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OOSTRUCTIOI ILUKM O THS 107W~ VACUUM 12TING

by Dre of lugineering Heinsu Raas, Ben echoeld-Lennxer 1

(translated from the German: VDM, Zeitechrift des vereines
deutech*s ingenieure, vol. 914, Nuabe~z 13, Susseldorf, 1 Masy 1952)

1Abstract from a discourse delivered at the session of the labor
commissions' 1contstruction elements of aprwatus manufactursO
In Dad Kreusnach on the 25th and 26th of March, 1952a

TDI PFWTICAL CONSIDSPATION OF THE YIBWPOINTS OF THE IRTING
INDUSTT- The Practical consideration of the viewpoints of the
drying industry lead to a cylindrical or r~ectangular housing form
depending on the mode of operation of the vacuum dryer. Also the
rectangular housing form is welded many times today and is pro-
vided with non rusting Inner walls. In the case of turbine dryers
the deposit and the packing box are carried out separately, Par-
ticular attention io devoted to the proportion of the heat transfer
which occurs from the heating body to the materi"l to be dried
(the product) and to the housing as well as to the outer beating
cover In order that corrosion due to condensation of the lipid
map be avoided.

TIM APPRIArk' H~OUSING Y~M.e-Prom an oecu&ked container due
to the outside pressure of on. atmosphere on each square meter
of surface, of the wall of the container a gravity of ten tonsit mast exist at the surtece of the container walls;so tbAt tbay
are not crushed In by the great pressure,$ they mast either be
very thick or correspondingly strengthened. Cylindrical evacuated

V containers are capable of resistance of a4L remarkable outside
pressure so that in proportion a smaller wall thickneae Is needed
and additional supports can be neglected. 7rom the standpoint
of the constructors It is seen fftom this that cylindrical vessels
with arched doors, coferui and floozs are to be n~referred as
vacum apprtes

Su.;a a cylindrical housing form already exists In the case of the
vacuum turbine dryer In vhbch the self turning blade mechanism
inorder to be entirely effective requires a cylindrical/ cover
just as also in the case of tho vacum drum dryer in which the
housing form turns Itself on Its own "xis. With the vacuum
plate dryer the steam heated jmy on the bases of the reverberatory
mechanism describes a ring-tarist shape* The cylindrical housing
form is adapted appropriately to this plate form. It is clear
that for all the psdrying apratusee the cylindrical housing form
was applied i ebglani ng of the field and also still prevail*
today.*.

For the vacuum drying chmaber,, the vacuum one and two-roller
dryer, the vamm sproy tunnel drper, the cylindrical hoasing

fqr~4os.t reut 1itfllf from the msnerofeOperationC~W be rot aTatUM "26 cghambberebic



had been assembled by 3.11 Pssburg In ftesia for the dyn
ofsugar loaves In regard to the simple prodaction also posessed

* a cylindrical housing form. To be sure the@e were suitable on the
bests of stability ani produnctlon, cylindrical. evacuation chambers
L-ov hare from the standpoint of the drying Industry anubsr of
essential disadvaniages which have led to the use of more aznd more

F rectangular vacuer. drying chambers. 1iger$ I. Shows a vacuum drying
chamber with a cylindrical houdIng form and figure 2 a drying chamber
Adth aa equal loading surface which io placed in a rectangular
nouaiang form 0 as sees immedately that the cylindrical drying
chamber has Mhove and below as veil as laterally from the heading
plate pil, a largo dead space which In the different sizes of
dryoe makes up W6 110% of the volume of the rectangular construction*
The required floor space of the cylindrical chawb,:- in relation
to the highth and width Is 10- 50% Larger. Also in front of and be-
hind the Arying chamber a condiderabip la~rger free spaes from the
circular door of the cylindrical chamber is necessary than in front
of the door of the rectangular chamber of equal capacity, The
vacuum pump which Is neessar7 to evacuate the vacuum dyyer determines
nov first of all not by the vapor concentration which is produced
In a uftt of time and also not the concentration of the outside
air which preses In through outside leakage but through the time
In which the desired vacum in which the substance to be dried is
capableof being produced. The sensitive producO whcih is to be
dred which would undergo damage If a critical temperature were
obtained Is placed in the dryint tray, which Is warmed previously
by mans of steam or by some fuel in the hot plate, Thus the

* arrangement suet be prepared Tery rapidly ad be evacuated to a
residual pressure, In order that the product does not assume this
critical temperature, The residual pressure mst be loe than the
saturated vapor pressure at the critical temperature of the product
which is being dried. One therefore adjusts the vacuum pump for
the sensitive material to be dried In such a way that the desired
vacuum Is obtained within 5 minutes after the starting of the p.UV
111th less sensitive products one can extend the duration of the
evacuation to ten ainutes. Vith cylindrical drying cjhambers

wththeir greater volume compared to deotangular drying chambers
of equa drying capacity there are therefore correspondingly larger
vacuum pumps, thatis to say hidher prime costs, larger required
floor space and owIn6 to the greater power required. the cost of
operation necessarily runs higher.

