CARL ves. LINDE

By EurIng Brian Roberts, CIBSE Heritage Group

Carl von Linde, 1842-1934



Carl Paul Gottfried Linde was born in Berndorf, Upper Franconia, in Germany on 11 June, 1842. As the
son of a minister it was expected that he would follow in his father’s footsteps, but he took an entirely
different career path. In 1861, he started a course in engineering at the Swiss Federal Institute of
Technology in Zurich, Switzerland. His teachers included Rudolf Clausius who was probably the first
person to establish thermodynamics as a science. In 1864, Linde was expelled before graduating for
participating in a student protest. He went to work in industry, firstly in a cotton-spinning plant, and
finally to the new Kraus locomotive factory in Munich, where he became head of the technical
department. He married in 1866.

In 1868, Linde applied for and was accepted as a lecturer at a new Munich University, the Technische
Hochscule, becoming in 1872, a full Professor of Mechanical Engineering. In 1870 and 1871, Linde
published his research findings on refrigeration in the Bavarian Industry & Trade Journal. In 1875, he
made his first compression refrigerating machine using methyl ether. In 1876, he made his first
ammonia compressor with two vertical cylinders, followed in 1877 by a compressor of the double-acting
horizontal type. This latter design “was quickly taken up all over the world, with almost immediate
manufacture in five countries.”

His first refrigerating plants were commercially successful and development work took up so much
time, that in 1879, he gave up his Professorship and founded Linde’s Ice Machine Company in
Wiesbaden, Germany.

In Chicago in 1881, the engineer Fred W Wolf secured rights to manufacture and sell Linde’s
refrigerating systems in the USA. The Linde British Refrigeration Company was registered in London
on 31 October, 1885. The Managing Director was T B Lightfoot (The Company became Lightfoot
Refrigeration in 1916). Later, the Linde Canadian Refrigeration Company Ltd was established.

In 1890, Linde moved back to Munich where he took up his Professorship once more and continued to
develop new refrigeration cycles. In 1892, he took an order from the Guiness Brewery in Dublin for a

carbon dioxide liquefaction plant. From that point on, his career concentrated on very low temperature
refrigeration and the liquefaction of gases, including air, oxygen and nitrogen.

“Carl von Linde shone at one and the same time as a scientist, professor, engineer and industrialist,
qualities rarely united in one man.” Linde was knighted in 1897 as Ritter von Linde. He died in Munich
in November 1934 at the age of 92

The Swiss Federal Institute of Technology, Zurich
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Linde’s Imperial Patent No. 1250 of 9 August, 1877 for his first refrigerating machine
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Compressing cylinder of Linde’s improved horizontal ammonia compressor



C. P. G. LINDE.
Refrigerating and Ice-Making Apparatus.

No. 228,364. Patented June 1, 1880.
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Linde’s US Patent No.228,364 of 1 June, 1880 for Refrigerating and Ice-Making Apparatus



UNITED STATES

CHARLES I G. LINDE,

PaTENT OFFICE.

OF MUNICH, GERMAXY.

REFRIGERATING AND ICE-MAKING APPARATUS.

SEPECIFICATION forming part of Letters Patent No, 228304, dated June 1, 1880,

Appization fiked Jnly 14, 1530,

To all woham 8 weay concern

Be it konown that I, Crantes P G, Taxoe,
of Munpich, Germmny, have invented o new
and Improved Refngerating and lee-Making
Appazatns; amd 1 do bereby deelare that the
following isa full, clear, il exnet deseriplion
of the snmne.

My improvements relate to that elass of re-
frigerating or ice-making apparatnses in which
the relrigerating cificet is obtained by the evap-
orition of a volatile liqnid, the vapors of which
are compressed by o puwp into a condenser,
and then liguefied ready to be again subjected
to the process of evaperation.

The abject of this jovestion is the follow-
ing: fivst, to prevent overbeatingof the pnmp,
which overlieating ling been the enuse of loss
of motive power and rendered artificial heat-
T evessary ; seconil, to effect a mwore perfeet
packing of the stufling box of the pumg, and
e employwent of the stofling mediam tor the
Inbrication of the pointg of contact of the
working parts; thind, to provide means for
replenishing the apparatas with pare lgnid
s ammonia while in operation; fourth, to pro-
vide means for the prvdociion of tmuzparent
feo wnd the means for disclarging the same
tfrom the carriers.

The investion consists, fivst, in preveuting
the overbeating of the pump by cansing a
portion of the hguid ammenia to be carried
slone with the vapors to the pnmp, to be evap.

oratied by the heat generated by the compres- |

sion action of the pump; second, ina glycerine.
5 chamber placed in the delivery-pipe, el con-
neeted by o pipe to a glycerine - chamber in
the stafling-hox of the pump, whercby the said
stnfiing-box will be tightly packed aud the
internal pavis lubricated; thind; i eonnect-
ing the distilling apparatas dhireetly with ¢l

exhaust-pipe of the pump; fonrth, in a revoly- |

juw drom provided with mdial ice-collecting
eells, to enable the ice to Le formed in thin
films or layers, and thereby rendered trauspar-
ent; and, lifth,in a revolving deviee for press.
ing heated tabes in contact with the ice on the
faee of the drum, to feilitate its removal, all
as hercinafler deseribed.

