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SUPERPRISSURK HYDKAULIC COMPRLSSOR
L.F, Vereshohagin

A denoription is given in this article of the corsruction of a hyjraulio ;
compressor of very high ;ressure, wotking at a pressure of up to 5000 atm,,
viith en output of 1,7 liters of liquid per hour, The mechanism of the oompre.-
sor's work and the influence of the idle space are analyzed, The velumetric oco-
efficient of the oompressor'aleffioianoy is calculated,

A multiplier is usually used as & pressure genorator in 1nvest16utiona con-
nected with the study of any phenomena occurring at very high prossures. This
ap1uratun representa 8 device the construction cf which is based on the use of the
so-called "differentiel piston", thet is, a steel piston consisting of two pis-
tons with different diemeters, The lerge piston works in a low-pressure cylinder
and the small piston works in a high—preasuro cylinder, The ratio of their areas
gives the coefficient of multiplicetion in a given apparatus,

Bridgeman writes in his book "Physios of High Pressures" in the desorip-
tion of the multipliers used by hims "The apperatus is limited by the possibility
of one stroke, and the compressibility of the transmitting liquid gives a very .dee
finite 1imit to the possible capacities, At the same time, the decrease in the
volume of the transmitting liquid at a pressure of 12000 atm, fluctuates from 25
to 30%", ' ‘ : '

The initial pressure of 2000 or 3000 atm,, the purpose of which is the at-
- tainment of the maximum pressure for one stroke of the piston with a laréer capa=
city of tho vessel, is prodnced by a separate auxiliary pressure genorator.

If large volumes of liquid must be compressed to a pressure of 5000 or 6000
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atn., then the rOpentod di-pluoemont of tha multiplier piston is nocessnry '1th
'corroaponding overlappingc of tho vonts or valve:, which leads to the rapid uoar-“

1ng out of the matprial of the soa}ing gnskgtu. : Thoso oiroumstanool mako tho
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'multxplior a rnther unpleasant maohine, slow vorking, roquiring oareful_attention

and frequent overhauling, and therefore finding itselr a plecs in industry with -
difficulty, .' '

The demaud‘for>an apparatus which would guarantee the convenient production of
very high (higher ﬁhan 1000 atm.) pressures in large volumes exists both in the ine-
dustry manufacturing armaments (1) (for self-loading of barrels), end in fine
chemical technology where it is necessary to use pre;quro.(é).

The wnglish firm, Impérial Chemical Induetries, for example, uses two come
| prescors for getting the necessary pressure for the productiﬁn of polythene (polyb
mer of e%hylene). The first one is a ges compressor of the usual type for a pres-
sure of 250 atm,3; the second one is the so-celled 'press-OOmpressor', and is ;
multiplier with a differential piéton anﬂ an oil;méroury seal, The latter de- (p.670)
vice is an especially bad disadventage of the press-ccompressor o - - .

The presence of a meroury seal in a very hiph-pressure part must ceuse trouble,
if we tuke into consideration the possible discharées of the mercury in the form of
a finely pulverized mist in the case of pbssihle ruptures in the paokihg. Tiic
caugcs contaminutibn of the working spaooAand poisoning of the attending personnel,
The very high-pressure hydraullc compressor develop&d by the suthor of this article
is free of these disadvantages, At fifst'this compressor was intended for the come ’
pression of.liquidl. |

Sp;eciaily conducted oxperiments showed, however, that the compressor also
compresses gas satisfactorily if the latter is compressed to-- préssuro of 400-600
etm , before it enters the compressor, It is easy to see the reacoﬁ for this if
it is takenrinto consideration that the gas is already in a highly condensed condi=
tion under this pressure,

Five models of the machine wor;;mAdo-with gradual improvement in their construc-
tion, Their operation during a period of six years showed a high perfection of cone
atruotion as oompared to a uultiplior and reliebility in work, Since it 1a'un;
usually compaot end easy to attond (starting nnd stopping cro oontrolled by t'o