Since the vacam drying Is not an evaporation process bpb rather
a vaporisat on ;rocess., the vapor costists almost exclusively of
steam ve-7where there, where It could be cooled below Its
saturation O'sugeratn.o, a condtnsation occurs as a results The
vapor conal no# corrosive substances therefore condensation allows
the formation of ios ad thereby promotes corrosion. Such a
condensation can not occur ci the hot plate Itself since it has
a highmr temperature than the vapor bat probably does occur on the
housing wall If they are not supplied with sufficient heat
essentially by mnawe of heat conduction or radiaticn from the hot
plate lo that their tomperatre lies above the temperature of

* condensatm of tUe valmr~m itst of the heat loss to the outside.4 A slamee at flare I shows clearly now thattho heat through conduction
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from conduction from the hot plate above the suppor-t of the
cylindrical cover of the vacuum drier is carried only to eight
areas, In the case of rectangular drying chambers in which the
Individual Iron supports on which the hot plabe res~s are welded
directly to the waLLI of the housing, the heat, as opposed to that
In the cyliddricaj. dryers can be conducted to a great manyr connecting
places. Also relative to th, heat bransf.b: by' radiation It Is
found that the cylindr~Ical chambers owing to the greater mean
Interval of the housing wall fine thew hot plate AV/A is less thanI that in the rectangular chamber. It is therefore a gentoral dis-
advantae. of these kin~ds of cylindrical chambers that & condensing
sumpi Is usually formed on the plate floor during the drying which
Influence* unfavorable the d"gg process and In the pre cenoe of
corrosive vapors leads to an undesiratlie corrosion phenomenon.I: This condensation can be avoided If one inclos*i the housing outside
with a heating coil and than further suitabip insulates It, With
the rectangular chamber, which in Itself is already slightly prone
to condensation, O~o one is therefore, In the case of german and
American designs (modern) converted Into developblig the covers and
plate floor& of the drying chaebers equl to the hot plate. Thus
the side wais form with their upper and lower parts synchronous
to the sidewall. of the heating plate so that in addition a heat
transfer )'y conduction ocurs.,0

Tbose statements irdicatbo that from the standpoint of the dyn
Industry a rectangular vacua drying chamber with the reinfore n
which depend.. on Its shape of design Is preferred unconditionally
as opposed to the cylindrical vacuum drying chamber, especially
for what It offers the desigaer.

*For the vacuum-roller dryer the dead space Is generally without
Influence on the drying proc-.e Since this dryer work~s largely
continuously one begins often with the Insertion of the product
if the dosired vacuum Is to be obtained. for the one roller dryer
the cylindrical housing Is proffered in adaptation to its turning
cylindrical roller. In the case of the two ro Llerdryer. to be
sure, the cylindaital housing also predominatat but one also
encounters the rectangular housing especially for small doei
Since in this style of dryer the heat is transferred essentially
by radiation frouths rollers to the walls of the housing the
condensation aem be avoided only by the outside heating of the
housing*

7or the vaouwa-shaking plate dryer which owing to Its good auto-
matic discharge In cases where the material is gummy as for ex-
a:%ple with nylon cuttings, has coma Into use as spnosed to the
vacuum drpsm dryer. The cylindrical dosg$n is used throughout
since In this type, also from the viewpoint of the drying Industry,
there is o disadvantage as opposed to the rectangular form. Inboth cases one would load only 1/3 of the toatalvoln" s o that In
both types the empty spaces to be evacuated wre equal.

Also with the spray tuxiel dryer which likewise works contimumy 0
Us V oir! hasng. baa ~ ntn Iad trw
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heating.

With this shourt insight into the appropriate housing form
of the different typoes of vacuum dryers the particular kind of
dryer is to be indicated by special construction elements.

