' naterlal to a mol di ng machine, and:nore-
paftlcularly to a hopper drier
drylng granular synthetic resin material or the like to supprs It-to s

a machi ne. “"Raw synthetic resin mater
_ \ hal used for nolding pr
synthetic resin such as plastics or the like'is general?ypsngﬁggg In the

form.of pellets. As is well -known '

: Eont ai n noi st ur
nore than a predeterm ned | evel, hydr ﬁy&ﬁEﬁgqa.es pl ace durlﬁglgheto
nQl di ng operation, resulting in the synthetic resin being deteriorated. As

a result the nol ded prqﬁym;siﬁyaﬁ%ﬂaadqeedtg@renghhhappeduéprlBﬂyplFaﬁﬂher

as the anount. of nobisture 1 th
becomes fluid, whHash Bak&p |€$1ﬁbwg’ %%%gf% g@%&i??@é mB?E PFEEQBulQEly

mol di ng die wher ey P Hdppey Qrfiemed radeyringt 9& amwilasd 5{5#"6&6&15‘
cau
themto have an i ncorr(é?t&eﬂrp J¢ ?Jr tq.hrkfé Gy FupPly iedgecduzh acghpgcy
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and a spoilt sur fREEhppear ance IS reas ' '

on there is a necessit
sufficiently5dryimgngehings prior to using the sane. To neet this reqﬁlrg[
ment it has been prOposﬁabt thisticetredin dua et fal wsiedy fRrnBe3Rdnge air.

FQmever It has been_25 und t
reéason mentioned PEPIHEERL fss%%‘?/#iéa{yrr%ssﬁ{]erl C alér,\%?'glﬁtg:é%eagabl retfor the
amount of noi st urehe Ebkeekang)émzerallx rﬁunﬂnﬂasi'h'% L?ffe C an

alesol ute pressur f .26
oI St ur e contarneﬁg 14 5901 Hnowd™ ﬁﬁEhfbériéﬂs\ubduamnhqusﬁurESWb t he

i s |na|rof unltvol me jzz'yt

t his wet air l0s | hormetecthamtd armgﬂfy%%%"e% %%tl ng a ‘ﬁl ovver

ng;gg ?hfgﬁaﬁ'tﬁtgieg prheérduping ntineitmold ing repesat an i HASWH dire 35
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case where nylon
: result the molded products have reduced strength
‘and ductility. Further, as the amount of moisture
15 in the pellets increases, the molten resin becomes
-fluid, which results in molten resin excessively
filling the molding die whereby burrs are formed
,uaround the molded’ products, causing them to have
an 1ncorrect geometrical configuration, reduced
20 accuracy and a spoilt surface appearance. For this
reason there is a necessxty for sufficiently drying
. _ pellets prior to using the same. To meet this require-~
N " ment it has been proposed that pellets be dried
' ,by using atmospheric air. However, it has been
25 found that this proposal was unacceptable for the

reason mentioned below.
_ " As is known, atmospheric air contains a certain
¢ _ - amount of moisture. For example, if the air has
' . a temperature of 20°, an absolute pressure of 760mm
30" Hg and a relative humidity of 75%, the moisture.
~ contained in air of unit volume lm3 amounts. to 10.251
'grams. I1f this wet air is introduced into a molding
machine by operating a blower hav1ng a capacity
: of 2. 5m3 per minute, the result is that moisture
35 passes through the pellets at a rate of 2630.25
grams per hour. Then, in a case where nylon resin
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.nylonr a'high rate, it has been necesgaLy to prOV|ge|averng havi g 8
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( D : ' of the present 10 invention

T g Lo ol e oy g e See
Ibel \émw with refefenca mol&isg épﬁg*@?%ﬁé{%@%':ﬁ‘# %ﬁ?*&#ﬂ A a%éts fo be. \
L1 P, SRR T ks eamae o o1 7
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havi ng a tenperat UrelTJ'g'_._ P APRD rmhﬁaiiﬁb Wi ‘éﬂehﬁ eg gn regener at ed
apparatus 17 for Coolphéaséﬁgmﬁ¢gf§nﬂg-" | i,vering .only ?o %n or ot her
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| dth?;?LLYH993§gk§%% gkﬁﬁ%eFPdgetéeﬁﬁéihédtbggowohﬂﬂh ifﬁébégﬁ?hﬁﬂ Egsis g "
“passed thr oughot Kget Bier _-As-hmngégr_aag?ffﬁgiﬁ% P& ige! oPfls cCoagenT. .
provided with Qi@ﬁﬁ%eﬁoéggﬁﬁaﬁggfCbp%ﬁ“dga i hoPper t howeing 11

colum 13 fronkghshighqpeliéZQ to be ‘supplied to a molding machine

15 'are'stdred,-é*dehumidifiéd'éir preparing unit 12

| for prépafiné”déhumidified air to be ‘delivered to

‘the hbppér_hbdéihg 11, and a heatihg column 13 in
which dehumidified air is heated up to an elevategd
temperature. Specifically, the dehumidified air

20 Preparing unit 12 includes two dehumidifying columns ..

- 14 and 15 with debumidifying material therein, a
heater 16 for dtying'dehhmidifying material in the
dehumidifying columns 14 and 15 with the aid of
hot air having a temperature higher'thén 300° to o

25 regenerate it, a cooling apparatus 17 for cooling

dehumidifying material which has been regenerated
by hot air, and three-way valves 18 for delivering
only to one or other dehumidifying column éit'éoming
from the heater 16 and the cooling apparatus 17

30 and delivering to the heating.coiumn 13 air which

 has passed through the other éehumidifying_colnmn.
The heating 601umn_13'isfprovided'with'a heater
1% so Ehat dry air”introdh¢éd into the heating column
13 from theédéhuﬁidifying column 14 via the three-

35 way valve 18, a blower 20, a filter 21 ang a stop
valve 22 is heated up to an elevated temperature
and thereafter is delivered to the hoppetﬁdrier_

housing'll”to dry'pellets Stored in the latter.



