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SUPERPRiESSURL HYDKAULIC COMPRLSSOR
) 05t Vereshéhagin
A demoription is given in this artioletof the cormgruction of a hydreaulie
compressor of very high pressure, working at a pressure of up to 5000 atm,, »
viith an output of 1,7 liters of liquid per hour, . The mechanism of the comprd.-
sor's work and the influence of the idle space are analyzed, The velumetric co-
efficient of the compressor's effioiancy is calculated,

A multiplicr is usually used as a pressure genorator in investigzations cone
nected with the étudy of any phenomena occurring at Qery high prossﬁred. This
ap#aratua represents a device the construction cf which is based on the use of the
so-cailed "differential piston", thet is, a steel piston consisting of two pis-
tons with different diemeters, The large piston works in a loﬁ-piassuro cylinder
and the small piston works in a high-pressure cylinder, The ratio of their areas
gives the coefficient of multiplicstion in a given apperatus, . .

Bridgeman writes in his book "Physios of High Fressures" in the desoripe
tion of the multipliers used by hims "The apparatus is limited by the possibility
of one stroke, and the compressibility of the transmitting liquid gives & 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 2§
to 30%", ' ; '

The initial pressure of 2000 or 3000 atm,, the purpose of which is the ate
- tainment of the maximum pressure for one stroke of the piston with a larger capa=
oity of ‘the vessel, 1is produced by-| separate auxiliaery pressure genorntor.

1f large volumes of liquid must be compressed to s pressure of 5000 or 6000
atm,, then tho repeated di:plaoempnt of tho multiplier piston is noceslary '1th
-Aoorreapondins overluppingc of the vontn or valvo:, which leads to tho rapid woar- - »l;-/ .
1ns out of the matorigl of ‘the soa}lng galkqtl.; Theso oiroumstancel maks tho ‘.. ;.f-
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multiplior a rnther unpleaaant'maohino, slow uo}kihg,l'réquiriﬁg‘oaerulAﬁtfention
and frequent overhauling, and therefore finding itself a plece in industry with -
difficulty, : ' :

The demand for an apparatus which would guarantee the convenient production of
very hign (higher than 1000 atm,) pressurss in large volumes exista both in the ine
dustry manufacturing armaments (1) (for self-loading of barrels), end in fine
chemical technology where it is necessary to use preaquro.(é).

The unglish firm, Imperial Chemical Industries, for exam;le, uses two com-
. prescors for getting the necessary pressure for thé produot1§n of polythene (pblyb
ner of e%hylene). The first one is a ges compressor of the usual type for a pres-
sure of 250 atm,; the sscond one is the so-called preas-oumpressor' and is a
multiplier with a differential piston and an oil-mercury seal, The letter de- (p.670)
vice is an especiplly bed disadventage of the press-compressor o - '

The presence of a meroury seal in u very hiph-prescure part must ceuse trouble,
if we tuke into consideration the possible discharges of the mercury in the form of
a finely pulverized mist in the case of pbssible ruptures in the packing, TSil
cauges contamination of the working spaoe.and peisoning of the attending personnel,
The very high-pressure hydraulic compressor deveIOpea by the author of this article
is free of these disadvantages, At first this compressor was intended for the come
pression of.liquidl.

Sp;eciaily conducted oxperiments showed, howev,r, that the compressor also
compresses gas esatisfactorily if the latter is compressed to~a prénauro of 400-600
atm , before it enters the compressor, It is easy to see the roa-oh for this if
it is taken‘into consideration that the gas is alresdy in a highly condensed condi-
tion under this pressure,

Five models of the machine wor;iﬁgﬁo.with graduel improvement in their construce
tion, Their operation dur;ng a period of six years showed a high perfection of cone
struotion as oompared to a lultipliar and reliability in work, Since it is'uné
A usually compaot end oaly to uttond (starting nnd atopping aro oontrolled by t-n

