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CORSTEUCTION ELEMZNTS OF THE MODERN $EXPAY YACUUM DRYING “ —y

IRIUSTRY

by I, of Bugineering Heins Haas, Renochetd~lennert
(translated from the Germen: VDI, Zsitechrift des vereines

deutsches ingenisure, vol. 94, Number 13, Susseldorf, 1 May 1952)

dAdatract from & discoures delivered at the session of the labor
comisaions’ Fcontstruction elements of apnaratus manrufacturs®
in Bad Ereusnach on the 25th and 26th of March, 1952.

THR FRACTICAL COFSIIEPATION CF THE VIRWPOINTS OF THE IRYING
INIUSTRAY.=~= The practical consideration of the viewpoints of the
drying industry lead to & cylindrical or rectangular housing form
depending on the mods of operation of the vacuum drysr, Also ths
rectangular housing form is welded meny times today and ie pro=-
vided with non rusting inner walise. In the cass of turdine dryers
the deposit and the packing box are cerried out separately, Per-

ticuler attention is devoted to the proportion of the heat tranafer

which occurs from the heating body to the materiss to be dried
{the product) and to the housing s well gs to the outer heating
cover in order that corrosion due to condensstion of the liggid
may be avoidsd. '

THE APPROFRIATE TOUSING FORM.-~From an evecubded container due
to the outside pressure of one &tmosphere on each sguare meter

- of surface of the wall of the contalnsr & gravity of ten tons

st exist at the surdnce of the contalner walleiso that they
ars not crushed in by the great prossure, they must sithor be

very thick or correspondingly strengthened. Cylindrical evacuated

containers are capable of resistance of af remarkable outside
pressure so that ia proportion a emaller wall thickness is nesded
and additional supports ocan de neglected, From the standpoint

of the congtructers it 1a ssen ffwom this that cylindrical vessels

with arched doors, cofsrs and floods are 10 be nreferrad ae

" vacuum spparatusves,

Su.i2 & cylindrical houveing form already oxiasts in the case of th
vacuum turdine dryer in which the self turning dlade mechaniss
inorder to be entirely effective requires a cylindrical/ cover
Juat ac also in the case of tho vacuum drum dryer in which the
housing form turns itself on its own axis, With the vacuum

plate drysr the steam heated pmay on the bases of the reverberatory
mechenise descrides a ring-teripet shape. The cylindrical housing

fore is adapted appropriately to this plate form, It is clear

that for all these drying apnaratuses the cylindrical housing form

was applied in b#ginning of the field and also still prevails

. tom.

Yor the vacuum drying chamber, the vacunm one snd two-roller
dryer, the vacwua epray Winngl drper, tho cylindrical houeing
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. eritical temperature, The residual prefaure must be less than the
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had Yean aseeadbled by Exil Pessdurg in Eusala for the drying

of cugar loaves in regard to the simple production also posseszed

& ¢ylindricsl housing form., To be sure theee were suitable on the
Yasis of etadility anfl production, cylindrical evacustion chambors
Lo% hsve from the standpoint of the drying industry anukber of
essential dicadvenbages which have led to the use of more and more
restangniar vacuuc drying chambers, Figuref 1 shows a vacuum drying
chazbay with a cylindrical houding form and figure 2 & drying chamber
with sx equal loading surface which i# placed in & rectangular
aousing form; O ne sees iemediately that the cylindrical drying
chasbeyr has &dove and beiow as woll as leterslly from the heading
plate pile a large dead space whick in the diffsrent siszes of

dryere makas up 58- 1104 of the volume of the rectangular construction,
The required floor space of the cylimdrical chamb:.: in relation

to the highth and width ie 10~ 50¢ lurger. Also in front of and de-
hnd the &ying chasder a condideradbly lerger free space from the
eircular door of the ¢ylindrical chamber is necessary than in front
of the door of the rsctangular chamsber of equal capacity, The

vecuva pump which is necessary to ovacuste the vecuum dyyer determines

‘now firet of all not by the vapor concentration which is produced

$n audit of time and alsc not the consentration of the cutaids

. alr which presses in through outside isakage but through the time

in wvhickh the desired vacunm in which the substance to be dried i

" capableof deing produced, The sensitive producé whoih is to be

dried which would underge dsmage if a oritical temperature were
obtained i placed in the drying tray, which is warmed previously