‘-bnttons), this mnchino 15 a very oonveniont gpnerutor of very high praesuro both

for laboratory and industrial purpo.e.. ¥




The basic diffioulty in building a hydraulio oompressor “of vory high pressu;o;.f
as well as a gas oomyressor of very high preasuro, was the davelonant of the packing
construction of the moving piston. Leekages thru the paoking of the piston at a pres-
sure of up to 5000 atm, must be reduced to zero in oonnection with the small volume of
1iquid or compressed gas drewn in with one stroke of the piston. This is en essential
condition of the compressor's operation due to the 1ow sompressibility of the liquid
or of the preliminarily compressed gas, The ebove consideration makes 1t very ha'dito
solve the problem éf making & very high-pressure compressor, which explains the lack
of this type of machine up to the present time in spite of all the attractiveness of the
jdea of using a ocompressor instead of the multiplier which is so inconvenient in operation.

This problem wes solved by making the packing oonstruction of the moving piston
‘of the hydrocompressor, so that it would not permit any noticeable leakages of the de-
livered gas or liquid, Thie led to the developnent of a oonstruoﬁion and the builde
ing of a hydroéomptessor for a pressure of 5000 atm, and an output of 1.7 liters. por hour,
and subsequently for ¢000 atm, end 15 liters per hour. ixperience showed that th§ pro=
blen of building a oom;ressor oI very high pressure for industriel purpoaea can be
solved, There is also the queetion of the possibility of conducting certain ohomionl
reactions (first of all the polymurizntion reactions of oertain organic compound-) at

very high pressures.

Description of the Bydreulic Compressor

The inside oconstruction of the mmohine is shown in Fig, 1 and the whole view in
Fig. 2, The liquid is drawn in and Qubseqpently conpressed in its return etroke by the
piston made from the ball-beering steel Shihlb, After it is made, the piston is tem=
pered and drawn to a hardness of 40-45 Rockwell units (C soa;o). After thermic treate
nent the pleton is polished, Its diemotor is 6 ma . vhen finished, It is set in
motion by & 5,8 ki motor thru a reducer which reduces the number of revolutions of (p.672)
the motor from 1500 to 40 per minute, The rotating movement'bf the reducer shaft

is transformed into & progroasivo movement of the piston with the help of a small

1ink geer a (Fig. 1)o
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Fige 3o Construotion of the link gear

we developed the 1ink gear for the hydraulie compressor in a eeries of construce

‘tions and at preéent it is a totally relisble part of the mechine, Its general appeare

ance is shown in Figs. Je The link a is connected with the pin of the eccentric b by
means of the polished steel ring v, The cross plece 18 provided with two polished steel

strips which can be tightened in the 1ink by means of the sorews d. The strips are

designated in the drawing by the letter e, The link is connected with the piston by

means of bhe bell bearing i, The eccentric is rigidly connected with the shaft of
the reducer, The entire 1ink gear is connected with the cylinder of the compressor
by meeans of the coupling hooks b (Fig. 1). The purpose of the latter is to relieve
the brgcing‘of the reduger from the gtrains arising in the progresuivo movement of the
piston, A
Fig, 4 shows the construction of the pecking of the hydro-compressor piston,
Virtuelly, the ides of building & hydrauliec 9ompresnor is solv§d~ln this construction,
In general, when 1+ wes necessary %o 1ncreaso the pressure in the pump, uith

the help of which it was intended to deliver the liqpid somewhere under prousuro, " the

‘dosigner proceodod to inorease the longth of the p.oking and the dogreo of itc oom=

pression. Tha entiro paoking gland atruoturo which packs the moving piston, 1! lt-

' 1. not lelf-paeking in 1t. constructiop, raqpires the prelininary formation of a
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prossure 1n:£ho'paokingv6f the glahd:»hiéh is somewhat higher than that at which the
pump or oompressor will work, There are two conditlons which must be observed first

of el1l to hauve the paoking gland device of the moving plston werk satisfactorily,

