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IMfKtiUUCTIOR

Bu>t rooords and oxparSMMei on grain stomgo ^ov that th» mo^jKbaam

CMRtsQt of atorad gsvin vari08 froa senth to month and JTiroe wmuwii to aeaaon

daring ito atorafli parlod. Very often taoiotun aoviifl fton am part of a bin

of ffmin to snotfosp. this mwaint of aoistuxv Is v^rtiaaCLaAr flnrlAmt in

ti» idnlwr tlia» in bins of rolatlvaly lax^i oapttoit?'. Am tmmdt of tfat

mltteiti accuaolfttlon is on» of t>» banircla of datorlomtion In grain storag**

A« Umi accueulaticm of ooistUDra aanawte a madMtm lisdt for oaf^ stoxngo^

mild boglac to dormlop vnter f)mmlfl« tva^iitmtUTO condition, Mbayd gvoutli

cmides heating and finally spoilB tba gmin, Tha phwunmon doaerlbad abow

i» immm as tiia aoiatove sdgmtion m& haa ba«a a«wn»d to ba a rosult of a

tonporatm* difftwantial which exlats to a grain bulk,

?4oi»t»* Bigratixm Tma enavd wry largi loasfts in atorod gwdn doving

tha paat yaasrs. Amtoraon at al (1 ) reported that in Comte inBxoaeos in

olatnzo \er» obaorwd In Icjwrt at or near tho oorflMM of dty grtdn in

country dovator anntaia litloli held alxxit 30,000 buahala of \teat, th*

troibla uaa oanarally diiSOfimd In tho spring. Cartor aw3 Itarar (5) studiod

•ogrlMans of uMfofs migtaam ocntmt (1? percent), storod in a wttrti^t

iaam bin. In a ttv mtka aa a MotAt of dooroasiag axtemal taaparatura,

Kdaturo oQuawtitratlciw of 16 to 19 perroont were croatod in tho upper lajwr

of heans with a corraapondliHr iwdustion of wAtfkxm in t2» eantal %mrror

talk of tlM grain, Iha aaat troabOLa haa also baon onooantor«d In nany of tbi

lAtat atoragta of tha Ccrsnodltar Credit CorpomUon of tha tlnitod Statoa

QOTOW lMIBttt (6),

llmtoo (B) tolla that in aonft ulntcm numgt Am to ruiatora algmtion

in \«Taat storagts la iWMpy aomn to Kanaaa, Ha haa obaarvad aun^a of



aoltttira nlgmtlon m tho coca extmplffir itdo inlls of otMl \Axm, on tte

QQild oonor»t» floor, on tbt -vnntilatiae fLtioa in tb8 cnDt»r of Ubu wd cb

the top oarftaoo of tho grain* MoiBtoro at th9 last location is tl» ttout

traBJia«gaw aad daMslne of &1I*

Ifai pcofatlM hu tem wldtly noUottd and Imnst&fRttd 3a wemt yten^

Ibo attetqit of tlM pvavioos wavk* wo to dataisdne the cnuoos of ttia aoistuK*

rdgraticn, to oatabOLiJh a Iteory to aaQflals Urn phaaocenon, and ftirthaxnoara,

to goarch for a r»thod of prewnting It in pnustloal grain atoragi* B*

porpoaa of thla atud:r is to dttorratna tho oouaaa and tba ll'sitatiw of

Boiatora olgmtlon in atomd iteat*

RBVXsv Of LrnsawoHi

Hoiature in Coraal Qndn

Watar lAioh ia al>8orbad hy ftm iBtiwila of oaraal emin beecnes a port

<tf Urn k»mal itaalf, ttm tama aoiaturt, nolaturo oontont, or uator content

of a ooroal grain haws ^» mm naaning aa aiiplying to a grain loamaO., lo

ordtr to underatKid Urn wla of uator invol-sad in tt» proWaa of sd^mtion in

gmln atovatfi, it la nooeaaKrjr to Iokv tho proportlaa of tt>a vstor which ia

abaco*od In various aubataaoaa of tha grain*

Qrain ia a Mocolloid tutorial} it poaaaaa»a an oeguOmA atructura MA
ia hTsroaoo;^ in naiaira, Gaaarally apoaking, tJiaro axt> thne kinds of uatar