.—bnttons), thil machino 1: a very oonveniont gonerator or very high pronauro both :

for laboratory and 1ndustr1a1 purposel. r,
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The;bésié-diffiodlty iﬁ.ﬁﬁilﬁi;g.dfhydfnﬁiio‘qupfeﬁso:}of'Qeéy hiéh pfe;aufo,:.
as well as g“g§| compressor of very high pfeaauré, ﬁus the devélopmant of'the paoking
construction of the movingApiﬁtbn. Leakages fhru the faoking of the piston at a pres-
sure of up to 5000 atm, must be reduced to zero in oonnecfion with the small volume of
liguid or compresced gas drawn in with one stroke of the piston, This is an essential
condition of the compressor's operation due to the iow dompressibility of the liguid
or of the preliminarily ocompressed gas, The above consideration makes 1t very hard to
solve the problem éf making a very high-pressure compressor, which explains the lack
of this type of machine ué to the present time in spite of all the attractiveness of the
idea of using a compressor instead of the hultipliér which is so inconvenient in operation,

This problem wes sclved by making the packing construction 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 development of a construction and the builde
ing of a hydroéompressor for a pressure of 65000 atm, and an output of 1,7 liters. per hour,
and subsequently for €000 atm, and 15 liters per hour, ixperience showed that th§ pro-
blen of building a oomkreﬁaor of very high pressure for industrial purpo;ea can be
solved, There is also the qn;stion of the possibility of conducting cerfain ohomionl
reactions (first of all the polymerization reactions of oerfain organic compounds) at
very high pressures,

Description of the Hydraulic Compressor

The inside oconstruction of the machine is shown in Fig, 1 and the whole view in
Fig. 2, The liquid is drawn in and sﬁbsequently conpressed in its return etroke by the
piston made from the ball-beering steel Shihl, After it is made, the piston 1s tem-
pered and drawn to a hardness of 40-45 Rockwell units (C aoa;o). After thermic treate
ment the piston is polished, Its diemeter is 6 mm , when finiahad. 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 of the reducer shaft

is transformed into a progressive movement of the piston with the hélp_ot a small

1ink geer a (Fig. 1)s
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Fig,. 3, Construcﬂon of tfw link gear

We developed the link gear for the hydraulic compregsor in a eei'iec of construce
‘tions and at preient it is a totally relisble part of the mschine, Its general nppoi.r-
ance is shown in Fig, 3, The link a is connected with the pin of the eccentriec b by
means of the polished steel ring v, The cross piece is provided with two polished steel
strips which can be tighterned in the link by means of the sorews d; The strips are
| designated in the drawing by the 1e£ter e, The link is connected with the piston by
meens of bhe ball bearing i, The eoooﬁtr_io is rigidly connected with the shaft of
the reducer, The entire link gear is connected with the cylinder of the compressor
by means of the coupling hooks b (Fig, 1), The purpose of the lattor' is to relieve
the bracing of the reducer from the strains arising in the .progr-euivo movement of the
pieton, :

Fig, 4 shows the construction of the packing of the hydro-compressor piston,
Virtually, the idea of buﬂding & hiydrauliec compressor is wlve@ln this construction,

In general, when 1t was necessary to inorease the pressure in the pump, iith :
the help or which it was intended to deliver the liquid somewhere under prouuro, the
-dosigner prooeoded to inorease the longth of the packing and the dogreo of itc oOm=
proseion. Tho entire packing glund structure whioh packs the moving piston, 1r it
I x;xot self-packing in its con_structiop, roquiru the prelhinary formtion of a

Lol -%
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prossure in the packing of the gland which is somewhat highor than that at which the
punp or compressor will work, There are two conditlons which must be observed first

of ell to have the paoking gland device of the moving piston werk satisfactorily,

The first condition is that a pressure must be maintained in the packing of the (5.678)

gland which exoeeds the value of the pressure in the medium being compresced by a
certaln percentage, The second condition is that a sufficiently low friction must
be assured in the packing, It is usually very difficult to aebserve both of these
conditions et the same tlme, since the necessity of maintaining a surfioiently high
pressure in the packing of the gland mskes a very high friction develop in the éland
which, in its turn, mnskes it wear out'rapidly and causes the pressure to fall in
the paokinga. It is therefore difficult to build & compressor whioch works sﬁtis-

