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RODU CTION O F ULTHA-HIGII P RESSURES IN A DEVICE USING 

A CONICAL PISTON 

L. F. Vcreshclt<l.gin, A. I. Likhlcr, and V. 1. Ivanov 

III tl (' production of hll:11 pP'.Sllil'S a f1uiu is pllc,d i'l;l l'ylillUrical orcHi ,~urilll:J ill a more I r k« II ick 

.1"t'll bloc!, ;11JU lh pre ~llrc III Ihis lilJuid is lIsually prnducul ", 111("111 (r J pi51\)11 til It is cylinurical '\5 well, to 

Wlll.-h is aprhcd a compressive forI by a hyur,\ulic pn's. 1 I"UlI ! til! ,1ClI)11 uf I' L I' '1T1:'r~ssive force ill th' 

cy I illt.!(' I a llom.llif(1rm tr.1'1sver l' Ul'fUrlll.:llillll lakes fllace, lilt! the )1II1der I~kes 011 a half l,lnpc. f()[ this 

r '.\SOIl tllC di,llIlt'ter of [he rylil . lrical pi<lon mllst ah,JYs be kss It:l!! the imcm.,l t1la /Jeter \)[ rhe I penillg am.! 

It 1'('1 (JIll S 11('(;\': ary to liS,' 1)lll' l'lI'tll'HI or ,'tller to seal the [llSt )11. Mnrl [rcljuclltl) 1 IllIl'r I,i!ll all IlIlCOllljlcn­

,;Hed surf.lce is useu "r Iht: t) pI rtr' .1<.'\' ' loped hy Hriugl1l.1n [I . Altitollf.,l ill the dcvelnplllellt pf VdTit)[l t}'PPS 

uf gaskels r,H Ill"ving pi t,)I1' ,:.,tISld, r~hlc illgclluity :1IIU Llb"1 have hl'l'll (;:-.pellucd, this pan, to rhis d.l)', llIrIlS 

Oll! to be the most In J, l)l'II".IIII, r In 01 hi ~h pressnre eqlIiplll~tIt 1nd i~ the most IIsllal rl:aS(l11 for ' .. ,riolls typl'S 

of br~al'J(l\ 11 , Thl: ga I<et 0jlt..;t1I,,' I,dl if rhe roJlolnllg e"I,dlcom an:. observed: 1) sllfficiemly hIgh pr, ,~Ilre in 

tit, g.,sket, :') .lIf I('iellt lln~tl of g,l l<et, .1I1U 0) suffkielltl\. ~I1lJIl gap between pi~lOI1 Jnu OpCtIUIg. lJOW{v\'c, 

lit.; first ,1IIU Sl (,,) .d t'1)lh,ltlOlI, .!l.1U I" [ltc) grl'.:It a loss ill forct: dUl: til friction , If, on tile ptlier 1I.1Ilt!, as tli(' (hiru 

cOlldithln l[1I fn, tilL 1I1llIai g,I;) h('[wl(~n piston ,1nu openillg is JJ1ade too slI1all, thell 1"llen tiI.; prl"~urc is ralsl~d 

il is P( "ihle for til" pi~ton til bL cored in tile opcnlllg. Wl.l'n 1l e,'nll'S to pushing out a ga. ket tilat Ins be' Olllt' 

caugllt, ur ;\ sc,lfcd pistl),l, eon~ilkr.lbJl 'ilort is n:qlliccd, alld it is ffc'LJuelltly necessary [() l:OlnpILlCI} IC-I'II­

cillllc' the PI'll)(J allu tlte C}·llndu. Ull the "ther hdnd, if tile Uill1ellSillllS uf the gasket and t he fdetton art..; l!la,h as 

slI1a11 . .1> possible and tlIc ~ap :IS larg> ,s pos\ibk > the it IS poSSibl > jor the flUid to break through tlte packing. 

