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In the reverse-osmosis process, the feed stream must be pressurized

to the operatln E pressure (400 to 1500 psi) and ~e product water issues

from the unit at essentially atmospheric pressure. The reject brine

stream remains at the high pressure and has to be depreesurlzed before

being removed from the system. Therefore, we have e problem of s~ul-

~neous~ pressurizing e f~Id stream and depressurlzing another fluid

stream. Power recovered from ~e reject brine stream would be used to

pressurize some of the incomisg feed stream to reduce the overall energy

requirement of the process.

A flow-work exchanger is a unified piece ~f equipment ~ioh s~ul-

taneously pressurizes a condensed fluid stre~ and depressurlzes a

substantially ~va~nt volume of another coedessed fluid stream. A

flow-work exchasger uses two dlsplaeement vessels to fo~ closed loops

with a hiBh pressure processing ~st~. Each ef the displacement vessels

is ~rnate~ filled by a low~ressure feed and a high-pressure product,

both pressurized and depressurized, respectively, by substant~aily non-

flow processes. The pressurized feed is pushed into the processlag system

by the ~ressure product stream and ~e depressurlzed product stream is ~

pushed out of the displacement vessel by the ~w-pre~ure feed s~e~. A

paper describing flo~-work exchangers has been published [see A.I.Ch.E. Journal

13, No. 3, 438-442 (1967)].

Under contract ~-0~000~6~ a preliminary tes=ing uslt was first

constructed by a local machine shop in order to ~e~t the ~r~ance of each’

’ co~onent part and to pinpoint ~lems which have to ~e ta~n into considerations



in later designs. After a brief testing of the prel~mlnary unit, two

working units have been coestructed. The first unit, which has two

floatlng-plston type displacement vessels, is operable under 1500 pslg

end delivers 9 gpm. The second unlt~ which has two bladder-type displace-

ment vessels, is operable under 1500 pslg and d~llvers 18 gpm. Most of the

component parts used in these units were adopted from commsrclal products

with SORe modifications. This initial study has been limited to the con-

struction and hydraulic operation of the units without coupling them to a

reverse-osmosis unit, The ~au~c operation of these units has been

generelly satisfactory and the ten.eel feasibility of such units has

been d~ons~at~. The overall efflciencles of the units are as high as

90% to 95% at the rated capacities. These units ere described in Sections

V and VI of Part B.

Based on the observation ’of the operation of these units, ~provemen~

to be incorporated in future units have been suggested in Section VII,

Part B. These ~p~men~ will simplify the construction of a unit,

s~mpllfy its start-up opgratlon , and, possibly, give rise t~ smoother oper-

ations. Modifications required for coupling a flow work ex~an~r unit to

a reverse-osmosls unit have also bean suggested.

Some efforts have been made in the ~rler art search to find alte~natlve

ways of recovering energy from the high pressure brae stream, The results

of the study are su~ar~ in Part A.

Part A. RE~I~ ~ Co~ENTIONAL P~ER ~C~E~ ~H~.

Whenever a high ~sure fluid stre~ is depreseuri~ed in such a manner

that throttling occurs, there is a~potentlal for power recovery, Powe~

recovem from ~ ~ pressure gas streams has been rather common~ prgetlced in



process industries such as air separation plants, cata~c-cra~ plants,

ethylene recovery phn~, and waste treatment plants us~n~ the ~e~ann

process of wet oxidation of sewage sludgg. (l, 2, 3, 4, 5, 6). However,

~e preblemo£ power r~very from high pressure liquid s~e~s has been
!

more or leas neglected up to reoent years. The most ~g applications

would be in power recovery from relatively large liquid streams undergoln~

m~ium to high ~essure drops. It has been reported thnt power has been

successfully recovered from liquid streams both ie hydrocrackln~ plants and

natural gas processing plants (1, 7, 8, 9, 10). In the hydroerackln~ plants,

the feed stocks are ~surlzed to ~he 1,500-2,000 psi operatln~ pressure

and the dlsehar~e streams are depressurlzed ~hrou~h multlstaKe centrlfu@al

machines. In the natural ~as process~n~ plants, the rich ell stre~s

leavlo~ the bott~ of high pressure gas absorbers are reduced in pressure

at differentials of 250 to 550 psi through rotary posltlve-dlsplacement

mechlnes. Power renovered in these depressurlzatlon operations is utilized

in pumping operations.

In the eonven~on~ s~emee, the power recovery realized from liquid

s~e~s is usually ~n the fom of shaft work. The power recovery machine

can be either of the rec~ro~t~g type or of the rotary type. The rotary

me~e can be a centr~a~, an impulse turbine type or a positive

d~splaeement type. Both theoretically and practically, any pump can be run

~e~ar~ to ~e~e as a power recove~ machine. These power recovery machines

are separately described below:

The centrlfugal-type power recovery machine is basically a c~ntrlfu~al

c pup running ~c~ar~. For a p~er re’very ~icat~on, the high pressure ~

liquid enters the machine at ~at no~ would be the discharge nozzle of a
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pump~ Theimpellers rotate i~ the Opposite direction as compared t~ a

pump allication (7~ ii~ 12). It has been stated that a good centrifuRal

pump operating with high efficiency may be expected to display good

performance when the dlrection of flow is reversed and the pu~p is used

as a driver. It has farther been stated dlat the efficiencies of a

centrifugal-type machine used both as a pump and as a power-recovery

machine may be considered identical with little error at their respective

hast efficiency points and at the same speed (12). The performamee charac-

teristics of typical centrifugal-type machines used both as pumps and

power-recovery machines have been presented by C. P. Kittredge (13). The

hydraulic design of centrifugal pumps and water turbines has been described

by N. N. Anderson (14). Efficiency of a csntrifuBal-type unit varys Braatly

with flow-rate and speed; extremely low efficlencies occur for lqw-flow,

low-speed conditions. Therefore, a centrifugal type unit should ~e operated

near its design speed and flow rate (9). For estimation purposes, the

efficiency may be assumed to be nn the order of 80%. A centrifugal unit

~s less sensitive to non-lubricating properties of the fluid and foreign

materials suspended in the fluid.

J. W. Purcell and M. W. Beard (7)have described in detail the power

recovery schemes used in hydro-cracklng plants. A tppicel unit is a six-

stage diffuser type unit with barrel casings. Multistage units are used in

these plants, because of the large pressure differential (1500-2000’psi)

involved. In a typical installation, s slx-staEe unit is used to drive "\ a

12-stage feed pump. A motor with a double extended shaft is mounted ~tw~en

the pump and the power recover’y unit to supply the make-up power. Th!~ ~’ type

of arrangement is referred to as a tandem arrangement. Experience gained in

this flel~ is of particular interest, because this power recovery scheme can



D. T. Bray and H. F. Menzel (15)--

recommended the use of a recovery turbine to drive a generator and utilize

the electric power recovered to drive a multistage centrifugal pump, such

as a Byron Jackson Model DV~ pump.

III. ~YDRAULI~ WATER TURBINE UNIT

A hydraulic water turbine unit has been developed mainly for hydro-

electric applications, and it is not suitable for most process applications.

The major manufacturers of hydraulic water turbines have so far made no

effort to sell their products to the process Industries. Allis-Chalmers

Co., Baldwln-Lima-Hamilton Corp., the James Leffel & Co., and Dominion

Engineering Co. have been contacted for their comments on the feagibillty

of applying a hydraulic water turbine unit in the p0wer-recovery in a

reverse osmosis system. Most of the companies have agreed that it i=

feasible to use an ~e turbine in the power recovery. It is possible

either to couple the ~e turbine to a generator or to couple the impulse

turbine directly to the pum~ unit being used ~ pressurize the feed brine.

Sin~e the p~p requires more power than that pr0(~ue~ by the turbine, 

motor will be required to supp~ the balance.

In general, i large, yert~cal, multl-nozzle impulse i~rbine would

operate at a p~ak efficiency between 88% and 92%. The most ~rta~ favor.

~tlng the economic Justification of th~s type of power recovery is the

av~b~ flow. It has been stated by Allis-Chalmers Co. that for ~e~ minimum

operating pressure of 400 psi, ~ mln~am flow ~F500 gpm Would b~ ~

to  0st of the turblme wi hln p eti n t.
~e Bureau of ~clamat~n ~s published ~’~seful monograph d~i~ ~

the selection of hydraulic reaction turbos (16). N. ~. Kov~e~s b~ 

~ro~es" is also ~great he~ (17).



’ IV.~ RpTARY PoSITIVE-DISPLACEHENT TYPE D’NIT

, The rotary positive-displacement type power recovery machine is

basically a rotary positive-displacement pemp running backwards. Such a

unit will be simply referred to as s hydraulic motor when it is used for

power-recovery and a hydraulic pemp when it iS used for pumping. Recently,

appreciable reductions in the price, weight, and size Of hydraulic motors

and hydraulic pumps have been made (18, 19). Today one can buy a 20-hp

fluid motor to fit inside an envelope of about 0.2 ~ft 3. A 20-hp electric

motor is twelve times as large as the same size fluid motor (18). The

posltlve-displacement type units will generally be lighter in weight and

take less space than the centrifugal type units (9). A rotary positive-

displacement type unit is a =lose-elearance unit which is very sensitive to

~e non-lubricating properties of the fluid handled and to suspended foreign

matter. As has been described, machines of this type have been Used in the

power recovery of rich oil from gas absorbers in natural gas processing

pla~ts. A machine of this type run with a fluid of good lubrlclty and

reasonable viscosity has ~ very high efficiency. Therefore, it is very un-

fortunate that a machine of tbls type cann6t be applied in ~ater hydraulics

due primarily to the non-lubricity of water and brine~

The power recovery problem in a ~reverse osmosis system is t~ recover

power during the depressurization~of the reject brine and utilize the power

:~" to ~ pressurize some of tho incoming feed brine stream. The reverse situation

is the case in the soiealled ~ "hydrostatic drive" in oil hy~raullcs f In the

hydrostatic drive, a hydraulic pump is used to pressurize a hydraulic fluid

and the high pressure hydraulic fluid is used to drive ~ hydraulic motor.