The first condition is that a pressure must be maintained in the packing of the (9.673)

gland which eioaeds the value of the pressure in the medium being compresced by a
certain percentage, The second condition 1s that a sufficiently loﬁ friction must
be assured in the p#cking. It is usually very diffiocult t§ ebserve both of these
conditions et the same time, since the necessity of maintaining a sufficiently high
pressure in the packing of the gland mskes a very high friction develop in tﬁe gland
which, 1n 1ts turn, mskes it wear out rapidly and causes the pressure to fall in
the paokinga. It ig therefore difficult to build a compressor whioh works batis-

factorily at a pressure above 1000-2000 atm, when using glands of a non-self-packing

type. : .
The problem of building a continuously worke-

ing hydraulie compressor is even more difficult if
it ie intended to compress a liquid to a pressure of
seversl thousend etmospheres, '

rThe dismeter of the piston must be selected
.so as to avoid greet étrains on'tﬁe piéton of a very
high-p}essure compressor, 1t should be remembered

that when the prassufe ig 5000 atm, and the diameter

of the piston 6 mm, the strain on the piston is equal

to 1420 kg, without taking into account the friction
in the packingy when-the diameter is 9 mm, the
strain is equal to 3180 kg., eand when the dismeter
is 12 rm, this strein attains the imposing fignfo
of 5660 kg |

 These few figures show that the length or the

glnnd packing cannot be graatly increalod when thor. :

. are luch big strains on tho piston,_ since this vill

have an 1mmadiato effect on the - -tability of tho

"'1ncrenso 1a tho piston .troko; ;f;wa?AL G 5*;,;,Q

Fg. 4. Packing of Piston 23

: piston. The - latter oirounstanoo nlso proventl .
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Ye therefore rind it necessary'to work with & sucfion volume of liquid of 1-2 oo..

In view of the low oompressibility of the 1iguid (water decreases 12% in volume at
5000 atm, and glycerin 8%) it is necessary to guarantee complete absence ofAleakagOl
of 1lignid in the préssufe cycle, ;

The above condiderations resulted in a number of experimenters, among them
Bridgeman, Foulter, Newitt (3, 4, §) end otheres, .generally refusing to use a gland
afrnnpement for packing a moving piston in their very high—preesur; apparatu.lfor
producing very high pressures on the order of 3000, 5000 atm, or even more,

Altho the peckings uaed by them for this purpose retain the liquid oomproasod
to a very high pressure in the pressure cycle, nevertheless all of them, without
exceptioﬂ, suffer from the disadventage that they wear out rapldly end require
fraquent replacement (usually after 10-15 operaticns), This means thai very high-
pressure apparetus (so-ocalled multipliers) Qre not oontiﬁuously operating machines,
and attempts to make them continuously operating by using valves do not give a poeitivo_
result due to the rapid wearing out of the rubber pioking.

iAfter we had succeeded in developing and putting 1nt§ practice the new (p.674)
construotion of the packing of a progressively moving piston, we succeeded in
building a continuously pperating machine - a hydraulic compressor of very high pres=-
sure, ‘ . L |

Fig, 4 shows thé arrengement of the piston packing of the hydro-compressor,
Striectly speaking,. the pecking device consists ef two packings - an uppef "labye
ripth“ packing and a lower, section packing,

The labyrinth packing is a system of elternating steel and leather rings,

The steel rings have a diameter which is 0,2 mm, bigger then the diemeter of the pis-
ton, The purpose of the desoribed lebyrinth paoking is to create during the movement
of the piston a gradient of pressure at the beginning of the progreau/mnvemont of

the compressor piston, vhen e sufficiently high pressure has not yet been produced
for the second pecking, the oylindrical section, to go into action, The action of
the seotion a8 a paoking device is based on the establishuent of a gradient in tho :
'progresslve moveunent of the piaton along ite nxis. !ho gradient being oatablilhed
'vill be the greater tha higher the prosauro. Thic hnppons beouuao the cylindrioul

= sootion In which thn piaton moves i- nountod 1n auoh a vuy thnt tho preaauro uotn T 4]
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oh‘iﬁs'outér surface as wel) ne nn‘thé'ringéhhhbed'spaée between the pibton and the
eylinder, The outside proseure ocompresses the oylirder around the piston and &hus

prevents, inasmuch as this is possible, the oxpansion of the ring—shaped space,

Fig, 5 chows the distribution of pressure along the axie cof the section for arn anae

lbgoua arrangement (s similer type of packing with the-he]p of » section found appli=

cation in *the construstion of manometérs of tne free piston type (6, 7).

