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4 Clalms

This 1nvent1on relates to hydro-pneumatic ac-

cumulators such as are employed with hydraulic :

pumps, and also to a method of establishing the
desired pneumatrc pressiire w1th1n such an ‘ac-
5 “cumulator.
An object of the 1nvent10n is'to produce an im-~
proved hydro-pneumatie accumulator.
A further objéct is to produce an improved
method of charging such an accumulator with
10 the desired degree of pneumatic pressure. _

These and other - objects which will be made
more apparent: throughout the further descrip-
tion of the invention, are attained by means of
‘the apparatus herein illustrated and’ described.

In the drawing Figure 1'is a dlagrammatm view
of a hydraulic pump associated with a two-com-
partment hydro-pneumatic accumulator embody-
ing my invention; and Fig. 2-is ‘a fragmental
sectional view illustrating, more or léss diagram-
- 20 maticaly, a detail of constructmn of the tank
shown in Fig. 1.

The accumulator 111ustrated consists’ essentlally
of a two-part accumulator so arranged that both
_barts may be employed as a ‘single compartment
“accumulator, or so ‘that one part may be em-
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ployed-in connection with'a hydraulie pump in

‘charging the other W1th the des1red pneumatlc
pressure. '
Hydro-pneumatlc accumulators ordinatily con-
30 s1st of an air tight tank enclosing a single com-
partment and having a liquid inlet port at the
lower end.-thereof, which is connected to a source
of liquid -under- pressure, such as a hydraulic
bump, and also to a delivery or distribution sys-
tem for such liquid. 'The accumulator receives
and. stores what may be termed 8 reserve supply
of liquid and the arrangement is -ordinarily such
that air is trapped within the upper portion of
the tank and, by belng compressed exerts pres-
40 sure on -the liquid within the tank and thereby
“establishes what may be termed an artificial or a
pneumatic. head for the- liquid. ~Accumulators,
such as described, are included as a. part of a
11qu1d distribution system where it is desired: to
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sure.” A separate air compressor is ordinarily em-~
ployed for initially, and thereafter perlodlcally
‘charging the accumulator with compressed air
S0 as’ to mamtam the desired quantity of com-~
pressed air and the desired volume of liquid stored
within the accumulator. ' Such compressors al-
though adding mater1a11y to:the cost of an ac-
cumulator installation, are of relatlvely low

50

- capacity and’ consequently considerable time: is’

55 expended-in ¢harging the accumulator with pneu-

(CL 137—79)

‘the ‘accumulator.
‘sorted to every several days, depending, of course,

maintain the liguid in the system under high pres-:

matic pressure hereinafter termed “compressed
air” or “air pressure.” =
Under normal operatmg condltlons it is usua,lly

“necessary to' periodically recharge the -accumu-=

lator with compressed aif in: order to re-establish ' ‘60

“the desired proportions- between the quantlty of

compressed air and the quant1ty of liquid within
This recharging must be re- )

upon the conditions enicountered, but the function - 5

-of the air compressor, although unportant is not

such as to merit the add1t1ona1 expense ofa high
capacity compressor. i

The arrangement of accumulator ﬂlustrated is
such as to eliminate the necessity of ‘employing 70
a ‘separate air compressor during the operation’
of initially chargmg the accumulator with comi~
pressed -air or in subsequent. operations of re-

‘establishing ‘the "desired proportion of air and
‘liquid, within - the ‘accumulator.

" This is accom~ g
plished by employing a two-part: or two-com- )
partment accumulator in which the arrangement

is such. that one compartment' may, in-effect,

‘be employed as an’ air compressor  for chargmg

the other compartment with: compressed air at a 80
predetermlned pressure, and may-also be em-=
ployed- as the liquid supply chamber and & por-
tion of the air chamber of the accumulator. when
the accumulator is used as .a hydro-pneumatlc
accumulator.: 85
As shown,-the accumulator con51sts of a shell
or tank 4, the interior of which is divided into
What may be termed -a primary compartment 5
and ‘a secondary compartinent 6’ by an inter- . .
mediate diaphragm or partition 7. .The pri~ 90. -