We h~ve Jevel, pl,d the first IYpc of eqUlpl1lcllt (0 produce' high pressure by the use of; cl)nicaJ pIslon which 

d.II'· Illlt require any scaling gasket., for this pllrpose loJe have lIsed d "ystem of cOile amI l11i1ndrd fir t lIStlU by 

I II Igl11111 ["I to proullce 3 supportillg pressurc. III pre;si!lg the Cl'lIC inro the lapped surface of the tlldlldrei wilh 

T 
, force T, the pressure prorJnceu on the comact mrface alld Ilormal to it, P = z z, ' where a IS thc larger 

rr(a -b) -
al'u E is the Itlaller radius of thc CPIlC. III rids ease lhl! friclioll of the conc in the mandrel , which 1<1\\('r the 
efieethc prcssnre, is 1I0t tal,en into aCC(lUnt, The friellOlI may he determined if we measure ttlt, uisplacl'IllL:llt 

of tllP c lle in tbe manurcl while raisillg and rcducillg the pressure and assuming that in both cases Ihe pr ','mc is 

e4 l1 a1. 

111 Fir. 1 our itlSI;!llaljnll for obtaining higll pressures is shuwn. Here 1 isthe cylinder block Inaue uf Sled 

·10 ,IL Il(Jej('U .1nu .1 J )('aled up to a har Illess of 4U-4~ on the i'ocl(well sca le C; 2) a cone nf soft ~ll'd ",nil an 

II {( r I Ul llnUd pi 1111; °1) hou illl' j,lr dectric 1(' IU- in . Pan '0, <1,wilh a channel lor the 1I1lrOdllCllun of the 

'3)1 I 'atllllg TO tlte e ketCle Icad- in w Hl' ,serves to transmit [he force developtld by the press to cOile 2. COile 2 

('.1" 11, 1. pp d 10 the C,) lieal hnk of the cylilll!t>r blncl< I. GI}ccrin is pourcd illlo the nOaOll of llie hlock-

I • 11111 II .. tII It I. nlll, sli Inl} t.:'ll1lprL:5sible alld h,l, consiJerable viscosity. The lOlVl'r pMt (,f the OpClllth.; ill 

(,.) ':?: II nedl;]J is fIllc LI ",'itl! 1<.:.1d to a height llf J cm from the bOtl011l of the COlle. TIll CIl"( wa. iJl.erteu 

illlo I It' hl)(' ,lid thl' ( (' ~. ( r /'1 ,'LIIII flowed out UVCI the periphery of the COliC, Th.: cull \va s tltell removed, 

, It 'J \ itl h "PI ltl I liscJ Iv 11 a 1I 11 4ualliry of glycerin, and fin.llly se t in place. Into [hc CI"lt' opelling 

, tl ,)lIS Pl'tfl)l!;l'tll c'l l ,PIlIlrCU, IIIJ thl' electric kacrwir(' h lIsillR 3 was inserted, Ll'.ld.> is It ,Ill J 
l ' Il' • g I'd .I Ime" gil} .tIlU tn tilis Il;1d ,} m:lIlgallltl manomcter l, is ~olucred, Aftur a%l'llibly the cnure 

d . - \\,1 ')11C U IlIlUCr Ii "ur 11I1.c pless :lnu ""IS put nnJel C()IIlpres~i lil, the prcssur pz itlSldt:' the C'l1\lC bt:'illg 

l <Ull'J h, ',le,lns f the I 1.111.' Jilin TllaI10nt,:rer a. a iunet 1111' of lhe oil pressure P unuer tilt, pITS pi LOll. Th,' I, 

al' 'r oht.li illg SMile ma. Jlllll11 PfL:SSIlt(' II e force developed b} the press was reuuced to lero I I this manllt'r I,e 
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oht:1ined two curves simil;" 10 the ones shown in Fig. 2 where the first lille correspolJds to the rise, and tile second 

to the lowering of the pressure. 

Fig. 1. FQulpment for ohlainillg ultra-high 
pressures using a conical piston. 

16(/00 

... Il000 
E 
u 

't;o 11000 
~ 

"000 

100 ~no 500 
P, kg/ CI!l2 

rl/,.2 IJlP'1I ICI1(,(, ()f il temJl prL'.' me p? 

( I' I. (I ")[ Sltfe P 1\1 Uk pre~~ C) Illlder. 