It has been claimed that the overall efficiency of ~uch a system can be ~s high

as 90%. A very good discussion on hydrostatic drive is given by Werner Holzbock



(~). H~ it no~ been for to the non-lubricity of water, similar equip-- ~

merit could h~e been use~ in a reverse osmosis systum and a cum~b~

overall ~um~ could h~e been obtained, i

’ ~rau~ motora ~d hy~ pumps h~e been classified into the

~g 17 types:

i. Vane Pumps - a. Vanes-in-rotor p~p, b. ~i~s~r p~p,

c. Slipper-vane pump, d. Flexible-vane pump.

ii. Gear Pumps - a~ Spur-gear pump, b. Internal-gear pump, Co Pro-

i~ gressing-tpoth gear pump.

’ ill. Piston Pumps - a. Axial piston pump, b. Radial piston pump,

c. Eccentric-ring plunger pump, d. Intenslfier-piston pump.

iv. Screw Pumps - a. Multiple screw pump, b. Single screw pump.

v. Lobe Pumps

vi. Diaphragm Pumps

vii. Squeegee Pumps - a. Flexible llne pump, b. Flexible tube pump.

Warren E. Wilson (18) has given the ~os= interesting display of the effects 

kinematic viscosity of the working medium and pump speed on the volumetric

efflclenc~ y and the overall ~fflciency of gear pumps, vane pumps, and piston

pumps. The graphs prepared by hi~ clearly show how the overall efflclencies

of the units vary with kinetmatic viscosity and the pump spged. The efficiency

is low for a highly viscous fluid because of the high friction, and is low

for a low viscosity fluid because of the high slip. Therefore, the difference

between oil hydraulics and water hydraulics has been clearly displayed in

this work.’

’ Several companies, Bellows-Valvair Co., Racine Hydraulics & Machinery Inc.,

Air Equipment Co., Tektro~ Co., The Weatherhead Co., and Be-Ge Manufacturing ~

~o., have contacted for their comments on the feasibility of applying the



hydraulicm&chines of %heir mnnufacture in the power-Zecovery~0f.a - " ~

reverse osmosis system. Their comments have generally’been negative.

It should be mentioned~ in this .connection, howevez~ ~at Hypo~ InT.,

Minneapolis~ ~Linn. has been developing compac~ radial: plunger ~ype

machines with some success. A breakthrough in o~ereoming the non- ".~

lubrlcity problem is still needed.

V. RF.CIPROCATING T~E UNIT

A positive displacement typem~chine can usually be used either

as a wess~er or a depressurlzer ~th minor m~at~n. Therefore,

inquiries ~re sent to menu~ct~ers ~ of high Wess~e re~a~ng

p~ps asking for the feasibilities of using a"high Wess~e reclproca~g

p~mp ~iv~ byla high pressure ~uid (in t~ place of a ~gh pressure

~r ~ive~ a ~gh ~essure ste~ ~e or ~ power ~e).

Crene Co, replied that power recovery of this type is practical

and is Currently practiced in the petroleum field, The company also

suggested that Ingersoll-Rand Co, and Pacific. Pump Co. shoald be

contacted~ since they were actively engaged W£th systems of this type,

The Platt ManuZacturing Corporation~ New York City~ indicates that "

a ~au~cal~ ~erated reciprocating p~ ~it for po~r recovery

~ def~itely ~easible~ but that the only ~its of ~is t~b~it

today ~e not ~or ~e c~ercial market, their use being of a

~st~c~d nature by the l~ge. chem~ m~ufac~ers. The building

of such a p~p ~s indicated to be a costly devel~men¢. ~ed on

’info~on received from t~ ~sne Co, ~d_ Plait Manufacturing ~

Co~atinn, overa~ efflciencies for this type of s~tem were

es~mat~ to r~ge: f/ore 70 t~ 8~.



Other companies contacted ere Ajax Iron ~Works, Corry. Pa~ i Dean .......

Brothers Pumps, Inc., Indianapolis, lnd., Logemann Bros;, Co.~ Milwaukee,

Wis., and Worthington Corp., Harrison, H. J.

VI. SIJHHAR¥ ~

From the review o£ the prior aft’search described above, it may be

summarized tha~ the following three schemes can be used for the power

recovery in a reverse osmosis system:

i. We may use a multistage centrifugal machine to extract power from

the reject brine and use the power either to drive a generator Or multi£

stage centrifugal feed pumpf The overall efficiency will be on the order

of 60%.

2. We may use an ~e type hydraulic water turbine to extr~t

power from the reject brine and use the power either to drive a generator

~r a multistage centrifugal feed pump. The overall efficiency is estimated

to be less than 70%. ~

3. We may use a hydraulically driven re~ocat~ pump.

efficiency is estimated to be less than 80%.

The overall

Power~recovered in case I ~nd case 2 may also be used to drive a

plunger pump. Then, a mechanism is required to convert the rotary motion

~ into the reciprocating motion.



VII. ~EFERENCES

Paul K. Des Jardlns, Chem. Kng. p. 161-16g, May Ii, 1964.

F. J. Zimmermann, Chem. Eng. p. i17-120, Aug. 25, 1958.

, The Oil and Gas Journal, p. 82-8~, J@~. 6, 1964.

Benjamin Miller, Chem. Eng. p. 175-180, Jan. 1955, p. 187-192,
Feb. 1955.

5. Maurlce M. Walnut, Chem. Eng. Prog. Vol. 53, No. 9, p. 439-443,
(Sept. 1957).

6. Chem. Eng. p. 74-76, Aug. 20, 1962.

7. J.M. Purcell and M. W. Beard, The Oil and Gas Journal, p. 202-207,
Nov. 20, 1967.

i0.

ii.

12.

14.

15.

B. J. ~om~on, Hydraulic Drives Using Rich Oil Power Units, ASME
Pet. Me~. Eng. Conf., Sept. 1956, Dallas, Texas, Paper ~.

B. J. Thom~on~ The O~i and Gas Journal, p. 245-253, Nov. 19, 1956.

|~. T. Lawler, ~te~ll and Gas Journal, p._85-89, May 23, 1960.

E. Jenett, Chem. EnK. p. 159-164, ~rll 8~ 1968.

Sheldon M. ~i~s, ~e~ Refiner, Vol. 41, No. I0, p. 173-174
(oct. 1962).

C. P. Kitt~ed~u~ Journal of Engineerin B for Power, Trans. of the
A~E, p. 74-78, Jan. 1961.

H. H. Anderson, ~a Hydraulic Design of CentrifUgal P~ps and Water

Turbines,. ~ME ~nual Meeting, Nov. 1961, M~ C., Paper ~O.

D. T. Bray and H. F. Menzel, "Design Stay 5f a Reverse Osmosis
Plant for Sea Water Conversion," Office of Saline Water, R&D Report

-No. 175 (April 1966).

Bureau of Reclamation, ~et~g H~draullc Reaction Turhlnes, A Water
Resources ~ ~b~cst~, Engineering Monograph, ~o. 20.

N. N. Kov~ev, ’~ydroturblnes," trnnslat~ fr~ R~an, ~6~, Office
of Technical Se@vic~s, U. S. ~r~t of Commerce~

"~d F~’- Handboo~ ~ Directory," ~6~, published by Applied
Hydraulics and ~e~s Magazine, Cleveland, ~*Io.





Part B. ~W WO~ EXC~GER
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The power recovery unit in a reverse osmosis system is for recovering

p~wer from the high pressure reject brine and utilizing the power so

recovered in pressurizing some of the incoming brine. The conventional

power recovery schemas have been reviewed in Part A. When suoh conventional

schemes are used, we need a power recovery unlt for depreesurizing the reject

brine an~ a high pressure pump for pressurizing the feed. Therefore, we

need a set of machines consisting of a depressurizer (a power recovery unit)

and a pressurizer (a high pressure pump). The overall efficiency of the

Combined unit, defined as ~*e fraction of energy theoretically recoverable

from the hiBh pressure reject brine which is actually absorbed by the in-

scheme 2 and scheme 3.described in the s~mmary of Part A. Rather large

amounts of shaft work are tranemltted through these machines. Therefore,

large machine members and driving meebanlsms are required and rather

elaborate Ei~Ishln~ s~d packing are required i~ manufacture. These lead

tb high eqelpmen~ cost.

A flow-work exchanger herein desorlbed is a unified depressurlzer-

pr~surlzer unlt~whlch applies to a s~multaneous pressurization of a condensed

fluid A and depressu~izatlon of equlvalen~ volume of anothe~ condensed fluid

B. The fluids, A and B, are pressurized and depressurized respectively, by

substantially non-flow process~. The movements .of the fluids are’ conducted

against small pressure di~ferentlals and thus ~(PV) values for the movements

of fluids are small and the shaft work is v ~greatly reduced. This scheme of

flow’work ~xchang~r was first introduced ~by Cheng and Cheng~ in connection wlth’~

ihelr "Freezing Process whlch~Is Based on the High Pressu#e Inversion in the’
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Figure i illustra~es a high-pressure processing system Intp which e

feed is i~troduced by a pump Jl and from which e product is discharged by

a turbine T. The pump operates between pressures [PL)I and (PH)I; 

turbine operates between (PH)2 and (PL) ~. Quantitative discussions will

refer to a hlgh-pressure process operated at 1,500 ib/sq in. gauge.

When a condensed fluid is pressurized without phase change ~o a high

pressure, .the reversible shaft work received by the fluid in a flow process

-wf = IVdp is on the order of 200 times the corresponding value for a non-

flow process -wnf = - /pdV. This is due to the noncompresslbillty of a

condensed fluid; a liquid shrinks by about 1% upon the application of I00 arm.

pressure. Similer statements can he made for the depressurizatlon operation.