,n’ary compartment. is prov1ded at its lower end

with a liquid ‘inlet port 7’, which communicates
through piping 8 with the delivery main 9 of the
distribution system. As shown, the piping 8 is
prov1ded with a branch pipe 8’, which leads to 05
an atmospherlc dlscharge and is provided with a
valve 8’’, The main 9 receives liquid, heremafter
termed water from 3 pump.10. - The pump - may
be of any type, but as diagrammatically illus-
trated, is a multiple cylindér, singlé acting pump 100
and is operatively connected to a driving motor
11,  Water from any sourceis delivered to’ the
suction port 12 of the pump - and is . delivered -
thmugn the dlscha,rge port 13 to the. delivery.
main 9. As is usual, 4 check valve 14 is inter~ 105

-posed i the main"9’ between fhe pump-and: the

accumulator. ' This valve.is so arranged as to-
permit a substantially unrestrlcted flow .of water
from the ‘pump toward the accumulator and the

distribution system, but it prevents a ﬂow in the 110' -
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opposite ditection. A valve 9’ is so located in
the main 9 as to establish and cut off communi-

cation ‘between the accumulator and the distri-

bution system.

The secondary compartment 6 1s in effect, the
air.chamber of the accumulator, altnough as will
be shown the upper end of the primary com-
partment 5 is noimally employed a5 an air cham-
ber and, as,’such, augments, the volumetric. ca~
pacity prov1ded by the chamber, 6. - As; shown,
the compartment 6 is provided. with an air inlet
port 6/, which communicates with a source of

compressed air through piping 15 and 16, -ands;

the compartment 5 is also provided with an’ air,
port 5, located near the top of:the: compartment

_or adjacent the diaphragm 7, and which- coms=,
municates- with ' the source.-of compressed air

-~ through the piping 15. The: ‘arnangement:is; how-:

20 -
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unloading mechanism. for the pump. 10.
" Taechanism. -is. diagrammatically and. partiaily
“shown;, since, such mechanisms  are: well-known;
- put, as illustrated, the pressure responsive mech-
“anism. of the. gauge 18 is. adapted to make and

'35 break a circuit, 19, which is: shown as; including

- ever, such that the two-air poits 5° and 6 may
“be placed in dir ect communication by means of’
. As,shown, the: piping, 17. is. prov1ded )

with a Valve 17/, and,; in effect, forms.a by-pass
‘hetween the pipes. 15 and. 16. and around, check

,,valves 15' and, 16' respectxvely located in: those

pipes. -
As: shown,: the compartment ‘6. communicates

~with. a: pressure gauge 18, “thnough a syitabie-pipe
18’..

This. pressure: gauge- is dlagrammatlcally
111uetrated as: 2 part.of an automatic loading: and
This

a. solenoid, 20.- The: solenoid controls. the opera-
tmn of ‘mechanical means. (not.shown) for load-

.ing and, unicading the pump 10. The. circuit 19
) 1s also,prov1ded witha. ‘manually controlled.switch

The compartent; 6. may be provided with: a

‘dram valve 22 and.I have shown the compart-
‘ment. 5.as provided with- a, water level gauge 23.

In Fig. 2.1 have more or less diagrammatically

“{lustrated. one way. of installing the: diaphragm

7 betwesn. the compartment 5. As.there illus-

“trated. it will. be apparent that.the structure, in.
- gffect; includes. two. tanks, both. of Which.are sub-
- stantially. cylindrical,-and . that the partition T
.forms, a.common head f for. tbese tanks..