In the drawings, Figure 1 is an elevation of
the apparatus with the freezing-chamber in
section, Fig, 2 is a plan view with the freez-

ing-ehamber partially broken open.  Fig. 3 18
anenlarged longitndinal section of the stnfling.
box.  Fig. 4 is o croas-seetion of the same.

U is the condenser, B the refrigerating or
freezing chamber, nmld ' the pamp.

To obviate the loss of power resulting from
the heat eansed by the compression of the va.
pors, the velatite liguid and its vapors are con-
duneted to the pump in a mixture of suek pro-
portions that the state of satoration is jnst
attained at the end of compression. This
is accomplished by cansing the ammonisenl
vapors to be comlocted from the eondeuser
through the refrigerating-chamber np to the
prmp in a eontinnons civenit throngh the con-
iluit o, refrigerating-coil », and the exhanst-
pipe 2, whose nrens are less than that of thin
pipes H 1, which deliver the vapors from the
pump to the condenser. By this means the
velocity of the vapors will be so increaseil
that o eertain amonnt of Hgouid ammonia will
b eprried along with the vapors to the pamp
wul there evaporated by the beat generated
by the compression action of the said punp.
Thus all overheating of the pump is preventod;
all il hent being consmmed in e cvapostion
of the Hqnid, which passes through the pamp
with the vapoms.

I owler that the guantity of Houid ammo-
pis 1o be earricd o the pomp bo propery peg-
nlated, a valvd, r, is arranged in the conduit s,
whereby more or less lignid ammonia may be
almidtted, s may be required, and the tempera-
tureof the delivery-pipes H L will be a precise
gatide for the opeestor in regulating the valve,

To pack the stufling-box tightly a chamber,
¢, is tovmedl in the stuffing-box aronnd the pis-
tou by two india-rabber rings, (see Figs. 3
and 4.) which clamber is couneeted by a small
pipe, £, with the glycerine-vessel G, aveanged
in the delivery-pipe H [in open connection
with the condeser, so_that the pressure in
the eondenser will force the glycerine into the
stoffing-chamber. The pressure in the con-
denser, never being lower than the highest
pressure in the pump, will foree the glycerine
into the _-:tnﬂing-rhrtmlfwrundurgmm pressnre,
and it auy leakase shonld oceur in the said
stuffing-box, it—that is, the glycerine—will be
forced on one side into the open air and oo
the other juto the pwmp-cylinder. By this

Description of Linde’s US Patent No. 228,364 though strangely his Christian name is given as Charles, not Carl
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means an exit of the ammoniaeal vapors or the
almission of air to the sameis prevented, aml
the glyeerine entering the pump-eylinder will
be earried along with the smmonineal vapors,
lubrieating the parts throngh which it passes,
amild be returned to the g‘l_‘f[‘:ﬂrilll’!-\'t*ﬁ-ﬂﬂf (.

In onder to replenish the machine with am-
monia nearly deveid of moisture doring its op-
eration, Lmake use of the distilling apparatus
13, which has in its lower part the vessel d, for
containing the commereial lignid ammonia to
be vaporized by the application of heat or other
suitable means.  Above this vessel I arrange
a tube.condenser, ¢. which is kept eool on the
exterior by water. These vapors pass throngh
the said condenser-tube, thus depositing the
agueons vapors generated by distillation, and
are eondneted by a pipe, g, divectly to the ex-
bast =, aod thenee to the pump inoa thor
onghly-pure state.

The next feature of my improvement relates
to the production of transparent ice, which is
obtained by a revolving drum, F, provided
with radiating ecells, and arranged in the re-
frigerating ehamber B, which contains water, |
from which the ice is to be frozen.  The drom |

is partially filled with a non-freezing liguid,

such as bLrine intensely refrigeruted by the
cvaporation of the volatile liquid in the sta.
tionary coil r, arranged in the said deam. The
ends of this coil pass throngh the hollow jonr-
nals of the said drom, and are connected at one
side with the conduit o and at the other with |
the exbanst = During therotation of the drum
the eclls will be alternately immersed in the
water, which will be congealed in thin films
or layers therein nutil the said cellsare entively
filled with ice, which Iatter, owing to the grzul-
nal freezing of the succeessive water-tilins sapad l
the iovement of the water with reference to |
the iee surfaee, will be elear and entively free |
from the milky appearance usnal in ice formed |
by the apparatus in general nse,

The jee having attained o proper thickness,
the colid brine is drawn off by the tube o, anid
warm water, brine, or steam is introduced into
the dreom while sl tarping, by which e fee
will b looseneld in the cells. L however, thi
blocks of fee should be frezen together on
i s face, it will become necessary Lo sep.
vate them before they can be removed.  To ae-
complish this I arrange o shaft paallel to
the axis of the drum, provided with radiating |
anms which earry steamepipes. to which steam |
is mdmitted from a steam-vessel,  These tabes,
coming in contact with the iee by the rotation

of the drum and being heated, will make in-
cisions in the ice, thus separating the blocks

of iee contained in the cells of the drum from
| the wood blocks between the said cells and

allow the said blocks of iee to fall ont during
the rotation of the drum.,

If the machine is to be usged simply for re-
frigerating parposes without the production
of tee, thy drom will be dispensed with aml
the enil v be placed in the refrigerating-space
in contaet with such hodies as are to be cooled.

