April 1, 1952 P. KOLLSMAN 2,591,441
PRESSURE ENERGY EXCHANGER
Filed Feb. 10, 1949

PROCESSING UNIT

25

48 l ]

‘ INVENTOR.
PHBL}{L. HKOLLSMAN

Heorsard 8, ce
Ay ATTORNEY



Patented Apr. 1, 1952

2,591,441

UNITED STATES PATENT OFFICE

2,591,441
PRESSURE ENERGY EXCHANGER
Paul Koilsman, New York, N. Y.
Application February 10, 1949, Serial No. 75,610
(CL. 103—52)

6 Claims.

1

The invention provides a method of an appa-
ratus for the direct recovery of the pressure
energy imparted to fluids before or during proc-
essing.

Many processes, such as chemical processes,
distillation processes, are carried out within a
range of elevated pressures, and a considerable
amount of mechanical energy is generally re-
quired for raising the pressure of the fluid to the
pressure at which the process is carried out. If
the processed fluid is discharged by simple de-
compression, that is by flow through a throttling
passage, the pressure energy is lost. If, on the
other hand, the fluid is discharged by conduct-
ing it through suitable prime movers, for exam-~
ple, turbines, to extract the pressure energy from
the fluid, a certain peércentage of the mechanical
energy originally expended can be recovered.
However, this form of recovery of pressure energy
is not very efficient, since it is an indirect way
of recovery in which considerable losses occur hy
reason of limited efficiency of the several me-
chanical units employed in the recovery. - Assum-
ing, for example, that the processed fluid is con-
ducted through & turbine and that the turbine is
used to drive some unit of the processing equip~
ment, perhaps contributes a portion of the me-
chanical power for driving the pump, it is easily
seen that the net recovery of energy is reduced
by the losses occurring in the turbine, in the
transmission of mechanical power, and in the
pump.

Purthermore, the indirect form of recovery is
often not practicable, for example, where the
available volume of processed fluid is too small
to drive a turbine of standard dimensions and
design.

The invention proposes a method of :direct
recovery of pressure energy which offers numer-
ous advantages over the indirect form of recovery
in that no turbines or similar devices are re-
quired for converting pressure energy into me-
chanical energy. The invention provides for sub-
stantially complete recovery of the pressure en-
ergy and permits the recovery unit to be con-
structed of relatively simple elements and of
relatively small size.

The various objects, features, and advantages
of this invention will appear more fully from the
detailed description which follows, accompanied
by drawings showing, for the purpose of illustra-
tion, a preferred form of apparatus for carrying
out the novel method. The invention also con-
sists in the certain new and original steps and
combination of steps as well as new and original
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features of construction and combination of ele-
ments hereinafter set forth and claimed.

Although the characteristic features of this in-
vention which are believed to be novel will be
particularly pointed out in the claims appended
hereto, the invention itself, its objects and ad-
vantages, and the manner in which it may be
carried out may be better understood by refer-
ring to the following description taken in con-
nection with the accompanying drawing forming
a part of it in which the figure is an illustration,
partly diagrammatic, and partly in section, of
an improved form of apparatus for the direct
recovery of pressure energy from fluids processed
under high pressure.

In the following description and in the claims
various details will be identified by specific names
for convenience. The names, however, are in-
tended to be as generic in then application as the
art will permit.

In the drawing accompanymg, and forming
part of, this specification, certain specific disclo-
sure of the invention is made for the purpose
of explanation of broader aspects of the inven-
tion, but it is understood that details may. be
modified in various respects without departure
from the broad. principles of the invention and
that the invention may be applied to other struc-
tures than the ones shown. _

For reasons’of simplicity and convenient read-
ability of the drawing the apparatus is not shown
to scale, and particularly the wall thicknesses of
the several elements are shown without regard
to their actual dimensions, it being understood
that the portions of the ducts and the walls sus-
taining full - operating pressure must e con-
structed sufficiently heavy to withstand the oper-
ating pressure.