“he por-
tions of the tank 4 which enclcse the compart-
ments 5 and 6 are.separately formed, but. are so
formed: as: to. be: convenlenfly welded to the par-
tition so that they, in éffect, form a single tank
divided at a; point. 1ntermed1ate its-ends by the

partition 7. -

: Accumulators, such as the accumulator illus-

,trated are adapted to-be:-employed in. connectlon
with water distribution- uystems where there is
a pulsatory supply. of water to the system: and,
‘as ‘previously. stated, they are alsoc employed. for
" the purpose of providing a reserve. supply of -

water which ;may ke employed. in augmenting
the delivery of the pump or even, under some

' COIldlth*lS in place of the pump. ‘It is therefore

desirable 'to prov1de an air space within the ac-

cuimulator which is of sufﬁment capamty to main-
tain & substantially umforvn pressure within the

,acoumulator even -under the varying conditions

of water level within the accumulator which may
be nounally encotintered.” It is, of course, ap-

- pavent that the air pressurs within the accumu—v
‘Tator Wlll be determined . by uhe pressu;e under

Whlch the water is delivered.to. the accumilator
bhut; in-order to mamtam the des,u“ed volume of

. gir at- the. ‘desired” pressure, within-the accumus .

_pounds per square

-into the air lines..
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lator, it is necessaly to pleivnlnauly cha;ge the
accumulator with a-predetermined volume of air
at o predeterinined pressure. As has been said,
separate air compressors are ordinarily employed
for this purpose and also for the purpose of re-
charging the accumulator with' air ‘when “the

quantity of air 'within the accumulator is reduced - :
sufficiently to interfere with- the proper normal

or- desired. operation of the aceumulator.

Where an accumulator is installed in connec-
tion with a system operating under a high water
pressure, for example, a water pressure of 1,000
inch, the air charging mecha-
nism is not only expensive from the standpomt
of first cost, but-also from the standpomt of op-
i wtlor. and maintenance.

The apparatus illustrated as:an embodiment -

of miy: invention makes it possible to initially

charge and periodically recharge the accumulator

with' compressed air without.the necessity of em~
The appa-. .
-ratus. is s0: a‘r'nanged that. the ‘hydraulic pump
”w”uch is;, of course,, designed: to: deliver water: at

ploying: &. separate 8ir CORIDIESSOTr:

the: desn'ed pressure is employed in -the opera-

tion of charging and rechargmg the acoumulator:;

with.compressediair:.

In most. fachories. where: accumulators are em-
ployed, it is usual to employ:compressed: air, at
say. 160, peunds. per square-inehy, in some commex-
cial operatlons

therefore usually ‘available. - For this reason I

‘gssume,. throughout the further: description of

my. inventicn, that: the: piping, 15 communicates

with sueh a source:of compressed air and; delivers.
air. at.a pressure of 100 pounds:per square inch. i

It will, however, be apparent, that, the hydraulic
pump may be employed: in charging and-recharg-

-ing. the. accumulater with; compressed a1r even -

though: such a. souxce-of compressed gir is; nou

: avallable

A sounce . of compressed air’is {]

100

In mmauy chargmfr the accumulator with: air

‘at.-a. high. pressure.. (for; example; 1000 pounds
rpressure) I close the valve 17/, thus shutting off -
‘dlrect commumcatmn between the- .compart-
ments: 5- and 6 and: I alse-close-the-valve: 8’, L i

then. drain oub all the water: from- the-compart-~
ment 5. by- opening “the drain- valve: 8%
this ‘draining operation the valve 8’ is closeo

~and the valve-15!’ in.the: air line-is opened:: ‘The
check. valves 15" and: 16/ are’ so arranged:as t0 42
permit-a. flow of air from. the:source: of air pres-

sure. to the tank, consequently. air under- pres-

sure-will be delivered to.beth the compartments

5. and. 6..and. the flow. of air will. continue. 1intil

.the. air pressure-in-those compartments equals
‘the pressure within- the ‘piping: 15-—that is-to -

The:pump. 10 -is then: started,
ig-loaded; by mampulatlng

say, 100 pounds. .
or if. it.is running, it

After:

‘the switch 21 so.that it delivers water under pres- .
.‘sure to the compartment 5. The operatwn 185

the pump. is, continued.: until the compartment 5~ ’

is filled. with, water The; water level within.the

gauge. glass 23 during this. operation.to. prevcnt

‘compartment is, of .course, observed through: the -

overfilling ‘the compartment and forcing water 14

the Aflling of the. compartment § ‘with water dis-

‘piaces the air containéd within. that compart-
ment and. forces: 1t into. the compartment 6
through. the check. valve .16/, with ™ the result
__that,'

e, pressure.of. the air Wlthm the. compalt-
ment 615 ‘doubled, that. is, raised to, 200 pounds,
tHe sssumption being, that the: volumetrie eapagc-

It is,.of .course, apparent that .

