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Patented Nov. 20, 1945. 2,389,244 

UNITED STATES PATENT OFFICE 
METHOD AND APPARATUS FoR 
CONTROLLING WAPORIZATION 

Thomas E. Whaley, Jr., Bartlesville, Okla, as 
signor to Phillips Petroleum Company, a corpose 
ration of Delaware 
Application July 14, 1941, serial No. 402,416 

10 Claims. (Cl. 196-132) 
The present invention relates to a method of 

and apparatus for control of unit operations. 
In the production of volatile liquid products, 

the vapor pressure of the product often is an 
important specification which must be met to 
conform with marketing requirements. Many of 
the petroleum products, for example, must meet 
a particular Reid vapor pressure requirement. 
Intermediate fractions formed during the refin 
ing and separation of petroleum stocks into mar 
ketable products often require vapor pressure 
control. Where the product is a mixture of two 
Components, control of the vapor pressure may 
determine also the composition of the product. 
The present invention controls the vapor pres 

Sure of the liquid product by control of the quan 
tity of vapor removed from the liquid. In a batch 
operation where a liquid is evaporated until the 
remaining liquid has the desired vapor pressure, 
this invention may be employed to automatically 
stop the vaporization when the desired vapor 
pressure is reached by closing the vapor exit. Its 
operation is not dependent upon temperature or 
pressure conditions in the vaporizer. In continu 
ous operations, the method of this invention is 
useful, for example, for controlling the vapor 
released from an accumulator tank of a rectify 
ing column and is especially useful in desorption 
operations. In desorption, vapor from a later 
stage in the process is returned to an earlier stage 
where it is used to replace undesirable components 
in the liquid undergoing treatment. In this re 
Spect, the present invention may be advantage 
ously applied to systems of the type disclosed by 
Samuel C. Carney, Serial No. 324,895, filed March 
19, 1940; Serial No. 339,832, filed June 10, 1940; 
Serial No. 339,987, filed June. 11, 1940. In these 
systems, vapors from an accumulator tank are 
passed to the base of the desorber. The use of 
the present invention in such a system provides 
control of the vapor pressure of the liquid in the 
accumulator tank and automatic control of the 
desorption as will be understood from the follow 
ing detailed description. 
The present invention is useful also in separa 

tion of gas from liquid by flashing or venting. In 
the production of petroleum, for example, liquid 
and gas are separated at or near the wells in 
Suitable separators. These are maintained at a 
definite pressure by pressure regulators. The 
pressure at which the separators are operated is 
determined by several factors but generally may 
be said to be the pressure at which the optimum 
recovery of liquid results. Often several sep 
arators at successively lower pressures are placed 

in series. The series of separators give "stage 
separation” of the liquid and gas, retaining in the 
liquid phase many of the volatile liquid hydro 
carbons which might be vaporized in a single 
separator. The present invention provides an 
improved means of controlling the pressure at 
which separation is carried out in either single 
or multiple stage separations. 
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An object of this invention is to provide an 
improved method of pressure control for unit 
Operations. 
Another object of this invention is to provide 

an improved method of controlling the vapor 
pressure of a volatile liquid. 
A further object of this invention is to provide 

a method of controlling the quantity of gas 
evolved from a liquid to thereby control the vapor 
pressure of the remaining liquid. 
A still further object of this invention is to pro 

vide a method of controlling the composition of 
two component liquids. . 

Still another object of this invention is to pro 
vide a control device for controlling the evolution 
of gas or vapor from liquid. 

Figure 1 is a cross section of apparatus shows 
ing the application of the present invention to 
control of the vapor pressure of the residual liq 
uid in a batch vaporization process. 

Figure 2 is a cross section of a modification of 
apparatus of Figure 1. 

Figure 3 is an elevation view of gas-oil sep 
arators, showing an application of this invention 
to flashing operations. . . . 