- by means of ateam or by soms fuel in the hot plate, Thus the
. arrangemsnt maet be prepared very repidly and bde svacuated to a

residuel pressure in order that the product does not assume this
saturated vepor pressure at the critical temperature of the product
which is being dried, One therefore adjwats the vacuum pump for

the aensitive materisl to be dried in such a way that the desired

. wacuum is obtained within 5 minutes after the starting of the puup.

With less seneitive products one cen extend the duration of the
evacuation to ten minutes, With cylindrical drying cgfhambers

- with their grester volume comparsd to dectangular drying chasbers

of equal drying capacity there are therefore correspondingly larger

| - vacuum pumps, thatis to say hicher prime coste, larger required

floor space and owing to the greater power required, the cost of

. operation necessarily runs higher,

8ince the vacaum drying 18 not an evaporation process bgf rather

& vaporisation ;rocess, the vapor conddsts almost exclusively of
"ateam, Jve.yvhere there, where it could de cooled delow itis

saturation vempsratmié, & condénsation occurs as a result, The
vapor oontal corrosive substances therefore condensation allows
the formation of ions snd theredy promotes corrosion, Such &
condensation can not occur of the hot plate 1tself since it hae

@ highur tempsrature than the vapor dut probably does ococur on the
honsing wall if they are not supplied with sufficient heat
essentially Yy means of heat condnotion or radiaticn from the hot
plate fo that their temperature lies adove the temperature of
condensatisn of the vaper in spite of the heat loss to the outside,

A glance at figare 1 shows olearly now thatihe beat through ocondnotion
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from conduction from the hot plate above the suppert of the Q
cyiindrical cover of the vacuum drier is carried only %o eight
ereas, In the cese of rectangular drying chamberg in which the
individual iron supports on which the hot plads rosbde are walded
directly to the wall of the housing, the heat, as epposed to that
in the cyliddrical drysrs can be coaducted to a great many connecting
places, Also relative to the heat Sransfer by radiation it is
found ' that the eylindrical chambers owing to the greater msan
interval of the housing wall f:w the hot plate JEf4/fAf is less than
that {n the rectargular chamber, It is therefore a general dis-
advantage of these xinde of cylindrical chambers that & condensing /
sump i¢ ususlly formed on the plate floor during the drying which
influences unfavoradle the drydgg process and in the vre sense of
corrosive vapors leads to an undesirale corrosion phenomenon,
This condensation can be avoided if one incloses the hewsing outside
‘ _ with a heating coil and then further suiteblp insulates it, With
-+ the rechangular chanber, which in itself is already slightly prone
- tc condensation, yifgf one is therefore, in the case of german and
Americen designs (modern) converted into developtidg the covers and
. pPlate floord of the drying chasbers equal to the hot piats, Thms
the side wails form with their upper and lowsr parts synchronous
%o the sidevalls of the heating plate eo that in addition a heat
tranefer yy condnotion occure, @

These statemonts irdicatdd that from the standpoint of the drying W
induetry a recstangular vecuum drying chamber with ths reinforcemen "z
. vhich depends on its shape of design is preferred unconditionally
. a8 epposed to the cylindrical vacwum drying chamber, especially
- for vhat it offers the desiguner.

