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COhll1LE'l'E SPECH'ICATION. 

Pump, especially for Refrigerating Machines. 

\, "• Prof. Dr. A.LllEil.T EINSTEIN, of 5, Another imponaut poinL is tlh: low 
, "·, ,,,, ,[r;a,.-c , JJerlin, Uermany , of vapour pressure of lhe all;:a.li meta L, which 55 

!'-. _. • • .t to n a I i [ y, ant! Dr. LEO Sz tt .,uw, .:!nsures that the up era ti ve medium ;, ; Jl Jtot 
., , '• l't inr. Hegc nfenstrasse, Jkrliu- dislil ,J;er into :he p<.uls of lhe ap;>;Hatus 

:, ·, 1 llol' r'd" rf, VCI'Ill;tll.)', uf liuuga.1;111 \\·here it ruigJ ll c;·iq• rise 10 (l'CJUd] 1 •. 

, , "" ·lith' olo hereby Jedare tltc n.t lure 'l'he alkal1 me[;U«, wheu pure, ;:: .. ur 
. ,, ,, tll,:l.'ntion and in wh al manner the liquiJ at room temperature. ~o t!.;.t ' •l' ll 60 
·' '·' ,.. to he pt•rlorm e.l, to be purlieu- they are u sed in a pure :;ratP, 1 hP ,11, 1,. ,. 

; .• rt\ dhnibt•d :tnd a ~t;er ktiued iu and by r a tus mu:;i 'be kept at a h :gh ~.'!' tc·u'Jl""' 
· 0 t. , ,. ·rollullt ll!; ~late lll C tt L:- lure, a. condition which also !'P,t; •, ,, ,,,e 

I (I(' lll\'CIItiou relate::. to a pump oper<•t- (;Ond ensntiCln 'Jl Yapours of till' Jnr· 1a_i, w 
11 • ,, ith a liquid medium and by nH' an:> the pumr, tl!i('lf in a desiratJJe u•anul'l'. 

65 "' "'liwh liquids, gD~cs or vapour:; (;au l:e l.IoreoYer, ::tt;cnrcling to the in,·<'ntion u;;e 
r• 1:latNl or compressed, preferably in may also be marl c of .alloys of a lknli metals 

I ·tlfll·li t·ally closed '1pparatus, e.;pe(;ially with one another for example, :J ;;odi um-
l :• ,,orng~r:lling maehiut>s. 'l'he pumping potas:;Hun a lloy . 

· .. .tn thn ait! of tl te operative liquid can According to the invention, '' "'' n i.ly 70 J,l. pcrlonuerl in n.n y k11o wn manner, for also :he mark in p :ll'licular of a po t; - . ,,_ 
•·\ltl llple, iu a jet pump. ..,odiunt alloy whtch , when compn .• , d,· d 

.\n·ordiug to lite inveuLion, such a pump with I he {wo components in suital:" J.co
" n ·11 dc·red ltt g-hly efhcien t by em}do.riug porti ons , remains li rtuid down to - t :! CJ . 
·' ' op rative liltuid an alkali m etal 110 a 1'his alloy does not olidify, even ilL the 75 
llquHI r·ontlilion- for example, potassium temperature obla.in ing in the evaporator 

or n l iquid alloy of au ra lkali metal. of the refrigerating machine. 
":, I h,, trarhnti~_ ion of energy to the opera- By s u~bjecting the liquid metal to a 

1 ,.,. liquid ca n be eflecterl by electro- magn et ic. field which induces' electric 
ru.tgnetlc means, without any solid moving current·,; in. the m f>ial itself, energy can SO 
llliiC'hi nro paris, bu t nevertheless wi th a he trnJhl.utie ;l in a very complete 
\'<' y ).{OO d r>flici,·ney cycle , by allowing a manner, to ih e li•:o!i rl metal contained in 

::tJ u:.:g- rll:!i(' fiP .r i '" ru :i. on t h e liquid metal a hermeticrdly clo~ed apparatus (su ch as a 
"b :!e it ;, ,, ,-. ,.:·,eel hy electri c current. r efri gera tin g machine) , by means of coils 
Tl, higl. . i, ing- dficiency is due, on the . dispose1l Olt!side the apparatus; and. by 
,,n(• h::trHl. . ,he hi~·h electrical condut;- this 1 ,,·at,,, the iiquid metal c~n be 85 

ri , :t,· .11 11 :1 1hc other hand, to the low pump_ed "·itho u: •he u se of any moving 
~(:, dt•n-\'y . '· c·,• i-; ;·xerterl on the liquicl maclune parts. 