Figure 4 is an elevation of fractionating equip 
ment showing an application of this invention. 
With reference to Figure 1 of the drawings, the 

numera O designates a vessel containing liquid 
which is to be evaporated until the remaining 

liquid meets with desired vapor pressure specifica 
tions. Waporization is accomplished by Supplying 
heat to the liquid by means of a heating coil 2 
in the vessel. Steam is supplied to the heating 
coil from the pipe 3 through the valve 4 which 
is operated in any appropriate manner. Con 
densate from the heating collis drawn of through 
the trap 5 and pipe 6. The vessel O is pro 
vided with an inlet pipe 7 having a control valve 
f8 associated therewith, a valved liquid outlet 
pipe 9, and a vapor outlet pipe 20. Interposed 
in the vapor outlet pipe 20 is the vapor control 
valve comprising a valve body member 2 in which 
is a conventional balanced valve assembly includi 
ing the valve disks 22 and 23. Attached to the 
valve body is a motor housing comprising two sec 
tions 24 and 25. Within the motor housing is a 



2 
motor or pressure responsive element 26, in this 
instance a Sylphon bellows, which is attached 
to the valve stem 27. Inside the vessel O in such 
a position that it will be subject to the tempera 
ture conditions therein is a capsule 28 containing 
a control liquid having the vapor pressure char 
acteristics desired in the final product. The 
vapor pressure developed by the liquid reference 
sample is transmitted to the interior of the Syl 
phon bellows through the pipe 29. The exterior 
of the Sylphon bellows is acted upon by the pres 
sure existing in the vessel. - 

... If the control valve is subject to cooling so tha. 

0. 
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fication of the control valve, the modified con 
trol valve is interposed in the vapor outlet pipe 
20. The valve body 3 is provided with the bal 
anced valve disks 32 and 33. The motor housing 
comprising sections 34 and 35, contains a 
Sylphon bellows motor 36 attached to the valve 
stem 37 to actuate the valve. The Sylphon bel 
lows 36 is partly filled with a control liquid having 
vapor pressure characteristics substantially the 
same as that of the desired residual liquid prod 
uct. The pressure responsive Sylphon bellows 36 
is subject externally to the pressure in the vessel 

it is cooler than the capsule 28 during operations, 
- the Sylphon bellows is operated flooded, i. e., 

- filled with liquid. When operating the Sylphon 
bellows flooded, the pipe 29 extends nearly to the 
bottom of the capsule 28 acting as a dip tube. 
There is vapor space in the capsule 28 to allow 
sufficient expansion and contraction of the 
Sylphon bellows to operate. the valve. If the 

O and to the temperature of the vapors evolved 
from the liquid. The heat exchange between 
the vapors passing through the valves and the 
control liquid in the Sylphon bellows maintains 
the temperature of the control liquid at the vapor 
temperature. The capsule 28 and pipe 29 of 
Figure i is dispensed with, thereby eliminating 

20 

Sylphon bellows is subject to the same tempera 
yp j p of Figure 1. It is especially applicable to appa ture, as the capsule 28, as its usually is or to a 

higher temperature, the Sylphon bellows may be 
operated by the pressure of vapor which is trans 25 
ferred to the bellows from the vapor space of the capsule 28. 
The operation is as follows: Liquid to be 

evaporated is admitted to the vessel 10 through 
the inlet pipe f7. Steam for furnishing the heat 
of vaporization is admitted to the heating coil 
through the pipe 2. It will be understood that 
the liquid charged to the vessel O consists of more 
than one component and is to be vaporized until 
the more volatile vapors have been evolved in 
sufficient quantities to leave a residual liquid 
having the desired vapor pressure characteristics. 
The vapor pressure of the liquid charged to the 
vessel acts upon the external surface of the 

liquid in the vessel is greater than the vapor pres 

connections which may be subject to leakage. 
The operation of the control valve of Figure 2 
is the same as the operation of the control valve 

ratus in which the temperature of the vapor leav 
ing the liquid is equal to the temperature of the 
liquid, or varies therefrom by a constant amount. 
The difference in temperatures, if any, may be 
compensated for by biasing the control valve in 
any suitable manner. 

30 ... Figure 3 shows the application of the present 
invention to flash vaporization of a continuous 
stream of liquid such as is practiced in multiple 
stage separation...of gas from oil in production. 