Yor the vacuur-roller dryer the dead space is generally without
influence cn the drying proc- us. Since this dryer wvorkis largely
continuously one degins often with the insertion of the product
1if the desired vacuum is to ba obtained, Por the one roller dryer
the oylindrical housing is prefésred in adaptation to its turning
cylindrical roller, In the casze of the two rollerdryer, to de
surs, the cylindsiéal housing also predominated but one aleo
sncounterd the rectangular housing especially for small desigse.
Since in this style of dryer the heat i transferred essentially

~ by radiation fromthe rollers to the walls of the housing the
condensation can bde avoided only by ths outeide heating of the
houeing,

Jor the vacuuas-shaking plate drysr whioh owing to its good suto-
satic discharge in cases vhers the naterial is gummy as for ex-

awple with nylon ocuttings, has come into use as epnosed to the
vacuun drpm dryer. The cylindrical desiglin is used throughout

since in this type, aleo from the viewpoint of the drying industry,
there is no disedvantage ss opposéd to the rectangular form. In
both cases one would load only 1/3 of the toatalvolume so that in e

bYoth types the empty spaces to be evacuated are equal, e
’ " Also vith the spray tunnel dryer which 1likevise works contizuasly »
' Abe oylipdri 1 ‘
Sl Bt e hen 20, U padvantagy, dndndupt i) | 4
| o | |
|
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heating.

¥ith thie shourt insight into the appropriate housing form
of the different types of vacuum dryers the particular kind of
dryer 1s to be indicated by spscial conatruction elements.

VALL MATZRIALS AND MAINTZNACR IY THRE IRYING CHAMBERS.~-

Fornsre)y the roctangular hemeing was frequently made of cast

iron since the production of such houeings with sheet iron csused

difféculties with the necessary reinforcsment. The more that
welding found soceptence in spraratus construction the more men

converted to wslded stesl husing, In favor of the cast housing

to b sure wvas the somevhiRt greater corrosion rasisting quality

of the cast iron as opvosed to the -:isel, But i® 48 possidle today

in welded stesl caMnots to avoid all condensation ( the real

oregequieite for rust) so tha¢ ihis advandage of the cast houaing

is unessantial, Velded steel vacuum drydmg chambers which were

loaded with acidiferous die pulp have worked gatisfactorily over

: ten v~ period whéteas the tudbing connected to these cabinets

wvhiich wer~ not pwotected from condensation had to be replaced every

fow yoare, This clearly shows how important it 1a to cornstruct

the chamder in such a menner that all parsés are sufficienily headed

0 that all condensation is avolded.

In the cousse of the year there ia formed on the iron of the hot
plate and on the cadbinet housing a thin ozidatinn fild fim which

a part can bde soraped fr a.the insertion of the drying tray in

& careless menner,shich ‘hen falls into the iray of the odbtained
protnst, Consequently, in the case of chambers for high quality
material wvhich are sensitive to that kind of trace of foreign
bodies (as pharmaceutiocal products, for exampie penicillin, silver
salts for the photoindustry, pure white pigments,bleaching agents)
one changed over therefore to memufscturing the inner walls partley
or completaly of sisinless steel. Figure 3 shows one such modern
drying chamber which consiasts completely on the inside of stainless
mteel, Also the metallisation of the inner parts has resulted in

- good protection from rust,

The thicknez« of the layer in which one sudjects the product to the
drying process iafRlences the time of drying in the first to second
power aocording to American infeastigations. With materials to bde

. dried wvhéh are wet and good conductors of heat it ocan thus de

c¢aloulated that the drying time W1l inorease in direct proportion
to the thicdness of the layer; with dry sudbstances which are poor
heat conductors the time increases as the square of the thihkness.
On the average, vith thicker layers of the product, a amaller drydng
capacity of the installation is odtained although there is lass
manual lador involwed per unit of production. In gene.sl the in~
stallation is calculated for @ a thickness of the layer of 10 m.