The reversible shaft work for the pump and turbine, shown in. Figure i,

can be represented by

(PH) 
(-Wl) f = (PL)I ~ Vdp

, (~)f = y Vdp
(PL)2 -.

= [(~)2 " (VH)~ - (PL)2 (VL)2] -
(P~2

I, P. dV (2)

Each equation shows tha= the shaft work for a flow process is the ’sum of the

shaft work for a corresponding nonflow~ process and the difference in the flow

work ter~ under ~e high and the low pressure ~(PV). They~also s~ow that



High Pressure System

~

(pL)2

T

Fig. I. A h~h pressure system

and depressudzotion.

~th ~n~nfi~ pressuHzofion
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the large values of the shaft work for the reversible pressurization and the

depressurisatlon should be attributed to the large values of the differences

in flow work te~ms ~(PW’s.

A flow pressurization may be considered as a supezpesition of a nouflow

pressurization and a mevemen~ of fluid. The I~(PV) I term is large, because

the movement of fluid takes place across a large pressure dlfferent~al

be~eea <P~)l aad (PH)l. Similarly, for flow depressurlzstlon the I~<PV)[

term is large because of the movement across a large pressure differential

betweee (PL)2 and (PH)2.

For flow pressurizing a condensed fluid and flow depressurlzlng another

fluid simultaneously, as shown in Figure i, it is possible to arrange the

~ flow that movements of fluids take place across smallsystem so pressure

differentials| that is, between (PH)I and (PH)2 and between 1 and (PL) .

Then the IA(PV) I terms become very small, and the shaft work becomes small.

The shaft work can approach the values of the corresponding nonflow processes.

The simultaneous flow pressurization and flow depressurlzatlon operation

then involves the following steps: (i) low-pressure and small-pressure

differential (PL)I - (PL)2 displacement operation; (2) substantially non~low

pressurization of the feed; (3) high pressure and small pressure differential

(FH) 2 - (PH)I displacement operation; (4) substantially nonflew depressurlzation

of the product.

In the following dlseusslons the first and third steps will be referred c

to as the low-pressure dlsplacement operation and the hlgh-pressure displace-

>; ment oper~tlon, respectively. The entire ~peratlon will be called the flow-

work exchange" ~ opera’ion. A fl"Id to be pressurized in a process may exc~ange

flow work with another fluid to be depressurlzed in the same process or in

other processes, The equipment will be called the flow-work exchanger.



III. ILLUSTRATION OF A FLON-NIJRK EXCHANGER

Figure 2 illustrates a flow-work exchanger in connection w~th a high

pressure reverse osmosis process. In a reverse osmosis process the feed

stream must be pressurized to the operating pressure. The product water

issues from the unit at essentially atmospheric pressure and the reject

brine stream still remains at a high pressure and has to be depressurlzed.

The flow-work exchanger i11ustrated in Fig. 2 is to recover ~e energy con-

tained in the high pressure reject brine and utilize it to pressurize more

feed brine. Since a flow-work exchanger exchanges flow-work between two

condensed streams of essentially equivalent volume and the volume of the

feed brine is greater than the volume of the reject brine, the excess

portion of the feed brine has to be pressurized in a conventional way.

The figure shows that a flow-work exchanger consists of one or more

dlsplacement vessels (two, 01 and 2 as s hown i n Figure 2 ), c heck v alves

low head pump (J1), and a hlgh-presscre low head pump (J2). The pump J2 

used to recover the pressure drop of fluid during its passage through the

processing system and maintains (PH)2 hlgher(than (PH)I by an am6unt 

ficient to carry out a hlgh-pressure displacement operatlo~, to be described.

Alternately, the pump J2 may be installed at the inlet side of the high-

pressure system such as locatlon Y In Figure 2. The pump Jl is used to

maintain (PL)I somewhat higher than (PL)2 to carry out a low-pressure 

placement operation to be described. The hlgh-pressure pemp (J3) is used 

pr~ssurize the excess part of the feed. The feed end and product end of a

displacement vessel will be called the a end and b end, respectively.
¢

Each dlsplacement vessel is operated cycllcally in the followlng steps.
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vessel 01 is filled ~th ~e high-pressure product. By closing ~e ~e

volume expansion due to the depressurizatiem flows out of the vessel through ~’

the valve V6. This operation takes a very short time. ~he check valves

VIaud V2 ere in the slosed position during this operation. ’

Step 2: Low-pressure displacement operation. Nh~n the pressure in

the vessel drops below (PL)I , the check valve V2 opens and the low-pressure

feed flows in ~hrough V2 and the depressurlzad product flows out of the , ’

vessel through the valve V6. The solid parCltioner ~i moves from the a end

to the b end. The valves V1 and V5 are kept closed. At th~ end of this

operation the vessel is filled with low-pressure feed.

Step 3: Substantially nonflow pressurization. The displec~memt~

vessel 02 is now filled with the low-pressure ~eed. With the valve Vg

closed and the valve V7 open, some hlgh=pressure product flows into the

vessel to pressurize the content. This operation takes a very short time,

~e ~ a small amount of fluid sufficient to compensate for the volome

and V~ are in the closed position.

Step 4: High-pressure ~cem~t operation. ~en the pressure in

the Vessel ex~s (P~I’ the valve 3 opens ~ th e hi gh-pressure pr oduct

flows em~l~ ~ ~e vessel ~rou~ V7 and the pressu~izsd feed fluid is

displaced ~to ~~ ~ ~st~. The~ sold pa~tltloner ~

mowes from the b end to the a end. At the end of this ~n the vessel

is filled with hlgh-pr~psure product.

over again.

Then, it returns to step 1 and starts



The ~p~c~ent operations, steps 2 and 4, occupy most of the t~e

in an ~era~ ~e and ea~ of ~e~on~rocesses, S~p ~ and step3,

t~e ra~er short periods of t~e. ~us ~on ~o displacement vessels are

~era~d ~th proper t~, fluid flow ~rou~ ~e ~oces~ ~st~ will

he cont~uous exert for ~e short periods ~ring st~s I and 3 and ~e t~e

taken ~ ~erat~ ~e va~es. ~esa disturbances m~ be lessened hy

acoomodatln g a small accumu~r in the ~st~.

It may be noted that a three-way va~e m~ be used to ~ce a pair

of two-way valves, either V5 and V6 or V7 and V8. ~r~e~ore a four-way

va~e m~ be used to re~ace the four valves, ~ ~ro~h V8.

IV. _EF~ ~ A ~O~ ~C~GRn

The ~eration of a fl~-work exchanseT ~scr~ in the last section

can he il~strated by an ~ea~zed ~cator ~rem sho~ in Fi~. 3 and the

~st work invo~ in each step will he Eiven later from the actu~ ~o~ance

of the ~ow-work exchanEers constructed under this project.

ReferrinE to the fisure, ~ represents the vol~e of the displacement

vessel VD, ~ represents the vol~e of the feed ~ in the vessel, and BX

represents the vol~e of the product ~ in ~e vessel. ~er~ore

V?+5 o ~ and ~+ BX ~ ~ "

The operational steps ~strat~ in ~e last aeet~n~can~ represented

on the ~ca~r dlaEram as follows.

i. ~n~ no~l~ depressurlzatlon. This operation is repre-

sented by 7-8 in Fig. 3. Po~n~ 7 represents the s~tuatlon where the d~s-placement vessel is filled u wlth product flhld at pressure ~2" When the

va~e ~6 is open, the con~en~ is depressurized and its ~ol~e expands from 7

to 8, and its ~eseure drops to (~)2" A vol~e of ~o~ f~id ~ the ~ount

of 9-8!lows out of the vessel.
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Low~ressure disp~ceme~ operetta. This operation is’~epr~ent~

by 3 ~ 4 and 9 ÷ 10 in Fig. 3. They show that feed fluid enters the vessel

at (PL)I and product fluld leaves the vessel at (PL)2.

3. Substantially nonflow pressurization. This operation is rapes-

the feed ~n the vessel

4. High-pressure

sented by 1 ~ 2 and

sented hy 4 -~ 1 and l0 ~ 6 ÷ 6~. It shows that the high-pressure product

is introduced into the vessel in the ~mount represented by 6-6’ to compress

¯ displacement operation, This operation is repre-

6’ ÷ 7 in Fig. 3. They show that the product fluid

enters the vessel at (PH)2 and the feed leaves the vessel and is moved into

the processing system at (PH)I.

The lost work involved in the steps is represented by the shaded areas.

Area 7-8-9 is the work of expanslen in step i; it is so small that it may well

be unrecovered to simplify the operation. Area 4-5-6-6’-1 is the irreversibil-

ity involved in step 3; and areas 3-9-10-4 and 7-2-1-6’ represent the lost

work involved in the displacement operation represented by step 2 and that ~

represented by step ~ respec~ively.

The net work required in simultaneously p~easuriz~ug one fluld £rum

in a reversible ~ase. In as actual operation the net work to be supplied ie

equal to"the sam of the lost Work. The make-up work to be ~upplied in

operating a flow Work exchanger is thus equal to the s~ of lo~ work shown

by the’shaded areas in Fig. 3, lost work due to lea~age of fluid due ~to volume

inefficiencies of valves, and that due .to the ineffieiencges of ~he pumps J.l

and J2" ~ ’,

The ineffisiency of~ a flow ~w~rk exchanger wil~ be de£ined ae~the ~atio

o£ the make-up work. which~ must be sspplied to the system, to the work exehansed
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between the two fluids. The inefficiencies of the flow-work exchangers ~. ~ ,

will be descrlhed in connection with ~he actual performance of these units.