35 way .val ve 18, ‘a bl ower 20, a Tilterfélﬁand a stop valve 22 is he:
to,an-el evated tenperature and thereafter. is:delivered to the hoppg

'hou5|ng 11-to dry pellets stored in.the latter. ﬁﬁter passing t
the hopper drier housing 11, waste air is=didscharged into the outsr
envi ronnent via a dlscharglng port 23. As illustrated in the drawing, a

part of the wast is introd ced i nt dehuni di fy| colu 14 or .15
atter it is coolgﬂﬁHEWwPQ§§ ghy §T§P@§e§4g3ﬁ8r hgﬁs}ng #s t hrough
a"&ilter 25. Nextwasmtteraitme.st mmhmedalimd&hes ositsfiledenviieonment

dehum di fyi ng col | 1 ed o1 atn ycIe |n
whi ch noi sture ab‘?(;gr]baégj }{dn@%}ng)‘ﬁ% ?%I ngiﬁHQéfllu%‘%Q??é?e%vggS ly,
dry air taken frcﬁﬁqvﬂé“bermrﬁq}’q ﬂfndi%l"’@l%#elﬁlﬁy1§péF‘&FPﬁ§}°?ﬁe’-BF6wer 20
i s caused tosflovaéﬁmwﬂff diey Sidllﬁrdtﬁ'lweo%lfsn@ftt@@ G@oligngoapparatus 17,

15 which is no |noper t.ive, ated in_t heater 16.
Thus heated air V%sm{fg in & &9 n[gh(?pé’éﬁlfr'ﬁu(fl %l ﬁ&s %ﬁﬁﬂn 55?$P§st_he

t hree-way val ve Jﬁhznuyuf&ﬂﬁﬂﬁweuhQSdehun1dlfylng material with noisture
absorbed therein is driygd AfH%hiﬁﬁ Qaq§edggqg1ghgfgaalon t he

heater 16 is turned off and e Ccoo |ng appar t ts |ts operatlon
to cool the dehurkhg rdehpidifying colupn @ ig é'-(}éIt@& ér §°§FF‘ 1edf| ow

tgerethroughlo Thi 6igdrfe teatciaie cy@fle Ha mmxsmblsftuﬁ:ecebbbabedom t he 25
S oTo the ch?""tfﬁm Yot B e SWRTEL 1B FetRell BOMLEIT LTS 1
' ong as dehunmidny ain teakes ifxiom $hee debymidifyiog codumenddi Byf yi ng
mter al has cool gk ciiihg it Hikar 30 is'@susalveol@lbw thibhgd so that
dry air which hastfeass%%tvrgl%ue 6t r;%ddett&témccélofl){lngga%%IatlJ:rarréu%SﬁS i nt roduced
15 ‘which is now kept inoperative, and is then heated
" in the heater 16. Thus heated air is:deliVered'
to the dehumidifying column 15 via the three-way
_ valve 18 and thereby the dehumidifying material__.
 with moisture absorbed therein is dried. After
200 completion of dehumidification the heater 16 is
" turned off and the cooling apparafus'17 starts its
operation to cool the dehumidifying material by
allowing cooled dry air to flow therethrough. This
is because of the necessity for cooling down the
25-'_dehdmidifying material to a lower temperature close
' to'room temperature, due to the fact that dehumidifica-
tion fails to be achieved satisfactorily as long
as dehumidifying material is kept hot. After'tﬁe
_ . dehumldifying mater1a1 has cooled down, the three-
- 30 way valve 18 is shifted so that dry air which has
~ passed through the'dehumidifying column 15_is-introduoed _
‘into the heating column 13. It should of course
' be understood that if air cooled in the coo0ing
i apparatus 24 is to be utilxzed, it is oaused to
35 flow into the dehumidifylng column 15 via the filter
25. At this moment the dehumidifying column 14
initates the same regenerating oyole'as;mentioned
above with respect of the dehumidifying-column-is.
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“i'nto the heating colum 13. It shoul d of course be understood that if .air
. «cooled in the cooling apparatus 24 is-to be utilized, it is caused to 35.

. flowsnto.the dehum di fying colum 15 viagthe filter 25, At this nmonent the

&?@:fylng colum 14 initates the sane regenerating cycle as nenti oned

above\Wi th respect of the dehunidjfying colum 15. - -4- To cool
dehuni di fyi ng materi B ¢pol hdebhifi£Y39 Patecialinis Uhe atrhusidifyrsual |y
t akes | onger t r h. gh t [ ﬂ&ﬁggpqgﬁﬁ,on t he -~
amount of dehugﬁg %&Quﬂﬂy %r?gé Py be %%d?yg§ Eﬁké%l , Inthe LV
i|lustrated cab¥o BﬁBFﬁeraHFhﬂbﬂbkthéstYéﬁl%ﬁI%Hgﬁﬁ&#ﬁﬂﬁﬂc%ﬁ°%lectrlc power

I SdC?ESUEedt beﬁﬁésémb?ﬁt heft Géh&lﬁidﬁﬂj#iﬁ@smﬁtMaI heo cwletcstgl@dma: atus 3t KW
an e er n_the e waste air to
be dlschaﬁged EBrtbﬁFOUbﬁ gFgFﬁé 5%?? 2%P$£h?% ig b?%@re is a
necessity for issthatlaglaheecamoung eppatectsi@jpowecobs ¢enswmede air in
order-to ass“rﬁeéﬁﬂse ﬁedﬁQHEeg'iﬁ'PQ%@FiEE'é“Kﬁ“”EEéqaéofiﬁgm”'y Thus a

| ar ge .anount o ermal energy s CONS i'h vain. = Nbreover
mechani cal dri 3PRArafefgy KT ?EﬁuFF%dh?%?eBp%$a}¢r&P%fﬂP%ﬁkﬂgng appar at us
24. Thus the pgeseii LBYSNRWON ABSopewher@deasté haihetd dbeodi sehdegeqground *

