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INTROD 5121' It)“

[note-en veether eIten prevente tineiy eoepietien e! hereeet.

lien thin hoppenn. the {other he to he very are!“ in opernting

n eedine or picker. The horneting tone of corn in October in

Spermtneenaned tethntinlovenheref bemoan-“in

w “.0 per mt. The entilnted lone in 3‘.” m me in

Ottehee. $19.00 in love-her. ell $18.00 in name

anti um) eetineted an the inner heteeen hornet end

mtien e! groin end hey onenntn to to end as per cent.

reqeetiveiy. of the tetei predation. end thin ion in troitn

an regetohiee in on high on as per nent. Both hemeting end

eterege more an he greetiy nininieed hy edeptetien end proper

W. of ennnd drying ”notion.

Intent etndiee here nheu thet trope horneted et n higher

neietere content viii here nininnn field inner. to: note thin

uintnre content in iron 34 to ”per cent: on the other hend.

for note nterege of «en the nointnre content ehonid he hotel! 13

per cent. net innit. lien (in?) nine minded thnt e noting

ed 1'! one out of the tetei ioeeen Ihieh occur during hereonting

end nterhge eenid he reniined by eonhinetion o! eeriy here-net

end enhneqnut drying. ”thin ieede to the been“! of nrtitieiei

"VI-to



Wehont drying hen been entenniee. Drying of ningie

hernei depth ieyern hen he. reenenehiy neii deeerihed hy nethe-

ntieei «noticed. floater. deep layer drying hen heen deerrihed

hy eqirieei eonetione. bet not by doing the ningie depth ieyern

nehing up the hen. Renee. etteeptn to net up n generei nethenetieei

eqnetion to deeerihe the deer hed drying proceee here he. of

iinited thine. finch Inert hen been done on the reintionehip

heteeen nietnre content of the groin end drying tine. but no work

hen been done in the field of the teneretnre dintrihntion o! the

drying hie dong the deep bed. Thin in e new field of ntndy. If

no one explore thin father end gether dete. en on net up n

teqeretnre dintrihntien eqnetion in order to underntend hotter

thenenhenienel thedrying inthedeep he“.

The ohJeetiee of thin etndy Inn to develop on eqnetion end.

(nether-ere. open the field of etody to an up n urine of eherte

end grenhn fer per-enent neege end denial te denorihe the drying

preteen in deep ieyer drying.



RI'VIE‘N 0F LITEUJ‘URB

The theory of drying for e ningie ieyer hen been devoiOped

nning Newton'n in of hating on cooling. under the eeeunption

thet the narronnding eir in It oonntut towetm end that the

towereture difference between the drying eir end grain in nun.

Thin motion in tlritten no follow:

di‘
unease-Ine- n .‘ (1.1.3)

inthieeeoetienlie theheetingereoeiing eonetent.‘rin

engaetnre indeg. I. die tineinhonrnend't. inenternei tenere-

teen in deg. P. Inn (in?) need newton'n equation to deeerihn the

tent-g rete of drying. the equetiea hen been my netieleeteey

he the (oiling rote of drying. Ir eohntitntion of the eppropriete

nnintnee eentute (dry henie) (er the tenperntnree in the em

eeneti‘ee. the nonetien in ehneged to noietere content retiot

‘"'“e one

73""

Ihere I II noietnre unto” e! grein. net henin. per rent.

I": eoniiiheinn nintnre content of groin. vet hair.

”I “I'e

I‘ll initiei neintnee content ol groin. net heeie.

”I ”he

I ohentingereoeiiegeenntent.



Bitty (19”) derived en eqnntion for thin ieyer drying 0!

hope in hiinn end ehoned thet drying the in invereniy proportionei

to the differ-en hetneee neuron of enter et the teqeretere of

drying end inlet end vnper prenenre of voter eirendy pendent in the

«nowhere. The drying tine in directly proportion). to the ieen

ntneurpernnnnre (entereeper nineteendneeenpieinedhythe

nonnatieninterneet’nirepeedinfeetperninnteieevingthe

heed. In eneiyned the enpor prennnre driving foren in three of

grennnre dit‘terenee reinted to enter et the inlet eir mum.