THE SRATING AND CORRUGATED SUPORTING 1IN TURDINE INTERS.—

Mtk the vacuun turdine d&ryere thw performsnce of the sdlf turn-
iag blade supporting Sudes have always cadsed difficulties through
the froat walls during shord periods of operition., This drying
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epparatus which, in itself, is completely sultadble for vacuum
érying has accordingly not fonnd the distritution whidh sctually

is due it, ' In the ~arly desims the seating of the turblne supporting
shaft combined with the packing bor. Thereby a proportionataiy
complicated system is obtained completely irrespective of the
precautionary measures which always must be provided; therefore care
vas takim that no oil from the seating reached the product, In
modorn designs the seating and the packing box are accordingly as 1is
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 & k'shsr bending (flex~
ural) stress of %‘he blade supporting tubes is dbteined. This
ddsadvantare, however, is mors than compensated for dy the suitable
and clearly arrenged construction, Just how far the replacement

of the packing box through slip-ring seals will dring further
advantage, the future must demonstrate,

EEATING ELEMENTS AND PLATE SPACING FOR THE DRYING UHAMBERe=-

In regard to the heating of different vacuum installations there are
also several quostions which are of real significance for the
designer and for the drying techniclan, For the vacuum drying
chamber one can uge 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 shapé the surface of the
heating plate as flat ss possidle as the floor plate of the drying
plate, one must obtaind in practice frequently only & moderately

flat dxt mltipoint contact., On the othor hand if one uses a heating
grate then a linear but single point contact appears, It is thereforse
understandable that the heat transfer in respect to a heating

grate vwith an equal temperature gradisnt 4is smaller than that of

a heating plate, Architecturally the heating grate is however more
convenient for predsures hfgher than 5 or more atmosphsric excess
pressures since the hesiing plate then would have a wall thickness
wvhich would make it extremesly heavy, Thus the thickness ofthe

walls vhich would be necessary would amount to for example 5§ mm, with
2-3 atmospheric excess preasures, 6~7 mu, with 5 a.e.p. and 10 azm
vith 10 a,e,p, One should now assume that fK¢/Lrffd/héd with grate
heating individual areas would dry differentially and indeed in such
a way that the material nearly over ths heating tude wodld dry

fastsr in comparison and thag over the interspaces would dry more
slowly, However, as long as ‘the material is still fluid the steam
tudkles which were generated in the drying mix thoroughly the matorial
so that & differential heating is not to be expected. The material
becomes viscous 80 that equallizédg currents oan no longer exist

and at the time of “rying of the material there still prevails a
relatively favoradble heat tranafer coefficient so that temporaraly
the danger of a differential drying exiats. Wwhen the material
becomss dry and thus the heat transfor at the time of drying ofthe
mterial becomes very small then a hest equalization by means of
cor.luction within the drying &ray occurs and the danger of a
differential drying is again stovpdd. Practical studies with
heating grates have confiresd this.

A further significant qgestion is that of selecting the plate
u}mﬂ’“”hﬂ of all it 1s determined Y%y the material which is




i35y meterial), It is further Jound that the rediation portion 3

[ S R e isu xivit

to be dried, It tends tc foam, that is, 1t passes through a
viecous pfbase so that ons selecta in general a large interval.
In otbor respects one limits the interval to ths exteat that with
& glven helighth of the drying tray a satidfaatory insertion of
the trays 1s sftill allowed, In order to utilisze the heat of
radiation of the unser tray one should select an interval not
larger than i¢ necessary according to the reasons just given,