V. TSE ~T FLOW-WORK EXCHANGER ~N~

I~ Description of’~a Unit

Figures 4 and 5 show the front view and the side view respectively of

the~ .flrst flow-work exchanger unit. It is equipped with two floatlng-plston

type’dlsplacement vessels actuated by a four-way hydraulic valve. The unit

is operable up to~ 1500 psig and delivers 9 gpm. The component parts used

are mostly products which are commercially available and have been adopted

with some modifications. A llst of the component parts used, their speci-

fications and th4 names of the suppliers are summarized in Table I. These

component parts are connected by 3/4", schedule - 160 steel pipe in assem~llng

the unit. Detailed descriptions of these component parts are given in

Section Vll.

Figure 6 gives a schematic illustration of the unit. This unit has

not yet been connected to a reverse osmosis system. An appropriate location

to make such a connection is shown by region R in the figure. The unit

has been issembled essentially according to the scheme shown in~ Fig. 2.

The following descriptions are given to supplement those ~iven earlier in

connection with Fig. 2.

a. Since the unit has not been connected to a reverse osmosis system,

the volume of the high pressure flui~ dls6hargedfrom the system is essent~ally

equal to the volame of the feed stream. Therefore, the amount of feed stream

to be p~mped in by the high pressure pamp J3 is very slight. However,’ " a

high pressure p~mp J~ is still requi~ed in Orde~ to maintain t~e .system. at ~-~

a ~esired pressure ~ By-pass line B1 with relief valve VR is provided to dis-

charge most of the fluid pumped by J3 and return it to tank T2. By prope#ly







. COHPONENT P~TS ~

I. Bisp~cement Vessels,
01 and 02

2. Control Valves,

V~\V6, 7 and V 8

3. Check Valves,

V1, V2, V3, and V4

head pump, Jl

List of C~ Parts used in the ~k ~
Unit i and Unit 2

WIT I

American Bosch Co., ~prlngfield,

TYPE: ACC 2 gallons (Hodlfled)
~NIT PRICE: $182.50

Hunt Hydraullc 4-way valve,
Bellows-Valvair Co., Akron, Ohio
TYPE: 3/47 MS 551-P4, Series H

3000 psi
~IT PRICE: $272.00

Hydraulic Check Valves~

Bellows-Valvalr Co., Akron, Ohio
TYPE:A 401 05, 3000 psi
UNIT PRICE: $17.50
NO. REQUIRE~ 4

Burks pump
Decatur pump Co., Decatur, III.
MODEL: 5HJS 1/2 HP
~NIT PRICE: $86.63

~IT 2

Bladder type acct~uiator,

Greet Olaer Produc~
Los Angeles, Cal~fornla
TYPE: A8!I-200 (Modelled)
UNIT PRICE: $200.00

Hunt hydraulic 4-way valve
Bellows-Valv~ir Co., Akro~ Ohio’
TYPE: I" :~ 651-P4, Series G,

1500 psi
UNIT PRICE: $354.00

Hydraulic check valves*,

Rellows-Valvalr Co., Akron, Oh~o
TYPE: A 401 06, 300 psi
~IT PRICE: $17.~0
NO. REQUIRED: 4

Burks pu~p
Decatur p~np Co., De=atur, Ill.
MODEL: l0 W6
UNIT PRIDE: $105.20

These valves are for hydraulic oll service and are not suitable for water serMice.



High pressure low Submergible pump,

head pump, 32
Red~ pump Co., Bartlesville, Okla.

! Submergible pump

MODEL: 7DgP, 3/4 UP, 230 Volt,
Reda Pump Co., Bartle~ville, Okla.
MODEL: 7D18P, 3/4 HP, 230 Volt

5b. High pressure vessel to
enclose J2

Dial indicator purgemeter,

F1 and F2
~Fischer & Porter Co.,
Wamlnister, Penn.
MODEL: IOA 2227A, 1500 psi, 316S.S.

~NIT PRICE: $105.00

Single solenoid pilot-operated Single solenoid pilot-operated
valves, Speed King (No. 1432,

V5. V6, V7 ~nd V8 i00 volt)
Bellows-Valvair Co., Akron, Ohio UNIT PRICE: $52.00
UNIT PRICE: $52.00

8. ~ timer, ~d

Los Angeles, Calif.
MODEL: HC - 2
UNIT PRICE: $52.50

9. High pressure pump, Triplex horizontal, single acting reciprocating plunger pump,

J3 ?"
alumlnt~m bronze cylinder body, i 1/8" plungers, 1780 psi..
Frank ~,%eatley Industries, Tulsa, Oklahoma. }~DEL: P-200A.
UNIT PRICE: $i~667.16

I0. Relfe~ valve, VR Ba£rd Co., Tulsa, Oklahoma, I" Unit, UNIT PRICE: $70.00



~ the fir~ f~w-wo~



i " the relief ~e the system pressure can he maintained at a

~ desired ~lue.

b. A ~ ~d~ va~e, V5_ ~ (see Fig. 6) is used in the

~mlt ~ place o£ the fo~ ~o-w~ ~ Vs, V6, V7 ~ Vg, shoo ~ Fig.

2. This ~-~y va~e is operated by a moving piston of a pilot ~l~r ~.

The flow of eompreasad air (70-90 psi) is controlled by a solenold-operated

four-way air valve VA which again is operated by a programming timer T~

The timer is adjusted to close the solenoid circuit during half of a cycle

and to open the circuit during the remaining half of the cycle. The cycle

to the high pressure line at pressure (PH)~ and to the exhaust llne leading

to tank TI respectively, and ports 2 and 3 a~e connected =o the displacement

vessels 01 and 02 respectively. During half of a timer cycle, the piston

of the pilot cylinder is at the upper position and during the remaining

half, at the lower positien. During the format half period, ports i and 4

are connected to ports 2 and 3 respectively, and, consequently, the dis-

placement vessels 01 and 02 are at high pressure (PH)2 and low pressure (PL)2

respectively. Similarly, during the re~alnlng half period, the displacement

vessels 01 and 02 are respectively at low and high pressures.

c. In order to maintain continuous flow as far as possible, the

movements o~ the floatin 8 pistons M1 and M2 in the displacement vessels 01

and 02 must be synchronized, and the flows in the lines LI and L2 mu~t be

matched. Such a synchronizing control is not yet incorporated into this unit;

rather, a manual control used during the test operation. Flowmeter F1 is

used to measure the flow in the’ 10w pressure l~ne L1 and. flowmeter F2 is used

to measure the flow in the high pressure 1lee L2" In order to match the flows
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are provided. A va~e Vll is ~ for venting air from the system.

d. Submergible pup, J2’ is installed within a high pressure to

sere as the hi~ pressure circulation pup.

2~ Operation of ~e First Unit

In operating the unit~ we have to remove air fr~ the s~m~ adjust

the system pressure to a desired operating condition and adjust the £1ow

rates in lines L1 and L2 so as to synchronize the mov~nents of floating

pistons M1 and ~ and l~it the flow rates so as not to exceed the capacity

of the displacement vessels.

Start-up high pressure pup d3"

First loosen relief va~e VR and set it at a~low pressure setting.

M~I~ rotate the p~p pulley to suck water through suction llne ~ and

displace air fr~ both the lines and the pump body. P~er can now be

supplied and the operating pressure c~ he adjusted by manupulating the

~e ~i~ of VR.

Air venting fr~ the unit

Most of the air in the system can be r~ fr~ air vent VII ~cept

the air trapped in the displacement vessels bel~ the floating pistons. In

a future unit we may ~e a small hole in ~ floating piston or provide

an air vent at the i~ end of each ~c~t vessel to facilitate air

venting. In the present uni~ air trapped in ~e ~c~t vessels below

the floating pistons is removed as follows;

Referring ~o vessel 0~ we open cap CI~ pressurize the vessel to~ s~

80 psi ~o force the piston do~ insert a small t~e ~til ~t =ouches the~

a~ a~it fluid to the ~z end of the vessel by pup Jl" After ~episton~

entrapped ai~ r~ ~h the inserted t~e, th~ opening is capped by CI.

A s~ operation is applied to vessel 02.



A~us~ent of syst~ pressure.

~ has been described, syst~ pressure can be maintained at a desired

operating condition by adjusting ~e va~e setting of the relief va~e VR.

Control of flow rates.

~ ma~tain continuous flow wlth~ ~nes L1 e~ L2, except for the

brief period o9 va~e shifting, each of the fl~ rates multiplied by half

of the t~er cycle t~e should not exceed the vol~e s~ept by the piston

in a stroke. Therefore, in order to increase flow rate, we have to adjust

the ~ra~g t~er and reduce its cycle time. ~rt~ore, the flow

rates in ~nes L 1 and L2 have ~ be ~usted to ~e e~e va~e. ~ aut~at~

control device may be used, but in the present unit we s~ply control

va~es V1O, V12 and V15 man,~.

3. Perchance of ~e Uni~

Testing has been done with water as the working me~o Water fr~

tank TI enters p~p Jl through line L4, passes through line LI at pressure

(~ and enters displacement vessels 01 and 02, alternately~ is pressurized

and displaced by pressurized discharge water, eaters e high pressure syst~

R at pressure (~ (~d in ~is unlt), and enters reolroulation P~P

~ter is discharged from the p~p ~2 at pressure ~); and enters

~c~ent vessels 01 and 02 ~ternete~ ~ro~h the control ve~e ~5-8".

~e water is thereby depressurized to pressure (~)~ and is discharged into

tank T1. Figure 7-A s~a~cal~ sh~s the flow of water in the uait. ~t

shows that the flow is steady ~cept during ~e brief period of va~e shlf~ing.

At 9 gpm, the cycle t~e J is adjusted to 20 seconds. The ~ount of fluid

enter~g ~e uessels ~r~g a ~alf Syc~ is. 1.5 gallons, ~i~ is less than

the m~ displacement of the piston per stroke, 1.8 gallons. By installing

an acc~ator along llne LS, the flow fluctuation can be smoothed out, and
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hydraulic shocking in the~high pressure part of the system due to the quick

opening end closing operations of valve VS_8 can be removed.