..J‘:.J‘ ’

-iby of the. two- compartments b.and 6.are: equal :
’I’he pump 10 is then unloaded 0

e
T
(=)

that 1t ceases HH
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- to deliver water.to the compartment 5, the valve ,
The water is then dralned'
-Irom the compartment 5 by opening the valve 8.

17’ is retained closed.

During this draining operation the valve 15" is
left open, since under such conditions, the dram-

<ing operation will be atigmented by the air pres-

sure delivered to the compartment 5 through the
check valve 15°. 1t is, of course, apparent .that
the check valve 16’ is held closed by the mcreased
pressure of the air within the compartment 6.
After the draining. of the compartment 5.is com-

- pleted, the valve 8’ is closed and air under pres-

15
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_sure from .pipe 15 is permitted to.fill that com-

partment. The valve 9’ is .retained in the closed
position. 'The pump 10 is then loaded or caused
to deliver water under pressure to the compart-
ment 5 with. the result that the. air.in that com-

:partment will be again displaced and forced into

the compartment 6 through the one way, or
check valve 16’.. When the compartment 5 is
completely filled with liquid the pumping opera-
tion is stopped; the valve 8" is opened and the
procedure above described is continued until.the
desired air pressure is obtamed within the com~
partment 6.

At the end of the operatlon just descnbed it
will be apparent that three. volumes of air, ini-

‘tially at 100 pounds pressure, have been forced

into the compartment 6, and that therefore. the
pressure in that compartment at the.end of .the
operation has been raised .to-300 pounds.

At the end of .the twelfth air displacing oper-
ation the pressure in the compartment 6 will
equal 1300 pounds per. square inch.. In order to
obtain theé desired normal operatmg pressure

within the combined compartments 5 and 6 I )
then operate the pump 10.to fill. the compartment_-
5 to the normal water level, such as indicated in

Fig. 1 by the dotted line X, it being understood
that preceding this operation the compartment 5
wags first filled with air at 100 pounds pressure.
T then close the valve 15’ ‘and by opening the

-valve 17’ connect the two compartments 5 and 6,

and with the volumetric capacities of a tank such

"as illustrated, the resulting pressure within the
_accumulator will equal 1000 pounds pressure. .

It
is, of course, apparent that the predeterrmned
pressure to which the air is raised within the
compartment 6 will-be established by the volu-

metric capacities of the two compartments andv
the volume cf the compartment 5 which'is to be- .
employed as a part of the combined air chamber :

This is merely a matter of mathematlcal compu-
tation.

After the accumulator is thus 1mt1a11y charged
with air, the valve 9’ is opened, the loading and
unloadmg mechanism is rendered automatic and,
in the example given, the pressure gauge 18’ will
record 1000 pounds pressure and will therefore

) unload the ‘fump. - The pump will remain: un-
" loaded until delivery conditions lower the level

of the water within the compartment 6 to a level,
such as indicated by the dotted line ¥ in Fig. 1, at
which time the pressure within the accumiulator
will have dropped a sufficient amount to actuate
the automatic mechanism to load the pump and
to deliver- water ‘at the pumped pressure to the
accumulator.

It will be apparent that to those skilled in the
art that the passage 17 and valve 17’ may be .
replaced by any means for establishing communi- .

cation between the compartments 5 and 6 after
the charging operation is completed.  For exam-
ple, the passage 17 and valve 17° may be omitted
by providing means for opening the check valve

- by so doing I may provide a more adequate pas~
Sage between the two. compartments: than would
.be possible, or at least otnerwrse desxrable

. operation is. carried on-in the same manner as
above described; except, under such clrcumstances :
,,that the initial pressure in the compartment 6
s materlally above the. pressure available in.the
.air piping 15. ‘A loss of air will be: noted by the