_252 : ~ Insofer as I know, we vere the first to
S carry ovt the idea.of using n'cylindfioal gec-
tion aa.q pecking device for a moving piston

in a very high-pressure compressor,

At present the deseribed construction of
the packing can be considered és.a fﬁlly de-
veloped bart of the very high-pressure com=
pressor, Years of work of hydrocompressors

_ eqpipped with this packing have shown that this
Fig, 5. Distribuﬁion of pressure pert is ;xposed to very little weer and tédr.
elong the section,
: ; Vie use steel of the brand IBKhMA for naking
this packing, The pert is not tempered after it is made, Only the sides need to
undergo thermal treatment by means of a high-frequency current, This is desiriblo
to avoid denting of the sides with a wreﬁoh when the padking is screwed into the

'

cylinder,

The question of the necessary thickmees of the walls of the section tas not (p.676)

yot boen clarified, The thickness of the walls is 5 mn, when the diametsr of the
piston is 6 mm, This thickness of the walls cannét be Qonsidered the optimum one,
‘hovever, This question will be studied in greater detail in the near future,

Since the compressibility of the 1iquid forced by the piston reaches almost
20% at a pressure of 5000 atm.; the so-celled *idlo‘spaoo' in the ooqpressor must
be reduced to e minimumb " The indioator dlag rem shows thet it is very high 1n A
-hydrnulic-comprossor.. For examplo, the velue of the idlo epaoo nttainn 85% of th.

2 .uetion volumo of the liquid for tho desaribed modol ot comprollor. 5
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Fig, 6. Tndicator diagrem of com= Fig, 7. Function of volumetric-offioienoy
pressor, of the hydrocompressor in relation to pres-
sure at a varying value of m,

Normal pantnnél

The affaot of the idle space in a hydraﬁlic compressor on the work of the
compressor is mbs‘c.antially lesé than in e high-pressure gas compressor,

The sige of the idle spmce in gas compressors is usually from 6 to 10%
of the volume circumseribed by the piston, In addition to this; the lower the
pressure produced by the compressof the higher the permissible value of the idle
space, :

It is known that there is a graduel transition from the equations of ther- (p.676,;
modynamioa to the equetions of hydraulice ae the ratio‘?p deoregseg, the latter
oquationa beinp the onee that must be dealt with in atudying thn work of ventilators

end, especielly, of low-pressure air blowers,

In our case we encounter a reverse phenomenon, namely, we have to go from

hydrodynsmics equetions to thermcdynemics equations on analyzing the work of the

compressor, due to the inoreased ohango in the volume of the liquid as a result

of the increase ir the working pressure in the comproaaor to a super-high proalure.
This permits us to introduce the name 'hydraulio conprolsor‘ :

e uill oxamine the work of the. hydraulio oomprelsor. Fig. 6 shows en indi-

l ator diagram of a small modol.




-Fig., 8, Function of volumetric efficiency Fige, 9« Function 61‘ volumetric efiiciency

of the hydrocompressor in relation to tho of the hydrocompressor in relation to the
value m for normal pentane, value m for water,
P = 6000 atm, b =1,3 P = 6000 atm, = 1,15
o v,

The ratio of the ectual suction volume FS; to the theoreticel FS uv

is called the "yolumetri.o coefficient of efficiency of the compressor", in which
F is the area of the piston, 5, is the stroke of the piston during which suction
of the liquid begins and occurs, and § is the entire stroke of the piston,
Returning to the indicetor diasgram shown in Fig, 6, it should be pointed out
that §, = ;0, in which V 1s the volume pf the idle space, F is the area of tho
piston,and Sg .f, in which Vg is the volume obtained as a result of polytropie
expension of the volume of the idle space during the return stroke of the piston,

Vie can then write thet the suction volume

From this the volumetric effioiencys - : : (p.677)
Using this expression for ) ., We cen caloulates

«

1 in which m -; : :
" The Fdinlts of ‘thess caloulations are shown in Flgn. 7, 8 and 9. - The data
on oompresaibility obtained by Bridgemn for noml pontano md nter (3) were ulol

in the calculation of the curves, .