When cOile 2 (Fig. 1) is pressed illto the cylillder hlock 1 

1I0llTlal pressure P1 is ucvelopeu over tlw , lIrfaCt' of COl\lacl. Illas­

flluch as this prcssure compresses the COliC and nretehes the cy l inder 

hloc!, .the olltside diameter of tltt. cone is rcdu('eu hy t.lr and the 

inside diamcte r of Ihe blod, illCreaS('S by .6.'l!. Tht' IL'I,I} t.r - L).lr+ 

+ t.'l! and t he cone is displaced imo th e imnior "f Ih( <,)'11' J 'r 

block. The magnitude of the displact.'l11ellt /::,p-.: ~~C;, I.-here ~a i~ 

thl' anglc al the ape~. of the COliC. f'eC'111se of thiS displan'llIcJ1I ()f 
1he COliC, the volullle of the internal SP,lCl' IS r('du, cd , .1.lU tit ' pres­

sure ill side lhis volUllle is increaseu ill accorti<lllce with the total 

compressib ility of the IIldlerials fillill/; thc hollow .pace. '1'0.1 

first approximatilJn \~e call l'onsid 'r lhat Ihe jnrl. fila] pressurc 1'2 

is Ihe same in rile entire volulllc 3nd is measureu by llil' Illallgallin . 

manometer G (rig. I). /::'lr and!:i'l! lllay be computed bv Ih' flll­

mulas of tlte rhemy of ela tkJty [:11 blaring in lTund thaI ill II1L' 

for !:i'l! we must substitutc not only Ii1C externa l presslICl' PI hltt Ihe 

[llternal pressurc P2 a~ well. Fnr the pllrpose of the complilatinll 

WI:- can use a cylinder insread of the ('one , since r~a is very ~l11a 11 
( 4·). 

Sub~tilutillg into tlte formula for the radial deform;ltio;1 ril e 

dimensions of the <;OllC and thl:- cyJinuer block , and consiucrillg 

1 
m :: 0.:1, and E - 2 . 106 kg/ cm 2

, we obtain 

.llr : O.Hr.· PI . 10 \I I'M, 

.l2r -"--(O.5BI'I - O.1t1f12)·1O- " I'M, 

~" ==~I r I Id;\rl -- (t.4I\pl -- o.lt1,}~)·1O II 01. 

Let us carry OLl( a detailed computation making usc pf ['Il 

exper imclltal data, curves for wldch are given in Fig, 2. In tit IS 

experimem, into the 8 mm hole of the cone alld ahovc tht kad 
plug, mercury was poured [0 the extent of 2.!1 cc and allove tit .. 

mercury petrolcum ether into which the IIlanganill m11l0nll'l( I \ as 
lowered. A fter raising alld lowering the pressure ilnd t:llw ll,; Illl' 

cqllipnlcnt apart, it "'.IS fUlllHl tha the mercury, ullder preSSlt,'l', 

I'ICllt Ihrough the lead plug as though through a Jena glass 1 illcr 

;\Ild callie Illcougit [I) rhe buttom of the cylinder hloclc \t the sa III ' 

tilJ1e the leau plug aeqllireJ .1 rotten stfucnm:, apparemly dul' TO 

III Fig. ~ t'le 1 'IS ( f ordi I Iles giveS Ill' pr, ssure 1'2 lIle,lsured with a llI:1ng.lnill rn,III(II,,(':ll'T IlIJ 

rht;; prt:s 11r' I) ,brained ullder th' pre s pml1n. Di.1Il1ctcr of thl' p'srr))l ,,'iI I :1.) II n, ICl d 

I'" 000 kg/' 112 tilt pH ~'url,; P, Jming t.he r:Ji~illg of prl~SlJ[l \ a. l'IU,ll to ['0 '/ CI1 2 dlll.l 

durlllg 'llwt:rJng, flO '/' \112, I'lL I [l al torcc which tile press devehllx d for prodltl lug I 1 intcrnal pr , lin! 
t' llta I to 12, lO kg/ C II 2 J 