• <' :d ir, " ' .: .ratively n.arrow space, \Vhen direct current is emplo_.,·e rl . it 
"l - ::,. .uhulent and when, in must, of cou rse, \;<; introduced in: r -' OO 
. - ·· - •:., .- .Hlsiderable loss '~>ould l iquid me:::1l by mean~ of electrode". 
, · .:-.' .~ro u;.;· u frictio n. if mercury, fo1· In order t.o ::tYoid haYing to empl oy too 

-10 c.>: un ple, W.:!J'e em ployed as the operatiY <' many ampere windings, the orrnngemeut 
medium . m ust be so devised that the major portion 

In t hi s sense ihe metah of small density of t h f! l in es of magnetic. for ce passes 9o 
are clistingu ish ed in comparison with ·throu~·h iron, a nd only permeates the 
mercury. If pumping be performed wi th hrt uid metal over a very narro"· ,.:; pace; 

45 such metals in a jet pump or similar .appa- that i~ the liquid meta l will b e t-t . •i ected 
ratufl, a far higher working efficiency- to the ponderomotive force only i11 , gap 
both in the absolute and with reference to of verv narrow width. Since I li e one 
the dimen:inns of the apparatus-is dimension of the space is sruall by com- 100 

nhf:1 inecl than in the case of mercury , parison with its other dimensions, in the 
GO ~ o.••·;-~ use, nnrler the same conditions of part where the ponderomotive action on ' 

·· ··-, urc. far higher velocities are attained the liquid metal takes · place, one may 
. i h.~ r~'lsc of metals. the density of whic.h simplify the matter by saying that the 105 

·- .,;nall. metal travels over a superficies, and con- · 
IPrirc ]/-] 
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2 344,881 

side~ the vectorial field of the pondero
ruol!ve force on that superficies (two
tiimensional system). 

Accortling to the invention, the arrange-
~ ment lllny Le so devised that this vectorial 

field of l ho pouderomoti ve forc.e is free 
from eddies; l hat iR l.o say that, for each 
clo.-;c cl line lying within the superficies 
< .withi~ the fluid metal in the gap), the 

10 lm car 10tegral of the ponderomotive·force 
is=O. 'When a plane superficies is in 
question, the mathematical expression 
therefor is : 

oY (.Ty) oX(.xy) ox - - 0-=0 
15 in which .x and y ar'! the Cartesian co

ordinates and XY the vector components 
within the plane. 

If this vectorial field of the ponderomo
tive force were not free from echlies, 

20 cur!·ents would be set up in the liquid 
wh1ch would consum~ muc.h energy and 
would reduce the efficJCncy of the a rrnnge
ment to a very low fit5ure. \Vbereus, in 
the movement of a sohd .body, such as the 

25 movement of the armature of an electro
motor, all tbat need be considered is the 
resultant of lhe fo~ce acting on the arma
ture, tbe co nstru r hon of the fielrl of force 
is by no m ea ns immaterial in the case of 

30 the movement of a liqu id 'by electro
mug-netic forces. 

NO\\, ;;uch eddy lest> fields of force ean be 
obtuin er1 in the liquicl metal by allowing 
the . ; II <nmt to enter the liquid mrtal 

35 thruug i. :solid hodies (electrodes). 
I£ alter nating current be available, the 

employment of electro des can be dispensed 
with, an eel ely less vectorial field 'being 
nevertheless obtained, the electric current 

40 not being introduced into the liquid 
throug-h electrodas, but induced in the 
li.quin in such a way that the stream line 
of the clec.tri c current l ies entirely within 
the liquiJ and closes therein. 