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

tyrpe. ]
The problem of building a continuously work-

ing hydraulie compressor is even more difficult if
‘it is intended to compress a liquid to a pressure of
severel thousend atmospheres,

The diasmeter of the piston must be selected
so as to avoid greet strains on the piston of a very
high-pressure compressor, It should be remembered

that when ths pressuie is 5000 atm, and the diameter

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

‘to 1420 kg, without taking into acoount the friction
in the peckingy when-the diaemeter is 9 mm, the
strain is equal to 3180 kg., @and when the diameter
is 12 rm, this strein atteins the imposing figure
of 5660 kg, | '

‘ ' ‘ These few figures show that the length of the

gland packing cannot be greatly increased when th-{o ,

v qroiluch big streins oa thé piston, since this will

have an 1mmed1;to_offe¢t pﬁ thé-ifubility o; thO'"-_-'

‘Fig; 4. FPacking of Pistom 2 : Sk e J
.. ... .. . .. . inorease in the piston stroke, . . X

: plston; The latter qiréupbfﬁnodvil;oiprqun#@:nﬁ e
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Te therefore find it necassary-to work mith e sucfion volume of liquid of 1 2 oo.

In view of the low oompressibility of the liguid (water decreases 12% in volume at
6000 atm, and glycerin 8%) it is necessary to guarantee complete absence orlleakagol
of lignid in the préssure cycle, '

The above condiderations resulted in a number of experimenters, among them
Bridgeman, TFoulter, Newitt (3, 4, 6) end others, generally refusing to use a gland
ufrunpement for pecking a moving piston in their very high-prezeur; apparatul'for
producing very high pressu.es on the order of 3000, 6000 atm, or even more,

Altho the peckings used by them for this purpose retain the liquid oompreasod
to a very high pressure in the pressure cycle, nevertheless all of them, without
exce;tioﬂ, suffer from the disadvantage that they wear out rapidly end require
fraguent replacement (usually after 10-16 operations), This moans that very highe
pressure apparctus (so-called multipliers) Qre not oontiﬁuoualy operating machines,
and ettempts to make them continuously operating by using valves do not give a poaitivo.
result due to the rapid wearing out of the rubber pﬁoking.

ifter we had succeeded in developing and putting 1nto.practioe the new (p.674)
construction of the packing of a progressively moving piston, we succeeded in
building a'oontinuously pperating machine - a hydraulic compressor of very high pres-
sure, | -

Fig, 4 shows the arrengenent of the piston packing of the hydro-oomprossor.
Striectly speeking, the pecking device consists ef two packings = an upper "labye
rinth" 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 diameter of the pis-
ton. The purpose of the desoribed laebyrinth packing is to create during the movement
of the piston a gradient of pressure at the beginning of the progresa/mnvement of

the compressor pinton, when e sufficiently high pressure hes not yet been produced
ror the second pecking, the oylindrieal section, to go into action, The action of
the sootion as a packing device is based on the establishuent of a gradient in thc ;
progresslve moveumont of the piaton nlong ite nxis. !ho ;rndient being oatnblilhod
'vill be the greater tha higher the presauro. Thic happons becluso tho cylindrioul

. :ootion In whioh th. piaton moves il nountod 1n auoh a way that tho proasuro uotc S

.
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.‘Qh.ifs'outér-sﬁffnoo‘ai'woll‘;e ﬂn‘fhé riﬁg:hﬁnbédAepade botﬁbgn4tﬁe pikton.nnd thov
eylinder, The outside prescure ooﬁpreasea the oylinder around the piatoﬁ_and thus
prevents, inasmuch as thin is possible, the oxﬁansion of the fing—shaped space,
Fig, 5 chows the distribution of pressure alont the axie of the section for an ana=
lbgoua arrangement (& similer type of packing with the'help of # section found appli-

cation in *he construction of m&nomatérs of tne free piston type (6, 7). .