The characteristic curve of the submergible p~np (Reds Pemp, 7D9P unit)

is shown by line AB in Fig. 8. The curve drops very sharply at about 9 gallons

per minute. Due to these operating characteristics, the delivery capacity

of the first flow-work exchanger unit is l~mited to 9 gallons per minute.

The operating characteristics of the control valve, V5_8, have been studied

by measuring the pressure drops, (~)1’ across pairs of ports 1-2, 1-5, 4-2

and 4-3, at various flow rates. The average value, (~P)l’ is plotted against

flow rate as line i in Fig, 9. The pressure drops across the check valves,

VI, V~, VS~ and V4, have ale0 been measured at various flow rates and their

average value, (dP)2’ is also plotted against flow rate as lln~ 2 in Fig. 

The sum o£ these two pressure differentials, (~P)I + (/~)2’ is shown by line

3 in the figure.

The flow-work exchanger unit has been operated under various system

pressures and at various flow rates. The pressure differential (dP)t~ L ~

(PL)~ - (PL)~ as measured by the: pressure gages P1 an~ P2 is recorded 

tabulated in Table 1 and shown by llne 4 in FiE. 9. The pressure drop

required to overcome friction during this low pressure displacement operation

(dP)D, L is less tha~ the (~P)t,L value by an amount corresponding to the

potential differenoe between the two pressure gages. Therefore,

~ (~P)t,L - 1.2 psi.

The (~P)D,L values at varlons flo~ rates are’slso tabulated in Table i and

sho~n by llne 5 in Fig. 9. The (~P)DzL value rather than the (AP)t,L value

should be used for (PL)I - (PL)2 in Pig. 3 in evaluating the efficiency of 

unit o ~
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Table 2~ Pressure dlfferentlal required for
displacement operations ~n Unit 1

T~mer setting: 30 sec. per cycle

System Pressure Flow Rate
(~P)t " P1- P2

800 psi 1.5 GPM 7.5 psi

800 3.0 8.0

800 6.0 10.0

800 7.5 12.0

800 9.0 14.0

(~)D

6.3

6.8

8.8

10.8

12.8

1500 1.5 7.5 6.3

1500 3.0 8.5 7.3

1500 4.5 9.5 8.3

1500 6.0 11.0 9.8

1500 7.5 i~0’~"
i0~8

1500 8.5 13.0 11.8

i000

i000

I000

i000

i000

1.5 7.5

3.0 8.5

4.5 9.5

6.0 ii.0

7.5 12.5

:8.5 14.0

1.5

3.0

7.5’

8.5

8.q

8.5

9.5

10.5

12.5

13.5

1200

1200

1200

1200

1200

6.3

7.3

8.3

9.8

11.2

12.8

6.8

7.3

8.3

9.3

11.3

12.3



The pressure drop required to overcome friction during a high pressure

displacement operation, (AP)D,H, is essentially the same as the (AP)D~L

~elue, elude durluB these two displacement operetlous fluid e~mply flows

through the same system in the reverse direction.

It has been found by separate tests that, for the system of 1500 psi,

the volume expansion (8-9 in Fig. 3) and the volume contraction (5-1 

Fig. 3) during nee-flow depressur~zatlon and non-flow pressurization operations

respectively are about 0.7~ of the volume of the displacement vessel.

4. Eff~clenc~ of the Unit

When a pair of matching pumps are used for Jl and J2 and the unit is

operated at such a cap~ city that the p%unps are at their respective normal

efflclencles and the valves VI0 and VI3 and the branch llne B2 are removed

from the system, measurement of power inputs at pumps J1 and J2 will give

us the make-up energy requirement. Since such is not the case ~n the

operation of this unit, the make-up’ energy required and the effielsney cf

the unit have been evaluated by the procedure described in Section IV,

allowing for the normal pump and motor efflclem¢les.

Referring to F~g. 3, the make-up energy required per cycle is given

as the sum of areas 3-4-10-9, 4-5-1, 5-6-7-2, and 7-8-9. Referring to Fig. 9,

the.(~P)D value at 9 gpm is 12.1 psi. S~nee the volume of each of the dis-

placement vessels is 2 gallons, both areas 3-4-10-9 and 7-6-5-2 are

12.1. (psi) x 2 (gallons) = 24.2 psi - gallons.

As described, the vol~e expansion and contraction during non-flow pressurl-

zatlon and dspressurlzatlon operations at th’ e.system pressure of 1500 pSlg

are 0.7% of the volume of the displacement vessel. Therefore, both areas

4-5-1 and 7-8-9 are
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I/Z x i S00 (psi) x (2 x 0.007) 8allcns = 10,5 psi - gallons,

Asst~nlng that the pump efficiency is 70% and motor efficiency is 85%, the

total make-up energy required is

(24.2 x 2 + 10.5 x 2) 0.7 x 0.85 - 11.4 psi - gallons.

Since the energy exchanged between the two flulds is

1500 (psi) z2 (gallons) - 3000 psi - gallons,

the make-up energy required is

11.4
3000 x 100 - 3.8%

of the energy exchanged. Considering that the volumetric efficiency of

the values to be 98%, the make-up energy required will still be less than 6%

of the energy exchanged.

Since most of the friction losses take place in the valves, pipe

fittings and the connecting pipes, we can increase the capacity of the unit

to about 15 gallons per minute at about the smae efficiency by using P’

//
pipe, pipe fittings and valves in place of 3/4" pipe, pipe fittings and

valves.

5. Cost of a Flow-Work Exchanger ~nlt

i. A 9 ~pm unit

As described, the component parts used in building the ’first unit and

their purchase prices (detailed price) are given in Table I. Since we need

t~o dlsplacement vessesl, a control valve, 4 check valves, a low pressure

circulation pump, a high pressure clrculatlon pump and its high pressure en-

closure, two flow meters, an air control valve, a progr-mmlng timer and

connecting plpes.and plpe ~ittlngs, the total material cost is glve~ by



182.50 x 2 + 272.00 + 17.50 x 4 + 86.63 + 275.31

+ 200.00 + 105.00 x 2 + 52 + 52.50 + 70 = $1653.44.

~s~g that it takes 5 man-d~s to ass~b~ a unit and ass~g’a l~or

cost of $3.00 per hr., the total cost becomes

1653.44 + 3 x 8 x 5 o $1773.44.

In the dove calculatlon~ He cost of a high pressure p~p J3 is not ’in-

cluded, because it is need an~ay in pum~ excess vol~e of feed (defined

as vol~e of feed minus vol~e of high ~essure discharge s~e~).

If flow meters are not included and a single cam progr~ing t~er

~odel ~-~ is used instead of the multiple c~ ~imer ~ M~, the

cost ~iI be reduced by the amount of

105 x 2 + 52.50 - 20.~0 = $242

Then, the cost of a unit becomes

1773.44 - 242 = $1531.44.

Since most of these component parts can be purchased at 30% reduction bases

for resale purposes, the cost calculated on these bases will be about $1110.

ii. A 20 ~ unit

As described, most of the friction drop ta~s place across the valves

end pipe fittings, and the factor l~g the capacity of the unit is the

capacity of t~e s~merg~ p~p. T~efore~ by using a model 7DI8P Reda p~p

and using ~ pipe, pipe fittings and va~es~ the capacity of the unit can be

increased ~’~out 20 gpm. The total material cost based on the purchase

prices and includlng l~or cost will be’giVen by

182.50 x 2 + 354.00 + 17.50 x 4 + 105.20 + 220.00

+ 200 + 170 x 2 + 52 + 20.50 + 70 + 3 x 8 x 5 - $191~.70
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Again if flow meters are not Idoluded, the cost bee~,es

1916.70 - 170 x 2 = $1575:70

If these component parts are obtained on resale-base, the cost becomes

about $ii~0.00. ~

In ~omparlng the cost of a flow-work exchanger with other power

recovery means, it must be remembered that a flow-work exchanger unit

functions as a combination of a pressurizer and a depreasurlzer.

VI. _THE SECOND FLOW-WORK EXCHANGER UNiT

i. 9escriptlon of the Second Unit

Figures i0 and ii respectively show the fron view and a side view of

the second flow-work exchanger unit. It is equipped with two bladder-type

displacement vessels actuated by a four-way hydraulic valve. The unit is

operable up to 1500 psig and delivers iS gpm. The component parts used

are mostly co~erclally available products and have been adopted with some

modifications. A list of the component parts used, their specifications,

the names of the suppliers and the purchase prices are also summarized in

Table i. These component parts are connected by ~’, schedule - 160 steel

pipe in assembling the unit; Detailed descriptions of these component parts

are given in Section VII.

Figure 12 gives a schematic illustration of the unit. This unit has

not yet been connected to a reverse osmosis system. An appropriate location

for such a connection ls shown by the region R’in the figure. The unit Ss

also assembled essentially according to the scheme shown in FiE. 2. Therefore,

this unit is similar to the first unit except that bladder-type displacement

vessels are used in the place of floatin E piston type displacement vessels.

The description made in connection with the first unit also applies here.





Fig. ii. Back view of The second flow-work exchanger uni~.
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2. Operation of the Second Unit

The descriptions relative to the first unit apply hare by simply

replacing the floating pistons M1 and M2 by the bladder M1 and M2. There-

fore, the detailed descriptions are omitted. Air entrapped in the dis-

placement vessels below the bladders are vented at the openings C1 and

C2 shown in Fig. 12~ which are then plugged off.