The data on the portion of radistion in the transfer of heat i‘
are very different; in Germany it is calculated as 20-25%, in the
United States of America as 504 Tablae 1 shows the radiation
nortion as dependent or the heat transfer coefficient, k, at the
time of contact of the product in the case of warm vater- and steam-
heating of the plates, As is to de assumed the portion of the

heat vhich is transferred by radiation falls as the coefficient

of heat transfer, k, increases and, indeed, in the case of steam
hhating from 48% when k » § k cal/mehoC ( tbus an already rather

dry substance ) to 13.7% when k = 30 k cal/w’hOC (thus a rather

increases as the tmmparature of the iuel increases (wara wever- ,
stean- heat), Table 2 shows that the portion of radiation increases
as the §ffé tray interval increases and indeed this is somewhat
mor3 with bYigesr prays than with smaller trays. If the trays were
infinitely large and & uniformly high vacunm prevailed in the dryer
then the interval of the trays would be practiaally whthout effect i
of the lmat radiation, The smaller the trays become the more hsat
of the unper tray goes by the product and is radiated to the side
valle, As the earlier statementia shov this leat lose Dy radiation
1s entirely to be desired, hoflevery since it introduces to the 1
cabinet housing the heat nscessary for the provention of conden-
sation,

In the case of turbine dryars, especially with high vapor pressures,
the question 1s ralsed whéther a doudle cover beating or a heating
by external pipe coils,which are welded on, are convenient, In

the case of the doudle cover, the thickness of the inner cover must
amount te, for exsmple in a dryer of known sise, 16 ms with 2
aimospheric excess pressures but 2L mm alresdy at 6 a.e.p. In

tube heating the thickmess of the cover is determwined only dy

the outside pressure of 1 atmospheric excees pressure. The cover is
sarported so well by the welded pubes that it can de kept rels-
tively thin. On the other hand the coefficients of heat transfer,
k, are, in the oasd or heating by pipe coils, somewhat smaller than
with the dcuble cover heating. Table 3 shows these kinds of values
which were caloulated on the desis of American supports and the
values vhich wkse messured in practice in similar installations
agree very well with them, It is clear that rith the decreasing
molisture content in the product the Aifferences in the k-values
disappear more and mors since it thon is controlled to a great
degree Yy the coeffiolent of heat transfer of the time of the material
to Ye dried. A disadvantage of the heating by pipe coils lles in

" tho fact that & large welding is nscessary for the carrying out

of this part; the values in tadble 3 hold Srue for wubdes vwith two
contimous welding seans,
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: ' Table 1, Portion of radimtion in the total heat Lransfer for
9 cristollins materials o be drieds
: @ Heat transfer coefficlsnt '  Radiation portion in § 4in the case of
; L}
: kcal/na h8 ¢ ' Wesmwater heating ! Steamheating
‘ ! (95~ ¢) i (2 a.e.p.)
Y
5 v 43 ' kg
: 15 ' 20 ! 23.5
*i : » ' i2 ' 13.7
H ' ]

Tadle 2. Influence of tray size and tray interval on the portion
of radlation for stearhsating with a heat transfer coe ficient

of k=5
x tray sise ! portica of radistion in % #h the cese
{ B° @m J of a tray interval of
? ' 150 = ¢ 1. m ! 0 m
i 11 1 4g 1 50, I ' 51.8
| L5 -1 Vo s B
i L] ] 1
!
s ' Table 3,Coeffiolent< of heat transfer k in the cover of d
G vacuum turbine dryers
XIND of material ' K IN KOi' f4€h°C "fecline of output
- @ handled ' with 'in § through tube
; 'double~saver 'tude heating ' heating
i ' heating ! '
: boiling Mélution , 1320 . 900 . 32
A agitated solution s 8P £ e ' 8.5
p' viscous substa:ce ¢+ 5% ' ygs ' 16.5
luspy maes + 320 i 230 ' 9+5
starch of 40% at ' ' 1
208 humidity 1 58 ' - 5645 2.5
$ L 1 » '
. - ; ‘
' i N\ 1 i ‘
} p "l‘\ ,
w} ‘ i
‘ . H
. . 3 N ...J ‘ #
- N I L. Debtochigen Cubnn
Tg. 1 Cyliindrical houmbng Filg. 2. Rectangular housing
Tigs. 1 and &, Vacuum- drying chambers with oqual feeding boxes
° snd 4ifferent housing forms.