in a gmSa kam^. Flrat, mtm tidc^ la bold in the poraa of tbi aattrial

ia daanifiad aa frw* wtar; It haa ita uaoal propartlaa and ^la aoloculaa of

tho ah©o3*inf? atibetkntm aro not oonoomad oxoept aa a aupportii^ atnictniw,

flMood* mtor \tdxst is aora aaaooiatid with tho absorbing aobatanoa my ba

claaslflad aa abooztad vator. Thox« ia an interacUon botuam 12» vatar



noCLceoIds and thoao of tha gcAMrbttnooy and the propertlea of uator are In-

fliMBBad by the ppopeiriioa of tte absorbliie sabstenM. Thixd, uat»r vhieli

1« lAmAeeaiy occftdaod vith tiift sabttwini m^ be elai^fl«d ia oottblnBd

tMtox^ it la sn Ir.tagml pturt of a gliran onbotanoe and no longjor poBoaoaea

tfaa proportiee of ordltmrjr vator* Thie mtor oan be rmovad only undor

vigorouo condltiona at tima aa^o^d Car aolatuzv dtotandnation,

Tha tarn "bound uator" la ooRStlara apcdiad to daflno tiw watar vhleh

la botuean tba firaa and tte ohaadcally oonfainad vatar. Roblaon aoid HlTnka (I?)

•tatad that the torn 'Tbourwi uatar" oaxrlos two Ingilicfttlona. It iaplloa that

mm water abaorted by tho gnds la bald by forooa atarongar tton thoao of

Whafi^o cohaalaD batuaan mtar a61aouIaa tfaanaalima* TndltlaBiaiy, bourd

Vtttar alao Inixllaa a qpantitatl'M atolohitrwtrlo relatloRrfilp batwaon vatar

aa tiia abaortlnr: oabotanoe, Iioiiavar» thaw la no daftsdta boundary for Hat

bmmd \iatsr,

Msy naUiod ^:ich la tiaad to datoredna bound vator ia ona which aosn or

laaa arbitrarily aalacta aotaa point on tba adaorptlon iaott»x« ourwa of grain.

Vatar praaant and poaaaasfag a i«lati<va praaaum above thla point ia oallad

•ft'aa'', yMlM wttr •Aaostad wllfc a f^oatar omrgy ttwn «mt correoixudlng

to thla point la aidlAd "bound". The torn "bound uatar" ia thtia TOlatl<««f

and tlia mthods for tho oatlmtion of bound wiatar axtt aarULtxwty,

hetora that Oowm the Chanfla of Jtolatora of Oxmln FAmol

A ttoonoD phanor»non of caraal Kraln la that %ihan It la expoaad to Urn

atao^3horlo air of conatant taeiparatura and ralativa hxaddlty, a condition

which rasvor exlsta for Icmg, Ita tonrora^tira and xaolaturB will both xttntAi a

condition of equlllbrlua witti f^ synraaodliBf atnaaphara. Thla aiana that

*«»n ttie Boiatnra content of « gmla fa M|M> than that of e<juillbrltn nolatw



contont. It \nil looB iwlitopB^ «nd rHjgm TOr«u Tto explain thla p- enoraonon,

it ic aaooMd 12Mit tfa» vater vlthin th« grain iwn»l is in aolocular fara,

the mtar mleoulos eaanrt « oox'tftin prosatire on th» utlla that oonflnt tfaSM^

this pTOMore is osAaed •qoal to lite mcpop prttsnuM of ftts>«!i«ix« at t3i«

equillbrliaa condl tic«u Conoequantly, any condition such as of t»i^»ratux«

or wsletura that chanas aitbar (no of fhisa preasmvs <4»at is oriffixmlly In

aqxilllbrtm will owsa an aaoohongs of aolstim bituaan the grain and tbt

atoosiAwrOy resaltlag in a gain or loaa of aoiatiac^ by th» grain (Ronton, 7),

Wiila tha ataoai*firic te::ipe'"atOTa and iMzaidlty obange oontinaally, it

is intorostinn to note tho ofaangss of tiis aoiatura in grain knnel , -J^e

ftet Ihat thars is no stable boonSary batuaan tho frsa mtA bound water is

m laportant factor that afffecta tho ohaofi of grain ncdstta?a eoittnt*

Kiaael at al (12) stated that there are three ftotora soooiKtiBg for the

•iparatlon of vater fron grain oolloidst (l) adsorption energy between the

colloids and tfaa water, (2) ajsount of water available, (3) tenperaturo both

of tte gndn sBd tfaa aadtau

the adsorption energy depends m Ite jfeyaloel atnicturo of tho absorb-

ing martaem and its constitution, as veil aa or tibe phyaioal aad ^*—«*>t
^

IMpem^es of water, Qiley (U) studied the yator content of sin^ kenwls

of yJt^Mit, }^ faind the physical difft»ranoeE in vator content and tha mU
at i«d^ they ai* able to ennhsitgs Mitsr irapor wl«i tha atsmsptexa, nomr
and Jones (10) ftwnd t2» sens remilt by Hdadng uhMita at difftoi^nt noistui^