Since the specific nature of the process to whlch
the fluid is subjected at elevated pressures is im-
material, the processing unit is shown only dia-
grammatically as having an inlet duct and .an
outlet duct. )

As hereinbefore mentioned, the process to which
the fluid is subjected may be a chemical process,
may be- a still operating at high pressures, for
example, a still operating at substantially the
critical pressure and the critical temperature, or
it may be any other form of apparatus.

Referring now briefly to some characteristic
steps of the method of recovering pressure energy,
a. volume of fluid to be processed is first confined
at substantially atmospheéric pressure. Then a
second volume of  processed fluid is compressed
to the processing pressuie, this second volume
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being smaller than the first volume and being in
pressure transferring relationship with the first
volume. The second volume, however, is sepa-
rated from the first volume to prevent mixing of
the two. Then communication is established be-
tween the second volume and a supply of proc-
essed fluid under a pressure higher than the
bressure of the first volume and simultaneously
discharge of the first volume towards a processing
point under processing. pressure is permitted.
This causes the first volume of fluid to- decrease
and the second volume to increase. Then both
volumes are again confined. Then the second
- volume is decompressed and is discharged at sub-
stantially atmospheric pressure. Simultaneous-
ly, communication is established between the first
volume in the source of fluid to be processed
and the volumetric relationship of the  two
volumes initially existing is reestablished:

The drawing illustrates a simple form of pres-
sure exchanger which extracts pressure. energy
from a processed liguid and utilizes the recovered
pressure 'eniergyv for compressing a corresponding
volume of liquid to be fed into the. processing:
unit,

The pressure exchanger basically comprises two.
chambers, an intake chamber and an. outlet
chamber, These chambers are sealed from each
other to prevent mixing of fluids contained there-
in, but are otherwise in pressure exchanging com-
munication or relationship. This is accomplished
by providing a movable pressure transferring but
fluid separating mesans in, a bassage through -
which both chambers communicate.
able pressure transferring means. may.assume- a-
number of convenient forms. It ‘may be a me-
chanical wall such as & diaphragm,. a Sylphon.
or a floating piston. It may also be & fluid bar-
rier, for example, a cliarge of liquid such-as.mer-
cury oscillating back and forth in g duct, -

For reasons of simplicity a floating piston-{ {:is
shown movable within s cylinder

rod 13 and sealed at 14 ang

4
ber 30. A discharge port 31 for the outlet cham-
ber 17 is controlled by a discharge valve member
32 and the processed fluid leaves the apparatus
through a low pressure duct 33.

A compressor is provided for periodically com-
pressing and decompressing the fluid in the cham-
bers 16 and 171. For reasons of simplicity the com-
pressor is shown in the form of a piston 34 mov-
able within a compressor cylinder 35 with respect
to which it is sealed a% 36. The piston is guided
by a:-crosshead 37 and is operated through a con-
necting rod 38 from a power crankshaft 39 driven
by a motor 49, :

‘The piston 34 has a valve operating stem 41 on
it adapted to bear against the inlet valve member
20 to lift the valve member off its -seat against
the force of the spring 42 tending to maintain the

_ Inlet valve closed.
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This-mov- .
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40-

12 guideq by.a -
18- 'This floating -

piston need ndt,bevexcee‘dingly strong since;.as: -

will appear from. the following . description, - it 4

rarely ever sustains.the full operating pressure. -

The floating piston [{- divides the. cylinder- -
space into an intake chamber.(6.and an outlet- -

chamber 11.

an-intake port 18 -controlled. by an.intake. check

The intake.chamber hag. two ports; -
50+

valve 19 and an outlet port 29 .controlled-by-an: -

outlet check valve 21

The intake port 18 lies at ‘the.end of a raw--
fluid feed “duet; 22, within .which . a low--pressure -

feed pump 23 is. arranged. which - supplies- raw:
fluid from g 2
energy exchanger,.
is shown as a tank 24.