VALL KLATIALS AD 4L NTZL IN TIE MTYIG OKI S.cs--
, nerlo)y the roetangular hous ing was frequently made of cast
iron since the production of such housings with sheet iron caused
diff*ultios with the necessary reinforcement, The more that

volding found acceptance in apraratuu construction the more r:on
converted to welded steel busing. In favor of the cast housing
to be sure was the eomevkht greater corrosion resisting quality
of the cast iron as opposed to the z.el. But i$ Is possible today
in welded stool cabinets to avoid all conden-ttion ( the real
-regequisite for run%) so tha- ;his advantap of the cast housing
Is unessential. Welded steel vacuum dryhxg chambers which were
loaded with acidiferous die pulp have worked sattefactorily over
: ten v- period whkoae the tubing connected to these cabinets
which wor not peotectOd from condensation had to be replaced every
few years. This clearly shows bow important it Is to construct
the chamber in such a manner that ail par6s are sufficiently heaed
so that all coronsation Is avoided.

In the couase of the year there is formed on the iron of the hot
plate and on the cabinet nousing a thin osidatinn fild fnu which
a part can be scraped fr '.the insertion of the drying tray in
a careless mannernbah then falls into the tray of the obtained
prodmat. Consequently, in the case of chambers for high quality
material which are sensitive to that kind of trace of foreign
bodies (as pharmaceutical products, for exaple penicillin, silver
salts for the photoindustry, pure white pigments,bleachign agents)
one changed over therefore to manufacturing the inner walls partley
or completely of stainleou steel. Figure 3 Aboe one such modern
drying chamber which consists completely on the inside of stainless
teel. Also the metallisation of the inner parts has resulted in

- ood protection from rust.

The thicknoeg of the loer In which one Rubjects the product to the
drying process iaksonoes the time of drying in the first to second
power according to American inPeetigations. With materials to be
dried whjth are vet and good condutors of heat it can thus be
calouldted that the drying time A 11 increase in direct proportion

* to the thickness of the layer& with dry substances which are poor
beat condnctors the time increases as the square of the lhkness.
On the average, with thicker layers of the product, a smaller dryTng
capacity of the installation is obtained although there is loss
muM labor involoed per unit of production. In gone.' l the in-
stallation is calculated for a a thickness of the layer of 10 m.

TER 8W AlW AND OOWOOAND ST !I3 IN 1 T N M MUS.-
VIth the vaemam turMsn dryers to performano of the .Ilf turn-

Ia blaS& supporting tiubos have alvae e sed difficulties through
the ftst *als during sGMt perios of epeortion. This drng

8l
A
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apparatus which, in itself, is completely suitable for vacua-
drying has accordingly not fourd the distribution %hibb actually
is due it. , In the ,arly designs the seating of the turbine supporting
shaft combined with the packing bow., Thereby a proportionately
complicated system is obtained completely irrespective of the
precautionary measures which always must be provided; thetrefore care
was takkn that no oil from the seating reached the product* In
moodern designs the seating and the packing box are accordingly as is
shown in figure 4 separated from each other. A disadvantage of this
design, to be sure, Is that the seating interval which is somewhat
larger, compared to early designs, wher-by a h4,!h--r bending (flex-
ural) stress of the blade supporting tubes is bbtained& This
W wadvanta"e, however, is more than compeneated for by the suitable
and clearly arranged construction. Just how far the replacement
of the packing box through slip-ring seals will bring further
advantage, the future must demonstrate.

[lATING LMNTS AND PLATE SPACING FOR THE DRYING AiARu34l.-
In regard to the heating of different vacuum installations there are
also several questions which are of real significance for the
designer and for the drying technician. For the vacuum drying
chamber one can use for the heating on the one hand heating plates
and on the other hand heating grates. Also if each producer of that
kind of vacuum installation attempts to shap6 the surface of the
heating plate as flat "s possible as the floor plate of the drying
plate, one must obtainj in practice frequently only a moderately
flat b~tt mltipoint contact. On the other hand if one uses a heating
grate then a linear but single point contact appears. It is therefore
understan4able that the heat transfer in respect to a heating
grate with an equal temperature gradient is smaller than that of
a heating plate. Architecturally the heating grate is however more
convenient for predsures fgher than 5 or more atmospheric excess
pressures since the heating plate then would have a wall thickness
which would make it extremely heary. Thus the thickness ofthe
walls which would be necessary would amount to for example 5 mm. with
2-3 atmospheric excess pressures, (-T mm. with 5 a.e.p, and 10 m
with 10 a.e.p. One should now assume that %$ /0/$4 with grate
heating individual areas would dry differentially and indeed in such
a way that the 'aterial nearly over the heating tube wolId dry
faster in comparison and that over the interepeces would dry more
slowly. However, as long as tthe material is still fluid the steam
bblaes which were generated in the drying mix thoroughly the material
so that 6 differential heating is not to be expected, The material
becomes viscous so that oqualliztdg currents can no longer exist
and at the time of drying of the material there still prevails a
relatively favorable heat transfer coefficient so that temporar&4
the danger of a differential drying exists. When the material
becomes dry and thus the heat transfer at the time of drying of the
material becomes very small then a heat equalization by means of
cotiuction within the drying Lray oocurw and the danger of a
"fferential drying is again stoVdd Practical studies with
heating grates have confirmed this.

