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~UPr.;IU>i{j:;~SURb: HYDHAULIC CO:fi>h.bSS(Jt 

L. F'. Vareehohagln 

A deuoription is given in this artiole ,of the oontructlon ot a hydraulio 

compressor of Tory high vresnuro, ~orking at a pressure of up to 6000 a~. 

Wi th au outfut of 1.7 li tars o~ llcauid per . hour. The meohanism of the oomprea-

eor's work and tho influence of the idle spaoe are analyzod. The volumotrio 00-

effioient of the oompresBor'a eftioie~oy is oaloulated. 

A multipli~r is usually used as a prossure cenorator 1n investigutions con­

neotod with the study of any phonomena' occurring at very hibh prossurea. Thi. 

apll&.rtttus represents 8. devioe the oonstruotion cf whioh is basod on the use of the 

50-called "differential piston". that is. a steel piston consisting ot two pis­

tons with different .diameters. The large' ~istonworks In a low-pressure oylinder 

and the small piston works in a high-presEure cylinder. The ratio of thdlr area. 

gives the ooeffioient of multiplication in a given apparatu •• 

Bric1geI:l.an wl'l tea in h13 book "PhYlfoa ot High Pressurel" 1n the delorip- . 

tion of tho multipliers used by him. "The apparatus is limited by the ' posslbl11t7 

ot one atroke. and the compressibility ot the transmitting liquid givel a very .de-

finite li~t to the possible oapaciti ••• At ~he same time. the decrease in the 

volume o~ the transmitting' liquid at a presBure ot 12000 a~ fluotuates fro. 26 ,. ~Q~ d. 
... 5 e to SO?' •• 

~: , The initial preuure of 2000 or 3000 atm., the purpose ot whioh i. the at-
~iS 

, Q 0 ' . tainment of the maximum pressure t .or one stroke ot the piston with a larger oapa-
!~z 
i ~g oity ot the ye.sel, 11 produoed by a .eparate auxl~1ar1 pre8sure genoratur. 
~ III ~ 

~ ~ ~ .~ It large volume. ot· liQu1d must be 0OlDi>ress.d ~o ~ pressure ot 6000 . or 6000 . 
• 0 il. .,.'.. , ' , ' 
~ d ~ ' PJ , a~. then the repe~t.d ·~1aplaoeJllent o~ the ~Ultlp1i~r phton ie. llece~'~1 w1t~: ". " 

~; § ' " ·.~~rre~pc:»ndi~ ,.overl~pp1n~~' o,t t~ ~ent~ , or, .Va1ve~" . ,Whl.Ch le~d. to 'th~',' r.ap,ld ~ar-'" .. ,.:. '.-i 

! ~ i _ ~n, o~t .o~, the ma~ri~l ~t ·the lea.:J.1.ng ~uke.t ••. ' ~heBe 01r~~s,tanoe • . make the : 
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mul tipl10r a r nther unpleasant maohine, dow orking, . r eCiuir i"ng o.&.reful .attention 

and fre quent overhauling, and .therefore finding its~lf Q plao9 i:!l industr y w1th 

.diff icul ty. 

Th6 demand tor an ap~aratus whi oh ,,"oul d gus.rantoe the oonvcml ent produotion of 

very h i gn (higher "t;han 1000 atm.) pra6sur~8 i n l arge volumes exists both 1n tho in-

dustry 'manuf auturing a r.l~entl (1) (for s61f-lo~ding of bar~els). 

ohemical t eohnology where it 1s neoes sary t o use pre8sure . (2). 

and 'I n fine .. 

The ~ngl1sh firm, Iml)erial Chemical Indu stries, .for example, uses two oom­

prast ors for getting t ho necessary l'reS5ure for the produot10n of polythene (poly­

me r of e;hylone). The fir st one i8 ~ gas oomprpssor of t he usual type for a pres­

Bure of 250 Iltm. J the s eoond one is the so-oa.lled ·press-OOml)reSSOr", and i. a 

. . . 
" " ~ .. 