I :un aware that the piston amd internal
parts of & pump of an ice-machine have been
Inbriented with glyveerine, amld [ am also awaro
thata drip enp or trap has been placed in the
pipe leading from the pump to the condenser,
and eonneeted with the mdoetion-pipe by a
small pipe provided with a cock, so that when

| the said cock is opened the plyeerine in the

drip enp or trap will be forced back into the
induction, to be again utilized by the pressnre
of the gis on its passuyge (o the condenser;
Lyt

What I elnim, and desire to sccore by Let-
ters Patent, is—

1. In combination with the pump 12, the de-
livery-pipe H 1, and the refrigerating-chamber
E. the conduit o and the exhanst 2, having
smaller aveas than the delivery-pipe H T, sab-
stantially as and for the purpose set forth,

2, In o refrigerating or icemaking appa-
atns, the combination, with the puwp P and
the condenser U, of the glyeerine-chamber (3,
placed in the delivery-pipe ILT il connected
directly with the stuffing-box of the pump,
wherehy the glyeerine is held unider pressure
in the sabl stulling box, to pack the same and
to lubwicate the piston, sabstautiolly as de-
sevilaeld.

3. The revolving drum F, provided with ra
dinting cells, in combination with the refrig-
ernting-clinmber 1 pud the evaporating-ceil
e oof an ice-machine, substantinlly as and for
the purpose set forth,

4. The revolving deviee b, consisting of o
shaft provided with radial arms, earrying
stemm or hol-water pipes, in combination with
the revolving dram F and the chawber E,
substantially as and for the purpose set forth.

In testimony that 1 claim the foregoing 1
Lave herennto set omy band this 27th day of

May, 1570,
CHARLES LINDE.
Witnosses:
Fraxs MARSCHALL,
Fraxy WIRTH.
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Ice. Refrigeration.

THE LINDE BRITISH REFRIGERATION CO., vumiTED,
32, WALBROOK, LONDON, E.C.

[ce-Making & Refrigerating Machmery

ON THE I.XXN XD ¥l SYETEM (COMPEESSION OF mmva AMBMONTIA).
468 Bets of Linde Apparatus have bean suppli nduu] -;] ro-:] p to Id:. An., & , representing officlency of 7300 tons of Ice.

FURTHER P&RTIDULAES DN _A_PPLIU&.TIDN

#i18

January, 1888

Ice. Refrigeration.

630 MAOHINES IN USE, representing an efficiency ot 12,000 tons ot Ice per day.
Great Saving In Fuel and Cooling Water over other Systems. Greatest Simplieity in Working.

[ce-Making & Refrigerating Machinery

OCOMPRESSION OF ANHYDROUS AMMONIA—LINDE SYSTEM,

THE LINDE BRITISH REFRIGERATION CO. vLimITED,
City Office:—32, WALBROOK, LONDON, E.C.

Own Ice Factories (150 tons a Iil.jl'l"] FISHMARKET. Lower Bhadwell, LONDON, E Where pleass address engulries
and Frozen Stores: FISHMAREET, BIEMINGHAM. y

——— — ————

June, 1888



Linde Engine & Compressor Room of 150 ton ice-making plant, 1890

DRY AR DUPLEX REFRIGERATOR.

THE LINDE BRITISH REFRIGERATION COMPANY, ENGINEERS.

Linde Dry Air Duplex refrigerating machine, 1891



MARINE REFRIGERATOR

MESSRS. THE LINDE BRITISH REFRIGERATION COMPANY, LONDON, EXGINEERS

Linde marine refrigerating machine, 1899

AMMONIA COMPRESSION PLANT

Linde ammonia compressor installation at Grimsby, 1910



MARINE REFRIGERATOR FOR PASSENGER VESSELS

MESSHS, THE LINDE BRITIAH REFRIGERATION (0 LOXDON, ENGINEERS

Linde marine refrigerating machine for passenger vessels, 1899



Assembly of Linde horizontal compressors at Fred R Wolf Company in Chicago, 1900

The Only Manufacturers of Refrigerating Machinery

IN CANADA
In Capacities from 1 to 300 Tons

Quality Let Your
not FIRST
Quantity COST

1S our be your
&

Standard LAST

ESTABLISHED 1856

The LINDE CANADIAN REFRIGERATION CO., Ltd.

37 St. Peter St., Montreal, P. Q.
TORONTO WINNIPEG VANCOUVER

Advertisement of 1923
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Linde Air Liquefaction Plant, Bavarian Industrial & Commercial Exhibition, Nuremberg, 1896



A Linde Engineering Office in 1910



The Linde Family with Carl seated in the front row

Carl von Linde
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