of volume, as for example, 
pounds per cubic foot. It is an absolute or 
concrete value and therefore quite independent 
of temperature, pressure, location, etc. 
Inasmuch as the valve arrangement works pri 

marily on a density or a density plus kinetic en 
ergy basis, the operation will be in the direction 
of having a larger percentage of spillover water 
from the separator, i.e. unevaporated excesss, at . 
low pressures than at high pressures. 
The unbalanced area and the size of the ports 

of the two valves are arranged so that with the 
Correct steam and Water mixture entering the 
Separator drun. Substantially equal water flows 
are admitted to each circuit. In case any one 
circuit becomes unbalanced and tends to produce 
Superheated steam, the volume increases and the 
pressure drop across the upper valve member in 
creases, opening both valves and admitting more 
Water to that particular circuit. Similarly the 
valves will be closed whenever there is a smaller 
percentage of steam in the mixture entering the 
drum, due to the decrease in volume and pres 
Sure drop across the upper valve member. 
In Fig. 1 I show a valve 39 located in a by 

pass between the pipes 6 and 7. By means of 
the Valves 8, 9 and 30 the equalizing valve 5 
may be disconnected completely from the flow cir 
cuit 8. So that Work may be done thereon. If the 
Valve 8 is closed, and the valves i9, S3 are opened, 
then the equalizing valve 5 is completely by 
passed insofar as the flow pipes 4, 5, 6, and 7 
are Concerned. If under this condition the needle 
valve 9 is positioned by hand to a partly throttled 
condition, this Will introduce an adjustable pres 
Sure drop similar to the known resistors or re 
strictions and regulation of the circuit may be 
carried on by hand, while the assembly 5 is out 
of Service. 
Under certain conditions it may be desirable 

(With the valve 8 opened and the valve 3) 
closed) to have the valve 9 slightly cracked and 
allow a certain amount of liquid to by-pass the 
assembly 5. In other words, the combination of 
the assembly 5 in automatic functioning and an 
adjustable by-pass 9 allows a wide latitude of regulation of the liquid passing through the pas 
Sage 8. It Will be appreciated that the same ar 
rangement of valves, such as 8, 9 and 33, may 
be incorporated with the equalizing valves 5 of 
the circuits 6 and 7, or any number of circuits 
that may be employed in the vapor generating 
Section. 
As a Specific example of the design of a valve 

assembly,5, the ports may be designed so that at 
minimum filow of say 1000 lb. cf water per hour 
for the circuit, and with water only going through 
both valve members, i. e. with no steam genera 
tion, the Water flow going completely to the sep 
arator or Spillover, there will be a differential 
pressure of approximately 36 lb. per square inch 
across the Valve member 20, and approximately 
6 lb. per square inch across the valve member 
23. At the maximum flow rate of approximately 
8000 lb. of water per hour past the valve mem 
ber 20, and of say for example 7200 lb. of steam 



44? 

and 800 lb. of water past the valve member 23, 
there will be a differential pressure of approxi 
mately 100 lb. per square inch across the valve 
member 20, and approximately 10 lb. per Square 
inch across the valve member 23. These values 
are obtained with a Spring having a scale of 25 
lb. per square inch and an initial compression at 
zero flow of approximately 40 lb. The general 
design is such that the valve members will lift 
approximately uniformly with flow increase, al 
though it will be appreciated that the shape and 
design of the valve members and of their Seats 
may be such that any desired characteristic of 
flow-with-positioning may be attained. In other 
Words, this characteristic may be a lineal or 
straight line relation, or may be curved, as de 
sired. 
The upper valve member is designed so that 

it has an unbalanced area of approximately ten 
and One-half times that of the lower Valve men 
ber, so that even though the pressure drop is less, 
the actual force exerted by the upper member is 
always greater than that exerted by the lower 
member. The reason for this arrangement is in 
order that relatively small changes in density of 
the steam and water mixture, which in turn 
produces a change in differential pressure across 
the upper Valve member, Will cause considerable 
motion of both members, and thus affect the 
Water flow through the lower member materially. 
The lower, or water valve member, is inten 

tionally designed for a fairly high pressure drop, 
So as to get a similar effect as the balancing re 
sistors or restrictors previously used, though of 
course a materially smaller pressure drop is possi 
ble with the present arrangement at maximum 
flow. The initial and final pressure drop can be 
altered materially by changing the scale or initial 
tension of the loading Spring. Furthermore, the 
characteristic of the valve can be materially al 
tered by changing the ports or shape of the valve 
members and Seat members. 
I have so far explained the functioning of the 