.. " 

multiplier \1ith a differontial pis ton and an oil-meroury seal. The latter de- (p.670) 

vioe is an espeoially bad d18advantage of the lress-comprelsor • 

The presenoe of a moroury seal in ~ very hl eh-preer,ur~ part must cftuse trouble. 

if we tuke into oonsidera.tion the possible discharges ot the rnp.rcury in the torm ot 

a f1ne11 pulverized mist in the oase of possible ruptures in the paoking. Tbi. 

Otluao. oontamination of tho 'Working sfaoe and poiso.ning of the attending porsonnel. 

'rhe very hii.h-pr8ssure hydraulio oOInllr lisaor developed by the author of this artiole 

is free ot these disadvantage •• At first this oom~re.sor was i ntended tor the oo~ 

pression of . 11~uid •• 

Sp~oc1ally conduoted oxperiment. showed, however, that t he oompressor al.o 

oompres8es gas satisf aotorily 1f the latt er il ' oomprelaed to a pre,sure ot 400-600 

ata. before it enter. t he oompressor. It ls ealY to see the reaeon for thl. it 

it 1s t aken into ooneid~r~tlon that the ga8 is already in a highly oondensed oondi­

tion under this pressure. 

I 

tlon. 

Flv. modele of the maohine were ~nnd. with gradual improvement in their oonatruo­

Their operation during a period ot six year. ahowed a high perfection ot ooa-

struotion 88. oomparee! to il JILll tlpl1er and reliablli t)' in work. Sinoe it 18 UJ1~ 

u~uQlly compaot and oalY to attend . (atartlng .and etopplD& ere oont~olied b~ two 

buttona)~ this' machine is . ~ ''!fer), oonve~1ent i.~erato~ : ~t .Te~Y high p'i-euure botJa· 
. , - ' . ." . 

tor. iabo.rato!,), ~d .1riduatrl·ai P.W-po •••• 
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The: basio . difflo~lti in b~llding fl.' hY~ro.ul1o 'ootrq)ros8or ':of 'very high pressure,·: . 

8,8 well as a l'gas oompressor of vary high pressure, was the davelopml3nt of tho paoking 

oonstruotion of the moving piston. Leakages thru the paoking of the piston at a prea-

sure of up to 5000 R~ must be reduced to toro in oonneotion with the small volume ot 

liquid <)r oomlJre8 ~ed gas drawn in with one stroke of the piston. This is an essential 

oondition of tho oorltpros80r's operation duo to tho low~ oompr8ssibili.ty of the liquid 

or of the preliminArily oomprossed ~a.. The above oonsideration makes itver,y hard to 

solve the problem of making a very high-pressure oompressor, whioh .eX})lain8 the laok 

of this type of w~ohine up to tho. present time in spite of all tho attractiveness ot the 

idea of ua1n~ a oompressor instead of the multiplier whioh is so inoonvenient_in operation. 

This problem was solved by making the paoking oonstruct ion of the moving piston 

'of the hydrocompr06sor. 80 that it 'Would not permit any notioeable leakages of the · de-

livered gas or liquid. This led to th~ l1e"elopinell t ot a oonstruotion and the build-

ing ot a hydrooo~res60r for a pressure .of 6000 atm. and an output ot 1.1 litera . per hour, 

and lubsequently tor 6000 atm. and 15 liters per hour. ~perienoe showed that the pro­

blem of buildi~g a oomVressor of very high pressure for industrial purposes oan be 

.olved. There is also the question ot the possibility of oonduoting certain ohemioal 

reaction. (first of all the polymurlzation reaotions of oertain organio oompounda) at 

very high pressure •• 

Desoription of the EYdraulio Compressor 

The inside oonstruction of the maohine is shown in Fig. 1 and the whole view 1D 

Fig. 2. The liquid is drawn in and subsequently oompressed in its return stroke by the 

piston made trom the ball-bearing .teel ShKhl6. After it is made, the piston 1s tem. 