.mal operatmg pressure- (1000, pounds)

level of the liquid to the top of the compartment
.9, thus forcing the compressed air from compart-
.ment 5 into compartment 6. The valve 17’ is then

the dramlng operation the valve 8’/ is closed and-:
- air at 100 pounds pressure fills the compartment
5. The pump is then operated to again fill com-

.as the compartment 5.is filled with -water the
.pressure of the air above the water is increased;

1s trapped in the compartments 5 and:- 6 by the |
‘check valves 16’ and 15’ respectively, and the

16’ and maintaining it open; whlle it is. de51red
to have the two compartmentsin. dlrect communi-
cation. I; however, prefer to. employ the sepa-
rate passage 17. with the separate valve 17’, since
80

- I, durmb normal operatron the quantlty of
air.in the accumulator is reduced. the recharging
85

water level within the compartment 5 when: the: 90
pressure in the accumulator is raised to the nor--
That. is

to say, if the water leval in the compa"tment 5. is -

- above.the normal level X when the. air pressure i
.within the accumulat01 is 1000 nounds it W111 be -,
apparent that the quantity of air'in the accumu- .-
‘lator has ‘diminished. In rechargmg, the valve

95
9’ is closed and the pump is operated to raise the
100

closed, thus trapping the high pressure air in

compartment 6. The valve 15’" and the valve 8’
are.then opened. to drain compartment 5. After

105

partment 5 with water. It will bé apparent that -

110
and at some water. level the pressure of the air

~in compartment 5. will . exceed the - pressure o

.traoped within the compartment 6, .and conse-.
:quently air from compartment 5 will be dehvered
.through the one-way valve 16’ to’ the compart-
“ment 6 as the water filling operatlon is continued.
The recharging - operation 'is thereafter similar

115

to the chargrng operatron and ‘when the desired:
pressure is again obtained within’ the compart-
ment 6, the valves- 8’/ and. 15/ are permanently 120'
closed, the valves.9’ and 17’ are opened and the = -

_switeh 21.is permanently closed with the result
‘that the’ apparatus is again in condition for nor-
1mal operation and under the automatic control
.of the loading and unloadmg mechanism. :

1128
- It w111 .of course, be apparent that the opera-

»tlon of 1n1t1a11y chargmg the accumulator will "

be somewhat lengthened if a, pressure lower. than
100. pounds . préssure is initially: admitted to the :

compartments 5 and 6, but that the charging and 130 .

the recharging operations may be accomphshed
even though air under pressure-is not available,
Undersuch conditions air at atmospheric pressure

135 -
valve 17" is then closed. The further operationof

" charging or recharging will be as above described,

except - that the precautions taken to displace -
substantially all the air from the compattment

5. must be more-carefully observed. .That is to 143

say, the water must be raised. to. the maximum

level in the compartment 5 during each air dis- Ny
placing operation, since otherwise the operation-

of charging or rechargmg w111 be greatly length-
ened.

While I have deseribed what I now consrder'
to be the preferred embodrment of my invetnition, o
it will be apparent that. omissions, other than =
those mentioned, and other variations in the ap- .
paratus 111ustrated may be made w1thout depart-f

145~
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‘ing from -the sp1r1t and scope- “of the 1nvent1on
-as 'defined by the appended clalms

What'I claim is:

"I, -An -aecumulator comprlsmg two 1soIated

X compartments, constituting - primary .- and sec-

--ondary compartments - of the- accumulator, a
check: valve communicating - with the upper por- |

“tion- of the primary and with the secondary coms= -
partment for delivering fiuid under’ pressure -

from the primary. to the secondary compartment,
means for’ estabhshmg communication between
-said compartments to-deliver fluid from the sec-

ondary to the pritnary compartment, means for

delivering liquid under pressure to the primary
compartment, means for: draining the primary
compartment, -and -means. for _connecting - the

~lower-portion of the primary " compartment to'a-
“liquid -distribution system. -

2. A combined- hydro- pneumaac ‘accuniulator

and ‘charging ‘mechanism com"rlsmg a storage‘

chamber for~ cornpressmle fluids, ‘a ‘compressor
chamiber, a sotirce of supply of compressible fluid
under  pressure, branch -pipes connecting - the
source of supply of fluid with- the storage and
compressor chambers, respectively, a check valve