3. Performance of the Second Unlt

Referring to Figure ?-B, the fluid flows in lines L1 and L2 are much

i~ steady than in the case of the first unit. The flows measured by

flow meters F1 and F2 shoot up at the beginning of each half cycle and

tall off at the end of each half cycle. The unsteadiness in these flows

are due to the followleg reasons: These displacement vessels have been

obtained by modifying 2 1/2 gallon Greet accumulators. The rubber bags used

in ~ese accumulators are of only 1 1/2 gallon capacity. Therefore, the

bladder in a dlsplacem?nt vessel stretches at the end of each high pressure

displacement operation of the vessel and contracts at the beginning of each

low pressure displacement operation of the vessel. These contracting and

stretching actions of the rubber bladders cause the unsteadiness i~ ~he

flows. This unsteadiness can be removed ~y installing bladders of capacity

equal to the capacity of the outer shells. However, we were unable to obtain

larger size bladders in time to improve the unit. It should be emphasized

that the unsteadiness i~ not scmethlng inherent in =he bladder type displace-

ment vessels.

T)~ characteristic curve of the submergible pump (Reda Pump, 7D9P unit)

is shown by llne CD in Fig. 8. The curve drops very sharply at about 20

gallons per minute. Due to this operating charac~erlstlc, the delivery

capacity of the first flow-work exchanger unit is limited to 20 ~allons per



minute. The operating characteristics of the control velveo V~8, have

been studied by measuring the pressure drops, (AP)I’ across pairs 

ports 1-2, i-3, 4-2 and 4=3, at various flow rates. ~e average re]us,

(AP)I’ is plotted against flow rats as llne i in Fig. 13. The pressure

drops across He ~eck valves, VI, V2, V3, and ~, hays also been measured

at various flow rates and their average value, (~)2 is plotted against

flow rats as line 2 in Fig. 13. The s~ of these two pressure differentials,

(AP)I + (~)2 is sho~ by l~e 3 in the figure.

The flow-work exchanger unit has been operated under 1500 pslg and

at various flow rates. The pressure differential (~P)t,L = (PL)~ - 

as mcasured by the pressure gages Pl and P2 is shown by llne 4 in Fig. 13.

~e pressure drop required to overcome friction during this low pressure

displacement operation (~)D,L is less than the (~)t,L value by an ~ount

corresponding to the potential difference between the two pressure gages.

Therefore,

(5P)D,L = (~P)t,L - oAZ.

= (AP) t,L - 1.2 psi.

The (~P)D,L values at various flow rates are shown by line 5 in Fig. 13.

The (AP)D,L value rather than the (SP)t,L value should be used for (PL)I 

(PL)2 in Fig. 2 in evaluating the efficiency of the unit.

As explained earlier, the pressure drop required to overcome friction

during a high pressure displacement operation, (SP)D,H’ is essentially the

same as the (AP)D, L value.

4. Efficienc~ of the Second Unit

When a separating bag of a size equal to or slightly larger than the

outer shell is used, there will be no stretching o~ the bag, and ~a liquid





flow will be as smooth as that of a floating-piston type unit. Since ~he

pressure differential required for the bag movement is very low, it is

expected that the efficiency of a bladder type unit will be slightly better

than ~hat of a floating piston type. The make-up energy required is on the

order of 6% of the energy exchanged at 1500 psi and 20 gpm.

5. Cost of a Flow Work Exchanser Unit

The cost of a bladder type flow-work exchanger unit is about the same

as that of a floating piston type of equivalent capacity.

VII. DESCRIPTION OF PROMISING COMMERCIAL PRODUCTS WHICH CAN BE ADOPTED AS
THE COMPONENT PARTS OF A FLOW-WORK EXCHANGER UNIT

A rather extensive search has been made for those commercial products

which can be used as the component parts, such as the displacement vessels,

high pressure circulation pump, control valves, check valves and timer.

Various alternatives have been found usable. The descriptions of these

products and the modifications required of these products in adopting them

are sunmmrized in this section.

i. Displacement Vessels

D~splacememt vessels can be classified into three types, viz. a floating

piston type, b. bladder-type and c. diaphragm type. These vessels can be

obt,~ned by minor modification of hydro-pneumatic accumulators. Edward M.

Greet (13), President of Greet Hydraulic Inc. has published a ’~uide to Hydro-

pne~atic Accumulators," which is a very good reference.

la. Floatin~ piston type vessels

Figure 14-a shows a hydraulic accumulator which is designed mostly for

hydraulic oil service. It has a liquid discharge port and a gas valve. The

pressure differential required to move the floating piston is about 15 pslg.

The modifications required for use as a displacement vessel are:
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i. The inside surface should be nickel-plated or otherwise made

corrosion resistant.

ii. The gas valve should be replaced by another liquid discharge

port so that a pipe connection can be made.

iii. The pressure differential required for the floating piston should

be reduced from 15 psi to about 2 psi. Referring to the figure, the floating

balanced piston has two grooves with 0-rin$s installed in the grooves.

By enlarging the grooves slightly, the piston movement can he loosened.

Another alternative is to replace the original piston by a water pump piston

with leather caps.

The suppliers of piston type hydraulic accumulators are:

American Bosch Arma Bosch, Springfield, Mass.

Parker Hannifin, Des Plains, Ill.

Liquidonics, Inc., L. X., N. Y.

Mar-0il Hydraulics, Hoboken, N. J.

Greet Hydraulics, Inc., Los Angeles, Calif.

lb. .gladder type vessels

Fig. 14-b, shows a bladder type hydraulic accumulator. It alse has a

gas valve and a liquid port. The holding capacity of the separating bag

under unstretched conditions is smaller than the volume of the euter shell.

For example, for a 2.5 gallon accumulator, the bag size is in the range of

¯
I - 1.5 gallons. Therefore, when the pressure inside the bag is larger than

the preosure outside, the bag stretches. The poppet valve installed in the

accumulator is a very good safety device in preventing the’bag from bursting.

The modifications required for use as a displacement vessel are:

i. Yhe inside surface should be either plastic coated or plated to

prevent corrosion.
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ii. The Ees va~e should be r~d by a liquid port so that a pipe

connection can be ~de. A ~i~ ~ s~a~t~ g bag with a nipple of

the ~s~ size ~edd~ ~ he r~r of he ~t~ ba~ shou~ be used.

Ill. ~e separating bag should be of a size eq~l ~o that of ~he outer

shell. This prevents the stretching of the separating bag and insures

~ liquid fl~.

The suppliers of bladder type hydraulic ~c~a~ are:

Greet ~, Inc., Los ~s~ Calif.

Vickers, Troy, Michi@an.

ic. Diaphrasm type vessels

Fisure l~-c sh~s a ~a~ ~pe ai~-craft ~c~. The

modifications required for its use as a displacement vessel in a reverse

osmosis syst~ are

i. Coat he inner surface to prevent corrosion

ii. Replace the gas ~ive hy s fluid port.

This ~pe of ~r has been ~s~ by E. M. Greet in he p~

mentioned earlier and may be ~e from Greet Co. (13). ~ ~c~

of ~Is type shuu~ work ~s~i~.

~e Warren Rupp C~ (12) has ~ started production of the

so-called "Dynaflex P~p," which uses diaphraEm type ~c~t vessels.

The vessels ~e made ~ to ~st~d ~ p~ pressure.

~~ diaphragms are of relatively recent development (14).

~I~ Corporation, Burlieston, Mass. manufactures such rollicK-type

dlaphra~ms under the ~e ~." Rolling-type diaphrasms have

an ~y ~hln sidewall made of an ~t~ and a fabric, each separately

f~med and ~ ~Z Zo~ether ~ a m~Id to fo~ a unique m~e. The wall

~y has a thickness ranEin~ fr~ 0.00~’ to 0.055". FiSure 14-d illustrates



the operation of an air cylinder equipped with a rolling type diaphragm.

It is seen that the wall of the diaphragm is supportsd elthe~ by the inside

wall of the cylinder or the outside wall of the piston except at the

rolling point. The height of the piston is about 1/3 of the cylinder length

and the stroke is 2/3 of the cylinder length. By removing the piston shaft

and installing fluid ports at the two ends, this type of vessel can also be

used as a displacement vessel in s flow-work exchanger unit. However, since

the stroke is 2/3 of the cylinder length, 1/3 of the cylinder volume is not

effectively used.

2. High Pressure Circulation Pumps

Three types of pumps have been found usable as a high pressure cir-

culation pump. They are a canned pump, a magnetic ~rlve centrifugal pump,

and a submergible pump. The canned pump is very expenglve -- Integral

Motor Pump Corporation has estimated a 10 Gpm pump for sea water service

operable under 2000 psi at $4,500.00. This extremely high cost has pre-

vented us ~rom adopting it in the units built. ~e submergible pump is a

low cost pump. The chief disadvantage of a sdbmerglble pump is that it

has to be installed within a high pressure vessel and the vessel adds extra

weight to the unit. The magnetic drive pump is reasonably low in cost and

convenient to use. The main disadvantage of the magnetic drive pump is its

low efficiency. The efficiency of a magnetic drive pump at its optimum operating

conditions is about 50~. These pumps are briefly described as follows:

2a. Canned pumps

Referring to Fig. 15-a, it is seen that a canned pump consists of a

motor and a pump, within a single leak-tight container (15). It differs from

a mechanical pump mainly in that there is no packing gland -- one of the most

troublesome parts of a conventional pump.



52

Fig. 15A.

Fig. 15B.

or" Port

A zero leakage canned pump.

A Seal/Less magnetic drive pump.



Elim~na~on of the packing gland ~s achieved by providing ~wo

"cans." The stator can consists of a stainless steel (or other

alloy) ~ube, welded %o a flange at one end ~nd ~o ~ closure disc

of sol~d S~a~nless a~ the nChe=. The flange of the eCa¢o~ can he

sealed a% the "~ ~d," o~ volute, oZ %he pump~ generally by me~s

of Teflon gasket. The rotor oZ %he motor is a~so "c~ned" by

s~zo~d~n 9 i% ~%h a ~Ided s~a~nless (or other alloy) jacket 

pr~% corrosion.