pored and drawn to a hardness of 40-45 Rookwell unit. (c 80ale). 
I 

After thermio treat-

Dlent the pbton is polil5he4. It. diameter i8 6 JIIa. when finished.. It is set in 

motion by a 6.8 k~ motor thru a reduoer whioh reduoes the number of revolutions ot 

the motor from 1500 to 40 per minute. the rotating movement ot the reduoer ahatt 

1. tr.ansformed into a ~rogr •• s1ve movement of the piston with the help ot a small 

link ·gear a <":1g. 1). ' 
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Inside oon~truo tion of the oompres8or. 
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FiC. 3. Construction of the link gear 

We dGVoloped the link gear for the hydraulio oorupr~18or in a eariel of construo­

·tions and at present it is a totally reliable part of the maohine. Ita general appear-

&noe i, 8ho~~ in Fig. 3. The link a 1, oonneoted with the pin of the eocentrio b b.r 

mean. of the ~oli8hed steel rinc T. The oross ~iece 1s provided with two polished ,t.el 

Itripi which can be tightened in the link b7 ~ana ot the aoreW. d. the .trip. are 

'e.ignated in tho drawing b7 the letter e. The link is oonnaoted \'11th the piatoD b7 

meen. ot bhe ball bearing i. . The ecoantr.io is riSidly conn~oted with the shatt ot 

the roducer. The entire link gear ia oonneoted with the oylinder of the oompr •• aor 

by meana or the ooupling hook. b (Fig. 1). The purpos~ of ·the lattor 1. to rell ... 

the braoing .of the reduoer from the strains arising in the progr·eulve movement or the 

platon. 

Fig. 4 .hoWI the oonltruotion of tr~ packing ot the hydro-oomprea.or pi.ton. 

Virtually, the idea ot building a hydraulio ,oolU}lresaor is lolved · in this oonstruotion. I 

In general, when it was necel.auy to increase the preasure 1n the pump. 1I1th . 

th. help ot ",hich it was intende~ to deliver the liquid l omewher. "und.er pr~ •• ur ••. the 

d.B1~~r prooeeded to ino~ease the length 'ot the paokinc' and th~ degree ot it. oom­

preulon.·· The entire. paok1ng gland atruoture lrhl.o~ pao~1 the m<;rving ' piaton. it It . . 

. ' i. not .eit-~aoking 1n ita oonlt~tion~ ·require. ·the· prel1minary ' ror~tion 'ot a 
.' . . . . 

'. . , , . . " 
" .. . ~ 
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pump or oompressor will work. There are two oonditions whioh MUst .be observed tir,t 

of all to have the paoking gland devioe of the moving piston work satisfaotor1ly. 

Tha first condi tion is that a pross'ure t1\Jst be maintained in the paoking' of the 

gland whSah exoeeds the value 01' tha vre8sure in the medium baing oompressed b7 a 

certain poro~ntage. The seoond oondition 1s that a suffioiently low triotion must 

be aSBurod in the paoking. It 1s uRually very difficult to abserve both cr thes. 

oondi tiona .at the· same time. sinoe the necesai ty of maintaining a sufficiently high 

pressure in the paaking ot tho gland makes a very high friotion develop in the gland 

whioh, in its turn. makes 1~ wear out 'rapidly and causos the pressure to fall in 

the paolcine;a. It is thoretore diffioult to build a oompressor whioh workssat1s. 

factorlly at a pressuro above 1000-2000 a~ when using glands of a non-selt-paoking 

typ •• 

. 1 

. , 

, . 

0' 

Fig ••• 
I . 

"­, . 

The problem of building a oontinuously work­

ing hydraulio oompressor is even more difficult it 

it ia .intended to .oompress a liquid to 8 pressure of 

severe.l thousand atmospheres. 