oontanta, under atrlctly si-llar ooaiiUons. Dimsn Oiaat my absorb water

Tapw trcn air at a rate r> rwroont ft«tar than soft and stan^ Bn^iA
t«)»at. ThQ rssolts ^ow that ii» adsoxption energy is a rascQ tant of various

effiBtots*



Th» aoiiture ooatwk of stored ubftat rongto from 10 peroent to L^ psr-

eont under aornal stomg* •ooditions. Molittir* oontent above 13 peroont is

eonsidsrod tsiaofts fc»* long tlr» stoni9». fhe hl^r ths mount of froo water,

the hlghor th» vttor TiiMsr pvesaam Inaldt the gndn loevnel vlll ha. There-

fore, f^nla at a hl^ aodvturo content uHl vIubtb tend to loaa vater to the

atnoephore poponrlded that tb* "nqpor praoaaro of the grain la gr eter Hm tte

vapor pregsure in Ite air.

It haa bmn vemtlonad abOM that ttxt noiotaro content of erain ohan^Bs

witli the atBtospheric ccaTditiona. It ean ba oean that the -uatcr Inelde the

kernel i^MMld havo a hi|^ nobility, Ti» ratio of the tno to bound vatar

^culd be expected to vaxy contlntially vlth tanpaxatugpe apdnat Ite bask*

ground of ooMitanoy in the physlMl and ebeadoal eondiUon of the eollolda.

the nniigiliig diMMaion my be eonaldered aa tte ftmdaigantal hypotheaia

la tafKrd to the prt^Oara of nolature laoveswnt Is atored wheat,

Caoaea of Moiatura Migration

Moiatera ndgratl<m haa been aMOoed to be a result of tonpomtua«i

differences wliioh occur within a grain bulk. The prohlaa is "by what asona

does taaa water vapor Mwe trm the worm to the cold graih?" ObfUn^j^ the

prooosa conaiets of three sto^^st fl 9t« the oolattnw an«l ba axtiraeted ttm

tha uurn graini aeecnd. It atiat be oarriad away tvan the warn rogicsi to the

cold i«gico} third, it met be abaostad by the cold grain, Tha first and tha

last atagea can be easily n^HaiimA by tho foregoing diaousaloni tiw argumnt

renains on the aecond stage, Pmtt (17) suamriaed the previous works and

stated two thoorlos ^ioh imm base proposed to explain tha laoioturo ndgratlon.

One of thOB deaeribas it aa fasudtli^ trm aolstore bolng transported throu^

tha grain bulk in air that ia oirculataa ty convection cvnrrenta, Tho other



dBaorlb88 it as xosuiting trcm tte dlfftBrszxMs of -Qm partUl pmrnnmu of

ttai vfttar ntpor In liia abr,

%* diffusion ryroMtMf tfa» v&tnr ^mpmr is tronofbrrod frcn ft uum rsgion

to A cold toifijm HmtH^ ite impor pfmcMnro diffbr»tx:e alonii its path, WliM

em part of « gfntll tMUe bHMOM Mtaemr than an other, a groator prassore k

•snrted ty the vapor in that vaxn part than in th» odld part, DiffUalon

prooaMM tand to oqualias these invssuree ttitoa^ tbe intarstltial air.

IMs will cause tfai vater vapor to laava the mors region and enter the cold

reglcn. The lose of water vapor In tho wmn roglon oaua-is a louorlng of ttie

xelativtt hiaaidlty. This in turn toednfpi shout the oondition that cause Boistors

to leave ttie gmin kernel and ontor tbe air (!?)•

& ocO-d regiocst the air is faondAlfisd t^ the wter vapor ooDdng tmm

VKctmr xogiotts. IHerefore, its ralative insnidit^ Increases nd «a Snayeass

in noisturo content of Uhsat vill be the iMB»diatB i«suli»

