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ABSTRAOT

Information, desoription and methods of ocaloulating the -
regenerators used in the Linde-Frankl installations are given,.

as well as overall utilities and space requirements for oxygen
producing units. . . . N ‘
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INTRODUOTION

Objegtives

‘The Gesellschaft tir Linde's Eismaschinen A.Q. in
Hollriegelskreuth near unioh was visited on June 6th, 1946.
The purposs of the visit was to obtain information on the
-regenerators and centrifugal expanders used in the Linde-Frankl.
installations.

‘Bvaluation;

. -Dr. Rudolph Linde, Dr. J. Wucherer and Dipl. Ing. O.
Hoohgesand were interviewed. According to Or. Linde the
centrifugal expanders for all their installations were
manuractured by "Surth Mechinen-Fabrik™, near KBln, and no
information on performance uata was available et Linde.- This
subjggt‘will be covered in a subsequent report after a visit-
to Slrth.

Guide to the Reader:
The reader is‘referre& to a report by H.M, Weir,

U.S., CI0S No. 30 - XXVII - 55, whioh covers the subject of
gas liquefaction and fractionation .plants built by Linde.

REGENERATORS
'l.- General
 Until the appearance of a patent by Matthias Friinil

(DRP.490878) heat exchangers were employed for cooling air
before its liquefaction and separation.  The exchangers =
heretofore employed censisted of well known tube bundles, in!
which the warm air was cooled by the cold separation products
leaving the fractionation columns. For greater efficiency of
these heat exchangers it 1s necessary to provide larger transfer
surfaces, longer gas paths end/or higher gas veloocities. . - -
Transfer surfaces. of this type are -expensive; . .furthermore,
increased gas velocities cause an increase in the pressure drop
of ‘the gases, which in the final analysis increases the overall
power consumption.  As a Tesult of the dbove, the efficiency
-Of ~the heat exchangers was limited, o
2. Description
cold regenerators proposed by Frinkl are of the:

1.



other-into the vessel.:

same type as those frequeatly employed in the metallurgioal
industry. There, howaver, they rouched a maxioun effioiency
of approximately 80%, while in the separation of air, cold
regenerators with an efriociency or wore than 994 have been

‘constructed.

These regénerators are oylinarigal vessels 4 to 5
meters high, of suitable diameter, filled with a paoclkdng
having the greatest possible surfece. The general arrange-
ment is shown in Figure 1. The flow of gases is controlled
by regulating equipment at the top of the vessel, which 1s
actuated by means of compressed air, while automatic valves
are provided at the lower end. Two cold regenerators always
operate together. For this reason four regenerators must be
provided for the separation of air: one pair for the heat
exchange between the air and the oxygen produced, and one pair
for the exchange between the air ana the nitrogen.

The operation is as follows: the eir tlows down-

‘ward through the first regenerator into the separating

apparatus, warming this first regenerator and thereby cooling
itself. The separation products leave the apparatus and flow
upwaras through the second regenerator, cooling it while they
are wermed. After 1 to 4 minutes the valves are auto-

" matically reversed, the air is cooled in the second regenerétor

and the cold separation products are warmed in the first
regenerator. - From the fact that air and cold gases flow

‘through the cold regenerators in opposite directions it is

apparent that these vesselg act as counter current exchangers..
The reversal periods are Set in such a way that the - -
temperature fluctuations at the upper and lower ends of the
regenerators do not become too great. - oo

3.  Conmstruction

Figure 2 shows the packing;materiaf'uséd_by'Lihde;~

'Which.waS‘properd by Frinkl and proved to be the best. . This

material consists of a 25 mm. wide corrugeted aluminium strip
wound in a flat spiral of such a diameter as to rit closely.
the inside diemeter of the vessel.  These "pancakes" are held
together by clamping wire and are piled. one on top of the

4.  Design Data
.Figureusiéiveshpréséuféidxépi¢ata of Linde-Frankl

N

-regenerators.



Aocording to D-. Wuoherer the apparent apeocific

weight of this packing material is one¢ third of the

specifioc weight of aluminium., For air pressure at 4.5
atmosphers pressurs they use 0.3 kg. of packing / 1 ou.m. of
air / hour. Por air at 1 atmosphere they use 0.38 to 0.4 kg
of packing / 1 ou.m, of air / hour. 1 oubio meter of -~
assembled paoking of this type gives approximately 1000 Bquars
meters of heat exchange surface.

For more details on calculating regenerators the
reader 18 referred to an article by H. Hausen entitled
"Approximation prooess for caloulating Heat Exchange in
Regeneratora" Z.Angew. Math. Meoh. Vol.II (1931) No. 2.

5. Advantages

The high efficiency of these regenerators has
already been mentioned. Also, it can readily be seen that
their cost is very much lower as compared with.tubular units.

To the above must still be added an important
advantage of the cold regenerators. In the old prooesses
all moisture and carbon dioxide contained in the air had to
be carefully removed prior to the introduction into cold
"heat exchangers. AT not - ice and solid carbon dioxide
obstruct the exchangers very rapidly. - With the cold
regenerators, the ice and solid carbon dioxide- are deposited
on the packing, and following a reversal of the flow,; are
sublimed and thereby removed from the regenerator during its
operation. . : : ' - :

6. . Disadvantages

.~ As explained above, the air and the separation . 7
"products flow consecutively through the same vessels. - There-
fore it is not possible to produce absolutely pure fractions;
at each reversal the volume of the air trapped ina 1.
Tregenerator ‘is mixed with the fractions.. Furthermore, the
‘products ‘are also polluted with the water vapor and carbon
dioxide picked up from the @ccumulator. - -~

. . . . As a consequence of the above when using '
regenerators, it is .not possible to produce oxygen at 99.7%
which dan be made" by standard methods, nor nitrogen at 99.98% .
purlty required for the synthesis of ammonia. : Theé real field
of ‘application .of regenerators is the :production o6f oxygen of



UTILISTES REJUIXEHNTS OF ¥i

¥igure 4 gives the power consumption and costs of
Linae-rrankl installations.

Figure 5 gives power oonsumption and cooling water
requirementa ror dirferent types and sizes of oxygen and
nitrogen producing units. 4

Figure 6 gives space requirements and weights of.
different oxygen and nitrogen producing units.
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" PACKING FORCOLD REGENERATOR

.'4§°[‘\ O.5Smm thick.
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'QETAIL OF THE PACKING .

FIGURE" 2
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SPACE REQ YREMENTS AND WEIGHTS OF DIFFERENT TYPES OF

. 'OXYGEN AND NITROGEN PRODUCING JNITS
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