The diameter at the piston must be seleoted 

so as to avoid gre8t stl·.ains on the piston ota Terr 

bigh-pre8Bure oompre.sor. It should be remembered 

that when the preesure is 5000 atm. and the diameter 

of the piston 6 ImIe the . • train on the p1sto~ is equal 

· to 1420 kg. without taking into aooount the triotion 

In the paoking, when wthe diameter i. ' 9 ~ the 

atrain 1. equal to ~1ao kg.. and .hen the diameter ' 

i. 12 ~ this strain attains the1mposlng tigure 

ot 5660 q. 

The •• tffW tigure8 ahow that the length ot tu 

gland packing ·c.annot be uall t1y' inorea •• ct "{.he.n .ther .• 

~e such big strains un the !liston. 81110e this 'will 
. .. .. . . 

have an immediate .froOt on the · .tability ot the·· · ' . . . ' . 

" 

Pilton. t-h. · iatter olr~W!18·t~o. alsQ" · prey~nt·. :~ 
Paoking ot J'ietoll . . . '. i . . 

. ... .... . '. lnor~a8e .in . t~ piston' ··.troit... . .' . . ' . " ' .. . 

,'. 
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", ... , ~~ . th~rer~r~" ~ind -it ~~~~~aary.to ~o'~k' with ~ a su~t~o~ 'volume of. U 'qu'id ' of 1~2 00 • . 

In view of the low oompre~sibllity or the liquid (-water deorease" l~ in volume at 

6000 a~ and glyoorin ~1) it is neoessary to guarantee completo absenoe o£ leakatea 

of liqnid in ·the pressure oyole. 

!he above considerations re.sulted in a numbor o£ experimenters, ~~ng them 

Bridgeme.n# Poulter, Newitt (3, 4, 5) end otilere, generally refusing to use a glancl 

arrangement for packing n movinG piston in thejr' very hich-pree~ure apparatus for 

produc1ne; Tery high pr essures on the order ot 3000, 6000 atro. or even more. 

Altho the paokinr,s used by them for this purpose retain the liquid oompreesed 

to a very hi gh pres sure in the pressure oyole, nevertheless all o£ them, without 

exoepti on, surrer f'rcm' the d-is6dvlmtage thA.t they woar out rapidly and require 

frequent replacement (usually after 10-16 operations). This moans that very high-

pressure appe.r~tu8 (so-oalled multipliers) are not oontinuou8ly operating m~ohine8, 

and attempts to make them continuously operating ,by using valvas do not give a positiv. 

'reaul t due to · the raI>id wearing out of the rubber paoking. . 

(p.6'l") J~ter we had sucoeeded in developing and putting into practioe the ·new 

oonstruotion of the paoking of a prog~e8sively moving piston, we suooeeded 1D 

building a oontinuously pperating maohine - a hydraulio oompressorot vory high prea-

sure. 

Fig. 4 ahows the arrangement of the piston paoking ot the hydro-oompressor. 

Striotly speakin~. the pe.oking devioe oonsists et two paoking. - an upper -lab7-

rinthft packing and a lower, seotion packing. 

The labyrinth packing is a system of alternating steel and .leather ringa. 

The steel rings have a diameter whioh ia 0.2 Mm. bigger than the diameter ot the pia­

ton. The purpose ot the desoribed labyrinth packing ie to create during the movement 
iTe . 

of the piston a gradient ot prelsure at the beginning ot the progres.lmovement of 

the oompressor pia ton, when a sutticient17 high pressure has not yet been produoe4 

for the seoond packing, . the cylindrloal section, to to into action. The aotion ot 

the seotion as a paoking device is based on the establiehmeut of ~ · ,radlent ~ the 

progr~ssive moV6lll0nt ot tho ph.ton ,alont its a.x1.~ . 