The xo%oz is supported on a shaft which ~o%a%e~ on be~ings,

Which are graphite for such fluids as water oz Freon~ but may be

f~lled TeZ~on ~or extreme oxidation res~s%~ce, oz ro~ler bear~gs

for lubzica%iri~ fl~i~, Graphite ~d Teflon bearings ~e cooled

~d l~brica%ed by passing a pot%ion oZ cho ~luid being p~ped

through slots in %he bearings. ~ one v~ia%ion ca~led a "cap%ire

iNpelle~ within ~he motor ho~slng, Wi~h only a small pressure

equalizing po=~ in%o %he motor. Th~s ~xil~ary ~peller circulates

f~uid in closed c~rcui% within %he motor housing %o obtain bearing

cooli.g ~d lubrication.

These p~ps provide 9dye%ages other %ban zero ~eakage, wi%h

i¢s at%end~% freedom ~r~ cozzoslon and packln9 ma~%~nance

problem. They ~e ve=y much m~e co.act %ban conventional p~ps~

~zmit%ing p~pe mo~ing or smalle~ sizes, no fo~da%i~s ~e

needed for p~ps ~ l~ge ~ 30 hozsepo~r.

F. ~s, Boch~ W. Gezm~y m~ufac%~es ~ m~gne~ic ~ive

cent=~fug~l p~p ~Fer the ~z~den~e of "Seal/~ss p~p." ~ts

distr~butor~ the ~nt~o ~p~y~ Inc. (16) indicates that the

p~p is comp~a¢ively new ~n ¢~s co.try w~th t~ee insCallatlons
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having been made by the company during the past year. T~o of these

ins~allations were in pressurized syst~ at 1500 psi, and one at

300 psi. ’ These v~re for h~gh pressure, high temperature water service

in connection with nuclear reactor test facilities and with speclal .

high pressure molding equipment. It has been reported that high

pressure circulation operation ~s the field in which this pump really

shines.

Referring to Fig. 15-b, a magnetic drive pump has drive magnets

(5 in the flgu~e) and driven pump magnets (6 in the figure), separated

by a p~mp liquid containment shell made of thin non-magnetic material.

Both ~m drive magnets’ and the driven pump magnets are powerful~

permanent magnets. For very high pressure this shell is made of a

super strength ~IHONIC" alloy which also has very good corrosion

resistance properties.

A magnetic drive pump with casting and impeller constructed of

#316 stainless steel delivering 40 GPM at 48 ft head operable under

1500 psig has been quoted at $3203. As has been described~ %he

efficiency Of a magnetic drive pump at itscptimum operating condition

is only about 50~.

2o. Submerged pumps

Referring to Fig. 15-c. a submergible pump consists of an oil

filled electric motor, a multistage diffuser type pump, an oil filled

capacitor and an Oil reservoir and pressure equalizer. It has been

recommended by Reda Co., that for a high pressure application the oil

filled capacitor should be removed from the unit and placed outside

of the high pressure system. The oil reservdr serves the purpose of

. equalizing the pressure. Therefore, the submergible pump can be

installed within any high pressnre system. Manufacturers of

submergible pumps are

Reda P~mp Co.~ Baztlesville, Oklahoma

Dayton Electric Mfg. Co., Chleago, Ill.
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3. Directional Control Valves, Vy re, V7 and V8

It has been mentioned in connection with Fi~. 2 that four two-way

directional control valves are needed in operating a flow-work exchanger

unit. These valves may be replaced either by two three-way valves or one

four-way valve. It is probably best to use a four-way valve, because of

its simplicity in operation and low cost. It has been found =hat pilot

operated double plunger valves work well. These valves are available on

the market up to 6" port size. It has also been found that three-way ball

valves and three-way poppet valves can be used. Other directional control

valves, such as spool-type valves mad shear-type valves, whi~1 are commonly

used in oil hydraulics are not suitable for water service because of the

low lubriclty of water. Rather detailed descriptions of directional control

valves available on the market are given in the "Fluid Power Handbook and

Directory," 1968-1969 (17) f The promising directional control valves are

described as follows:

3a. ~ilot operated double-plunger four-wa~ valves

Figure 16A shows a pilot operated Hunt double plunger hydraulic valve

and Fig. 16D shows a sectional view Of the valve (18). Hun~ double plunger

valves are designed for use in water, water with soluble oil, or oll

service. ~]ree pressure ranges are available. Valves with the prefix letters

MP, HBA and ~H are rated respectively at O-2DO0 psi, 0-3000 psi and D-bDDD psi.

MF valves have bronze housings and both the MSA and HH valves have steel

bloke housings. For the reverse osmosis sea water desalination, MF valves

are recommended. Referring to the figures, ;he valve is actuated by an air

cylinder. ~e plungers are in completely hydrostatic balance and -- since the

pressure applied to the open side of the "D" packing is equal to the pressnre

coming from the radial ports of the plunger -- the packings are floated while



Fig. 16A. A pilot operated Hunt donble plunger hydraul~c valve.
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WIPER \ ~ EXHAUST PLUNGER
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Fig. 16B. Sectional view of Hunt double plunger hydraulic valvv showing the
principal parts.

Fig. 16C. A 3-way ball valve.
Fig. 16D. 3-way flow pattern for a

3-way ball value.
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crossing the valve porte. These valves are not designed £o~ throttling.

Two-posltlon valves ae used in a flow-work exchanger unit should always

be shifted to their extreme positions.

Referring to Figures 6 and 12, ports I and 4 of the four way valve

of a flow-work exchanger unit are connected to the high pressure line and

the exhaust llne respectively and ports 2 end 3 are connected to the dis-

placement vessels 01 and 02 respectively. The first plunger, the exhaust

plunger, has two hollow compartments, A and B, which have radial ports aI

and a2 respectively, and bI and b2. The second plunger, the inlet plunger,

has a hollow compartment C which has radial ports cI and c2. When the

plungers are shifted to the left extreme end, radial ports c2 and bI are

respectively connected to ports i and 4 and the radial ports cI and b2 are

respectively connected to ports 2 and 3. Therefore, high pressure fluid

enters displacement vessel 01 by passing through port i, radial port c2,

hollow compartment C, radial port cl, and ~ort 2 and into the vessel 01, and

the fluid in the displacement vessel 02 is discharged hy passing through

port 3, radial port b2, hollow compartment B, radial port bI and port 4.

When the plungers are shifted to the right extreme end, radial ports cI and

a2 respectively are connected to ports i and 4 and the radial ports aI and

c2 are respectively connected to ports 2 and 3. Therefore, high pressure

fluid enters displacement vessel 02 by passing through port i, el, C, c2 and

port 3, and the fluid in the displacement vessel 01 is exhausted by passing

through port 2, el, a2, and port 4. Hunt valves are available up to a 6" port.

The company has also introduced Hunt V-33 valves. These valves combine

the proven features of the original Hunt hydraulic valves with a new. design

and a cartrldge-type construction. These valves are currently more expensive

than the original Hunt valves.
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3b. 3-way ball valves

Figure 16C shows a three way ball valve and Fig. 16-D shows the 3-way

flow pattern for a 3-way yell valve. Each dlsplacement vessel requires a

3-way valve to control fluid flew. Port 1 of the valve is connected to a

displacement vessel and ports 2 and 5 are respectively connected to a high

pressure llne and an exhaust llne. When the ball is at the O" position and

180# position, the displacement vessel is respectively connected to the

high pressure line and the exhaust llne. At the 90" position, the displace-

ment vessel is shut off both from the high pressure and the exhaust lines.

A manufacturer of 3-way ball valves is

Pacific Valves, Inc. Long Beach, Calif.

The operations of the two valves installed on two displacement vessels of

a flow-work exchanger unit have to be synchronized.

Figure 17A shows a "Rota-CyF’ rotary actuator manufactured by Graham

Engineering (19), and Fig. 17B shows a Flo-Tork rotary actuator manufactured

by Flo-Tork, Inc. (20). These valves are powered by high pressure fluid

and may be used in actuating the three way ball valves described above.

3c. 3-way poppet valves

Two 3-way poppet valves, Sinclalr-Coillns Valves of Bellows-Valvsir

Co., have been used in constructing the preliminary test unit described

earlier. These valves have functioned properly. The disadvantages of these

valves are i. the pressure drop is too high and ii. they are available only

up to 2" port size. It is believed that 4-way poppet valve of larger sizes

and lower pressure drop can be manufactured and used in the construction of

flow-work exchanger units.



Fig. 17A. A ~-~L rotary actuator.

Fig. 17B. A FLO-TORK rotary hydraulic actuator.



~ 4, G~eck Valve Assembly, V1, V2, V3 and V4

: As has been described, four check valves are required in the con-

struetiou of a flow-work exchanger unit. In order to reduce the make-up

energy required in the operation, the pressure loss of the check valves

should be low. Various typos of chock valves are available on the market.

Some simple ones are inexpensive but usually have high pressure lose and

cause water hm~mer. More sopblstlcated valves usually have an expanded

cross section at the valve body to reduce pressure loss end have provisions

to eliminate water hammer. Check valves are commonly used in hydraulic

fields. These valves are, however, not suitable for use, because they are

Low pressure loss, corrosion resistant valves operable under high pressure

(say 2000 psi) are available. Manufacturers of such valves are

Charles !~eatley Co., Tulsa 20, Oklahoma

Mueller Steam Speciality Co., Inc., Brooklyn, N. Y. 11222

Smolensky Valve Co., Inc., Bedford, Ohio 44014

Durable Manufacturing Co., New York 6, N. Y.

The function of the check valve assembly of a flow-work exchanger unit

is similar to that of the check valve assembly of the fluid cylinder of a

duplex plunger p~mp. Therefore, a fluid cylinder with its four check valve

assembly may be used in the construction of a flow-work exchanger unit. We

recommend the use of such a fluid cylinder, since it simplifies the con-

struction greatly.