equalizing valves 5 in controlling the admission of 
Water from the header 4 to the vapor generating 
surfaces 6, 7 and 8, and in proportioning the 
water to the various surfaces, from manifesta 
tions of density at the exit of each of the cir 
cuits 6, 7 and 8, as well as from a comparison of 
such densities individually with the density of 
the feed liquid. A further particular feature of 
the present invention is a control of the heat 
ing responsive to a determination of the density 
of the liquid-vapor mixture leaving the header 
9 through the conduit fo and passing to the sep 
arator i 1. 
In the conduit to I have located an orifice or 

similar restriction 3f, which may be a Venturi 
tube, flow nozzle, or any suitable and well known 
device for creating a pressure differential repre 
sentative of the volume rate of flow of the fluid therethrough. 
Connected to the conduit to at opposite sides of 

the orifice 3 by means of the connecting pipes 
32, 33, is a differential pressure responsive device 
34 comprising a mercury U-tube on the surface of 
One leg of which is a float positioned responsive 
to, and representative of, the differential in pres 
sure existing across the orifice 3. The float is 
adapted to position an indicator arm 35 relative 
to an index 36, and at the same time to position 
a contact arm along a resistance 3. 

In similar manner a pressure differential re 
sponsive meter 38 is connected across an orifice 39 
in the liquid feed line 3, adapted to position an in 
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2,337,851. 
dicator 40 relative to an index 4, and to position 
a contact relative to a resistance 42. As will be 
explained hereinafter, the resistances 37, 42 com 
prise legs in a WheatStone bridge circuit for de 
termining the density of the fluid mixture paSS 
ing the orifice 3; and such determination of 
density is utilized in automatically controlling the 
opening of a fuel regulating valve 43. 
I have also indicated in Fig. 1 a, thermocouple 

T1 for determining the temperature of the fluid 
passing through the conduit 3, a thermocouple T2 
sensitive to temperature of the mixture entering 
the separator f, and a thermocouple T3 sensitive 
to temperature of the Steam leaving the Super 
heater. 

In Fig. 3 I show in more diagrammatic fashion 
the vapor generator of Fig. 1, and have clearly 
illustrated how the differential pressure meters 
34, 33 are interconnected to determine the value 
of density of the mixture passing through the 
conduit 0 to the separator . I have previously 
stated that the resistance values 3, 42 are con 
tinuously representative of differential pressure 
across the orifices 3, 39 respectively. 
The relation between Volume flow rate and 

differential pressure is: 
Q=cMV2gh (1) 

Where 
Q=cubic feet per second 
c=coefficient of discharge 
M=meter constant (depends on pipe diameter 
and diameter of Orifice hole) 

g=acceleration of gravity=32.17 ft. per sec. per 
Sec. 

h-differential head in feet of the flowing fluid 
The coefficient of discharge remains substan 

tially constant for any one ratio of orifice di 
ameter to pipe diameter, regardless of the density 
or specific volume of the fluid being measured. 
With c, M and V2g all remaining constant, then 
Q varies as the Vh. Thus it will be seen that 
the float rise of the meters 34, 38 is independent 
Of Variation in density or Specific volume of the 
fluid at the two points of measurement and that 
the reading on the indexes 36, 4 of differential 
head is directly indicative of volume flow rate. 
If the conduit size and orifice hole size are the 
Same at both meter locations, then the relation 
of meter readings is indicative of the relation 
of density and specific volume. Thus for the 
same weight rate of flow past the two metering 
locations, and with a constant Water density at 
orifice 39, the differential pressure at location 3 
Will increase With decrease in density of the fluid, 
and Vice Versa. ' ' .. 
This may readily be seen, for if it were desired 

to measure the flowing fluid in units of weight, 
Formula 1 becomes: 

W=clMXV2ghd (2) 
Where 

W=rate of flow in pounds per second 
d=density in lb. per cu. ft. of the flowing fluid 
h=differential head in inches of a standard liquid 
Such as Water 

M=meter Constant now including a correction 
to bring h of Equation 1 into terms of h of 
Equation 2 
Assuming the same Weight rate of flow passing 

Successively through two similar spaced orifices 
39, 3 and with a change in density as may be 
caused by the heating means, then the density 
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at the second Orifice 3 may be determined as 
follows: 

h39 a) 
h31 (3) 

Thus it will be observed that, knowing the 
density of the fluid passing the orifice 39 (in this 
case water, although it may be any other selected 
fluid), I may readily determine the density of the 
fluid passing the orifice 3 from the relation of 
differential pressures indicated by the meters 
34, 38. 