. liill be 'the cr~ater ~he ··llfghe.r ~he pr~1S8\ire~ TM • . happens because ·, the ·.cylluarl.oai. .', : '.: ...• 

. '. ~:~o.1;1~n {~ .hloh ·.t~e· ~i.sto~· mo~.a ~~·:.~~t.4 . ~ - ~~~~~.a :~~)' ' th~~· ·· t~. ; P~~s.;~·~·· ·~O~~· · . ..-:.:' _ ..•.. ' . ,-
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on' 1 t,s 'out'er 8urtnce fl.- wel) ~~ "n ' the · ~ing-fthnped . epaoe be~en the pitlton and the 

oylind&r. The outsido pres Eure oompresses the oyUnder around the pl:'1ton .and .hu. 
prevents, inasmuoh as tM.s 1s possible, the expflnl!!.ion of the rine;-sh ped space. 

Fig. 5 ehnws the distribution of pr~ssure alone the axis of the eeotion for an ana­

lOgOllS arrangolMnt (a :3l1nil er type of l'8.01dng 'wl th the help ot !\ seetion found appli­

oation in i;ha con8truotit'ln of manomaters of tne freo pis t on t~'pe (6, 7). 

. k~ _ 
Oii'l 

J 

" 

Fir. 5. D18~ribut1on of pressure 
along' ~he 8eotion. 

lnsofc.r ns I know, we' were the first to 

carry out the idea of us in~ 0 oylindrioal sea-. 
tiou as a l-,t!.ckine: devioe f or a moving piston 

in a very high-pruBsure compres or. 

At lJresent the desoribed construotion ot 

the packing can be ooneidered as t\ fully de-

veloped part of the very high-pressure com- ' 

preosor. Years ot work of hydrocompre8sor. 

equipped with this paoking have sho~~ that th1. 

part is e:~posed to very 11 ttle wear and tear. 

We use steel of the brand l8KhlM tor mA.ki!l£ 

this packing. The part is not tempered after it 18 made. Only the sides need to 

undergo thermal' treatment by lAGans ot a high-frequenoy current. This is desirable 

to .avoid denting of the sides uith a ~Tenoh wh~n the padking is screwed into the 

oylinder. 

I 

The question of the neoeseary thickness of the walls of the seotion 'has not (p.676) .' 
, 

yet been olarified. The thiokness of the walls is 5 ~ when the diameter of the 

piston 18 C) un. This thiokn6se ot the walla oannot be considered the optimum on~. 
, 
. however. This question will be studied 1n greater detail in the near tuture • 

Sinoe the oompressibility of the liquid toroed by the piston reaohe~ almoet 

2Q% at a pressure of 5000 atm., the so-oalled "idle Ipaoe- . ~ the oompressor must 

be reduoed to a min~mum. The indioator dlag ' ram ~hows that it ie very high iD a :'. 
. , . 

. hydraulio· oompressor· • . For. e~l., .'.the. value' ot the: idle ~pao~ .. ~tal!l8 a~ ot t~. ' 

,. 
I 

. , . 
euctioD. volume of the liquid tor the d08ori~ed' Jnodel ot' compr.s.o"~ . " . ',' . 
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F1~. 6. Indicator dlagram ot COM­
pressor. 
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Fig. 1. Function of volumetrio effioieno7 
of' tho hydrocompro8sor in relation to pres­
~ure at a varying value ot ~ 

normal pentanel 

The effeot of thd idle space in a hydraulic compres sor on the work ot the 

compreesor i8 subs t antially less than in a high-pressure gas oompressor. 

The slt~ of the idle e~ace in gas compressors is usually fro~ 6 to l~ 

of the vol~~ cirollrnacribed by the piston. In addition .to this. the lower t~ 

pres~ure produced by the compressor the higher the V6rm1881ble value of the 1dle 

spaoe. 

It is known that there is a gradual trl\Jlal tion ·trom the equations ot ther-

~odyna~.C8 to the equations of hydraulios aE the ratio ~ deoreaaea. the latter 

equations beine the ones that .must be dealt with in studying tho work of ventilator. 

and, especially, · of low-presBure air blowers. 