85 Fluid from the well 50 flows through the pipe 5 
into the high-pressure separator, 52. Gas sepa 
rated from the liquid in the separator 52 escapes 
through the control valve 53 and pipe 54. The 

- liquid is drawn off near the bottom of the sepa 
40. Sylphon bellows. Since the vapor pressure of the 

rator through the float controlled valve 55 and 
passes through the pipe 56 into the low pressure 
separator 57. Gas separated from the liquid is 

sure of the control liquid in the capsule at the 
same temperature, the Sylphon bellows is con 
tracted, opening the vapor control valve. The 
valve remains open, allowing vapors to escape 
from the vessel through the pipe. 20, as long as 
the vapor pressure of the liquid in the vessel is 

45 

greater than the vapor pressure of the control 
liquid in the capsule 28. As the vapor escapes 
from the vessel, the liquid in the vessel approaches 
that in the capsule and the differential across the 
pressure responsive element 26 in the control 
valve approaches zero. When the vapor pres 
sures of the two liquids are identical, the Sylphon 
bellows assumes its normal position and the valve 
disks 22 and 23 cooperate with their respective 
valve seats to prohibit the escape of vapor from 
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vented through the control valve .58 and pipe 59. 
The remaining liquidis withdrawn from the sepa 
rator through the float controlled valve 60 and is 
passed through the pipe 6 to storage or a gather 
ing system. The control valves 53 and 58 used 
at the present time are back pressure regulators. 
It is evident that under the present method of 
operation, with a constant pressure on each sepa 
rator, the vapor pressure of the final product will 
vary with variations in the atmospheric tempera 
ture conditions to which the separators are sub 
jected. In accordance with the present invention 
the control valve 58 is replaced with the control 
valve of Figure 1 or Figure 2. Since the control 
valve is subject to the same temperature variations 
as the separator, the control valve shown in 

the vessel. If the liquid in the vessel to then 
corresponds to the liquid in the capsule 28, the 
temperature in the vessel may vary over a wide 
range without causing the control valve 2 to 

60 

reopen. It is not necessary, therefore, to try to 
maintain an accurate temperature control on the 
heating coll 2 or accurate pressure control on 
the vessel. The two variables may be allowed to 
vary within the limits imposed by the tempera 
ture of the heating steam and the maximum 
allowable pressure for which the vessel is designed. 

employed as a safety feature if desired and the 
A conventional pressure release valve 30 may be 70 
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valve 4 may be controlled in any suitable man 
e. 

With reference to Figure 2 of the drawings, 
the system of Figure 2 is illustrated with a modi 

Figure 2 is quite applicable. For closer control 
of the composition of the final product, one of the 
control valves of my invention may be used as the 
control valve 53 on the high pressure separator. 
The control liquid used is preferably some of the 
well fluid which has been flashed under controlled 
"conditions to conform to the desired vapor pres 
sure specifications. The operation of the control 
valves is similar to that described in connection 
with Figures 1 and 2. So long as the vapor pres 
sure of the liquid in the separator exceeds that 
of the control liquid, the control valve allows 

- vapor.to escape from the separator. Since there 
"is a continuous inlet stream of liquid having a 
vapor pressure higher than that of the control 
liquid, the control valve allows a continuous 
stream of vapor to leave the separator and acts 
to control the pressure in the separator to a value 
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equal to the vapor pressure of the desired product 
at the prevailing separator temperature. This 
modification of my invention is particularly useful 
for controlling the product from distillate wells. 
The light distillate produced may be flashed to a 
definite vapor pressure product and the evolved 
vapors recycled for pressure maintenance. 