* A further significant Wpaetion is that of selecting the plate
- of all it ts determined t the material which is

0i
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to be dried, It tends to foam, that is, it passes through a
viscous plfhas so that one selects in general a large interval*
In other respects 0ne limuits the Interval to the extent that withS a given hiigth of the drying tray a satifaory Insertion of
the tray$ Is sftiil allowed. In order to utiliz, the heat of0 radiation of the u1-.er tray one should select an interval not
larger than io necessary according to the reasons just given*
The data on the portion of radiation In the transfer of heat
are very different; in Germany It is calculated as 20-25C, in the
Mkited States of America as 50% Table 1 shows the radiation
portion as dependent on the heat transfer coefficient, k, at the
time of contact of the product in the ease of warmn water- and steam-
heating of the plates. As is to be assvumed the portion of the
heat which is transferred by radiation falls as the coefficient
of heat transfer, k, Increases and, indeesC in the case of steam
Mhating from 4Jg% when k w 5 k cal/2 h00 ( tbus an already rather
dry substance ) to 13.7% when k = 30 k cal/a~hOC (thus a rather

.~material). It Is further lound that the radiation portion
Increases as the tmperature of the fuej Increases (warm Waver-,
steam- heat)* Table 2 shows that the portion of radiation increases
as the J$#$0 tray interval increases and Indeed this Is somewhat
mor, with biggdr irsys than with smaller trays. If the trays were
Infinitely large and a uniformly high vacuum prevailed In the dryer
then the Interval of the trays would be practisally without effect
@A the beat radiation. The smaller the trays become the more heat
of the upper tray goes by the product and is radiated to the side
wles. As the earlier etstements show this heat lose by radiation
Is entirely to be desired, hotevery since It Introduces to the
cabinet housing the heat necessary for the prevention of conden-

In the came of turbine dryers, especially with high vapor pressures,
the question Is raised whither a double cover beating or a heating
ty external pipe oolse,which are welded on, are convenient# In
the "ase of the double cover, the thickness of the inner cover u=ait
amount to, for example In a dryer of known size, 16 ra with 2
atmospheric exess pressures but 24 -e already at 6 a. e~pe In
tube heating the thickness of the cover is determined only by
the outside pressure of 1 atmospheric excess pressure. The cover Is
sayported so well by the welded jubes that it can be kept rela-
tively thin. On the other head the coefficients of heat transfer,
k. are, In the "aso ox heating by pipe coils, somewhat sraller than
with the double cover heating. Table 3 shows these kinds of values
which were calculated on the basis of American supports and the
values which whine measured in practice In similar installations
apes very well with them, It Is clear that rith the decreasing
moisture content In the product the Aifferanoes In the k-values
disalpear more and more since It then is controlled to a great
degree by the coefficient of heat transfer of the time of the material
to be Wre&. A disadvantap of the heating by pipe coils lies In
the fact that a largp e ving iosemeosay for the carrying out
of this prts the values in table 3 hold trus fer Inbes with tw

* *tweusWeldiqs Oem.B
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Table 1. Portion of radiation in the total heat transfer for
cristolline materials to be dried,

Heat transfer coefficient R 3adt&tion portion in % in the Case of

k hs1/m2  C ' W.mwatgr heating ' Steamheating

(95 C) (2 a-o-p.)

15 20 23,5
30 12 13.7

Table 2. Influence of tray size ani tray Interval on the portion
of radiation for steamhoating with a heat transfer coefficient
of k: 5

tray alse portica of radiation in % ft the case
a of a tray interval of

150 Ism 1c . I 5 mm

1 • w4 50.4 ' 51.8
1.5 , 50 5 52.5 54

Table 3-.Oooffioient- of heat transfer k In the cover of
vac mu turbine dryers

KIND of material ' I IN 1wj)4 h° decline of output
handled with 'in % through tube

double-eaver 'tube heating heating
heating

boiling Iblution 1320 900 32
*& tated solution * 8718 710 k8.5
viscous substance , 50 45 165
lumpy ase , 32 290 9-5
starch of 40% at
20% hmidity s 58 56-5 ,2,5

, , I ;___________________

.L So 9 A- '*A

Fig. I Cylindrical houmbrng Fig. 2. Rectangular housing
Figs. 1 and L Veouum.- drying chambers with oqual feeding boxes#a di&fferent hottIn form,