In our case we encounter a revers. phenomenon, namel7. we have to go trGa 

hydrodynamios equation. to thermcdynamlcl equatiQna on analyzing the work ot t~ 

compressor, due to the inoreased ohange in the voluce of the l1~ld .a a resul. 

ot the inorease in the working pressure in the ·comprossor to a super-high pres.ure. 

Thb . permi tIS us to introduoe the name "~draul1e c~mpres.o .. • • . ; 

\'t'e "'ill examine the .work of ·~O . hydraUl1~ oompre .. or, 

. cator .. ···dla.graJl ot ·a small ·mOd.l • . ·· 
. . ." . " . . 

• • t . 
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:. . . .. : ~": 
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. Fig. 8. ~unction of voltunetric effioienoy 
of the hydrocompre8sor in relation to the 
value m for normal pontane. 

f • 6000 atm.~ • l.! o 
The ratio of the ·aotual s uction vol~e 

,,-, ~ . " ..... ' .. .. ' -., ' 
.. ,;' " t , .... : . 

, . 

Fig. 9. Funotion of volumetrio 'officlenoy 
of the hydrooornpressor in relation to the 
value m for water. 

p • 6000 a~ ~u • 1.15 
o 

FSI to the theoretioal FS . - ~ 

is oal1ed the "volum~trio ooeffioient o£ effioienoy of the oompressor", in whioh 

F.18 the area or the piston, Sl is the stroke of the piston during whioh .suotiOD 

of the liquid begins and ooour., and S is .the entire 8troke of the plstoa. 

Returning to the indioator diagram shown in Fig. 6. it should be pointed ou, 

V " that So • 70' in whioh Vo 1. the volume ot the idle spaoe. F i. the area of the 

piston,and ~ • .;a. in lihich V. ·is the volume obtained aa a reeult of pol;ytropi. 

exp~slon of the volume of the idle spaoe during the retur~ .troke ot the pistoa. 

We can then write that the suotion volume 

From this the volume trio • .ftioienoy, ' 

Using this expression for ~o" •• ~an aBlaulat •• 

• . in whioh • • V • 
. T • 

. The resUlts of these caloulations are shown 1nF1, ... · 7. 8 and.' e. 

(p.6'1') 

on' oompr~~a1bii1 ty obt~ined b;y. Brlclge~ tor ~o.nilal pentane and. tor (al. were ·u.e4 . . 

tn the oaloulation ~t the oUrTe.~ , 

-'. ',' '"; ' ;. 
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pontan&. It oan be seen £r('nt the diagrfllll trul.t the 1c1.:t'J 8po.o.e all'eEldy' plays a very 

noticeable role at a pressuro on the order ot 5000 atm. It can be seen trom OUrv8 S. 
'. 

tor example, · that A. falls to a value of 0.44 when the pre3surei.s 5000 atm. 
o · ',\ 

Figs. 8 and 9 sho\y the function of A 0 in relfl.tion to Ill · whan P • 6000 atJU. for one 

and the 8~me oompressor. In the first case the workinG liquid ~aa normal pentane, ., 
~ " , . 

in tho oeoond oo.se it vias wat~r. It oan be sean from. those diagrUJ!lS that . .1"0 attains 

zero at a high v-due ()t m. This is ~t18y to understand if it is taken into oonsidera-

tion thut water 1s aloost two times les8 compressible than normal pentane at the same 

pressure. 
/ 

The idle sp'ace oannot be ma1e small on oonstructlnr; . the cylinder at a hydraulio 

compressor for t he followinS reasons, however. 