fhe saa» roaaoning ssy be appO-ied to -l^ oo vnotlon prooess oxoept timt

the Miter vapor v»ion learlDg the mors region is bgr maa tzwneflBgr. This eatvss

a faster transport of aoiBturo thea the diffusion process* Za aotoel eases^

as the air VM ooolsd on the sidss of blns» it becane turn dmae mA ssttXsA

doim tirroii^ ths graiii. The wam air in the center of tlie gx«in xaass beoans

less dense and rose through t3» grain, this eanisd an air ourront to be set

up that foillouid a path d<xm Hm iddfts of tho bin and ut? throu^ the contor of

the bin of grain,

Aiotars Wilch Cause Teriperature Diffbrenoea In Qmln Bulk

The principal causes afflwsting the tanporature dlffaronoes in a grain biilk

are (1) tho effBots of a'baosphorio toniperature, (2) the effbcts of heat

by looal pockets of insect lnf»statloo, end (3) tho eflbcta of heat prodaood



by rosplratlo«i0 of uhoat asKl oioroHsrsaniaM do* to hi|^ and uovwm dletrl-

Insect rosplratioo puwolly occurs in vboat at aolature lovolo belov

15 porocnt (13). tte tKspsmtura my rooeh * itwylnw of 10CP-^10&> F. Diuap

frain hMtlag tuMolly occurs at isoiotuxo l«vola ftbow 15 poroont and aaqr rtieoSi

tacip«i«tM9«« »» high as 1^^ F In grate bul' of sufflolsaat alas to provids

•dtqaili iMROUiticB (13}* Tbssa ttro scuroos of heatli^ ars h&jafA Urn aoops

of tho preasot study,

Tha foot that the gmln la a fair tbenaal Insolator la tba s»at Insportant

factor vhlch afftMta tho taiaperature difAiTonoea hatuoon tha gmla bulk and

Urn atraoapiiora. During tho vdnter tiT'«, vhan at.'^iQsptiarlc tonpomtitrB falls

to aero at emn lowr, the toraparature InaAda a graiD bulk of sufflolant

aiae rdfiht "bo oblo to maintain a taB|»ratuTO abowa tho fraaaing ix>int or

hi^MT (TOO to BOO ara not unooMntt) l^ t2ia haat ^ioh la produoad orlgisaUy

la tba gmln by ncanaall faivSamUm of tha erain. Onco Hm taaprnvtBra gradiant

la aet up, t ora vdll ba « auwmaut of isiolstara fraa tfaa varaar to tha ooal»i>

parte of tto gmln (15 and 16).

liMkdtt (?) uaad hla data to ealot&ats the off^ta of dally and aormoal

toraporatura fliiotuationa of atnioaphara en tha grain bulk trapiraturaa* Ha

fcRffid that (l) if ttia day-to-nl^t tampax^tuxe ohan9i Is idxtot 30' T, tho grain

tonporatuw fluctuatioja will be reduced to l^P, i.e. it will ba soaxoaly da-

toctolilo at a depth of 5.1 laobaa. Dally 0uot>%ticna, tharafora, do not

potiatmta below 6 inohoa to an ap;s>eolabao aattatttf (2) if Itai mmml asaa

twaparaturo rmg$ Is TV**?, tha rangi is radoMd to 1**F at a depth of about

13 faat.

In addltlem io the reduction in tenpegatura roGBflSy vitti Incroasls^ daptti

tho advanoing tan^poratura usva is vary ouob aloued by bulk ubaat. The actual
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tH|M«tuxo rooordfl of six 3000-fautfiol bins In Uarmd, IteioM t&icnm ttati^
vAxdam tsnperatur» at the ocntmr of the bin falls sbottt tfaivs naalVtm birtilnS

tfat odLalanB tsnpsrature of Has saftdent air. (9). Ths stssi bin is IB ft.

in dioastor and 36 ft, hl^ wd !ma no wntllAtlon faolllty. Ths vmv^
wtaOmaa dlfftersnoo in tscspssmtasHM batwsen tho grain, at Ite contsr of Urn

bin sad at a 6^ ft. depth, and ths aafaisnt air is about 35**F. This Is showi

Is tiabls 1.

^Kfcas 1, llsivpst^tare difftewntlal between the grain aid tte aiAient air,
3000 burfiel ^ihsat bin, no vumtilation.

s
, ^. ^ ^95^ 1955
Location

: Sept. HoU : ?*ov, :Dao, : Jan. :fbb.: ?4arrf kpt^ Hay : 3\am : JOly : koM*

Sl^^iJ^ 7A5751-a37a9a626669 81 80

»

tk% center
»• <topt& 73777268676460 52 5154 64 66
(Ave.

j

IlorlBootol

^. Q«»d. 1 30 21 27 30 35 19 10 15 15 13 U

fhjo the obovQ dloouaoion. It is evident that the tersiwrttturo dlff^xeaoes

te^MD the ateospfasre and the grain bulk durlag the wlntw is vory wxted*

fhsfsfom, under nonaal storage conditions, the tioporatmo within a larpi

grain hOk will be dstsnrfiisd by d) the Initial tompewitui« vhan It vna

plaosd in otorage, and (2) the total mas of the gnda whleh Is laree enou^

to proAjoe «iffl©lent heat to aalntain the tenperatur© of grain bU!k, as vsll

as to V9$mm tki btat which esoapes fron the oonter of the bulk.