20 ”.“Pﬂe%o'vteﬁﬁgﬁilé‘s"gh cPibEatPathy bots o BT SRSl L "
is relatively &snpl aecessttmct‘qreznahdleehthewe@tiMeawasang *
. According to tbe 6EE881 have%sea absrfnlér&épve&egseumpa%tdrl er
. conprising; 25 rier for contaipning granular
mat eri al of syﬁFﬂeﬁFE“Pngggngb@agﬁﬁﬁ?f 8£b955IB??EF hine for
exanpl e, said mhnaeradlaegehameung of thermal energy is consumed
15 in vain. Moreover, mechanical driving energy is
-reguired for operating the cooling apparatus 24,
" Thus the present invention has been made with-
-_the'foregoing background in mind and its main ‘object
is to provide an improved hopper drier in which.
20  the above-mentioned drawbacks are removed or at
least reduced, which is relatively simple in structure,
and which assists energy savzng. _ '
According to the present 1nveﬁtion there is
provided a hopper drier comprising;
25 a hopper drier housing, for containing granular o
| material of synthetic resin to be supplied to a |
'molding machine for example, said hopper drier housing
.being formed with a dry hot air introducing port
at a lower part thereof ‘and two discharging ports
30 at an upper part thereof, one of said discharging
ports being in communication w1th the suction side
of a blower, - ‘
first and second dehumidifying means for contain-
ing dehumidifying material for dehumidifying air
35 to be supplied_to the hopper drier housxng, each
 of said dehumidifying means having a first introducing
and discharging'portawhich is in communication with
a source of compressed air via first valve means



being farmed with a-dry hot air introduci'ng port at a | ower part thereof/,
and two-discharging ports 30. at an upper. part thereof, one of said 1
di schargi ng ports being in connunlcatlon with the suctlon side of a blo et
“'first and second dehumi di fy| ng means for cong aj n- i ng dehumi di fying _
mat erial for dehuni difying air 35 to be supplied to the hopper drier
housi ng, each of said dehum-difying neans having a first introducing and

di_schargi ng port which sécbﬁdCQHHb@dﬁéih@namtthﬁﬁ?ﬁm qio;c@rmﬁeﬁsed air
vite-first val ve neang di schar n ort

¢ second treo uc#ln‘gﬁf
which is in comuhPfcAli GRROPRICRELRR Wb?ﬁ%‘ﬁ@é ¥ BePAnE M ry pipe
for delivering dehmn1deieﬂeayrpipetﬁerh@@beverumgwdehnmndmﬁedsa1r to a

heating col um OftP@ ggg g?gag %@sﬁganunlca- tion with the delivery -
owe

side of the said b her end is in conmrunication with
the said intrdducing poFt hegpting FRbMRR of i€hith AR ENd g HeAIMPHSRTM
i ncluding a heati ggof Wﬁtﬁxtﬁédﬂéﬂnﬁl@ry @txwtof hehérasd id B Xowdmardr

heat dehumi di.f d ted to ¢ i d
el 1vory oipo a #bz9PEcBoknEcobbef cobfcidr fo, SuRReAgion i 9873 1o
supply into the hsaﬁ.dngntmduuinlermrthcbf ethai hopper Mihiar twusingheat ed
while flowng 15 saidrﬁﬂﬂﬁiﬁéecaf&hh nﬂn@i@&in?”&' ﬁeé‘@?ﬂéﬂrpfﬁi%dfh d he

heating colum to h E to"a predeterm ned er- ature the mxture of
aﬁ’r di schar gdd® thPBBBF\ £ ?dhﬁGEH‘% Gerhumn Lo &#‘??%’ﬁ’r‘!ﬁé’% ifiedy said
\pf’t val ve nmeansaljei 6§ whiéhoene sénd hps é’&medtan wnuresswﬁi afr i S

2TV di sohar gec B ERab bR, & dastle YoM Ted @ OIE s " Yo'
envi ronment, and 9fi daidcheating\pipeate wm aknmgehe eatikng \M@Fﬂmn '
dehun1d|f|ed air 3eéndmiayei€d air which has been preheated while flowing
' 15 through the heating pipe, and a heater disposed in
~ the heating column to heat up to a predetermined temper-
~ature the mixture of air discharged through said nozzle
and air blown from the blower, and - :
- 'said first valve means being arranged so that
20 when’ compressed air is supplied into either of said
‘dehumidifying means via said first port waste air
- is discharged from the other dehumidifying means to
Voo ~ the outside environment, and said second valve means
N | . being arranged so that when dehumidified air is delivered
' 25 from either of said dehumidifying means to the said
‘delivery pipe, a part of such dehumidified air is
introduced into the other dehumidifying means..
In a preferred embodiment of the invention the
hopper drier housing is provided with an One-way valve.
30 in the other of its. said disoharging ports so arranged
that only a volume of air equal to that of air supplied
. through the said nozzle is discharged to the outside
environment via the;one-way valve. Thus, air pressure
in the hopper drier housing is maintained substantially
35 constant at all times. Further, the second valve
- means may include, associated with each said ‘dehumidifying
‘means, a one~way valve adapted to permit flow there-
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of -air com ng from

onstructed in the
di schar gi ng por%nt¢¢gqgmnguamﬂ1dﬁsehdtqihg pBr&U ¢ into either of the
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~ above-described mannefp &g e e ern
dehumi di fyi ng’ ngan t% é%e% rStiQ\;%l vm%;%ﬁ squerﬁgzlﬁﬂigzjﬁzra ] g
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| t hrough t he
“"thereafter lgr ehB&tCECéiahhen $ﬂ mu@du@ﬁ%l@]ﬁf h\% I?fe%tn'sngi(\ao tt%@[ﬂlhe uppgl’ part v

ﬁp th hot ai |
The 1
P?\éfegf whi gh Ffs ?{/Aelr ed ro‘% tir?e%%@wd eéir thersil r‘?g Sebupdddfiied thFe. -
bl ower, so that2ik is RReheptgd whdile it Elows dakbwgheqhbhhgggﬁnbhe nozzl e =’

and thereby theipest Wi G o Y lggé%péfa Eg%rggggheby ﬁgﬁ;e{)f
_the m xture 'Simﬁg(%h %ea%ing %gﬁgmneigrgﬁgh the nozzle. The
' 15- 'heating column is supplied with hot air at the upper.
_part thereof which is delivered from the hopper
'drier housing by operating the blower, so that it
is mixed with air which is delivered through the _
I nozzle and thereby the mixture has a reduced absolute
20 temperature. However,,the mixture is heated up
_'to a predetermined temperature again by means of
a heater in the heating column and it is then introduced
into the hopper drier houSing. The one-way valve : _
o disposed at the upper part of the hopper drier housing g:)
25 serves to. allow a volume of air equal to that of
air supplied through the nozzle to be discharged
therethrough to the outSide environment 8o that
highly dried hot air' is supplied into the heating
- column at all times with the aid of ‘the blower.
3°. ;Since dry air supplied through the nozzle is preheated
| h by means of the heating pipe, the heater incorporated
in the heating column consumes a much reduced amount
of electric power. Further, a part of the dry air
_ _dehumidified in one or other of the dehumidifying
35 means is introduced into the other dehumidifying
| means via the said orifice SO as to dry dehumidifying
material in the other dehumidifying means.  When
it is found that the one dehumrdifying means has