In order to make it 8uf'fici13ntly small the volUr:le of tht) liquid for suction must 

be increased. This 08-~ be accomplished either by inoreasing the diameter of the piston, ' 

whioh will immediately affect the strain on the piston, or br inoreasing the stroke 

ot the . piston. This method is also full of after-effects for the dcslene~ invlew of 

the f~ct that the length of the piston is increased simultanoously and its resi.tano. 

to bendin~ force decreases. Nevertheless, it i8 more eXfedient to take this cour •• 

then to increase the dlame'Cer. of the piston. It must be considered that an extrome17 

high working pressure oauses restriotedly hibh ten~ions of th~ material in the 'balio 

part. of the comprefJsor even ,,1tll static aotion. With dynenio aotion the tension. 

inoreaso 80 rapidly with inorease in the diameter of the pi~ton that it ~s impossible 

to guarantee their neoessary strength . even when usinz high-quality steels. Thi • 
• 

involves very great di~floul t1a'iJ in the construction ot a hydraulio co::n:pres~or ot . verT 

high pressure and of' high outpu~. 

In the construction of a hy1raulic oompressor with an output of 20 litera per hOur 

at a pressure of 10,000 atm., for example. we encountered a strain of approx1cate~7 

12 tone on the rod when the die.meter ot the p1etonT.'II.8 12 lillie . At this - 8"brain, the 

non:nl tensi'on in .the c'ross section ot· the . pb~on· attains a value ' of 11400 k~~' pe~ .. • q~ 

'. 4~ ~ the ·. tangent app~oxinat~ly 5000 ·kg. · per aq.:cm. . ~he 8.ppil0~~ion. ot .. a ~;dra~11~ 
tr~8m1.I1c5n in8t~ad at the ~ro88he"d o~r' .thG· i1nlc goar ~l~ prObab~7 ~; . ~ ~rthl't~ . 1-.. : : ' .. \. 

. . ..... . '. " . : . ~ : 
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type,· a Imotion end a pr.8,s8ure valve (0 and d)e The ' suotion valve 1. sealed with a 
, 

red copper bushing (lo'ig. 10). The oonstruotion'of the !,reSSUr8 valv() is ,shown in 'Fig. 

11. The disk type valve is !ore~8d into the oylinder of the hydrocompres!or by means 
lk . 

of At hrend on it. The valve is eealed by means of a oopper little ring at its lower 

end. Little foroe is required to sorew it in sinoe the little ring ha~ to re8ist 

, .­. .. . :. 

, the pres'sure drop oaused in the pressure cyole by the f oroe of the . t1~htenin~ 'or the (p.678) 

valve plata by the valve spring (sevfi ral ntmnspheres) . The valve plu~ a is aleo 

sealod wi th a buohin~. This type of seal ",'as aho round very satisfaotory in other 

'I'ht3 8fld 18 a bushing made of red oopper, , plaoed 1n 

a sreoilllly out ~roove in an obturator, as oan be soen in t.hc drawing. The ends 

of the bushing muet be shar~ened when it is firGt used 80 that the bushing d06s not 

butge inwa.rd when .th~ obturator ie soreweLln., 

quent dismantling of the obturator • 

. ' 

, : 
" .. . ' , 

• : . ' , '. 
. ~ ... . ,. '..: . 

This is no longer re~ulred 1n subs .. 

, , 

Ji'ig. 11. Inside oonstruotion ot', ; 
'the pre88ure 'valTe. , 
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unlike t he wave-shapod obtura-
,', ',-

~ Th18: oO~8truot1on x-cquires· only 'a ol~n"n 's~rrnoo, 

tor proposed by the finn 0>£ Imperiol Chemioal Industri68 v'hioh requires veryoare1'ul 

polishing of the obturator leat. The valves of'. the hyr1. rooompreesor represent ita 

most vulnernbls pRrt. I'or a number of years ?'e h va been ~;orking cn the. problem ot 

mak i ng a reli~ble valve oonstruotion. It 8eomr; to rae that at pretSent the ·oonstrue .. 

tion of the valves used by us 1s substantially b~ttar t han th~t whioh ~e used at the • 

beginninr; of our work on the hydrooornprasRor at the Ukrainifln I-hysico-teolmioal Inst1-

tute. Th~ first valves uned in it were of the type used by ~he ZhenevsKy Sooiety 

of ' Scientifio Im,trul!lentel in .pumps of the Callette type. 