Ihlo study conoiata of two vein cacparitMnto, Th» first oxporlaant UM

to ditonalni tha efHaote of tiie looatlomi of th» hot rsgion to ths oold

vtfiaa on the tronalhvraM of nolsturo and to vtud^y tho traveling path of

Hw Miter vapor Ittvolvjbag Is th« tranvflenp parooeao* Tb» aMond •acpftrl'aaDt

MM to dit»niis» tfai rtlAtloiui tetuMn tfa» itmfmn^nm dlffttrtniMi lod ttai

weAjtftKuo content of uheat and darivo tbo llrdtaUono of BKdsta* atgratlon

in stOf«d vhMt,

VQWi'ladnt X

Thrm oil barrels <^ tha oasa oonstatuotioD a«eh oontainii«

iARmt Aft) poundo of hard rod wlntor yJbM.% war* pilaoad In an arransBrient aa

ihoin In Tig, 1. Both «nd« of Urn tiarrala wizw takan off, Aftsr tho tarrola

mm filled ulth tha Whaat» tha mda varo aaalad by a plaitia oloth and two

water oaM muOx hddlnc about 9.7 gallona of wator w»t« than faotonod to th»

•ndfl of tha barral, Cto oa» wM ttUMiflfttaa ^th hot mtar of ahout 115** K
and tha otter ma olroalattd with aeoliag iiatar of atxmt 40^ P. Savin aao^lng

tubaa uore pronrldsd on tSia vail of tha barrel. Wood atoppara Md acottft tapa

wtia tMad to pravont laaktgi of vibmt and vapor* Tha berrala and tha oana

vwa all wrapped in a one Inch tfaeamal ijsaulatlon cloth. Flgora 2 «howB tha

oonatmetlcc of barrel A with ths cana. Tha other two barmla vara a3metl7

the aaBMi aa thla arm,

Tha hot wtttor m» haatad bgr two aloctrlo haatera which ven autoaatleally

contrdlad bgr a tho -r^oatatlc dovlea. A ffaall oentrtftagil paap waa uaad to

oiroulata tha hot vatar ttam tha hot water tank to aadi water can and >'*it^ to

tha taolc. Three cribaok valvea ware uaed to ocntrol the flow of water to each
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Fig.l— Diarram sho^dnp the experimental equiiraent: A, Barrel A with a
hot bat'n at the tco and a cold bath at the bottomj B, Barrel B
with a cold bath at t! e to" and a hot bTth at the bottom; C,

Barrel C was -^laced in a horizontal nosition. T-A, T-B and T-C
are thermocour-les of Barrels A, B. and C res'iectively. P—water
piimns. V—valves.

llj-JULXjLi

tip;. 2 - Constr ction of the .'.> eat Container
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can, I^OB -vmlvoo oor^ied aa taopsratirm ccmtrol devicno, Th» tonpoj-nturo

of the can \ms regulattd by adjusting thft relm,

A refrisBrator t«a uosd to nok* tfa* ooollng vatsrf it xmm alao tbtmo-

0tatloaI3y ooRti<oll«d. Piaq> and ehaek vqIvbo u>re oaad alao in i3tm oooling

vater eyBiam to control uatsr flow and tngpavatova,

A aaall avafaiisg probe uaa aada to tako 20~grai anqpaaa of \ihant CiKm

VM banaXa*

8aMm t^mniil ««ma»« wra att at the oentral lina of the banvl. SMh

cormoponded to a s&'ip'lisg tuba. A potontlal notor \m8 uaed to maaura thaaa

tOQiperatuTao. On* thanaal coupCLa waa alao attaohad to the imtr alda of actfli

water cnxi to vaad Urn twjpatataia of the oan vhloh uaa In contoot with tha

jdastio cloth,

PSSSS^aSl* About 1500 pounda of uhaat vaa wall sdxed to obtain a

tmiforra distribution of aolatora content beforo it mm plaoad in tha bunrala.

tlia wheat was in good eflnditicii. Him aanrdaa ware taken off to detersine

tha initial aoiatuto eontant, ?fclaturo oar.tont was daterainad by air ovan

aothod. Two gnoaa of growad vbaat, which waa paaaad throuflh a aoroon of tio.30

m§t, uaa pdaaad Into a forcad-vantllatlan air ovon at 130O±3«> C., dr:dng for

ona hour, Tha nolature contont waa axprooood aa a porcenta0B of tfaa wat

weight of tha asnpla. ^tolsturo oontent 09bt 13 percent waa dotorcilned 17

two-ataga drying method. A 30 gtm •mfOa ma flrat apread on a tray to d»y

to aqunibrlUB with the surraundlng airi the aoisturo loaa waa obtained by

wal^^ilng, A aib««Htplt waa then ground to dotomiw the ron»lnlag aoiatora.