The outlet check valve lies at the .
a high pressure feed duct 25 leading fo the proc-
essing unit_
21 may be provided in the high pressure feeq duet-

"65

source .Of .supply-to .the .pressure- -
.This source of -fluid ~supply *

i

entrance -of
S1 60
26.. A low. pressure circulating-pump---

i

for circulating the fluid through the processing- -
unit. . This pump is built. strong enough to with~

- stand the processing pressure. .The- pressure dif--

be small ‘and nee

to overcome the fluid How resistance -encountered- -

by the fluid in its
ber 16 through the processing unit 26 to the out--
let chamber 17,

passage from the intake cham-- -

70

Processed fluid reaches the pressure exchanger -

through a high pressure duct, 28 from the process-.
ing unit and entersthe outlet cehamber-1 T.through

-ofithe appardtus arein

.Shambers=(Tand {6 of the

valve:operating ‘Stein
685"

ferential, however; Pproduced. by this..pump. ean---

d.Pe no larger.than is sufficient -

- o fill the outlet chaniber 1 thereby moving th
‘ - - floating “piston 11 to the right.
an inlet port 29 controlled by an inlet valve mem. 75

The discharge valve member 32 is similarly op-
erated by a valve stem 43 supported by a cross-
head 44 operated frem the crankshaft through a
connecting rod 45. The crank 4§ operating the
compressor piston is offset with respect to the
crank 47 operating the discharge valve member
32, A-spring 48 bears against the'discharge valve
member: 32 and tehds to maintain the discharge
valve-closed. _

The: device:operates as follows: .

It may: be assumed that at the start of the.
operation all ‘the passages and ‘chambers of the
brocessing unit and of the pressure exchanger are
filled ‘with fluid and that the processing unit is
under-elevated processing pressure. o

It may further be assumed that all the elements
the position in'which they
are:shown:and-that the motor 40 moves the cross-
head 37 iri an upward direction so that the piston .
34 compresses the fluid in the chamber 7. In.
the: position-shown - the ‘piston has’ raised the

-pressure-inside the cutlet chamber [T to the oper-

ating pressure - existing ' in ‘the processing unit.’
The:pressure in ‘the outlet chamber 17 is trans:
mitted. to -thé intake chamber (6 through the
floating: piston 1 1.: ) e
During the .compression of the ‘volume of ‘fluid’
in:the outlet: chamber 17 the floating pis_ton_jl_.l )
moves from:its left ‘end position. . This movement
is slightif the fuid to be processed is g liquid, but -
a certain’ amount- of movement takes place due
torthe limited. compressibility ‘of liquids; particu-’
larly if ‘the operatirg: pressure is high; for ex- °
ample, of the order of three thousand pounds per”
square:inch.empléyed in somea distillation units, }
“In: the:position shown- the pressure in the".
Dpressure exchanger is -
‘approximately:equdl.to the-pressure in the Proc-
essing unit, but the chambers of the pressure "
exchanger remaixn sealed at the intake port 18 by,
the:check valve 19, at the outlet port 20 by the .

check valve'21, at the-inlet 'port 29 by the valve =

member:30,:and at the discharge port 3§ by the =
valve:member 32; ) o
Thus:when:the piston 34 rises: further, the
' 41 engages the inlet valy
30 and lifts'it off ‘its seat; thereby causing proc-’
essed fluid to flow from the processing unit 26
through the high pressure duct 28. "This flow,
occurs-because ‘of the action of the circulating

‘bump 27 which overcomes the flow resistance of

the installation including the frictional resistance . -
encountered by the ﬁoat'ing‘pi_stoin‘ .
Theé pump~27 then” ¢causes the -processed fui

causes ‘an‘equal volume of unprocessed fluid to

- This, -in turn; =
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enter the processing unit through the outlet pmt‘

20 past the check valve 21.

At the time the outlet chamber 17 is filled and
the intake chamber (6 is empty, the valve operat-.
ing stem 41 has reached a position in which the
valve member 30 is about to close the inlet port
28. The compressor piston 34 now retracts and
causes the charge of fluid in both chambers of
the pressure exchanger fo be decompressed to
substantially atmospheric pressure.