Figure 4 shows the use of vapor control on 
the accumulator tank of a fractionator. The top 
product of the fractionator is controlled to de 
sired vapor pressure specifications and the vapors 
taken from the accumulator may be used for 
desorption. The fractionator 65 of any suitable 
type is supplied with feed through pipe 66. Heat 
is furnished to the fractionator by the heating 
coil 88 to which heating fuid from the pipe 89 
is admitted by the control valve 0. The bot 
toms from the fractionator are withdrawn 
through the pipe in accordance with the action 
of the float controlled valve 2. The vaporous 
overhead of the fractionator is passed through 
the pipe 3 to the condenser 74 where it is cooled 
and partly condensed. Condensate and uncon 
densed vapors from the condenser flow to the ac 
cumulator 75 through pipe 6. 

art of the condensate is returned as reflux 
by the pump to the top of the column through 
the control valve 8 and pipe 79. Excess reflux 
or top product from the fractionator is withdrawn 
from the accumulator through the float con 
trolled valve 36 into the pipe 8 through which it 
passes to market. Uncondensed vapors leave the 
top of the accumulator through the pipe 82 and 
control valve 88. The control valve is the type 
described in connection with Figures 1 and 2. The 
contro liquid to which the control valve is re 
sponsive consists of a sample of the overhead 
product desired and the control valve then serves 
to raintain the pressure on the accumulator 
and fractionator equal to the vapor pressure of 
the desired product at the temperature existing 
in the accusinulator. 
The temperature of the condensate and un 

condensed vapors in the accumulator depends 
to a large extent upon the temperature of the 
cooling medium supplied to the condenser 8, 
which in turn is dependent upon atmospheric 
temperature conditions. The result of the cus 
tomary practice of maintaining the pressure on 
the accumulator constant by a back pressure 
regulator is a top product, the composition and 
vapor pressure of which is varied as the temper 
ature in the condenser and accumulator vary. 
The present invention varies the accumulator 
preSSure in accordance with variations of the 
vapor pressure of the desired top product in such 
a manner that the temperature variations are 
Compensated for; as the temperature increases 
the pressure increases, and as the temperature 
decreases, the pressure decreases. If it is desired 
to maintain the pressure on the fractionating 
column constant, a back pressure regulator may 
be installed in the pipe 3 and the valve 78 may 
be controlled in any suitable manner to insure 
proper reflux. The rectifying column controls 
pReviously disclosed in the applicant's copending 
application, Serial No. 401,875 filed September 
13, 1941, are suitable for controlling conditions 
in the fractionator. 
The modification of my invention disclosed in 

Figure 4 is especially useful when the fractiona 
tion is preceded by desorption. In the desorp 
tion, gas or vapors from the accumulator may 
be sent to the base of a desorber immediately 
preceding the fractionator. If the desorption is 

O 
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not complete, light components will pass over to 
the fractionator from the base of the desorber. 
These light components pass overhead from the 
fractionator and tend to increase the vapor pres 
sure in the accumulator. The valve 83 of my 
invention allows these light gases to be flashed 
of in the accumulator, and returned to the base 
of the desorber for stripping or desorbing the 
liquid prior to feeding to the fractionator. This 
insures proper functioning of the desorber under 
variable temperature conditions at the plant. 
Present controls require manual adjustment to 
correct for temperature changes. 
From the foregoing detailed description and 

the examples citing specific applications of the 
invention, it will be apparent to those skilled in 
the art that the method and apparatus of the 
present invention is applicable to control of 

- Vaporization of a wide variety of volatile multi 
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component liquids in either batch or continuous 
operations. 

Having thus described my invention, I claim: 
1. In combination, with a fractionator pro 

ducing a mixture of hydrocarbons as overhead 
vaporous effluent therefrom and having a con 
denser for at least partially condensing the over 
head vaporous effluent, a closed vessel for recep 
tion of said mixture and wherein during oper 
ation there is present a liquid phase and a vapor 
phase in substantial equilibrium with one an 
other, an inlet to said vessel for admitting said 
mixture thereto, a vapor outlet for escape of 
Vapor from said vessel and from the system, a 
liquid outlet for withdrawal of liquid from said 
vessel and from the system as product, a closed 
container containing a volatile control liquid in 
indirect heat exchange with said liquid phase, 
said control liquid having substantially the same 
vapor pressure characteristics as the desired 
product, and a control valve associated with 
Said vapor outlet and responsive to difference 
between the vapor pressure of said control liquid 
and the pressure within the vessel, said valve 
permitting flow of vapor through said vapor 
outlet only when the pressure in said vessel is at 
least equal to the vapor pressure of the control 
liquid. 