1?he avara^ initial Tsrdsturo contont of \i!«at In thia exparljaent waa 12,0

porcont.

Tha tainporalMraa of the o<a.d and hot water were recorded owe aaofa day^

and tfaa avarage valuaa were than obtained after ooa m^, two uaaka, one aonth^



tuo Btnl^a, cod thrM axmtha of oxporirisnt* The data of tonporatuaro tstA

noiaturo of lAMt w»r« also takan at thaaa intervala,

jl^aultff. The aolaturo oontent of What at ti^ center lines of the barrsle

A, B, and C are aSiovm graphtoally In Flgo* 3, A, and P. respectivoly* Eaih

point reproeenta the overa^ of duplioate ear^plee. Fle»» 5, 6, anfl 7 a»

the oorreapondiae uboat tenperaturee at tb» \im Wbea aenplee vers taJoBi,

Dm total omirage fltaisturo content in each barrol at diffisront intervale of

tixM is s!:oun In l^Ho 2.

ftlhle 2, Itetil temn^ »aleturo content of wheat in dlfftwrnt hnrrolo at
difflBTent tia»s«

Barrel 1 7

12*5 12.2

30 1 60 , 90

A 12.6 12.4 12.3

i 12,6 12.3 32.7 12.0 12.6

e 13.1 13a U.5

the gida and loaa of aoleture oontont of wheat at a dletnoe one half

inob froB either end of the barrela ia ^kmb in TaKLe 3.

fatilo 3. H lotaro gain and looa hy tho odd end hot Wheat at ^ inoh from the

tUii"" i1 Moisture Gain hy Cole! Wheat % t Moioture Loaa h- oat, "i

Daya i» Berrel AiBtawel B tBarrel C t BKrrel A 1 Barrel Bit Barrel C
-..-,.!L 1 ! 2 J 1*2

7 0,7 0.7 A.3 0.3 0.6 0.7 1.2 1.1u 0.9 0.9 4.8 0.7 2.0 1.7 1.6 1.3
30 1.5 1.7 8.2 1.2 2.5 2.3 2.3 1.9

«> 1.6 1.3 1.3 3.3 4.1 3.5
90 1.6 1.9 3.7 3.0
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Fig, 3 - Curves showing
chanpes of moist-
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Fig. $ - Curves showlnp

ch anf^es of
temoerature of wheat at
the center line of the
Barrel A »

A 7 days
X 111 days
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A 60 days

90 days
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Fig, 6 - Guides showing
changes of
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at the center line of
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Urn miang^ t»|itmtur9 of ths yMA»v taths are givem in Tabid 4.

fttble i^. Avwa» tiMpBWttagi of tfa> hot and! cold ba^a«

HaUt Barrol A i Bar»l*B t Bonol C^
t Hot J Cold jDlfftwvs Hot J CoOd iWfftw^ Hot i Cold jDlffor-

SlannBath c>Ptrkith oFtttnoo 07,Baith opiBftth oFs«aM oFtBatJi op,Bb|;h <^ience <Y

7 113.3 43,3 70,0 ll?.l 40.8 71.3 112.7 40.5 72.2

U 119.2 41.6 77.6 11P.9 i2.^ 76.5 119.2 41.1 78,1

30 115,6 40.8 74*8 119.9 39.9 76.0 115,-i 39.9 75.5

(et 116.9 3S.5 7S.4 116.9 38.5 n,A

90 310.2 37,7 72.5 110.3 3B,4 71.9

Barrnl C um ft floaltjr Invtolletlan baoauM tho top of ttw bcuntil vaa not

AlM|flit«ly flllBd with vboftt. Thia gitro a traporature of 115** F within 35

iBtfM «r «• eoia md at ooM 400 P. mth th« hwddllcr wprii«d 1^ gwdn at

12 petwnt, it U sistplo to mo that th» d»w point was x*«chad at seno point

noar tba isiddle of th» barrol. So wa hi6 hara a wiasSL* oaas of condraaatioii

in tba oold and of ^w barrel, Undar theao oondltlons the naxJitm olotura

eoattant ianmmA m mut m 8«2 paroant aftar 30 daya and the vhaat waa

«proutod, Thia daltot waa eonvotad and ttai axporinent rapaatad with tha

banE«l ooHraotaly filled with Whaat. Th« reaulta ara tfjovn in Ifebla 2.