In his book "Physios of High Prossures" Bridgeman wrltesl "There i6 !?lao the 

question of valves, namely the inlet and outlet valves of the ohamber in whioh 

the work of the plunger (of the piston) ooours. I hove never had a valve ~~th ~hloh 

I have 'been completely satisfied. The valve whioh came Tith the pump of the Zheneveky 
. . . (p.619) 

Society has a cOnioal shape and is rr~de of abonite. It works well for ~ given . 

length of time but after oontinued use .' it .gradually oatohfls tlt the lo?:er end where 

it jams and f i nally breaks. 

Instead of tho ebonite valve 1 use a conioal or spherical copper valve whioh 

has also pl'oved to be entirely satisfaotory. It is probable that overy-one 'Work1n& 

with Q pump of this type has his own e~erlence with the construotion of the ?al?e. 

and has undoubtedly had a who~e seriea of val?. which seemed to solve the proble. 

satisfactorily for a long period of tIme, and then, tor ~ome inexplioable reason, . 

the valve went out of order tor several da11l~ 

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

liqu1d delivered by-the pump.-

Ball valve. 'With a ball diameter ot 12-14 ~ made from steel (trom ball bear­

ings). work well on a new seat only attlrat. 

Then the ball begins to .ear 01.1t (get out of shape) . o~ the edge of the eeat 

and the ' ball immediately stopa working a. soon as it turns slightly. The s~leot1on 

of bells for valves must be very oareful dnce ball. ue t.ar ·.from alwayG aotu~llT 

. round., 
'., . ' . ..' . I ' . ... '" . , .-', .. 

: va.lve .i,: a particularl.y bad sourco ot tr.ouble • . ' ' . .: . . ' 
.. ... . .- . .. .' 0 • • 
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frcique.ntly goes out of .order 'in' 'thu 

and 'baroly hot1oGllolc · annular dtmts are 

The frequently inexplioable treu.kis~ ':>ehuvior or b!ill. valves made U3 deoide nC't 

to use them in t~a hydr~~~1c C0mt~ressor in our later oonstruotions. 

,;e find that disk valves are substantially mr.-re reliable than ball valves. The 

disks and seats must be polished with an accuracy of up to 2 or S lawton rings. 

- ' There shoul::!. not be e. 'strong slJrinc on th~ suotion valvo. Otharwiee it opens on 

the suction cycle. If delivery of a liquid froo from OO?ltll~1nlition ' oan be assured. 

it works ontirely a~tisfnotorlly. It should be noted thu.t· the requirements for the 

pr68fiure vnlve r.mst be especially high. This oan be ooncluded if ' only from the faot 

thet a auotten valv8 ot the s~ae construotion as thnt of a pressure velve. made tro. 

one and the sane kind of steel. toes out of order tar more rnrely than the pressure 

velve. he have 6f~nt a grent deel of time on the study of the work of the pressure 

valve during our work .-1 th hydrC'comI,r886ore nnet yet. at' pr esent, \'.'8 cannot 6ay with 

certninty thnt we coopletely un~er6tahd all the prooesses which apparently occur dur1nc 

the 'Work of' the prOe6UrG valve in'. th.o suotion end pressure oyole. IOn the basia of tM . 

many experiments oonducted in thic direotion hO~Over, it oan be assumed et .present that . . 
the siu of the' opening of the valve does not play any role and does not have f1Ul7 1JIt. 

porte.nt effeot on the value of its eo~ffloient of volumetric Inpu~. 

The ball valve ~~t be given up definitely for pressure feeding. - ~e believe 

·that the di8k valve can be oonsidered best tor hydraulio oomFressors ot very high pre.­

sure at preflent •. · 

In conclusion, I would like to express my gratitude to I.G. GUrY1oh. 

tor the . interesting disoussions in conneotlon with the theory ot the work of the 

~drooompres8or and fOT aGsietanoe in th. work4 
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