The energy available at the piston 34 during
the decompression stroke is suitably transmitted
to another compressor piston within the installa-
tion which passes through its compression stroke
at this moment. For. this reason the. installa-
tion preferably comprises a series of individual
pressure exchangers like the one shown con-
nected in parallel to feed fluid to, and withdraw
fluid from, the processing unit 26 4t a substan-
tially constant rate. Under such an arrange-
ment the mechanical energy which actually has
to be supplied by the motor 40 can be maintained
relatively small.  In fact the energy input by
the motor need not be more than to compensate
for actual friction and resistance losses in the.
system.
units may be connected to the crank shaft to
the left of the crank 47 where the crankshaft
is shown broken off at 49.

After the operating stem 43 reaches the posi-
tion in which it engages and opens the discharge
valve member 32, processed . fluid flows out
through the low pressure discharge duct 33. The
fluid is forced out of the pressure energy ex-
changer by action of the feed pump 23 which
is now effective to lift the check valve 19 off ifs
seat and feed raw fluid into the intake chamber
16. This causes the floating piston il to travel
to the left whereby the volume of the outlef
chamber 11 is reduced and a proportional amount
of processed fluid is discharged.

Although it is desirable to provide for com-
pression and decompression of the fluid within
the chambers by a separate compressing and de-
compressing means, such as the piston shown at
34, the compression and decompressing means
may be omitted. ‘

In an installation, thus simplified in construc-
tion, the inlet valve member 30 as well as the
discharge valve member 32 would be operated
against the fully differential pressure and, as a
result, a certain amount of energy would be lost
by fluid friction at the valves. This loss is rela-
tively small, of the order of 1 or 2 per cent. Ap-
proximately 98 per cent of the pressure energy
would still be recovered by exchange between the
volumes of processed liquid and the volumes of
liquid to be processed. In the simplified con-
struction somewhat greater valve wear would be
experienced by reason of high velocities of flow
occurring at the valves.

Inlarge installations, however, operating under
high pressures and handling large volumes of
fluid, for example, installations for the conversion
of salt water into fresh water the recovery of
the 1 or 2 per cent of energy may amount to a
sizable ‘gain. For example, it requires 26,000
H. P. to compress one cubic meter of water per
second to.the crifical pressure. In an installa-
tion handling one cubic meter per second ap-
proximately 500 to 1,000 H. P. could be saved by
eliminating the throttling losses at the valves by
provision of a separate device for compressing
and decompressing the fluid in the energy ex-
changer prior to opening of the valves.

It thus appears that the pressure in the pressure

Such additional pressure exchanger.
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exchanger fluctuates between approximately at-
mospheric pressure or the pressure at which fluid
is fed into the apparatus and is discharged and
the full operating pressure of the processing unit.

It is quite apparent that the mechanical en-
ergy required for maintaining the apparatus in
operation is low since the pressure energy is di-
rectly recovered. This flow of recovery is prefer-
able, and more economical than, indirect recovery
in which the processed fluid under pressure is
used, for example, to drive turbine and a turbine
is used to drive some other mechanical unit of the
installation.

What is claimed is: :

1. A device for the recovery of pressure energy
of fluids processed under high pressure in a proc-
essing system, the device comprising, an intake
chamber having an inftake port, and an outlet
port leading to said system; intake valve means
controlling said intake port; outlet valve means
controlling said outlet port; an outlet chamber
having an inlet port for admission of fluid from
said system, and a discharge port; an inlet valve
member controlling said inlet port; a discharge
valve member controlling said discharge port;
pressure equalizing means between said two
chambers, including means for sealing fluid in one
chamber with respect to fluid in the other cham-
ber; means for periodically compressing and de-
compressing the fluid in one of said chambers;
and means operable in timed relationship with
said compressing and decompressing means for
operating said inlet valve member and said dis-
charge valve member.

2. A device for the recovery of pressure energy
of ‘fluids processed under high pressure in a proc-
essing system, the device comprising, an intake
chamber having an intake port, and an outlet
port leading to said system; an intake check valve
controlling said intake port; and outlet check
valve controlling said outlet port; an outlet cham-~
ber having an inlet port for admission of fluid
from said system, and a discharge port; an in-
let valve member controlling said inlet port; a
discharge valve member controlling said dis-
charge port; a movable pressure equalizing wall
between said chambers sealing one chamber with
respect to the other but permitting equalization
of pressure therebetween; means for periodically
compressing and decompressing the fluid in one
of said chambers; and means operable in timed
relationship with said compressing and decom-~
pressing means for operating said inlet valve
member and said discharge valve member.