532 : ~ Insofer as I know, we vere the first to
S carry ouvt the idea of using a cylindfical gec=
tion aa.q pecking device for a moving piston

in a very high-pressure compressor,

At present the deseribed construction of
the pac?ing can be considered éa a fﬁlly de-
veloped bart of the very high-pressure come
pressor, Years of work of hydrocompressors

_ equipped with this packing have shown that this
Fig, 5, Distribution of pressure part is ;xposed to very little weer and tear,
elong the section,
X Vie use steel of the brand IBthA for making
this packing, The pert is not tempered after it is made, Only the sides ﬁéod to
undergo thermsl treatment by mesns of a high-frequency current, This is desirﬂblo

to avoid denting of the sides with a wrench when the padking is screwed into the

‘

cylinder,

The guestion of the necessary thicknees of the walls of the section has not (p.676)

yet been clarified, The thickness of the walls is 5 mn, 'when the diameter of the
piston is 6 mn, This thickness of the walls cannct be éonsiderod the optimum one,
however, This question will be studied in greater detail in the near future,

Since the compressibility of the liquid forced by the piston reaches almost
20% at a pressure of 5000 atm.; the so-celled 'idloAapnoo' in the ooqyresuor must
be reduced to e minimum, | The indiottor diag rem shows that it ia very high 1n a
‘hydraulic coripressor, . For exnmplo, the value of the idle apaco nttains 85% ot tho:

-uotion volumo of the liquid for tho dosoribed modol ot oomprollor. i

e e, e ——— i S 4
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Fig, 6, indicator diagrem of con- ' Fig, 7. Function of volumetric'effioienny
pressor, of the hydrocompressor in relation to pres-

sure at a varying value of m,

Hormal pentanes

The effeot of the idle spece in a hydraﬁlic compressor on the work of the
compressor is aubst;ntially lesé than in e high-pressure gas compressor,

The sigze 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 comyressof the higher the permisslble value of the idle
space, :

It is known that thero is a gradual transition from the equations of thor-

modynanios to the equetions of hydravlioce ae the ratio P, ?p dooreasea, the latter

(p.676;

oquatione being the cnes that must be dealt with in studying thc work of ventilators

and, especially, of low-pressure air blowers,
In our case we encounter a reverse phenomenon, namely, we have to go from
hydrodynamics equations to thermcdynemios 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 comprosaor to a super-high proalure.

This pernits us to introduce the neme 'hydraulio ooqprolaor' :

We uill examine the work of the. hydraulio eomprollor. Fig, 6 shows en indi-

;cator di.gran of a small modol.

St -
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Fig, 8, Function of volumetric efficiency Fige 9o Function of volumetric eficienoy

of the hydrocompressor in relation to the of the hydrocompressor in relation to the
value m for normal pentane, value m for water,
\J " Vu
F = 6000 atm.‘r-l‘ =1,3 P = 6000 atm, = 1,15
0 t ' V;

The ratio of the ectual suction volume FS; to the theoreticel F§ i

is called the "volumetric coefficient of effieciency of the compressor®, in which
F is the area of the piston, §; is the stroke of the piston during which suction
of the liguid begins end ococurs, @nd S is the entire stroke of the piston,
Returning to the indicetor diagram shown in Fig, 6, it should be pointed out
that 8, = £°, 1in which V, is the volume of the idle space, F is the area of the
piston,and Sg = %‘, in which Vg is the volume obtained as & result of polytropie

expension of the volume of the idle space during the return stroke of the piston,

Vie can then write thet the suotion volume

From this the volumetric efficiencys - ' : : (p.677)

Using this expression for J ., we cen calculates

«

'_1nwhiohn-;. |
2 4 NS O .
~ The results of these calculstions are shown in Figs, 7, 8 and 5, The data

on compressibility obtained by Bridgeman for normal pentane and water (3) were used =

R e e

in the calculation of the curves, .