a heater. in'the “heat'i ng colum and it is then introduced into the hoppef i

drier housing. = The one-way val ve disposed at- the upper part of the hoppefs
drier "housing 25 serves to allow a volune of air equal. to that of ai-.
suppl i ed through the nozzle to be'discharggq t heret hrough to the outsi\g

environnment so that highly dried hot air is’supplied.into-the heating
colum at all tinmes with the aid of the blower. 30 Since dry air supplied

through the nozzl&dﬁﬁﬁ% u?}%i’ﬁﬁa'&%pﬁ%ﬂ'ﬁyr}e%hﬁnﬁiPEEevaWS heat er

r C 4 §
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electric power. MeARSS shifted §o thatytherthgindrpURifigYiRdone or
other of the dehuséahd Vish@drdughtdate use.ntroduced into the other

dehum di fyi ng neans vi gt sal. rJ fi.ce,so. dry ugidi f.yi ng
material in the other 3ﬁﬂiﬁﬁ9ﬁa%ﬁe & ﬁgaggi ! gh%fghigqiguﬁégthét the one
dehuni di fyi nd neadesdribed byemaye ®fdexampdef prAgwésbabeErr¢ncentof | r st

val ve means is sr%ﬁéeggégh A1 g AraWitlgseAnTWRlibki.09 means is brought
i nto use. An enbodi nment_,of the i,nvention mﬁlhynomrbe 5 desELiais by way

of exanple and with re#@ﬁ%ﬁ@%at&stﬁesgéeﬁ RN ghar sueREEmARACRALEN: -
Fisgure 1 is a systEHustdmatinprthes comstirivetlion oifl astypical tbaventionaiti on -
of a typical con ' .nanp rier; and 10 : Fig. 2 is a system
flow chart schenﬁ@aﬁo{@ﬁ%ﬁqgﬂggi ng the construction of a hopper drier in
accordance wtPh the in -i@hlSTﬁeS&@ﬁ#@nﬁﬂ@ﬂaFhaﬁﬁaﬁéhGQaQiCFEng have

ready been descyilfishr 4ty 'thal constiractiion 3£t Wondpper defiyr 15 ing
th dehum.di fying material.

al
_Xg igﬁZpggrgﬂf fﬁﬂﬁﬁﬁﬁénﬁﬁﬁmﬁgbﬁnwgkﬁezﬁb&gg RPRdi fyi ng col ums 32 and 33
are the sane in struct @he aohventieohale agppacaitpsi of Fig.l have already
- ~ been described, referring now to Fig. 2,two dehumidify~
15 ing columns 32 and 33 ére shown which are filled
with dehumidifying material. As is apparent from
_the d:awing,.both the dehumidifying columns 32 and
. 33 are the same in structure and therefore description
y  wi11'be made below'only*with_respect-to-the dehumidify- -
20 ing column 32. The dehumidifying column 32 has |
‘a first introducing and discharging port 34 formed
~at the bottom thereof and a second introducing and
_ : dischargihg pipe 35 is vertically inserted'thrdugh
N " the dehumidifying column 32 in such a manner that
25 jits open end is located at the upper part of the
- latter. The pipe 35 is projected downwardly of
the dehumidifying column 32 until it is in communica-
tion with a bypass pipe 39 with an orifice 38 disposed
_ 'midway thereof and moreover it is in communication
30 with a main pipe 42 with a one-way valve 41 disposed
.midway thereof. The one-way valve 41 (the second
valve means refeired:to above) is designed in the
conventional manner such that f£luid diséharging
-from the pipe 35 is allowed to flow but fluid flow
35  from the main pipe 42 is prevented. The lower end
part of the bypass pipe 39 is jointed to the lower
end part of the main pipe 42. The main pipe 42
for each of the dehumidifying columns 32 and 33
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Wi Il be fade below only with respect to the dehunidify- 20 ing colum. 32.

. The dehum di fyi.ng colum .32 has a first introduci.ng and di scharging port 34

_ rtically inserted t hrough the de m difying colum 32 .in such a
mann hat 25 its open . end is |located al The upper part of the latter.
The pipe 35 is projected downwardly of the dehum difying colum 32 until it
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Th h f e 33 - 8-
® comm pl o ég &Réﬁﬁa& tl?{ré Ldehi‘gnm g0 '{l}lﬂ"&%ottomt er eo A '

in conmunicati on w a de |ver !Ee 43 at There is
provi ded a t hreopggtien Riry. 4 he slather exkands 49 @acﬁP“F&‘f%?ﬁ%’d t 0)

of which a seconficpois métlshmlﬂ@élmw\iﬁ sbqnmeccombressw pi pe 36 *

communi cat i on A WALeE R pefn o ieRint LALRE A (Godiid AR dbrpaucea

conpr essonOwhi Ento sehthes ehinthe dmmmmgsmhms e s¥ air which "

forwgggzt the bottom thereof and a second introducing and. di schargi ng .pi pe
i

has been dehumpgi §épeceive oéneﬂftfner néﬁ@dme@le% igeigher. of the -

37 Ao il ”Eeﬁé"evZS iggiﬁ?ﬁifuﬂys% Feam rie aﬂ%{m@é ORRL SRR ot oo
through the coabecdebivered throsgh nthedemeatediieon tgipalehinigi fyi ng col um
32 via  jntroduced into the dehumidifying column 32 via
15 the;threeQway.valvev37 and the connection pipe 36
- and after comp1eti6n of dehumidification compressed
air is delivered to the delivering pipe 43 via the
- pipe 35 and the one-way valve 41. A part of the
. compressed air in the delivery pipe 43 is introduced
20 into the dehumidifying column 33 via the orifice
38 while the one way valve 41 in the main pipe 42
is kept closed under the influence of the pressure
- of comptessed-air active in the opposite direction. - )
Thus, no compressed air is introduced into the dehumidi- 5‘2
25 fying column 33 through the main pipe 42. After -
passing through the dehumidifying column 33 compg@sed
air is delivered to the three~way valve 37 via the
connection pipe 36 and it is then discharged into
the outside environment via a discharging pipe 45. | !
30. Namely, the working State as illustrated in Fig.2

Y .