2. In combination with a fractionator pro 
ducing a mixture of hydrocarbons as overhead 
vaporous effluent therefrom and having a con 
denser for at least partially condensing the over 
head vaporous effluent, a closed vessel for recep 
tion of said mixture and wherein during opera 
tion there is present a liquid phase and a vapor 
phase in substantial equilibrium with one an 
other, an inlet to said vessel for admitting said 
mixture thereto, a vapor outlet for escape of 
vapor from said vessel and from the system, a 
liquid outlet for withdrawal of liquid from said 
vessel and from the system as product, a closed 
container containing a volatile control liquid in 
indirect heat exchange with one of said vapor 
and liquid phases, said control liquid having 
Substantially the same vapor pressure character 
istics as the desired product, and a control valve 
associated with said vapor outlet and respon 
sive to difference between the vapor, pressure of 

70 

75 

said control liquid and the pressure within the 
vessel, said valve permitting flow of vapor 
through said vapor outlet only when the pressure 
in said vessel is at least equal to the vapor pres 
sure of the control liquid. 

3. In combination with a fractionator produc 
ing a mixture of hydrocarbons as overhead va 
pourous effuent therefrom and having a con 



4. 
denser for at least partially condensing the over 
head vaporous effluent, a closed vessel for recep 
tion of said mixture and wherein during opera 
tion there is present a liquid phase and a vapor 
phase in substantial equilibrium with one an 
other, an inlet to said vessel for admitting said 
mixture thereto, a vapor outlet for escape of 
vapor from said vessel and from the system, a 
liquid outlet for withdrawal of liquid from said 
vessel and from the system as product, a closed 
container containing a volatile control liquid in 
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substantially the same vapor pressure charac 
teristics as the desired product, and a control 
valve associated with said vapor outlet and re 
sponsive to difference between the vapor pressure 
of said, control liquid and the pressure within the 
vessel, said valve permitting flow of vapor 

in said vessel is at least equal to the vapor pres- . 
10 sure of the control liquid. 

indirect heat exchange with said vapor phase, . 
said control liquid having substantially the same 
vapor pressure characteristics as the desired 
product, and a control valve associated with said 
vapor outlet and responsive to difference between 
the vapor pressure of said controlliquid and the 

15 

pressure within the vessel, said valve permitting . 
flow of vapor through said vapor outlet only 
when the pressure in said vessel is at least equal 
to the vapor pressure of the control liquid. 

4. In a system for treating a distillable hydro 
carbon mixture, the combination comprising a 
closed vessel wherein during operation there is 
present a liquid phase and a vapor phase in sub 
stantial equilibrium with one another, an inlet 
to said vessel for admitting said mixture thereto, 
a vapor outlet for escape of vapor from said vessel. 
and from the system, a liquid outlet for with 
drawal of liquid from said vessel and from the 
system as product, a closed container containing 
a volatile control liquid in indirect heat exchange 
with said liquid phase, said controlliquid having. 
substantially the same vapor. pressure charac 
teristics as the desired product, and a control 
valve associated with said vapor outlet and re 
sponsive to difference, between the vapor-pres 
sure of said control liquid and the pressure with 
in the vessel, said valve permitting flow of vapor 
through said vapor outlet only when the pressure 
in said vessel is at least-equal to the vapor pres 
sure of the control liquid. 

5. In a system for treating a distillable hydro 
carbon mixture, the combination comprising a 
closed vessel wherein during operation there is 
present a liquid phase and a vapor phase in sub 
stantial equilibrium with one another, an inlet 
to said vessel for admitting said mixture thereto, 
a vapor outlet for escape of vapor from said vessel 
and from the systern, a liquid outlet for with 
drawal of liquid from said vessel and from the 
System as product, a closed container containing 
a volatile control liquid in indirect heat ex 
change with one of said vapor and liquid phases, 
said control liquid having substantially the same 
Vapor pressure characteristics as the destred 
product, and a control valve associated with said 
vapor outlet and responsive to difference between 
the vapor pressure of said control liquid and the 
pressure within the vessel, said valve permitting 
flow of vapor through said vapor outlet only when 
the pressure in said vessel is at least equal to the 
vapor pressure of the control liquid. 