}? Fig. 7 ghows the curves of the funotion of )-o in relntinn to the pressure for normal :
pentane, It oan be seen frem the diegrem thet the idls srnoa already plays a very
noticeable role at = preaauro on the order of 5000 atm, It can be seen from ourve $,
for example, " that )\o_falla to a value of 0,44 whoen the pr&ssuré_{g 5000 atn,

Figs, 8 and 9 show the function of Ag in relation to m. when P = 6000 atm, for one
and the same compressor. In the first case the worklng liguid was normal\pentano,

in the second case it wes water. It can be sean from these diagrums that 7}0 attain-
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 compressible than normal pentsne at the same
pressure, ‘ - |

The idle sPaée cannct be made small on oonstructing.the'cyiinder of a hydraulie
compressor for the follewing reasons, however. : >\ .

In order tec make it sufficiently smell the volume of the liquid for suction must
be increased, This oan e eccomplished elther by increasing the diameter of the piston,
which will immediately affect the strain on the piston, or by increassing the stroke
of the pieton, This method is also full of after—effeoté for the desigﬁéf in view of
the fect that tﬁa length of the piston is increaced simultancdusly and its resistance
to bending force decresases, Nevertheleés, it is more expedient to take this course
then to increase the diameter of the piston, It must be considered that an extremely
high working pressure causes restrictedly high tensions of ths material in the basie
parts of the compressor even with static action, With dynemic sction the tensions
inoreagse so rapidly with inorease in the diameter of the ﬁiston that it is impossible
to gﬁarantoo their necessary streﬁgth ‘even when using higﬁpquality'sfeela. This
involves very great difficulfioh in the construction of‘; hydraulic compressor of very
high pressure and of high output, :

In the ecnstruction of a hydraulié compressor with en output of-20 liters per hour
at a pressure of 10,000 atm,, for example, walonoounterod a strain of epproxinate ly
12 tone on the rod when thevdiameter of the pisfon'wns 12 mm, At this'a%rnin, the
normzal +eneion in the cross section of the piston ettains a value of 11400 kg. por lq,

"omb and the tangent approximately 5000 kg. per aq,on. The Applicauion of a hydrnulio
~ transmission instead ot tho oro.shend or tho link gear till probably be a furthor ﬁl- J;

provement in tho oomproalor. '. Al S L o ;:.{ ;' .;u';A;th iﬁ




The cVIinder of the comgxeaaor (Fig. 1) Ls equipred nlth twe valvea ef the! diak
tyno, a suction and a presauro valve (¢ and d). The suction valve 18 sealed with a

red copper bushing (Fig, 10), The construotion of the pressure valve is shown in Fig,

n
o}itbread on it. The valve is scaled by means of & copper little ring at 1ts lower

end, Little force is required to sorew it in gince the little ring hag to resist

The disk type valve is sorewed into the oylinder of the ﬁydrocompressor by means

.the pressure drop caused in the pressure cycle by the force of the tightening of the (p.GfB)

valve plate by the valve spring (seversl atmogpheres), The velve plug a is elso
gealed with a bushing. This type of seal was also fouﬁd very satisfactory in ofher
very hirh-pressure apyaratus, The seal 1g a bushing made of red oopper, - p]aced.ln
2 specially cut groove in an obturator, =as oan be scen in the drewing, The ends

of ths bushing muet be eharpened when it is first used so that the bushing does not

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

quent dismentling of the obturator,

Fig, 10, Inside conatruction of : e 11. Inside oonstruetion of
the suotion mlvey oo _ 1 TR the proasuro vnlvo. b B
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"-valvo 1; a partioulatly bad souree of troublo. ;

) This:cén&fr;otinn.rodui;954oniy;i_éiééglggrfnoo, unlike £ﬁe fave;ahaﬁed 6btura;
tor propoéed by the firm of Imperinl Chomical Industries vwhich requires 7ery-oarofu1
poliéhing of the obturator seat, The valves of the hydrocompresscr represent lte
most vulnerebls part, 'or & number of yéaro ve have been vorking cn the problem of
making a reliable velve construction, It ?eems to me that at present the construse
ticn of the valves used by us is substantially better than that which we used at the
beginning of our work on the hydrocompressor at the Ukrainian fhysico-technioa} Instie
tute, The first valves used in it were of the type use& by “he Zhenevaky Society
of -Scientifiec Instruments in pumps of the Cal{etté type.