3. A device for the recovery of pressure energy
of fluids processed under high pressure in a proc-
essing system, the device comprising a cylinder;
a piston movable in said cylinder subdividing
the cylinder into an intake chamber and an out-
Jet chamber, said intake chamber having an in-
take port and an outlet port leading to said sys-
tem, said outlet chamber having an inlet port
for admission of fluid from said system, and a
discharge port; an intake check valve controlling
said intake port; an outlet check valve controlling
said outlet port; an inlet valve member con-
trolling said inlet port; a discharge valve mem-
ber confrolling said discharge port; means sepa-
rate and distinct from said piston for periodically
compressing and decompressing the fluid in said
outlet chamber; and means operable in timed
relationship with said compressing and decom-
pressing means for.operating said inlet valve
member and said discharge member,

4. A device for the recovery of pressure energy
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Of H1uidS processed tnde

f r high pressure in.a.proc-
essing system, the-device comprising, an intake
chamber hayving an intake port, ‘and  an. outlet

port leading to said system; intake valve means

controlling said intake port: outlet -valve.means ;3

controlling said ‘outlet port; an outlet chamber

having an inlet port for admission of fluid from )
5 7 i:6.-A-device for the recovery of pressure energy ]

said system, and a discharge port; an. inlet.valve
member controlling said. inlet. port; ‘a..discharge

valve member controlling said dischargé. port; 1o

a circulating pump in the passage hetween said
outlet port and said inlet-poit, which. Dassage
includes the processing system, said. pump. feéd-
ing fluid towards said inlet port; pressure equaliz-.

ing means between said two chambers incliding 15

means for-sealing fluid in one chamber with res.

spect to fluid in the other chamber; power Tneans:
separate and distinct from sajd pressure.equaliz-
ing means for periodically compressing and.de-

compressing the fluid in said outlet chamber and 20

means for operating said inlet valve member.and.
said discharge valve member in, timed relation-
ship with said power means. _
5. A device for the recovery of pressure.energy..
of fluids processed under high pressure ‘in a procs.
essing system, the device comprising, an. intake..
chamber having-an’ intake port, and..an..outlet..:

port ledding to said system; Intake valve means.

-controlling said intake port; outlet: valve means..

controlling said outlet port;
having an inlet port for admission. of fluid from
- sald system, and a discharge port; an inlet.valve
member controlling said inlet port; a. discharge .
valve member controlling said discharge port;
pressure - equalizing means  between said two
chambers, including means for sealing fluid in

SoL441 T

..5aid dischargeé ‘valve member.

n. outlet. chamber.3¢

+1lle"0f this patent:

one chamber with respect to-fiuid in the other

= - chamber; means for periodically ‘compressing and

decompressing the fluid in said outlet chamber;
and-means: operable in timed relationship. with
said -compressing and decompressing means for
operating said inlet valve member and said’ dis~
charge valve member. B R
of -fluids processed under high pressurein & proc=

essing- system; the device comprising, an intake
chamber having an intake port, and an outlet

;; portleading to said system; an intake check valve

controlling said intake port; and “outlet check
valve controlling said outlet port; an outlet cham=~
ber-having -an-inlet port: for admission of ‘fluid
from said system, and a discharge port; an-inlet

- Velvemember controlling said'inlet port; a dis=
* " charge valve member controlling said discharge

port;-a-movable pressure equalizing wall" between
said ehambers sealing one chamber with respect
to:the-other, but-permitting equalization ‘of . pres-

i Sure- therebetween ; -means for beriodically ¢6mi="

i

‘pressing-and decompressing the fluid in said outlet "
chamber;-and means operable in timed relation-

25 ship with said compressing and decompressing

means for operating said inlet va‘lve‘ member and
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