PRaise + Plower = 14:1.4 X 557:: flO tons 
T=S------
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Of this force T, one part, T 2' is used to balance the pressure pz acting 011 the cross section of the cone, and 

the other part, T l' produccs the pressure Plan the periphery of the cone which assllIes the sealing of the equip-

ment. T 2 = SP2 ..., 43 tons; tl~erdorc, T 1 - :17 tons. From this we find Pi according to the formula 1I"(a 2~t b 2t 
14,400 kg/cm 2 (not wldng friction into accoullt). SulHtituting these qualltities for PI and P2 into the formula 

0.1 \J . 
for flr, we findthatflr-= 0.1!) mm, displacement fl.£-=- tan 7:= 5.43111111, correspondlllg to a challge in volume of 

the internal space flY 3.1' 0.548 l.G8 cc ~ This quantity flv lIlust b,~ diqribllted among the materials that 

fill the internal space llf the cone and the cylinder hlock ill accordance with their compressibiJities. The illitial 

volume of the glycerin was f; .1 cc ,lJ1ercury 2.!'i cc , pctrnleulll ct! lcr 1.:1 ce, '1 Id lead 0.5 cc. . The relative 

chall)' . III volume of these quamities ~: at a pres~ure (1f J :..!,OPO I<g /l'J1l
2 

W.lS respecriv '1)' 0.1 :1 ,1, 0.034.13; 0.30 
;lnd O.O~'i..I. From the~e Jata the cOl1lputed reduction ill volume is equal til I )',' cc . that is, it scarcely differs 

froll1 the quantity flv 1.68 cc found above. III view of the rough apprnXilllatiDJ1 used for tIllS calculttion such 

an t.xcellent agreel11ellt must be conSIdered furtuiwus, hili nevertheless this COll1pul,tlioJl confir liS the explaJla-

tic n, given hy us abuve, for the aC'tinn of the eqlliplllClll a JIll IJinkes it plls~ih1e tl) dr ,\\! 5el,'er,11 l Ollclllsions. 111 

order to ohtaill thc highe~t possiblc pressures it is necessalY til wcluct' thl;! V()IUII1l! of the lntl'[JIal spacl' 10 its 

lill1iting \ 'due and 10 Il'CP the uil1l\~.wi0J1SIS slJ1all as possible. It is Jt ~irJhlc to usc Iiqllids with the smallest 

pOSSible COJ11prt.ssibility. It is I, ell 1<1 "I, ll tltat of all tile liquiJs tht ]Past compressible is glycerlll For this rea­

SOil glycl'rin \VitS chos( n as the III;1tcrial to fill the illlcmal spacc ill tile cylinder block. In choo'ing dilllensiolls 

allll wl1rldllg I1quIJs it is lIecc%ary to he always sun:. , that PI is larF,'·r than P2, otherwise the hermetic sealillg I,ill 

be destroyed, or else that the Vl scull ' flow of fluid past the gap he stIfficielitly sll1all. 

Some otlterexperim, nt s w(' rc carried out durillg which pressure P2 up to .14,000 kg/cm
2 

was obtained. By 

USlllg one ~xternal supplell1clltary stage tilt' prl;!sslJrc ueveloped ill a systell1 of the type described above call be 

raised lip tp 30,00(1 kg/C111 2. As is shuwn ill tlte calcul:ltion that we have carried ollt, this equipll1ent can be used 

tn filiLi the compressibility of liquids and solid boJies by COll1patlng the results of measurements obtained un suh­

stances witli Imown alld unknown conlpres~ibilities. Moreover, it is pOSSIble to carry ant investigat iOlls ulluer such 

conditinlls I"here either the substances thelllselves ur high telllperatmes can lead to the destruction of tlte sealillg 

gaskcts. 

SUMMARY 

]. 1\ desigll of equipment has been developed for obtaining ultra-high pressures by means of a conical pis­

t(lll for Ivllich nn scaling gaskets are required. 

1 il ~l1 ) . 

, 
2. The operation of this equipillellt has becn investigated both experimentally and theoretically. 

3. Pressures up to 14,000 l<g/cIll 2 Itave been obtaineJ. 
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