‘v
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{? Fig 7 ghows the curves of the function of }-o in relntion to the pressure for normal <

pentane, It oen be seen frem the diagrem that the idls sraoa already plays a very

‘ noticeable role at =a presauro on the order of 5000 atn, It can be seen from ocurve 3,
for example, that )\o_falls to a value of 0,44 when the préssur;.{g 5000 atn,

Figs, 8 and 9 show the function of Ao in relation to m. when P = 6000 atm, for one

and the same compressor. In the first case the worklng liguid was nornal\pantano,

in the second case it was water. It can be sean from these diagrams that 7}°‘attainl
zero at a high value of m, This is easy to understand if it is taken into considerae
tion thot water is almost two times less comprogsible than normal pentsne at the same
pressure, -

The idle space cennct be made small on oonstructing.tho‘cyiinder of a hydraulie

compressor for the follewing reasons, however. : \
In order to make it sufficiently smell the volume of the 11quid for suction must
be increased, Thiz ocan he eccomplished either by increasing the diameter of the piston,
which will immediately affect the strain on the piston, or by incressing the stroke
of the piston, This method is slso full of after-effects for the desigﬂéf in view of
the fect that tﬁe length of the piston is increacsed simultanodusly and its resistance
to bending force decreases, Nevertheleés, it is more expedient to take this course
then to increase the diameter of the piston, It must be considered that an extromely
high working pressure causes restrictedly high tensions of the materiel in the basie
parts of the compressor even with static action, With dynemic action the tensions
inoreage so rapidly with inorease in the dismeter of the éiston that it is impossiblo
to gﬁarunteo their necessary strehgth ‘even when using higﬁ-quality-sfegla. This
involves very great difficulfieb in the construction of‘; hydraulic compressor of very
high preesure end of high output, . ‘ i
In the construction of = hydraulié compressor with en output of'20 liters per hour
at a pressure of 10,000 atm., .for exemple, we-oncounterad a strain of apﬁroximaté:ly
12 tone on the rod when the diameter of tho piston was 12 mm, At this‘strain the
nornal +ension in the cross section of the piston attains a value of 11400 kg. por lq.
"omg and the . tangent approximately 5000 kg. per sq.un. The Qpplicavion of a hydrnullo
- tranémission instead ot tho oroushead or tho link gear uill probably be a furthor m- J:

provemsnt in tho compres:or. s :* Y R -";-. o T ,:;{’_:l oy ;;;;f_ “Q




The cvlinder of the compxessor (Fig. 1) ie equipred hlth two valvez cf the disk

v fype,- e suotion and a presaure valve (e and d). 1h0 suotion valve 1s sealed with a

r?d copper bushing (Fig, 10), The construction of the yresgure valve is shown in Fig,

11, The disk tyﬁe velve is sorewed into tﬁe oylinde# of the derocompresser by means
}lthread on it. The valve is sealed by means of & copper little ring et 1ts lower

end, Little force is required to sorew it in since the 1little ring has to reaist

.the pressure drop ceused in the pressure cycle by the force of the fightening of the (p.678)

valve plate by the valve ap:ing (several ntmospheres), The velve plug a is eleo

gealed with a bushint, This type of seazl was also foﬁnd very satisfactory in ofher

very hirh-pressure apparatus, The seal 1e a bushing mede of red oopper, - placed'in

2 specially cut groove in an obturator, =as can be soen in the drewing, The ends

of the bushing must be gharpened when it is first uéed so that the bushing does not : i

bulge inward when the obturator is gorewed in, This is no longer required in subse-

quent dismentling of the obturator,

Fig, 10, Inside construction or : g 5 11; Inaido construction of
the suotion valve, ; PR e g o the prosauro vulvv. ek T,