- petween-the-supply source and the branch pipes
“and-a check valve in the branch pipe communi-
- cating” with the storage - chamber per'mttmg
. flow of fluid from the compressor chamber to the
.'80"

storage “chamber, ‘a drain for the compressor
-chamber, a.source of pumped liquid means for

. alterriately connecting the ‘bottom of said com-~
pressor chamber t0 the source of pumped liquid

.and to the drain; whereby when the compressor

"chamber is connected to drain, fluid enters the

same to replace the liquid and when' the com-

" pressor chamber is connected to the supply of
“pumped liguid, the fluid:is complessed and de-
livered to the storage chamber: and retained

therein by the check valve in the ‘branch pipe
connected: thereto,” and “means for- connecting

“the storage chamber ‘with tne branch pipe con-

"nectmg the compressor chamber When the pres-

~“sure in the storage chamber-is of a desired pre-

“determined value "and the compressor. chamber

“is'charged with liguid to-a predetermined level

3. A combined hydro-pneumatic accumulator
Tand ‘charging’ mechanism comprising a storage
-chamber for compressible fluid, a compressor

chamber, a source of supply of compressmle fluid

~-under pressure branch -pipes connecting the

o
G

“source ‘of ‘supply of fluid with the storage and.

‘COmMpressor ‘chambers, respectlvely, a-check valve
,between the supply source and the branch p1pes

60 ¢
85 =

70
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-and-a- check valve in the ‘branch -pipe connecting

i-tHe- source’ tothe  storage chamber - permitting
- the flow  of fluid from the compressor- chamber
‘to the storage ¢hamber,; a drain- for-the com-

pressor chamber a-source  of pumped liquid and

“a Hguid* dlstrlbutmn system, means ‘adapted to

alternatély connect the bottom of said-com-

'pressor chamber to the source of pumped liquid
“and-to ‘drain, --‘whereby when the-.compressor
-chamber 'is connected’to- ‘the drain, fluid enters

80

‘85

the same to replace the liquid and when-the com- -
‘pressor chamber’is connected ‘to the supply: of
pumped’ liquid, -the- fluid-is compressed- and “de- -
Jivered to the storage chamber - and retalnedi )

‘therein by the check: valve in ‘the branch pipe
- connected: thereto, a- pipe having a valve therein
for-interconnecting - said chambersin- fluid ex-
“changing:. relation mdependently of the check

yalve in“said:branch pipe when' the’ pressure in
the storage chamberis of a desired predetermined
value ‘and- the compressor chamber - is’ charged

90

95

with liquid to a predetermined level, and means - »

~for connecting the ‘compressor: chaniber: to- the

source of pumped liquid and to the dis tribution
system so that both chamoers function as an
accumulator.

‘4; A combi ned hydro ~pneumatic accumulauor

“and:self- charging device comprising” two. indeé-
pendent compartments, & “source ‘of  supply of
‘compressed: fluid, “branch pipes ‘connecting said

comparfments to the- source, ‘a ‘check valve bé-
tween the source and branch pipes, a check valve

“in one of said’ branch pipes connected to one of
“said- compartments permitting the flow of fluid
“thereto from theé othercompartment, a drain,
an hydrauhc pump and a distribution line there-

for - means adapted to alternately - connect the
other-of said-compartments to the: drain and to
the d1str1uutron line of the hydrauhn pump,

"Whereby when the last nmientioned compartment
“is “‘connected* to. drain_hoth comportments are:
initially filled with compressed fluid at the pres-
“sure of the source, -and when said last mentioned

compartment is* connected  to ‘the " distribution
jine liguid ‘is. delivered thereto to-compress -the

~“fluid thereln ‘and “deliver ‘it to the other. "com-"

par tment Whereln the fluid is-retained by the

connecting. said compartments in free-fAuid ex-

changing . Telation when the level” of ‘the liquid
in “the -second’ mentioned compartmenu is. at a

predetermmed height and the pressure. in, ‘the

‘other compartment is at a predetermined value

JOSEPH E. HOLVECK
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v‘check Yalye in said branch pipe, and means for
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