Referring now to Fig. 3 it will be observed that 
the adjustable resistances 37, 42 comprise two 
arms of a Wheatstone bridge. A third arm in 
cludes a hand adjustable resistance 44, while a 
fourth arm includes a fixed resistance 45 and an 
adjustable balancing resistance 46. The adjust 
able resistance 46 (for balancing the bridge) is 
varied by movement of an arm 4, through the 
agency of a reversible synchronous motor 48, un 
der the control of a galvanometer 49. 
The motor 48 is of the Self-Starting Synchro 

nous type of alternating current motor and is 
shown as having normally deemergized Opposed 
fields. Should the WheatStOne bridge become un 
balanced, then the needle of the galvanometer 
A9 will move either clockwise or counterclockwise 
(Fig. 3), thereby energizing one of the fields of 
the motor 38, resulting in a positioning of the 
arm 4 in direction and amount over the re 
Sistance É6 to balance the bridge and CauSe the 
galvanometer needle to return to neutral positioil. 
It Will be understood that the neceSSary gear 
reduction is incorporated between the motor 48 
and the arm 47 So that the arm moves at a 
relatively slow speed. 
The Wheatstone bridge thus serves to con 

tinuously determine the density of the fluid at 
the Orifice 3 through Solving Equation 3. Such 
density is continuously indicated on an index 
50 by the movable arm 4. 

Solving Equation 3 

Resistance 37cchi 
Resistance 42ch39 

And it is expected that: 

It is known that the law of the Wheatstone 
bridge is: 

R42 R37 
R46--R45 R44. 

E)-R45 
and R$ 3 represents d81. 
Thus the actual density of the liquid-vapor 

mixture passing through the conduit 0 to the 
separator is determined and indicated upon 
an index 59. At the same time the arm 47 po 
sitions the stem of a pilot valve 5, which may 
be. of the type disclosed and claimed in the pat 
ent to Clarence. Johnson 2,054,464, and Wherein 
a fluid loading pressure is established in the pipe 
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52 continuously representative of the value of 
density of the fluid in conduit it. 

I have also illustrated that each of the ten 
perature responsive thermocouples T1, T2, and T3 
is associated. With a known potentiometer device 
such as 53 for positioning. an indicator 34 rela 
tive to an index 55 to advise the value of the 
temperature andat the Same" time position ühe 
stem of a pilot, valve such as 56 for establishing 
a fluid loading pressure representative of ten 
perature. 
The loading preSSures representative respec 

tively of T1, T2, T3 and density in conduit it are 
manifolded as at 57 and connected to the fuel 
Supply valve 33, in Such a nanner that the fuel 
supply vaive may be: selectively under the con 
trol of any one of the three mentioned tempera 
tures or of density of the fluid in conduit 9. 
Aparticular feature of my present invention is 

in the control of the heatang responsive to the 
Value of density of the liquid-Vapor mixture en 
tering the Separator if and for the purpose of 
maintaining Such density at a predetermined 
value. 
Thus considering the disclosure of Fig. 3, it Will 

be observed that the plurality of paralliei Circuits 
in the vapor generating portion of the forced 
flow path are each proVided With all equalizing 
valve 5 Serving to regulate the total feed of liquid 
to the generating Surface and to properly pro 
portion it. between the different brancines of the 
parallel circuits. The heating of the unit how 
ever is under control of the total liquid-vapor 
mixture leaving the generating Surfaces and paSS 
ing to the Separator and from an indication of 
density thereof. Tilus Winietne equalizing vaives 
5 proportion the total feed of liquid to and be 
tween the circuits, the final value of density of 
the mixture entering the Separator is used in 
Controlling the heating to maintain Said density 
as desired. - 