6. In a system for treating a distillable hydro 
carbon mixture, the combination comprising a 
closed vessel wherein during operation there is . 
present a liquid phase and a vapor phase in sub 
stantial equilibrium with one another, an inlet 
to said vessel for admitting said mixture thereto, 
a vapor outlet for escape of vapor from said vessel 
and from the System, a liquid outlet for with 
drawal of liquid from said vessel and from the 
System as product, a closed container containing 
a volatile controlliquid in indirect heat exchange 
with said vapor phase, said control liquid having 75 

through said vapor outlet only when the pressure 

7. The method of treating a distillable mixture 
of hydrocarbons to produce a liquid-product less 
volatile than said mixture and having a prede 
termined vapor pressure which comprises passing 
said mixture into a closed vessel wherein during 
operation there is present a liquid phase and a 
vapor phase in substantial equilibrium with one 
another, maintaining a confined control liquid in 
indirect heat exchange with said liquid phase, 
said control liquid having substantially the same 
vapor pressure as the desired liquid phase, with 
drawing vapor from said vessel and from the sys 
tem in an amount such that said pressure in said 
vessel is maintained substantially equal to the 

30 
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vapor pressure of said control liquid, and with 
drawing the resulting liquid phase from said 
vessel as said liquid product. 

8. The method of treating a distillable mix 
ture of hydrocarbons to produce a liquid product 
less volatile than said mixture and having a predetermined vapori pressure which comprises 
passing said mixture into a closed zone wherein 
there is present a liquid-phase and a vapor phase 
in substantial, equilibrium; with one another, 
maintaining a confined control liquid in indirect 
heat exchange. relationship; with one of: said 
phases, said control:liquid-haying-substantially 
the same vapor pressure characteristics as the 
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desired liquid phase, withdrawing vapor from 
said zone and from the system.in accordance with 
the vapor pressure of said control liquid in such 
amount that the vapor, pressure, characteristics 
of said liquid phase are substantially identical 
with the vapor pressure characteristics of said 
control liquid, and separately withdrawing liquid 
from said zone and from the system as said liquid product. 

9. In the fractionation of hydrocarbons in 
which a mixture of hydrocarbons is obtained as 
vaporous effluent of the fractionation, the method 
of treating said mixture to produce a liquid Over 
head liquid product less volatile than said mix 
ture and having a predetermined vapor pressure 
which comprises cooling said vaporous effluent 
of the fractionator to form condensate, passing 
the resultant mixture to a closed zone wherein 
there is present a liquid phase and a vapor phase 
in substantial equilibrium with one another, 
maintaining a confined control liquid in indirect 
heat exchange with said condensate, said con 
trol liquid having substantially the same vapor 
pressure characteristics as the desired liquid 
phase, opposing the pressure: within said zone 
to the vapor pressure of the control liquid, with 
drawing vapor from said zone and from the sys 
tem in an amount such that the vapor pressure 

... characteristics of said liquid phase are substan 
tially identical with the vapor pressure char 
acteristics of said control liquid, and separately 

70 
- withdrawing liquid from said zone and from the 
System as said liquid product. 

10. In a system for treating a distilable hydro 
... carbon mixture, the combination comprising a 
closed vessel wherein during separation there is 
present a liquid phase and a vapor phase in sub 
stantial equilibrium with one another, an inlet 
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to said vessel for admitting said mixture thereto, 
a vapor outlet for escape of vapor from said vessel 
and from the systern, a liquid outlet for with 
drawal of liquid from said Wessel and from said 
system as product, a closed expansible container 
containing a volatile control liquid in indirect 
heat exchange with said vapor phase, and sub 
jected externally to the pressure of said vapor 
phase, said control liquid having substantially 
the same vapor pressure characteristics as the 80 

desired product, and a control valve associated 
with said vapor outlet and responsive to differ 
ence between the vapor pressure of said control 
liquid and the pressure within said vessel, said 
valve permitting flow of vapor through said out 
let only When the pressure in said vessel is at 
least equal to the vapor pressure of the control 
liquid. 

THOMAS H. WHALEY, JR. 

  