15 the; three way - val ve 37 and- the Connectlon pi pe 36 and after conplet|0h~""‘

of: dehuntdlflcatlon conpressed air. .i's delivered to the delivering pipe-43 -
“vi‘a the pipe 35 and the one-way valve 41. A part of the conpressed Ajf€}itn
the delivery pi-pe 43°is introduced 20 - into the dehunidifying col ' '
via the orifice 38 while the one way valve 41 in the.main pipe 42 i s kept
closed under the influence of the pressure of conpressed air active in the
opposite direction. Thus, no conpressed air is introduced into the
depum di - 25 fying col umm 33 through®the main plpe 42. After passing

t hrough the dehum di fying colum 33 conapressed air-is delivered to the

t hree-way val ve aﬂepuéséﬁus(xhuuﬂﬁﬂumiqﬂﬂyin@6c@ﬂdmht3steﬁeg depthar.ged

i nt.o the outside v quﬁgﬁ QRQr | p 5 : , the
wor ki ng state as T s%) ra ecfl n g‘H?S 1% r‘1"(ri‘le1||g1r e?gét geﬁﬁmigiﬁg‘rﬁn él fying
col utm 32 bei ng k@lumm 331e1&hd¢ﬁm1 o rabien & egedies atiinge cyRdedehuni di fyi ng
colum 33 is kept in thﬁhé AN ey r&p@/@seexlh@td%elfu\tehurptaetfta ext ends

further to the 5 ght as seen’in t ramnn ntil it oi.nted to a
heating pi pe@ 48 \A’h’r%*ht |%s S5, Shsy Q:Hg t"ltnéscaf’&H‘Jﬁ 97 di sposed
by the side of a topaieakimy pipesiddy vAﬁchTtis lspiealdydwpand gbunde heati ng
colum 47 is in c r“@gu | 0] pper
dryer housing 46 %/)I a a ﬁtée%p’% I ocleqq'é(? edr Z%cejt Wees'la%nEJf 2 hBﬁgQ?ha d,

t he upper end paIQII#rth99$k§§|4ﬁ}(ﬂﬂhﬂhlqﬂﬁf §“§nP@6#n9ﬁ|G39 bea&ifgt h t he

u per end part ofcélendaPpeis Otr:vefomﬂdzg:i% Witha thleOWoive?lehacat ed above
heating housed ,i.n_t.he end part of

&5 “colu 47 a a fil er 53 u
the hopper ¢ yer %ﬁﬂ%qﬂa qggﬁﬁ qﬂ?ﬁ@?téﬁdgxfuftﬁéﬁ 5mard|y
while spirally WMII@HMCﬁhd‘EHﬁd&EG@ c @nurthed ptiveri hangd,r ghehes a

nozzle _upper end part of the heating column 47 is in communica-
| tion with the upper end part of the hopper dryer
- housing'46 via a blower 51 located above the ‘heating
15 _column 47 and a filter 52 housed in the upper end
part of the hopper dryer housxng. The heating pipe
48 extends further upwardly.while spirally winding
round the heating column 47'until it reaches a nozzle
X which is opened toward the interior of the heating
20 column 47. A heater 54 is housed in the heating
_ - column 47 so as to_heat_dry compressed air which
\ -+ has been blown into the latter through the nozzle
' 53 whereby dried hot air is delivered to the hopper
- drier housing 46. The hopper drier housing 46 is
25 provided with a one-uay'valve 55 at the upper end
thereof which is opened to the outside environment
so. that a part of the hot.air is discharged to the
outside through the one-way valve 55. . -




53' mhich‘is-openéd’tbﬁﬂfdlthe interior of'the'Heafing'QO'aHCOfUWﬁ“4?ﬁ A
‘heater . 54 is housed-in the heating colum 47 so as to heat dry conpressed
ai r_ which has been blown into the |atter through the nozzle 53*whereby"

dri ege .9' air is delivered to the hopper drier housing 46. The hopper drier
housi ﬁ’, 6 is 25 provided with a one-way val ve 55 at the upper end
‘theredt” which is opened to the outside environnent so that a part of the

hot air is dlscharged to the outside Xthr-ough t he one-way val ve 55. 10- -~
Next, operation of the hopper drier of the present invention as constructéﬁ"
In the above-descri bed manner will -bé descri-bed bel ow. Dehum dified

- conpressed air supplied. fr o] e | n I on pipe 44
is introduced into t Sxdéh§RFgFF§°Hg goFBE ﬁ§§£e¥ gf%E? %gegﬁgay val ve 37"
so that it is peesenti inwgntiponhas chesérncnﬁdhlnhthauabovedéhaﬁrube9|ng

material 31. ﬁame%saﬁiilaba aeseblaaa beegydried is delivered to the
delivery 10 pl pe ve 41. After

- passi ng through the H@PPVSF} SFE QQEPFFsﬁﬁ?e?grtﬁgp§€§?¥ grﬂ?pe 48 and it
~i's then 3 ntrodacedmpiessbite viaathegconkotmon7pipeodghishéntoedieed3. The

heating col urm ?}“{Jl %hge?Fﬁqugi#Q Biﬁﬁﬁeﬂzts {:ﬁeugﬁr%\g-wa by a

conbi nati on of ar OW. N rou and ere air in
“the heating pi yelze 33 ﬁ@aﬁéétb}théétdﬁhéméﬂéﬁi#ﬁoﬁ?tﬁbeﬁeﬁbeﬁgléolunn 47. .

Thus, hot conp&q%ae@nelaanohlaéﬂummanyhﬁ hpatePgatoBuUM dompréksea it is.
drled and heate rther ture n t he

ted
" heating col um#? gf "PécpsggﬁtBS&UCQGEFﬂ?SStﬁgyggaé?éeggfgg? it Kﬁﬁ%er dryerJ
housi ng U6 vi apipe #3| vda ZBespipe 85 dngd phélene-ha?dvabvehélhopper drier

housing 46.  Agedlel EEQ@EanthQBBHHhthEedQQEQEEydﬁiSé B8UstN@nters
' . the heating pipe 48 and it is then int:oduced_xnto
‘the heating column 47 through the. nozzle 53. The
heatlng column 47 is heated up to an elevated temperature
15 by a combination of hot air’ flowing therethrough '
.and heater 54. whereby air in the heating pipe 48
is heated by heat radiated from ‘the ‘heating column
47. Thus, hot compressed air is blown into the
‘heating column 47. After it is dried and’ heated
.20 ‘up further'to an elevated temperature in the heating
~ column 47, it is introduced into the lower part
of the'hopper’drYer housing 46 via the flter 49
so as_to:dry-pellets held in the hopper drier housing
- 46. As air flows up through the hopper drier housing -
25 46 while drying pellets, it becomes humidified.
' Thus, a volume of air equal to the volume of air
blown through the nozzle 53 is discharged to the
outside via the filter 52 and the one-way valve
_ 55, whereas a residual'voiume of air is delivered
30 to the heating column 47 again with the aid of the
blower 51 and is mixed '