While in connection. With Fig. 3 I have ex 
plained in detail the manner in Which I deter 
mine the density of a liquid-vapor mixture, I do 
not believe that it, is necessary to repeat suci 
disclosure, either in the other figures of the 
diraWingS Or in the deSCription pertaining indi 
vidually thereto. It Will thus be understood that 
in FigS. 1, 4, 5 and 6 the determination of density 
of the liquid-vapor mixture may be as explained 
in Connection. With Fig. 3. 
In Fig. 4 I illustrate in diagrammatic fashion 

the application of my invention to the processing 
of a petroleum hydrocarbon, as for example in 
the cracking of oil. Here again in general I 
illustrate a regulation and proportioning of the 
feed liquid to the Warious circuits in the conver 
Sion or vaporizing section of the fluid flow path, 
and furthermore a regulation of the firing in 
accordance With a determination of the density 
of the liquid-vapor mixture leaving the coil 
version section. 
The charge liquid enters through a conduit 3 

to a preheating Section 58 of the flow path, which 
is heated by a burner or burners 59 having fuel 
controlled thereto by means of a regulating 
damper or valve 6). The heated liquid passes 
from the Section 58 through a conduit 6 having 
positioned therein an orifice 39 across which is 
Connected a differential pressure meter 38 for 
positioning a resistance representative of the 
differential pressure. 
The heated petroleum hydrocarbons pass from . 

the conduit 6f to a header 62, splitting to three 
"Or more parallel circuits comprising a conversion 
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Section heated by a burner or burners 63 to Which 
fuel is supplied under regulated control of a valve 
or damper 64. The conversion section 65 feeds 
its parallel circuits to a header 66 from which a 
conduit 67 leads to a tower, reaction. Chamber, 
vapor separator, or other relatively quiescent zone. 
68 where liquids and vapors may separate. 
The forced flow path is So arranged and pro 

portioned that preferably no vaporization or li 
beration of gases or vaporS. occurs in the heating 
Section 58; and all Vaporization or liberation oc 
Curs Within the conversion Section 65. Thus it 
is normally expected that liquid only Will enter 
the header. 62 and that a liquid-vapor mixture 
will leave the header. 66 through the conduit 67. 
The density of the liquid-vapor mixture in the 

conduit 67 is continuously determined, or a mani 
festation thereof is determined, through the 
agency of the differential pressure meters. 34, 38 
and the Wheatstone bridge measuring system de 
scribed in connection with Fig. 3. 
In the present embodiment I preferably control 

the fuel valve 60 either manually in accordance 
with an observation of T1 or automatically there 
from. I preferably control the fuel supply valve 
64 to the conversion section in accordance with 
density D31 of the liquid-vapor mixture leaving 
the conversion section, or selectively in accord 
ance With temperature thereof. - 

It should be quite clear that the invention is 
equally applicable to the vaporization of water, 
the cracking or other treatment of a petroleum 
hydrocarbon, or the processing of any fluid. 
In Fig. 5 I illustrate a further embodiment of 

my invention - in connection with a forced flow 
vapor generator having parallel circuits in the 
Superheater, one of which may be a radiant su 
perheater and the other a convection type. The 
feed liquid enters an economizer section after 
passing through an orifice 39 across which is 
Connected the differential pressure meter 38. 
From the economizer Section the heated liquid 
enters a generating section from Which the liq 
luid-vapor mixture passes to a separator . The 
density of the mixture entering the separator is 
determined as previously herein disclosed. 
Wapor from the separator passes to the con 

Vection and radiant superheaters through a pro 
portioning Valve 69 under the control of a ten 
perature Sensitive device O for maintaining the 
final temperature of the steam leaving the unit 
as desired irrespective of Wariations in load. 

It will be understood that vapor generators 
equipped With radiant superheaters have a su 
perheat-load characteristic differing from the 
characteristic of the convection superheater rela 
tive to load. Warious combinations of superheat 
ers having convection heating surface and having 
radiant heating Surface have been made in an 
attempt to obtain a uniform superheat irrespec 
tive of load variations. 
made to proportion the Surfaces and/or the 
amount of Steam passing therethrough in ac 
Cordance With a measure of load to predetermine 
the proportionality of superheating work done by 
the convection and by the radiant superheater 
in an attempt to result in uniform superheat with 
Warying load. 

I have found however that a proportioning 
valve .69 may readily be designed and arranged 
to control from temperature of the total super 
heat leaving the convection and radiant super 
heaters to maintain said superheat substantially 
COnStant irrespective of load variations. 