45 Thi s method avoids difficulties connected 
with the transitional resistance !between 
the electrodes ond the liquid metal, and 
an eddyless field o£ force is set up in the 
~iquid metal by proceeding in the follow-

riO 10g manner: 
The gap in whi('h the ponderomotive 

force net ~ upon the liquid is formed hy 
two subsbnii.ally similar continuous sur
faces concentrically disposed, suc.h as the 
peripheral surfaces of concentric cylinders 
or con es . In the a nnular space thus 

,55 

formed the magnetic :field is caused to 
induce currents which circulate around the 
cylinder or cone and the ponderomotive 

60 force then acts at right angles to the 
direction of the electric current, in the 
direction of the generating lines o£ the 
cylinder or cone. 

In the accompanying drawings :-

Figure 1 represents a diagrammatic 65 
embodiment of the invention, by way of 
example. 

Figure 2 represents, cliagrummatically. 
~ refri_gerating machine according to th;.; 
10ventwn. 71) 

Figures 3a and 3b show an arran ge· 
ment for moving the liquid alkali metal 
by electromagnetic means, in which lhe 
eddyless character of the pontleromotive 
field of force in the gap is attained by 75 
introducing the electric current into the 
fluid metal through solid electrodes. The 
arrangement would also be applicable for 
direct current. 

In Fi gure 1 the cylindrical iron tube l 80 
contain s an iron (ure 2, and the cylindrical 
annular space between the ll'Oll r.ore and the 
t ube 1 is tra...-ersecl by a tlo \1· vf lin·ht metal 
un rle r the acLion of the ma;.o1~ ! ic field~ 
produced by the coil. 4- -·7 i11 th e rlirection 8G 
of the generating lines of 1 h!-' c:y lincTer, 
and proccedinri· from ahoYe <lo1Ynwnrds if 
sui table rlisposi!ion of the pn1e, JR pro
Yidec1. The coils 4--7 SU1T01llll· ,Je hthe 
l. ThC' potential lying on nrlj~rE"nt cm '" 90 
are relatively displaced by nho•.t 9G-
8 n n c1 9 are iron plates belonging to thr
bundles shown i1t the section .A - H. rl'he 
magnetic field permeating the liquid mel:l l 
in the cyli.ndrica l g-ap travels from aboYt· )5 
downward~ or from down upwards. i·he ra tF-
of clisplacement oi the field be ' Jt:.!' founo 
by rn uli.iplying the periodicity ny the 
spn ei np: of the coils. An electri1· current 
flowing round the iron core 2 is induced 100 
in the liquid metal, a representative 
stream line being marked on the figure. 
The force acting on the liquid l ight met..'ll 
is parallel to the axis of the r.y linder 
throughout, and the field of forre is practi- 105 
cally eddy less. 

The 90° phase displacement between the 
currents of the adjacently clisposecl coils 
is produced in the same known manner 
as suggested for the establishment of the HO 
artificial phase for asynchronous motor~< 

The liquid alkali metals, such us the 
aforesaid potassium-sodium alloy, corrode 
som e metals, but can 1be used, without 
gi-ving rise to ony troubles, in iron vessels 115 
from which air is excluded. l \esidef! 
hyrlrocarbons such us propane, i,ulane, 
pen lane, etc., other refrigerating- ag-en tit 
such ;ls ethyl ether and other ethers, for 
example, methyl ethyl ether may be i2t. 
employed. 

ln Fig-ure 2, which shows a r ef r ,p:eT:l.t-
inp: machine, 10 is a device in Ut ' l'Ol rlanrc 
with the invention, in which a sodi11m· 
potassium alloy is set in motion hy eledro- 12!S 
dynamic means. The sodium·potussium 
alloy is forced into the tube 11 and con
ducted to the jet pump 12, where the 
vapour of a refrigerating medium (for 
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344,881 3 

example, a hydrocarbon of any kind) is 
;!!'pirated throu;:;-h the pipe 13 and com
pressed in a vertical upcast pipe and forced 
1nto the gas-separating chamber 15. 

5 From this latter, the sodium-potMsium 
alloy flows through the down pipe 1G, back 
into the device 10, whilst the vapour of 
the refrigerator medium flows through the 
pipe 19 into the air-cooled condenser 17 

10 nnd iR there I iquefied, flowing thence, 
through a throttle 20, into the evaporator 
18. 