; Thia:céﬁéffﬁotion.rQAui;es-oniyldt;iégh-ﬁérfcco, unliké'£ﬁe fave;ahabed 6btura;'
tor propoged by the firm of Imperiol Chomical Industries vhich requires 7ery~carofu1
poliéhing of the obturator seat, The valves of the hydrocempresser represent ite
most vulnerebls part, 'or & number of yéarc we have been vorking cn the problem of
making & reliable velve oconstruction, it Qeemz to me that at present the construde
ticn of the valves used by us is substantially better than that which we used at the
beginning of our work on the hydrocoruressor at the Ukrainian lhvaico-teohnical Insti=
tute, The first valves used in it were of the type used by %“he Zhenevsky Society
of - Scientific Instruments in pumps of the Calletté type.

In his book "Physiecs of High Pressurcs" Bridgeman writess "There is clso the

question of valves, nemely the inlet and outlet valves of the chamber in which
the work of the plunger (of the fiston) occurs, 1 hove never hed a velve with which
1 have ‘been complstely satisfied, Tho valve which ceme with the pump of the Zheneveky ;
Society has a conidal shape and is made of sbonite, It works well for e given (p.679);
length of time buf after continued use it graduelly catches st the lover end where
it jems and finally breaks, '

~ Instead of the ebonite velve I use a coniocel or spherical copper valve which
has also proved to be entirely satisfectory, It is probgblo that everyqné working
iith a pump of this type has his own experience with the construction of the valves
end has undoubtedly had & vhole series of valves which seemed to solve the probtlem

satisfactorily for a long period of time, end then, for some inexplicable éeason,.

s s, e

. the valve went out of order for several days,

Apparently the worse enemy of the valve is the contaminated condition of the

liquid delivered by the pump,* :
Bell valves with a ball dinmoter of 12-14 mm, made from steel (from ball beare
ings), work well on & new seat only at first,
Then the ball begins to wear out (get out of shape). 6n the édge of the seat
and the ball immediately stopa working as soon as 1t turns slightly; ~ The sblootion
of bslls for valves must be very oaroful linco balll are far from always aotually

',round. Thia showa up 1hen e pressuro of 5000-4000 atnu 1: attained."“ho luotion

2 .
g

'»valvo 1. a partioularly bad source of trodblo. :
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formed in it whioh are sulriect
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The proseu qm,}fé;,\( 1g‘ '& @7;“,;1"0 s ball,  froquently goos out of order inm tho -
TH3:«)TF]A¢L=Q : . : - ;
L8l 61 030
It gradually reﬁyﬁqigwn in the
all

end barely hoticesble annular dents are

¢ the valve stop working however,

The frequently inexplicable freekish behuvior of bull valvoe made us decide not

to uge them in the hydraulic compressor in our later constructions,

e find that disk valves are substantially mere relieble than bell velves, The

disks and seats must be polished with én accuracy of up to 2 or 3 Newton rings,

There should not he & strong spring on the suction valve, Othorwise it opans on

the suction cycle. If delivery of a liquid freo from contumination can be assured,

it works or*irely aatisfactorily. It should be noted that the rewuirements for the

prescure valve must be especially high, This can bs concluded if only from the fact

thet a suction valve of the same construction as that of a pressure velve, made from

one end the seme kind of steel, goes out of order far more rarely than the pressure

velve, %e heve spent a great deel of time on the study of the work of the pressure :

valve during our work with hydrocom;reasbra and yet, et present, we cennot cay with

certainty that we completely understand ell the processes vhich spparently occur during

the work of the pressure valve in the suction end pressure cycle, On the basis of the -

many experiments conducted in thic direetion however, 1t cen be assumed et present that

the size of the opening of the velve does not play any role and Zoes not have any ime

portent effect on the value of 1ts coefficient of volumetrie 1nput.

The bell valve mu=t be given up definitely for pressure feeding, - Ye believe

‘thet the disk velve can be considered best for hydrsulic compressors of very high pres-

sure at present,,

In conclusion, I would like to express my gratitude to I,G, Gurvich (p.680)

for the interesting discussions in connection with the theory of the work of the

hydrocompressor end for assistance in the work,
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