. In Fig. 5 I control the firing in accordance with 

Some attempts have been 
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a determination of or manifestation of the den 
sity of the mixture of liquid and Vapor entering 
the separator , and control the total feed of 
liquid to the unit in predetermined excess to 
measured Vapor outflow, the excess liquid being 
discharged from the separator . The flow me 
ter 7. is a Weight rate of flow, meter rather than 
a volume flow meter and has a mercury sealed 
inverted bell of designed cross Sectional area such 
that the positioning of the indicator and of the 
air pilot valve is directly in accordance with 
weight rate of flow of steam leaving the unit, 
rather than in accordance with differential pres 
sure across the orifice 72. 
In general then in Fig. 5 the total feed of liquid 

to the forced circulation path is in predetermined 
excess over measured Vapor Outflow, Which latter 
of course is determined by the load upon the unit. 
The total fluid passing to the separator Will 
be in liquid-vapor proportion determined by the 
heat applied to the unit and thus I utilize a 
measurement of density of the liquid-Vapor mix 
ture in controlling Said heating to maintain the 
density as desired. The Superheated Steam leav 
ing the separator is then proportioned to the 
convection and radiant Superheaters so that the 
temperature of the vapor outflow is as desired 
irrespective of load and other fluctuations. 
In Fig. 6 I illustrate an embodiment of my in 

vention wherein the circuits of a forced circula 
tion vapor generator are arranged with a plu 
rality of economizer sections in parallel. The 
various parallel circuits in the economizer Section 
may be located relative to the heating as desired, 
and the location forms no particular part of the 
present invention. I do however desirably pro 
portion the feed liquid to the economizer sections 
in accordance with means similar to that ex 
plained in connection with Fig. 5. Thus irre 
spective of the location of the economizers rela 
tive to radiant or convection firing, and irrespec 
tive of the proportionality of duty upon the 
economizers, I properly proportion the liquid feed 
to the economizers through the agency of the 
proportioning valve 69 by an indication of total 
temperature of the liquid leaving the economiz 

S. 
From the economizers the fuid passes through 

a generating Section and to a Separator. The 
density. D31 of the liquid-vapor mixture entering 
the separator is used to control the firing or heat 
ing of the unit, while the total feed is in predeter 
mined exceSS to measured Vapor outflow. 
While I have chosen to illustrate and describe 

certain preferred embodiments of my invention 
it is to be understood that I am not to be limited 
thereby, but only as to the claims in VieW of prior 
art. 
What I claim as new, and desire to Secure by 

Letters Patent of the United States, is: 
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1. The method of operating a Vapor generator 
of the forced flow type having a liquid-vapor Sep 
arator between the generating and Superheating 
portions of the fluid flow path, Which includes the 
Steps of heating the path, normaliy Supplying a 
Selected liquid to the inlet of the generating por 
tion in exceSS over vapor generated therein, dis 
charging the resulting liquid-vapor mixture into 
the Separator, and controlling the heating in ac 
Cordance With a determination of density of the 
fluid entering the Separator. ?? 

2. The method of operating a vapor generator 
of the forced flow type having a liquid-va 
por Separator between the generating and 
'Superheating portions of the fluid flow path, 
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which includes the steps of heating the path, 
normally Supplying a Selected liquid to the 
inlet of the generating portion in excess over 
vapor generated therein, discharging the re 
Sulting liquid-Vapor mixture into the separa 
tor, regulating the rate of liquid supply in ac 
Cordance With a comparison of the density of the 
liquid Supply and the density of the fluid entering 
the separator, and controlling the heating of the 
path in accordance with a determination of den 
sity of the fluid entering the separator. 

3. The method of processing a fluid, which in 
cludes, flowing the fiuid in a confined flow path 
under preSSUure and Subjected to heat, then di 
Viding the flow into a plurality of parallel paths, 
heating the plurality of parallel paths, normally 
Vaporizing a part only of the liquid entering the 
parallel paths, utilizing a comparison of the den 
sity of the liquid entering the parallel paths and 
the density of the liquid-vapor mixture leaving 
the paths to proportion the liquid to the parallel 
paths, and utilizing the density of the mixture to 
regulate the heating of the parallel paths. 