‘ We (the: h) peepeeee e nethod for predicting the rete

eldryingotnhentgreininhednzinehee toiz inchendeepforeir

thieeitien of 12 to 130 feet per ninnte end en evernge tenperetnre

of to to 170 dog. I. Iith muiee of 3 to per cent. In thin

nethod. drying tooh piece entirely in the deereeeing rnte period.

13 deereneieg drying rote period of unheet one denorihed in tom

of itn everegn neintnre eontent. he heiieved thin reintionehip

nenid he none veinehie i! the drying rete ennntent could he ninpiy

«ereieted dth eir condition.

he prepoeed thet the neon tenperetnre for predicting the

perfornenee of ediehetie dryern he the ingeritlnic neon toweretnre

heteeen the hit teqeretnre nod itn edinhetie eetnretion tenpere-

then. he hen rho-In Iron e nointnre beienee eqnetien thet the point

of neninen rete of drying in 3!!th to the bed depth. end the

rote of drying dependn on non velocity of eir. he one eino



eenvineed thet e eorreietien e! the rete content with teqerntnre

venid he eotfieient tee neet preetieei pnrpeeee end oeneidered thet

et eny given teQerntnre e eertein frnetion ol nnieenien prenent

in e nynten ere enpnhde e! undergoing thenieni renetione. ditfnnien.

viennne non. etc. He nine deveiqed en eqoetion (or the mintien

ed the rete eenetent with nit tentatnre end netted out n nethed

(or peedieting drying porter-nee hneed en the drying eonetnnt

end ingerithie neon teneretnre of drying nir end net hnih

tqeretnren. he nuggeeted thet the drying nene eonid he earneeed

in tune of drying percentege.

‘huhiii'e (1M1) opproeeh for eneiynie et deep ieyer drying in

en loiienne the meted reintionehip hotneen drying tine. groin

neietnre. end grein depth unite here heen genereiined to nehe then

eppiieehie to the drying prehien. in the eqnntien of drying rete

he ate. one .1 the «yin. tine-it men in net! reopenne tine.

neietnre eontent retio. and depth futon.

Hendeeeen (use) nuggentnd n nethed (or eeinninting neintnre

eententelthedeephedetenygieentine. Thenointinnieheeed

. ntepeiee integretien Iron one inyer to the other. He divided

the depth into neverni thin ieyern end nnde en huntien of

.itern drying of eeeh ieyer to terry net the procedure. an

iiientreted e tehie e! eeienietienn nhieh given the neintnre

eentnnt et eny depth with verione internhie e! tine.



Iver (in!) the-ed nene teqerntnre-tine-uintnre reintienehipn

endpreeenn {er drying groin. end in iteOnithee-enthoenhipnith

“111 end Bidet. mend dilution“ Wylie in pinning the

enperinente end nuiyning the dete. iith the help of the Betti-glen

Pi theoren. they developed e generei wirieei prediction emotion

I. hornet drying tinee in ennntertien groin drying:

N

. “’e"v”'hr (PfiQ’W

here (i) re in the kernel. trevei or drying tine in niwtee;

(3) II‘ in the units nninture content 353 (3) I. in the groin noieture

content 9;. per rent dry heein; (d) r. in the entnrntion upon

We eorreeponding tn the entering air tenperntores (s) P. in

the pertiei vepor preeeore of the entering eirt (d) P. in the

hero-etrie prennnre. in ibn/nq.in.
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I“: peeps-tine e! tenpeeetete drop of the dtying nit “It...” . \/ .

i-tl ieyee tn (1 e ”-tl lent. eté—tffiententmww j

I”: pupa-tie- of tenet-um l inin e! the drying eie teen

i-th inyee tn (1 «e 0-“: ieyee after upon manure a!

the gain iaceenned. et J—th intent.
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heme-ere. ee define the (action of I” on Du to

u “J8 he
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A a
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By e ei-iiee ergo-an we can get e genetei equation to: the

meat-re dieteibutien of the drying tie. with none ehenge e!