Figure 3a shows, in section, electrodes 
34 and 35, with an intermediate gap 3G, 

15 measuring 1 x 20 mm. in cross-sectional 
area and about 'Gem. in length. At 'bolh 
!.he open ends the gap opens into the pipes 
37 and 38 and is 'bounded, on the narrow 
side, by the said electrodes, and ou the 

20 wider side by the insulating pLates 39 and 
40 shown in the sec.tion A-B in Figure 
J /1. By means of the electromagnet shown 
in Figure ~3b, a magnetic fielcl is main
tainer! in the gap, which is filled with 

25 liquid alkali metal , anu an electric 
current is passed through the alkali metal 
by moons of !.he electrodes. A force is 
then exerted on the liquid alkali metal, 
at right angles to the magnetic lines of 

30 force and also at right angles to the JJow 
of tlre electric current and, given suitable 
disposition of the poles, fo rces tbe liquid 
out of the pipe 37 into the pipe 38. 
When alternating current is employed, 

35 care must be taken to see that the mag
netic field and the electric current are i 11 

phase in the alkali metal. In the present 
instance, this is nltained by connecting 
the coil 24 of the electro-magnet in series 

40 with the primary wiuding of the trans
former 25 , whilst the secondary circuit of 
the transformer is connected to the elec
trodes. The coil 24 may, of course, be 
connected directJy to the electrodes, 

45 without the interposition of a transformer. 
There is no need for thd transmission 

of energy to 'be effected direct from the 
liquid alkali metal to the su~bslance which 
is to be pumped. On the contrary, the 

50 liquid alkali metal may describe a r ecipro
cating movement .and thus move lo and 
fro in front of it a heavy liquid hydro
carbon forming a liquid pi ston in a 
cylinder. The hydrocarbon piston can 

55 effect t.Le compression of any kind of 
Yapour in the same way as a piston pump. 
If operating in this way the direc.tion of 

flow of the liquid metal must be periodi
cally rcyersed. 

llaving ·now particularly described and 60 
ascertained the nature of our said inven
tion and in what manner the same is to 
be performed, we declare that what we 
claim is:-

1. A pump, especially for refrigerating 65 
machines, for circulating liquids or com
press ing v•apours in a closed system, in 
which energy is transmitted by the aid 
o£ an operative medium to the substance 
which is to be pumped, charac.terised in .70 
that the operative medium is an alkali 
metal, for example, potassium or an alloy 
comprising o t least one alkali metal. 

2. A pump according to claim 1, char
acterised in that the operative medium is ,75 
a poi assi u m-so <l i urn nlloy. 

3. A pump according to claim J or 2, 
charaeterised in that a magnetic field acts 
on the metal tmversed 'bv au elec.tric 
current , thereby imparting to , he liquid 80 
metal the movement nece. sa ry for 
pumpmg. 

4. A pump arcording to claim 3, 
charnrferiserl in 1hat the vectorial field of 
the ponderomotive force in tue liquid 85 
metnl is erldyless. 

5. A pnmp nccording to claim 3 ur 4, 
chara clerised in that the electric current 
enter::; the liquld metal through solid r·o u-
fluctors (electrodes). 90 

6. A pump for .alternating .-urrent wo_·l<
ing, according to claim 3 or 4, character
ised in that the liquid metal is moved in 
an annular gap formed between concentric 
surfac.es, snc h as, for example, the peri- 95 
pheral surfaces of two cylinrlers , b.v the 
action of a tra>elling field procluced by 
two or more phase actions in suf'h manner 
that the ponderomoLive forres ad 011 the 
liquid metal to cause it to move from one iOO 
end of the annu lar gap to the other end. 

7. A pump according to claim 3, 4, 5 
or 6, characterised in that a rota,ry field, 
or a similarly moved magnetic field, ac.ts 
on the liquid metal. 105 

8. A pump according to claims 3, 41 
5 

or G, characterised in that the direction 
of flow of the metal 1s periodically 
reversed. 

Dated this 2nd day of December, 1929. 
ED\VARD EVANS & Co., 

27, Chancery Lane, London, W.C. 2, 
Agents for the Applicants. 

Red hill: Printed for His Majesty's Stationery Office, by Love & Malcomson, Ltd.- 1931. 
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