4. In a forced flow vapor generator, in com 
bination, a flow path having a generating por 
tion and a Superheating portion, a liquid-vapor 
Separator between Said portions, means for heat 
ing the path, liquid Supply means normally sup 
plying liquid to the entrance of the generating 
portion in excess of vapor generated, means con 
tinuously determining density of the liquid-va 
por mixture entering the separator, and means 
controlling the heating means responsive to said 
denSity determining means. 

5. The method of operating a forced flow va 
por generator, which includes, supplying liquid 
to the generating portion of the path in excess 
OVer Vapor discharged therefrom, passing the 
liquid-vapor mixture to a relatively quiescent 
Separator Zone, diverting the excess liquid, regu 
lating the heating of the path responsive to den 
sity of the mixture, and proportioning the vapor 
from the Separator through parallel superheating 
paths responsive to temperature of the vapor 
leaving the Superheater. 

6. The method of operating a forced flow va 
por generator, which includes, supplying liquid 
to the unit in excess over vapor discharged there 
from, proportioning the liquid through a plural 
ity of paralel preheating paths responsive to tem 
perature of the liquid leaving such paths, passing 
the liquid through a generating portion of the 
path wherein a part only of the liquid is va 
porized, discharging the liquid-vapor mixture to 
a relatively quiescent separator zone, and con 
trolling the heating of the zone responsive to 
density of the mixture. 

7. The method of processing petroleum hydro 
carbon, which includes, serially flowing the fluid 
through a preheating and a conversion portion of 
a confined path under pressure and where the 
Conversion portion of the path is comprised of a 
plurality of parallel circuits, continuously Supply 
ing liquid to the preheateing portion in excess 
Over vapor leaving the conversion portion, Sep 
arately heating the portions of the path, regul 
lating the heating of the preheating portion re 
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sponsive to temperature of the fluid leaving Such 
portion, proportioning the fluid leaving the pre 
heating portion to the Several parallel circuits of 
the conversion portion of the path in accordance 
With a comparison of density of the fiuid entering 
each circuit with the density of the fluid leaving 
each circuit, and regulating the heating of the 
Conversion portion responsive to density of the 
liquid-vapor mixture leaving the conversion por 
tion. 

8. The combination with a petroleum hydro 
carbon processing System having a confined path 
including a preheating and a conversion portion 
Serially arranged, said conversion portion being 
Comprised of a plurality of parallel circuits, of 
means for continuously supplying liquid to the 
preheating portion in exceSS over Vapor leaving 
the conversion portion, means for separately 
heating the preheating and conversion portions 
of the path, means responsive to the temperature 
of the fluid leaving the preheating portion and 
adapted to regulate the heating of such portion 
in accordance therewith, means for comparing 
the density of the fiuid entering each circuit of 
the conversion portion. With the density of the 
fiuid leaving each of Said circuits and adapted to 
proportion the fluid leaving the preheating por 
tion to the several parallel circuits in accordance 
With Such comparison of densities, and means re 
Sponsive to density of the liquid-vapor mixture 
leaving the conversion portion and adapted to 
regulate the heating of the conversion portion 
in accordance therewith. 

9. In combination with a forced fiow vaporgen 
erator having a generating portion of the flow 
path and parallel superheating portions of the 
flow path Serially connected to the generating 
portion, a vapor-liquid separator between the 
generating and Superheating portions, means 
Supplying liquid to the generating portion in ex 
CeSS Over Vapor discharged therefrom, means 
diverting unevaporated liquid from the separator, 
heating means for the path, means responsive to 
the density of the vapor-liquid mixture leaving 
the generating portion of the path and adapted 
to control the heating means, means sensitive to 
temperature of the vapor leaving the superheater, 
and means proportioning the vapor from the sep 
arator through the parallel superheating paths 
responsive to Said temperature sensitive means. 

10. In combination with a forced flow vapor 
generator having a generating portion of the flow 
path and parallel preheating paths connected to 
the inlet of the generating portion, a relatively 
quiescent Separator Zone to which the generating 
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portion discharges, means supplying liquid to the 
parallel preheating paths in excess over Vapor 
discharged to the separator, heating means for 
the paths, means sensitive to the temperature of 
the liquid leaving the preheating paths, means 
proportioning the liquid through the parallel pre 
heating paths responsive to said temperature 
Sensitive means, and means responsive to the 
density of the liquid-vapor mixture entering the 
Separator and adapted to control said heating 
eaS. 
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