&



25 :46?mhile dfying pellets, it becomes' humidified. Thus,'a'VOIUHé‘of’

air equal to the volune of. air blown through the nozzle 53 is discharged.to.” ;
‘the outside via the filter 52 and the one-way valve 55, whereas! a residual -

vol ume .of air-is delivered 30 to the heating colum 47 again wth thg"
aid of the blower 51 and is m xed with dried hot air blown through(ttfe,
nozzle 53 so that the mxture is reheated.bx tshe heater 54. Reheated
hot air is introduced into the hopper drier %ousing 46 again. 5
Asnit passes through the hopper drier housing, it is considerably cool ed
down to a tenperature which neasures about 80% of the initial tenperature
of hot air supplied fromthe heating colum 47, wherein the aforesaid
tenmperature varies_ in dependence 10 _on the volunme of pellets stored in
the hopper drier WbtRj@gied hok ALGRIAwmthFRUA theyRoZZd® PofCt he
heating col um 47thaé thé atpetwdelris fetldied HyC thectheateal 54ent eri ng the

bl ower 51 has a t e re of, aboui 80 C to .S fact re._is
required 15 onl gfgeégééli‘if%n?g"arﬁ)%.tlsoflqif%?dﬁh edterrlienrsté)y%t%g rktl‘g%lp%('j up air
by an extenA of a@oler 2iowsingcdé afjainaent has been made in the begihning
ti«are of opersation, so aggtPy é§t£h£6U§H“¥H¥“hd¥ﬂé¥'dF¥§F Rousinlgt air
having a tenperature, of 100, C. 20 -On the other hand, the one-way
valve 41 for the bEnt$ eRBRiFeRIRAhFRVeddorn Lo 18 fempesatdténder t he
i if luence of the phishuneasiresngbasts Ghwiof che riqifriad ttemperature
dehum di fyi ng col t;ﬁﬁﬁﬁ rﬁﬁﬁ? | K Jd.S s hi fi fyq0m fl ow ng 25
i N0 t he dehuni di#%‘g_gc% L% 1‘.\3&'?{; e g}% \/\t}aéy&vlﬁéylhg\%eégg, a part of
the dry conpressedhereinsthe | aferesaldrienparatunsh wardiesyiing &

' 10 on the volume of pellets stored in the hopper drier

.. housing 46. Provided that hot air supplied from

. the heating column 47 has a tempefature of 100°c,

return air entering the blower 51 has a temperature
- of about 80°C. Due to this fact there is required
15  only a sufficient amount of thermal energy to heat
up air by an exteng_of about 20° , once adjustment
has been made in the-beginning'time of operation,
so as to supply to the hopper drier-hodsing'46'hot-
_ air having a temperature of 100°C. - R
.20 " On the other hand, the one-way valve 41 for
N . the other dehumidifying column 33 is kept closed
' . under the influence of the pressure of.compressed :
air coming frdm'the one dehumidifying'column 32

. -~ so that compressed air is inhibited from flowing
_ 25  into the dehumidifying column 33 via the one-way
e : valve. However, a part of the dry compressed air

is allowed to. enter the dehumidifying column 33
at its upper end and it is utilized to carry out
" a regenerating cycle for drying the dehumidifying
30 material 31. Thus supplied dry air is caused to
flow downwardly from the upper end part of the dehumid-
ifying column 33 and



.at its

upper

end and it i's utilized to carry out a regenerating cycle-:for

‘drying the dehum difying-30 - material 31. Thus supplied dry air is _
fl ow downwardly fromthe upper. end part ~of the .dehum:«d-:- ifying:

.. causedg :
col umgy and
enviro nt v

-12- thereafter it is discharged into the outside
la the port.-34, the connection pipe 36, the three- way val ve

37 and the discharging pipe 45. Accordingly. the hopper drier is operated
such that dry air is 5 - supplied to the heating pipe 48 fromthe one .—
ng colum 32 while a part of the dry air comng fromthe \#

dehum d-

| atter

i fyi
is int

roduced into the other dehum di- fying colum 33 so as to dry

dehum difying material 31 at a | ower tenperature. Wen it is found that 10
“the dehum di fying colum 32 has reduced dehum di fying capability, the
t hree-way val vdhereaftey fiteds| gisgharged PﬁtguéheaORﬁﬁhéﬁ en¥iroRBeBke

geﬂun1glgylng QQFUW%e3 o&&deﬁtﬁkae bbaneeggaﬁapageg3syctaeaagr?ae ot her
enumdi Tyl ng col u | C C e e m _di n
‘operation undeFngg?ltﬁb@ﬁ %%6 §n§§%8§8P89 H&?F 48Xp|§ﬁ5?F8% R?Vr be
made bel ow as tthenbopper dmin@tlsr ppeosatadr such bhaprdduceﬁrbysn1xung very
highly drged a f’gﬁﬂ]}i%da'tb haw 'ﬂ%a’?.‘ih t%&?ea%%%ﬂ %ﬁe onénaéﬂﬁmlﬂanper

drier hou5|ng
noi sture of O.

nmoi st ur e cont efrone ahETLAGE@ b\ sS ipirodugeds iakouthe. d¥hefodehumdaie Kg

resin having a I St 3%tQ 2 | e 1%

noi sture for tﬁﬁggghgﬁﬁg%PtQB é#e%@sggr9rgodg§gggdigygpéréggfgéagateoof
33.3 grams per 3oat aNdewert tempasatuse.t hWhenhd thégpEoundi shakncl udi ng t he
hopper drjger f“EH@ Y2 hbihidity 1R8AL1AnROBY TRad rabdcbAcabhaweai B iHgs 2

- morklng

15

20

25

- 30

|nstance on resin of Kg aV|ng

Rydoeg Solymp |§P&F@ éfPESG gfafhe Fﬁllﬁéﬁt&PP}ngthe

capability, :the. three—way valve 37 is- shifted immediately
in such a manner that the one dehumidlfylng column

. 32 undertakes the regenerating ‘cycle and the other

dehumidifying column 33 which has completed the
dehumidifying_operation undertakes the normal working
cycle. ' S ' -
Next, explanation'willabe made below as to
whether or not dry hot air can be produced by mixing
very highly dried air . with air having moisture absorbed

&

-in the hopper drier housing 46. For 1nstance, 6,6 =

-nylon resin of 50 Kg having a moisture of 0.3% contains
a moisture of 150 grams. Incidentally, the moisture
content recommended by suppliers is about 0.1%.