inden tense {ton neee to (In-i) end (n-i) to ene te n end n.

t In! 'fi’ [14 (1-1; )) ... (s)
. ee U 11

53

(M. 1. nee. ‘e’

(“g 8. eee. I.)

mean DISCUSS“! OP EQUATICN (5)

Me nee eniy (out eeeieniee deletieenhipe heteeen lu'e end iu'et

(i) iu-lendiu-i (tethmeuetent)

(ii) an iu'n eee eneqnei bet in e i

me «did he dew Id fallout

(e) tu'n eee metenieeiiy ineeeeeieg. eith «pa 0! tin.

dude in iqennibie in the peeeeee e! deyiu.

(b) lu'e ere Wm» deadening:

(i) lu'e eetinfy n iineee equation.

(3) 1‘J'n «titty e non-linen: metion.

(iii) The lu'e eee eeeeteet. end the lu'n mieneqnein

(e) iu'e ere nenetenideiiy indentingw in iqeeeibie

in one all.

(h) iu'n ere unetenieein deadening:

(i) Au'e netiety e iiaeee equation.

(3) lu'e eetiely e neniineer eqeetien.



(it) The Ku'e ere unequei end the iu'n ere eieo unequei.

(e) No monotonically inctenning in poeeihie in the

proceee of drying.

I
(b) Function in line: in lu'e end in e.

(3) Function ie nonuneer in lu'n end iu'e.

0835!

(i) tutu-Indiu-i

Then equatien (5) been.»

I" :- Tn-fi‘ {kin-1)] or

“I“ II t“ (tau-n)“

Let e a “1-”

Since .3 k 1 em a: u 1

MW“! e: e e i

I“

1'- . r“ ‘1‘,” eee (‘)

ly the Dine-int: expeneien‘. en ebteint

(heft-l ..‘f+£§’r‘l.’-flr—}§Lfllah ...

here e3 ee 1 end n in e genitive integer.

 

lden meeti- (er further deteii.
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end since

Omtl-Qn-t-fl—c 3:

 

+ 0..

men n is large

ea 5 ant-1)

n, e .(n-ixn-z) ..- { p? M 1 um I 3070 gammy; g

M V ’0 , 3-370 0"!”

Renee (iv-n). fem eppreeinteiy. the: e ie lerge.

heretere. eqeetien (0) could be repreeented ee

'- . rm C“ eee (7)

m" C . “‘.‘)e ‘

lonetiee (7) in the generei fer-nit fee the teqeretnre dietrihntien

‘- m «C, ”he

do (er we eent’ined eereeine to the one there I“ e e. A“ - 1.

end henee n in e content.

as: u

If the iu'e ere anequei and x.“ e i. then the generni (er-at (1).

becomes

1. .1” [Lana-mu-Luu-m [saga-1)) ... [i-l‘u-MJ

. ru‘fi" [Mutt-n]

5::



it

1 (lfl‘l-d”. 0. no. 0

e. “dun-1)] . . .. . e

u“ ‘ :22: : ,
eeen .

On one one. C

" ' ““u‘wm 1-1. n  
t! In define entrin I, end: thet

  

[1.5’(1.x’) 0 .0 n n n o .

.0 (1.5’(‘-l’ld eeno .

e O

Ilka) . . : e

e g 0

.g nee g .

.0 one 9 u.‘u(14)l ’- ‘. .... .

Then

I

In .ree “II lune) ... (10

him. if en «‘1. t. -.lil U “a til.

8‘. .0 nene g .

in . .0 .'n one g .

.e e .-  
n- generei telperetere dieteihntien eqnntien em in very enee

eiepiitied end

1'. U 1'” ‘ one nee (.)
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In the developing e! thin eqnetien. ee nennne thet the lu'n

eetinfy e iineer reietion end ere nenetenieeiiy deereenieg.

Let them firet um etthehegieningel thedryingpreeeee.

then due-lendl‘iethetntneefluettheientieyeretthe

tent nnnnt e! the drying preset.

’ntthernere. u we den—e the length of the deep u- u L.

einee i.-i. I i 1- eenetent. then

51.5 ell merelietheeiepeeftheiines

n e

L" ‘11 - I. . “n43, “

e m.