lff%in»yttliSB. i^ S&fihL^* 7ha total a^mga aoioturo content of the

lAaaat Inoraaaad about 0.5 paroant in all throe barrala thx«u#iont tha entix*

ooaraa of the oxnorlnant. Iha yarlatioca of tha total avarofla aoiattms content

at different porioda of tlioD alao indicated that thai« waa an axiAwnge of uatcrr

vapor batwan the intoratTtlal air and tha atmaphaxv. rhia omnd tha warn

lAaat to lose ita aolidnra tmK^tSft, tm oocparod with tha roaults glvwn by

Aoderaoo at al. (1), Who nal^tidflirt «» Oiaat at a tNfwmtino diff^wnaa of
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60^ p. la a aoaled box, t&x Smt longt In WTilch only 0,8 poxomt Bal»ta»« ^MM

ImvQ&md at the coOld «x! eftw* 100 day», Th© aana i» tn» as C0E5«x«d ulth

IV»tt»3 oaqjerlnent (17). Ife QBlBtftinwl 6C^ F. toaswntturtt dlfflBronoe in &

liMMit oolunari six £\B)et long. Tho lauAstum inorvaaad abcut 0.8 psroent at oold

•nd and loot about 1 .3 p©w©nt at tb© hot ond aftor 32 days.

fyrn TUba« 1, it can be soon that fbi di^rtation of nolaturo of tha vhaat

la tha thrae barrels is not too JTtir opart. If this oan be Ignosad^ it la

airidsnt that tha acd.attira gaiasd and loot by the vboat In Barmla A and B

io BO dlf*vjrent for the first two W9km, Howwar, aftor 30 days to 90 di^a

Barrel A shows a aom stable ohange, this is baosusa tba msm air renains at

Iha top of Barrel A., esxl oarrios the viater "Vopor down to tho bottora by rarely

the diff\}ai<m p^ooeM* Diffutffic«i is suoh a alow prooesa that it alTsost did

not cnuse any inofreaia Aalaf ffci last 30 4sys of tho exporlaBot. Barrel B

la (inlta a dlftlerent aituatioa; it has hot air at the bottota \Moh oarrios the

VBLtar vapor up to the top 'Uiroaifh a randon pK&i that oauaas an Irrogular

aolotowi distribution In Banal B, as ahoun in Pig, ^
Barral C la a special ease of tfaa ssEperinast, It conoists of tvo tosta,

the first teat G^ow»d a rapid inoroaae in ctoiatixre at the oold end. It uaa

stopped after 30 days beoauae of acCLdiag and iQarautlng of the grain, ito

Invaotigatioa on Bamil C itioynd that there vara air pooksts lacMiining at tfaa

tor of the barrca uhso It \m» filled vtth 1^ lAtsat* lifiRna air has lei»

rsalatanoo throu^ fStmm air pookets than through ^he interstitial air apaoe.

Hian vara air oarrsrtag vater vapor roaohes a ooolar regloa, it givoa xsp soaze

acdatur^- to tho eoad grata, tha teterohango usueCI/ tuJisa plaoa la iwipor foraj

hcnxsvor, vhea vaxn air reaediad aa axtiwasly cold eurfaoe in tho atora0e (^paoa

fluoh as that air fQ»oe la barral C, air va« oeflQtad down below its dew point.
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T!wrofore» Urn uator vapor candtnmd on iSim vallt of the bftrrol aad drlpp«d

down to the 0ur£toe of tbs graiiu

Ih» Fig, 7 it can bo soon tJmt after 30 dajn tfao rtepiA Inoraaw of

gndit aolatOTQ basins at the rdMle of tho baxnml. ObvlotuOLy, tite UMcn air

(at n^^ and about 45 poroont RJU, tfcia wlatlva hraddlty is datemlnod by

that it corresponds to th» grain laoisture of about 10 peroMit ot

and) haa coolod down to its d»v point in this aeotion.

ftpon Fig, g th0 grain t«s^«ratiir» at thla aeotloo ia found to be about

750 f^ j|. ^ m^g^ j^ draw) botuoen thaae two ixalnta 00 a paychroraotric chart|

it oon bo aa«n that this is a proooaa of cooling wad flohurJ<llf:/tng,

Tho lov vapor rsaistanoe «nd tha aondonaatico of vater vapor htm oansad

the grain in barra3 C to inoreaaa ita aoiotur© content rapidly at tha niddls

seotion and tho cold ord, Tho oxpasaation can bo ifcofim b the results of tha

s»cot^ teat. Th thio teat three largo filling tuboa wero sddid to ?««•! C>

and «» \Aaat was wall filled and paoked throu^ thsoo tabaa. Than fi»