To allow 50 Kg resin heving a moisture of 0.3% to-

be dried to a level-of 0.1% moisture for three hours

it is necessary to expel moisture at a rate of 33.3
grams per hour. Now, it is assumed that the hopper.
drier including the hopper'drier‘houSing 46, the
'heating oolumn 47 and the blower 51 has & working
volume of 110 litres and 50 kg resin in the form of



30 “volune of 110 litres and 50 kg resin in the formof - -13- pellets
‘has- a vel une of about 90 litres. Further,. it .is assuned that air having a
dem/p0|nt of -53 Cis supplied at a rate of 5.4 nmerr] per hour and & FN n
t he hopper drier housing 46 has a dew point of 5 = -20 OC at a ti '
heating is initiated. |If resinis filled at a volunme.rate of 60% i AS
a-net volune of 54 litres and therefore the hopper drier has a space vol une
of /56 litres. Thus, air having.a dew point of -20 C contains a noisture of
0.049476 10 grams in the aforesaid space_vo] une .of 56 litres. Since the
anount of air to be discharged is equal:-to t anDunt of air introduced
into the hopper drier, air is discharged to the outside environnent through
t he one-way valve 55 at a rate of 5.4 m 15 per hour. A nunber of
experinments reveal that air has a dew point of +5 C for the initial period
of 2.5 hours when it is discharged through the piled |ayer of ‘6,6 nylon.
Thus, noisture cog@aﬂa&d hasaar vollimé b, abousi90clieres. expet tiver ) s

poi nt of 53 Chad t ifoneeuned,FRaboass nFEide potey BOLRE & Ll s "
rate of 5.4 M errlisHsupplied ati st uabecefiebléomeveey hour ard 3BLH6556 grans

whi ch is obt ai nablig fth%”h%ﬁp@&' E%E'ﬁoﬁéiﬁ&'@& R 2§ aewoéoﬁW&QZ -
0. 14364 = 36. 56556, resu noj st ur e exge d,for_th hour s

anbunts to 199, 69'&PaﬁéatTﬁ|§1WEaHBePhQ?a51HSpb 1B+Fé?t%9 t pﬁ%%kﬂn
| r‘vent i on nount ed ifsofidledr ati a voldmagratehofec6asiapitchas & onstime pell ets

at A rate of 15 KgAgne3Be 54N9Yt-@3°UhaSchUbeBEL! Ehe AbSpEPTEEILPNEY Lo 2

dried state suitab
has a space volume of 56 litres. Thus, air having

| a dew point of -20°C contains a moisture of 0.049476
10 | grams in the aforesaid space volume of 56 litres.

. Since the amount of air to be discharged is
equal to the amount of air introduced into:the hopper
drier, air is discharged to the outside environment

- through the'one4way valve 55 at a rate of 5.4 m3
15 per hour. - A numbe: of experiments reveal that air
has a dew point of +5°C for the initial period of
2.5 hours when it is discharged through the piled
layer of 6,6 nylon. Thus, moisture contained in
- air, that is, moisture to be expelled is 36.7092
' 20 grams. On the other hand, very highly dried air
' having a dew point of -53°C has a moisture of 109.69
grams when it is introduced at a rate of 5.4 M3/Hr.
Since moisture expelled every hour is 36.56556 grams
which is obtainable from an arithmetic calculation
25 of 36.7092 - 0.14364 = 36.56556, it results that
| - moisture expelled for three hours amounts to 109.69
grams. This means that a hopper drier of the present
invention mounted for a certain molding machine
adapted to consume pellets at a rate of 15 Kg per
30  hour assureé that pellets are conditioned to a dried
- state suitable for a '




14 - nDIdrng

f-fnarntarned wh

oper ati on mnthrn three hours and moreover the: drred state is

ile pellets to be dried are charged into the hopper drier as:
| ets are-consunmed.. 5 . . .. Further, it is found that the

;”the ted pel
 hoppé rier of the i nvention consumes a total electric power | ess than 2.9

Kw' H ecause

the heater.for preparing dry air consunes |less than 1 Kw Hr

of electric power, the conpressor for supflying dehunidified air |ess 10
than 1.5 Kw H and the blower less than 0.4 Kw Hr. This neans t hat
remar kabl e energy saving can be achieved by enpl oyi ng the hopper drier of Mf

the invention.
cool i.ng capac

Anot her advant ageous feature of the invention is that the
ity required for a roomhaving 15 - the hopper drier nount ed

t herein can bemggggbggéb?%g¥l gdw?eg Fegﬁyég o6 8 H@tm§%$§ radi at ed

fromthe heat
i nputted heat

in in |b| ess an out the tota
& ngrﬂsdtﬁéaseraﬁgEﬁénsabﬂe@hehhéetpﬁbleesrtepbear|y wound

round the heata@aeaoarecehuﬁaea in€batne AoppebOo@peérdasethe0gpiédi ng; a

hopper. dri er

hou contalnlng granul ar material of synthetic resin

to be suppliedP FiisgﬁnFﬁFnﬁ REUAPAe "for exanple, 'said hopper drier housing

being 5 or

med w t Ruattey,hdt asr foundothakngheohopperadtdbeser part

thereof and {wgedehgndnoRR1BA" Londhmdd HPPEFaRoiebbPig0hougRe of said

di schar gi ng por

el n uction side of a bl ower,

first and secoﬂeséeﬁbﬁpd?F9rKg/ﬁﬁahscﬁBFecéh?ahﬁatia forgpEeRariagiying _ °
material for dehynhdtfhbﬁeuﬁeé lesBethanpli Rd/HP 6beeheaﬁ2icdpoeérDOUSIng \)

each of sald dgiumdLLriag,1°98} LabIgiAs" aERlntdLEREHCLEE 204

10

than 1.5 Kw/Hr and the blower less than 0.4 Kw/Hr.
. This means that remarkable energy saving can be
achieved by employing the hopper drier of the invention.