Hydraulic check valves were used in constructing the two units simply

because they were readily available st the time of constructing the units.

These should be replaced by corrosion resistant check valves.
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5. Control of Valve Aetlcne

It has been stated that a double-plunger four-way valve is used to

control the flow in a flow-work exchanger unit where the four-way valve

is actuated by an air cylinder, and the air flow to the air cylinder is

controlled by a solenoid operated air control valve. Therefore, by con-

trolling the solenoid action, the operation of the unit can be controlled.

The solenoid should be actuated whenever the floating pistons in the

displacement vessesl reach the respective extreme ends of their strokes.

There are several ways to control the solenoid action - one is to use s

programming timer, another is to use micro-swltches installeu in the dis-

placement vessels and still another is to use a pressure switch. These

are described as fellows:

a. Pr o~rammin~ timers

There are various types of timers available on the market. We have

found that a programming cam timer works quite well. Referring to Figures

18A and IgB a programming cam timer has one or more adjustable cams C

attached to e camshaft D whleh is rotated by ~ small synchronous motor M

through a gear rack G. Cycle action can be adjusted by adjusting the cam

and the eyloe t~me can be varied by replacing the gear rack. The timers used

in the two flow-work exchanger units can be varied between I0 see. to 90 sec.

Variable speed progr-mmln E cam timer is also available. Manufacturers of

programming o"m timers are

Industrial T~mer Corp.~ Parslppany, N. J. 07054
Los Angeles, Calif. 9007

Bristol Motors/Timers, Old Saybrook,Conn.

Aut~natlc Timing and Controls, Inc., King of Prussia, Pen. 19406

Precision T~mer Co., Inc., Westbrook~ Conn.

Bayside T~mere, Inc., Flushing, N. Y. 11358
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Fig. 18A. Synchronous motor drive programming cam timers,
multi-switch type.

Fig. 18B. Motor driven programming cam

timers, slngle-switch type.

Fig. 18C. Dual snap pressure switch.



AEHCO Division, Didtex Incorp., Mankato~ Mi~n. 56001

Elder Corporation, Palmyra, Wis., 53156

Zenith Controls, Inc., Chicsgo, Ill. 60610

b. Control by sensin~ movement of pistons~ bladders or diaphra~s

Control of the solenoid action can also ba ac¢ompllshed by installing

micro-switches within the displacement vessels. Referring to Fig. 2, we

may install micro-swltches at the e, b ends of the displacement vessels.

l~henever either the floating pistons M1 and ~2 respectively touch ~he a end

of 01 and the b end of 02, or M1 and N2 respectively touch ~he b end of 01

and the a end of 0Z, the solenoid is actuated. Nanufscturers of micro-

switches are many.

e. Control by ei~er a pressure switch or a differential preesure switch

~eferring to Figs. 6 and 12, whenever the floating pistons N1 and N2 come

to the end of their strokes, the flows in the lines ~i’ L2’ L3 and L4 stop.

Therefore~ the pressures in the lines increase and the pressure differentials

scross the valves diminish. By installing either a pressure switch in a line

or installing a differencisl pressure switch across s pipe fitting or across

a valve, the piston movom~nt csn be sensed. By connecting the pressure switch

or the differential prossura swit~ ~o the solenoid, the fluid flow in a flow-

work exchanger unit can be controlled. Figure 18C shows such a pressure

switch. Manufacturers of pressure and differential pressure switches are

Custom Component Switches, Inc., Chatsworth, Calif.

Consolidated Control Corp., Bethel, Conn.

Meletron Corporatioa, Los Angeles, Calif.

BEG Pressure Controls, Co., Davenport, Iowa.

¯ VIII. SUGGESTIONS FOR THE CONSTRUCTION OF FUTURE UNITS

Base~ on the experience gained during this contract work, the following

suggestions are made for tile construction of future units:



(i) When floating piston type vessels are used, provide a small hole 

each floating piston to fascilltate venting of air entrapped beneath the

piston. This hole may be covered by a solenoid operated cover which Is

normally closed and is opened only during venting operation. This simplifies

the start-up oporatlon greatly.

(2) 14hen bladder type vessels are used, the normal holding capacity of each

of the bags, thn capacity of the bag without stretching should be equal to

the volume of each outer shell. This enables smoother fluid flow in the

unit.

(3) The check valves used should be corrosion resistant and have low

pressure losses. We may also use a fluid body of a double acting plunger

~ump with its check valve assembly.

(4) The high pressure circulation pump should have extra developed head

to overcome pressure drop which arises in the reverse osmosis unit to be

installed.

(5) An accumulator must be installed in high pressure lines to prevent

water hammer.

(6) An aut~natle control must be provided to synchronize the movements

of the floating plstnns or the bladders, M1 and M2. ~lls may be achieved

by installing mlcro-switches within tho displacement vessels. If the two

pistons do not arrive at their respective ends within an allowed time limit

flows are automatically regulated to achieve this.

Figure 19 shows a schematic illustration of a suggested unit. It uses

a fluld-body of a duplex plunger pt=np as its check valve assembly. Air vents

are provided on the floatlng plsLons and an accumulator is provided on llne

L5 to eliminate llne shock caused by water hammer.
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Fig. 19. Schematic
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A~pendlx

Recently, the N~rren Rupp Company of Mamsfield, Ohio has started

manufacturing a new type pU~p under the tradena~e "Dynaflex." The pump

combines the smoothness and dependability of cemtrlfuga~ pumps with the

abrasive and solids handling capabilities of diaphragm pumps, together

with the high head potentiality of various positive displacement pumps.

The construction of the pump has certain similarities with that of a flow-

work exchanger. By analyzing the similarities and the differences between

them, we can obtain a better understanding of the technical and economical

feasibilities of the flow-work exchanger. Therefore~ a brief description

of the "Dynaflex" pump is given below:

Referring to Figs. 20-A, 20-B, the heart of the ’~ynafle~’ is a

large free diaphragm (i) clamped between two symmetrical pumping chambers.

Water is alternately pumped in and out of the upper chamber (2) by 

standard centrifugal pump (3). The diaphragm moves in response tO the

fluid volume in the upper chambers reacting on ~e fluid in the lower

chamber (4}, creating a pumping action. The diaphragm serves merely as 

separating "membrRne" between the two liquids and is therefore not sub~ected

to stress. Inlet and outlet check valves (5) control movement of pumped

material. A diaphragm sensing device (6)~ monitors the movement of the

diaphragm and controls the shifting of the four way valwe (7). As the dla-

phrugm approaches its low position, the sensing device shift~ the four way

~alve to the suction stroke. As the diaphragm approaches the top position

the sensing device signals a shift to the discharge stroke. The four way

valve d£verts the ~low of water from the drive pump in a completely "shock

free" transition, creating suction and discharge stroke with no water hammer.
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Fig. 20A, A duplex DYNAFLEX pump.

Fig. 20B. The diagrammatic drawings showing the
duplexed unit.



The components used in the unit are described as follows:

(1) THE DI~J?R~L~OH C~I~BERS - The diaphragm chambers are sy~metrical

with sloping walls to prevent "|lang Up" and to afford smooth flow of

foreign matter from the lower chamber. The capacity is fifteen gallons.

(2) THE DIAPHPAOH - The diaphragm is a sepa~a=tng membrane be=veen

two fZutds and is no= sub~ecCed ~o sCress~ g~ving t~ virtually unZimtCed

~ear Zife. P~ps deveZoptng hundreds of pounds per square inch are possibZe.

(3) DIAPH~G~ POSITIOW SENSING DEWCE - The diaphragm position sensing

device men,Cots the movemcn¢ o~ the diaphragm and si~naZs Che shi~ing o~ Cbe

~our way vaZve con~rolZtng che direct~on o~ fZo~.

(4) THE FOUR ~AY VALVE - ~ts ~a~ developed specif~calZy for Che "DynafZo~*.

~he ~our wa~ valve is s~met~ical with a ball bea~ing ~ou~te~ "~utter~ly"

and full flow p~ss~ges throughout and provides gradu~l shlfti~g resulting in

shock-free pumping.

(5) E~E CONTROL ME~S - h pne~tic syste~ is used ~n5 b~ simple

needle valve adjustments the sbifting of the four way valve is infinitely

vari=ble. (Only 2 c.f.m, required)

(6) @11E S~II~IN~ ~LINDER - @h~s is ~nother first ~or d~e "Dyna~lex."

h d~fferent~l pls=on type cylinder, with u two to one ratio provides equol

shifting force In eithe~ direction. Air over oil is used on the small side

for a viscous d~mpening e~ect and lubrlc~tlon of the piston. No stops ~re

needed to limit trnvol.

(7) FLEXI~ILI~ OF ADJUS~ENTS - Needle valve adJustmont~ control the

shi[ting cylinder and four way valve, ~ilc Independently ad~ustahle cams on

the position sensing device control the leng=h of stroke of =I~ diaphragm.

(8) WATER SUPPLY - A water storage t=nk reploces this se~men= of the

"Dynaflex" ~[t on the slmpl~x install~t~on. ~te tank Is large enough to pro-

vide an air cushion and dissipation of hea= build-up.



(NPSH) characteristics is used. Pumping clean ws~er, its llfe is vlrtus]ly

(10) T~I~ C~ECK VALVES - Suction and dlscherge check valves are Identl-

cal. Easily replaceable valve sea~s, "~’ handle clamp cover and drain plugs

provide for quick and easy access, cleaning, or maintenance. Stsndard ball

checks pass solids up to one half the size of the piping. Optional swtn~

check volves allow up to full pipe size solids pumping capability.

(11) COOLING UNIT A fa n ty pe cooling un i~ is fur nished, whe o oec essary,

on the Duplex unit to dissipate heat.