Since I“. I. end I. nee eii neeenrehie. hate I it entirely deternined.

an“ I in deternined. en en ge heck to the equntien (7e) te {ind

ent nun ef the 11”: end the. [beau-n] end the am.) at

then 9.. end (teeny 1''. heenene

r-etne

In eeee (113mm. einee Ku'n ere nonlineer. udee the eenditien

ef neeetenieeuy deereeeing. ee den unit the function e! xu'e tn

n iinited ne‘er el (matinee eith regret to X'e (depth e! tie).

in ennpte.hypuhoiie function. ((3) e e‘. et¢.. ere eene enemiee.
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use "I

t
I” n ere ecnntnnt end iu'n ere cheque). tad iu'e ere nonoteni-

eeiiy deemeing.

non generei equetien (3). einee xu'n ere chestnut. hence:

‘I’. - r.#' [t 4 (Mn)!

fl

.run-‘ ‘14“)) u.‘ ‘1’53’1 nee [1" (14“,) one “"("‘u)l

 

 

 

 

[1“(‘41J’le .e none 0

. 1 .e [1.“1.xn)ln e .

” e g C

n n C

n e C

.n nee I [t’qtd-J)] J. 1. ... .. -

Define A, each m.

l “Ml-Lu”. .. nee. 0

.0 [14“43J’] O O .

e d .

AJ 3 . . o

e d .

°' ' “"“"-:” J- 1. .

then

I

T. - 1'” | ' ‘J‘“) nee (”
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deppoee we define e netrin Vu- each that

1

v - 0 ‘2. eon. .

III .

nee e A

  
The generei tenperetnre dietrihutien equetion of (5) win he in the

leiioeing fern:

:- or” y
... (90

here

  
end d"e were defined previeneiy.

(333 IV

(1) The Ku'n end 1*

Iron eqnetion (5) we heen

j" ere iineer faction of 1 end J.

r. .- ru'fi' “"1: (14‘9)

in the previonn equetioe K” end in ere the only two undue.

einee Ku'n end hu'e ere in n linen: reietien with respect to tine
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end peeitien. 1‘J er I“ nnrfeee in n ptene in three dinnenide

Itieh «did well he at m by enperinent. enee the eutfeee in

deeerihed. one she inch et the enrfece end deternine the nine of

(“'e end iu'n end innert into the generei equetien. end 1’“ eenid

he then deter-teed. Thin procedure viii he denunnetreted in the

iiieetretien eection.

(ii) The Ku'n end Au'n ere noniineer function of i end J.

lining the teen generei eqnetion. we «cat-tee the tent proble- ee

(i). mar. einee lu'e end fife ere in nonlinear reietionehip

eith reepeet to tine end penition. I“ end A” nnrfeeen heee

different ehepees none of the ehepee nee euueeted in the P,ignree,'*4,5 and 6

which eoeid he ntiiined in eeienleting the teqeretnre dinteihntinn

efthedryingeieeiengthedeephed.



 

 



[WITH

For the eete ef einplieity. eeneidee the tint eeee when

I“ III nd I.“ n I. Since d'n ere eineye teen then one. fee

engineeeing petpeeee. we see nnenne itn veine to he 0.03. 0.10.

0.1!. .... 0.”. end niece proportion of the bent gein of the

drying die in the i-th ieyer to (i «e- 041: inyee efter tenet

peeeenre of the genie inereened ie einent negiigihiet henee the

«tenth-n of l I 0.1 will he e gene npprneinetien. end e e {fl-h)

mid he detenined by Hg. 1.

ly Fig. 3. if hem! nut-0.78 tune-0.7.