' Another advantageous feature of the invention is

15

that the cooling capacity :equired for a room having
the hopper-drier~mounted therein can be substantially
reduced because the amount of heat radiated from

' theé heating column is inhibited to less than about

20

20% of the total inputted heat owing to the arrangement
of the heating coil spirally wound round the heatlng
column. Lo : '

-

B



di scharging port which is .in communication wth a-source—of- conpressed'air
via first valve neans and 15 a.second |ntrodUC|n and port_
which i's in communication via second val ve neans WI mimﬂ

“for delivering dehunidifed air to the hopper drier

colum of which one end is in communica- 2Q5 -ti on mnth t he dellvery S
of the said blower and of which the other end is in communication with the
said introducing port of the hopper drier housing,. said heating colum

i A¢) udi ng a heating pi pe extending about the heating columm for preheating
dehum dified 25 claimsf which one end:-is connected to the said air

del ivery pipe, a nozzle connected to the other end of said heating pipe to
supply into the heating colum dehum dified air which has been preheated
whi | e flow ng t hrilough happelregriieg gopprisinga heater di sposed in 30 the

heating colum to heat dJljipe% B&%@Qtﬁbﬁs@ﬁgltQBPe&onéthQn?hQthﬁlafe of

air di scharged throu nozzle and air, ron1i
first valve nean®ak§ §51Fhéﬁsﬁﬁeﬁ° RpfHEB ae9|F°|§ @ﬂgﬁf?%d
into either of sumatﬁﬂhe ﬁoahumampﬂyungaidahsppea daudrfhoasipgrbemngte air

9 di schargeg {1 oy Qe J0kyhdk mg;maaueenéegoputahdg Lower

envi ronnent, and ‘sa second v mMeans beéin rran
dehuni di fi ed alrH%?Qﬂﬂheﬁépédaﬂﬂoﬁﬁ@lﬂHéFhéFgéﬁﬂdPQE 8nR8i AP BBPREans to

the said 5 del ip@afey ﬁﬁeﬁr@oﬁ% %&to(ff sauahadebuakduﬁgegoatg b&ihgt r oduced
into the other dehumn dif ained in

S
chi m 1 wherei n ¥hé °@rwﬁ sith§ ﬁgcggg 3gﬂemPFha g%ﬂgeﬁay val ve
in the other of its saﬁdnﬁtsahdrgengndoﬂbhpmidifyand meansaforatontadnvi ng

Eg Shthg{gmklta.alr 'S Suhﬁf&%gﬁ”#h&%?ﬁ%ﬁtfak aeghﬁﬁﬁiﬁyﬁﬁbagikatoy cqual
: be supplie to the hopper drier housing, each of said
dehumidifying means hav1ng a first introducing and
'discharging port which is in communication with a
source of compressed air via first valve means and
15 a second introducing and discharging port which is
in communication via second valve means with an air.
delivery pipe for delivering dehumidifed air to the
'd'hopper drier housing, . o
a heating column of which one end is in communica-
20 tion with the delivery side of the said blower and
N 'of which the other end is in communication with the
- said introducing port of the'hopper drier housing,
'saidiheating column including a heating pipe extending
.about the heating column for preheatxng dehumidified
v 25 air of which one end is connected to the said air
'&p__ S -delivery pipe, a nozzle connected to the other end
 of said heating pipe to supply into the heating column
dehumidified air which has been preheated while flowing
_ through the heating pipe, and a heater disposed'in
30 the heating column to heat up to a predetermined temper-
ature the mixture of air discharged through said nozzle
and air blown from the blower, and i
said first valve means being arranged so that
when compressed air is supplied into either of said

35 'dehumidifying means via said first port waste air



‘nozzle. 3. 7Thopper drier as cfa[ned.in'CIainii'of'é;lWMéféih'15 “the

- sal d- second val Itmﬂmo associ ated with each said'dehunidifying

- mean; one- WaJ‘“‘“mun“lnﬁ‘ permit flow therethrough only of .air - =
com omthe said skcohd |ntrodUC|ng-éhﬂ.dlscharglng port to the said
deliveéry pipe and to prevent. air fromflow ng 20 In the opposite

direction, and an orifice disposed in parallel with said one-way valve to
permt restrlcﬁeddﬁsoheogedlfromnthg 6tbertdehdmidvéyyn9|meamw tde said

second 'ntrOdu§hggoa@g1£ﬂ§ss§gi%ﬂﬂeng ané s?mﬂs&em&rvgie@rm@éng' ai red i

~any of clains Irst 1 ntroduci ng and_ di scharg-
ing port is d|§Eé§§daﬁfaﬂﬁédl§ﬂthﬁ§th6ﬂ delpmidi fied qahfini ¢ 4¢d e seAns

and the second bl eduﬁeﬂgofnéaddsdéﬁﬁﬁidﬂf? héanls SEOSewle agaidie upper
part of th er drle sta %€+% y_as hereinbefore

Roser T bed it nOFREIREN BLPS/ FRGHREESOS: SyFh Houhgs.

introduced. into the other dehumidifying means.

2. A hopper drier as claimed in claim 1, wherein

the" liopper drier housing is prov1ded w1th a’ . one-way. ;%*

valve in the other of its said discharging ports,
10 said one-way valve serving to discharge air to the

..)'

outside environment at a rate substantially equal ;J
to that at which air is supplied through the said '
nozzle. _ _

3. A& hopper drier as claimed in claim 1l or 2, wherein

15 the said second wvalve means includes, associated with
each said dehumidifying means,_a one-way valve adapted
to permit flow therethrough only of air coming from
the said second introducing and discharging port to
the said delivery pipe and to prevent air from flowing
20 in the opposite direction, and an orifice disposed
in parallel with said one-way valve to permit restricted.
flow of air coming from the delivery p1pe to the said
second introducing and discharging port.
4. A hopper drier as claimed in any of claims 1 .\sl
25 to 3, wherein the said first introducing and ‘discharg- '
:ing port is disposed at the lower part of each said
~—————-——dehumidifying means and the-second'introdncing and o
discharging port-is disposed at the upper part of fif
~ the same. | | -
30 5, A hopper drier substantially as hereinbefore
"Efdescribed with reference to Figure 2 of the. accompanying
S drawings. " '
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