In his book "Physios of High Pressures” Bridgeman writess "There is elso the
question of valves, nemely the inlet and outlet valves of the chamber in which
the work of the plunger (of the éiston) ocours, I have never had a valve with which

1 have ‘been completely safiafiod. The valvo.whioh ceme with the pump of tho Zheneveky

(;».6'19)-i

Society has a conidal shape and is mede of sbonite, It works well for e given
length of time buf after continued use it graduelly catches st the lower end.ihoro
it jans and finally Sbanks |
~ Instead of thorebonite velve I use a conicel or spherical copper valve which

has also proved to be entirely satisfactory, It is probeble that everyqné working
iith a pump of this type has his own experience with the construction of the valves
end has undoubtedly had a whole geries of valves which seemed to solve the problem
satisfactorily for a long period of time, end then, for some inexplicable reason, .
- the valve went out of order for several days, |

Apparently the worse enemyiof the valve is the contaminated condition of the
ligquid delivered by the pump,*” y

Bell valves with a ball diunotor of 12-14 mm, made from steel (from ball beare
ings), work well on a new seat only at first,

Then the ball begine to wear out (get out of shape). én the edge 6f the seat
and the ball immediately stops working as soon as 1t turnl slightly; The -llootion
of bslls for valves must be very oaroful tinco balll are far from always aotunlly
'_round. Thie shows up vhen e pressuro of 5000-4000 atnu 1- attainod...“ho ouotion
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- The pressus qmdf)g[.; ,;?Ti' i{:,g ‘;f ‘g.‘; & ball, froguently goos out of order im the -
hydrooompressoy : / : :

"L o8eigrolg : - ) x
B and barely hoticeable annular dents are

It gradually reﬁygqﬁgwn in the
formed in it whion are suxr:cxtﬂt*to*

e the valve stop working however,

The [frequently inexp11cable freukisﬁ behuvior of brll valveos made us decide not
to uge them in tka hydruu1ic ccgqrussor in our leter constructions,

Ve find that disk valves are gubstantially mere relieble than ball valves, The
diske and seats must be polished with an accuracy of up to 2 or 3 lNewton rings,

There should not he e 'strong spring on the suction valve, Othorwise it.o;)ens on
the suction cycle, If deliivery of a liquid freo from contnmination can be assured,
it works or‘irely aatisfactorily. It should be noted thut the renuirements for the
prescure vnlve must be especielly high, This can be concluded if only from the fact
thet a gucticn valve of the éamo construction as that of a pressure velve, made from
one end the esame kind of steel, goes out of order far more rarely than the pressuro'
velve, %e have spent a great deel of time on the study of the work of the pressure .
valve during our wofk tiih hydrocom;reasb:s and yet, et present, we cennot cay with
.certainty that we completely understand ell the processes vhich appéfently occur during
the work §f the pressure valve in the suotion end preesure cycle, {n the basis of the -
many experiments conducted in this direction however, it can be assumed et present that
the sizs of the opening of the valve does not play any role and does not have any ime
portent effect on the value of its coefflicient of volumestrie input,

‘ The bell valve must be given up definitely for pressure feeding, - Ve believe
‘that the disk velve can be considered best for hydresuliec compressors of very high pres-
sure et present, :

In éoﬁclusion, I would like to express my gratitude to I,G, Gurvich (p.680)
for the 1nt§reating dicoussions in connection with the theory of the work of the

hydrccompressor end for acsiztance in the work,
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