Dy edeetien (7) en here

It . «r ..Oeh

 

- ee

er

1‘nn
In (r) 3 -0.7.

no

i.e. Th1;: . in rhe e n
(10)

In «entice (10) r” in given (conic he eneiiy neennred) end

I in deternined erhitreriiy. which in sheen I. Pig. 3. then I". n 130".

ll
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TIME

_ 0
Fig. 3. in run = it) Too - nun men a = 0.7 Too- 120 P.
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The ‘13 end xij nurfece, when [13 end Aij

reietiondhip with respect to 1, position, and J. tine.

setisfy n linen:
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eurfnce. when ‘1} or tij in e nonlineerThe ‘ij end ‘13

function of i. but e linen: function of j.





mamas

ly defining nu end A”. eeeeedieg tn the previenn eneiyeie

end dieeneeion. the teneretnre dietrihotion routine of the

drying eie‘eieng n deep hie eontd he eeienieted en feuonn:

(i)

(ii)

(iii)

tfluelendhu-h

Then 1‘. n Tue...

here the n inden in eeneeieted eith petition of the

genie en the n-th eerie end the n index in eeeoeieted

eith ”at. In the I-tll tilt.

the lu’e nee nonetenieeily deadening end Au e i

The tenperntnre dietrihutien equetien in

r- at run

there 0 in n faction of I” end in tone I” in e

function of i end J. done of the poeeihie I“ enrfeeee

ere iiinetreted in the fighter.

The I“ II I end hu‘e nee nonetoniniiy decreeeingt

the tequetnre dinteibution eqnetion in

'1’. e I";

ileeee V in n function of is”: further-ore. einee h“

ieefmetionofiendJ. nethehnetionofi

end I. done of the pneeihie A“ urfeeen ere ulnntrnted

h .u f‘m..e

2‘



(Le) The lu'e end hu'e ere mutually decreed” end

(e) e “nee: fmctlce of 1 the J;

(b) e Mine: function el t end 1.

Thee the mature attribution {ehetioh of the

ma; eh 1e:

eeee x” eat is“ mime tee “hunted Le the (tune.



SWIY

I. the preteee of thie eneiyeie. the concept 0! Pt end A'e lee

held in e netheeetieel equetiu te ”pm. the drying pettete.

It ie epptopriete to define eeeh uiuee. eiete eerie; aria; tech

euieeiteeei peeeect hee e patties-1e: eet e! l'e end i'e. rheee

eeieee could he detenieee onetime-telly. In thie pepee. tithe-ugh

e entice“: ted predict: eet e! h'e lee l'e ere eet included.

expect“ eeieee of t‘e end A'e heee heee m. It ie eiee elm.

he to etiiiee theee pteeeeeeee. ,

The «yin pneeee e! uncultured nucleate could he deecrihed

by e eiqie emetic- «in. til-pie eeieee e! I at h. each u:

1'- en 1‘”e.“

mete e I- m.»

e I new“ of stripe in the hie

e '- eeeheee of unit tine mail-ed tee drying.

When I ted 1 en mete”. ee the. in the beginning of the

miyeie. eeeh :- end A- veiue ie between eete the one. Even whee

the we end l'e ere net toeeteht. the teen ef mietiee it not tee

Vite. We". e .eee eppeexi-etiee tee he eede even thee l'e 1

can
eat A'e tee net mmt w the eiqie equation I" at... .

fl eeee pteeiee eeeeite tee went“. the I.” end 1‘J neteeee an be
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let up fleet end thoee telnet ieeettee into emetic” depending

ee different eerie. conditioee. Therefore. it the K'e end h'e

en eeeiiehie. the teqetetue et «fluent petitieee in the hill

et dilute-t tieee as he need with the time to find the required

tine (or the K-nieee te eppteeeh eee. ehich ie the eeqeieee

tile fee trying the product.

The seeetei tenet-eta" eitttihetiee function e! the

«yin eie it:

I. :- tcnfi‘ [i-tuuaun



MWATIMS

he teneeeteee eieteihutioe elm the depth 0! e hie ie

eeeuihee hy the K ted h eeieee. which eee function e! poeition i

eel tine J. Defeat the theeey tee he eeee ie ptutieei eppiicetieee.

eeeeeeiexoeeieeeteeheuieheeeetedeteniee themeeeolxeedl.

Thetet'eee. it ie flea-teeth thet e pnjett he eet up to

ehteie the eete eeeeed te eet up I end h light“ ee eutfecee for

different drying condition.
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