sxparleant uas roroatad* tha rosulta diowod a alowar ohor^ in ooloturs, as

•fMpHNid with tho othor two barrels, the iJHttttiiWOi'i augaaets that tha bulk

dmsltgr of gmin also afPwts the rata ot laoTOnont of miatJire in a gfala

bulk,

Tbe tsniJamtQro ourvoa Shown in Plgo, 5, 6 and 8 aj» all slgaold in ahaps,

Tha» mm no aigniflcant diffirancos botuoon tho a© cut-ws. The effbot of

room tenparature cb th« center aootlr« of the barrel is evident, atnoe tha

exporliaont started on Oototoer 6, M» vom teriperaturo deor^assd with atraoa-

jbmf as ttie tii» poaned. This caused a lowering in tonporaturo at tho center

sestloos y*ai» the t^a-araturee of oold sod hot balhs VMsalned the sane.

The last rooord uas taksi 00 .Tamary 6, Thio tftowed a miss In grain

tojaporature becmtss tbs heater in the nsl^borins roon was on, and the ro<»
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tMptraturo in Whloh the barrela \mv& piUMMNt lnot«aatd«

Aran Urn ^m^^ltaramtria ohart, it oan be mon that at tZQr Itml of r»Iatlv«

Ittaaldlty the vntor vapor proasupo and t3» actwal w»l#t of water varxw par

oubic foot of air IncToaasd vlt^ inoroaalag ttafwrntur*. This maultad in a

BwwBwnt of air and tba vater vapor frcoi t2» hot region Into a oocOer rogion.

Th« prooesa is althtr I17 dlfCVislon or tcr sauHi transfbr, or bQ^«

In th« txfiknar«r of vKtmr vapor in a gaaNxus systatB, thii ebt7?'oal atibatanoa,

vattr, aigr !• &axrl9d Ir/ tha individual vator aolecolos r.ovlng vdth rondon

tti0TMil notion or the notice of mSMt aosiwgateo cawTlng a hif^ conoontratlcn

of \ater vapor, the Caamt Is oallad dlffualon and tfat latter la oalled

ooraraKstlcn or tnaa trrmaAnr (11). The diffbrsnoe botuaiMti tbeoe two proooAMis

la dlstlngulaSied liy^ the quantltir of the mavim ansa and the apaed and pa<Ch at

vhiob it »av«i» The faotcra that dnteriBSae tfele latter prooeaa depend on maaj

voriahUs, atseh as teotperatore dlff^»ronoOy vapor reaiatanoe of gmla^ ^rpe

and position of t}» hastSag aurfaoe in relation to the oold Mrftee, danslV

of the air, eto.

The cx>at ir;portant factor is the tao^rature dlff^nenoe iJiioh dlraotly

•fatecte the vapor ppessoie, i.e. the hl^^r the tonporatiare difference the

hilfier tte vapor proaaaro dlfforonco vlll be. Vihon this diffterenco ai^rroac^s

a oortaln value, convection ctarant vlll set «p. Karton, Hogoro and 'knrrisB*

(11 and 19) hawe doveloped on expf»ssian of oritloal teaperatww diffiarvnoe

for carrootlon In porous taedluay but vhothor tliia ^xpnmAm can be apjxlied

tvet srain bulk or not otUl rsmina to bt Investl^tsdU

the vapor r^sistsnoe of the gnin eff^ts «he speed with vhioh ti» laiter

nolootdoo now (3), A teotenoy of the rssulta existing in this eBC|»ri;:«a»

that the aoistwe content of \dieat next to i^ hottest wkssHjb gains enre

aolstnpe than the sbbqAs second to the hottest. Oa the otter hand. His t^y^t



noxt to tbo c irbot loi»s noittcirB at ftrot inotoad of gaining* TSm phvnononoii

indicated that a rapid lntorQha»0» of acdsture took p' «oe Omxw teoporatuxv

fPBdi«nt uas «t09p»«t* VhMi tnm air oairTiag water asolcculos flows to a.

cocklor paaoe, the grain yJbidh oamB In oontaot vith this vexn and hucdd air

at Hret will aboorb taca» noiotnre than the groin iMoh i« fterttier apsri

firoa tho hot area, 1!be vapor realotanco in a grain bulk tharoforo depends

upon not only ^9 tidokneaa of the grain balk but alao tho oonditiona

(tMivmtnm and tk^Urtnv* content) of tte axlating grain.

^onoltialon. frai tlM thoorotlfial malysia aad the data obtaindd ft<a«

Hm eocpsrlnnit, thr foUowiz^ oonolusicma vmy be dailv«Ktt

(1) The aoiatuoce migration in stca^d Wheat is duo to toxnperatUM

diffsronca eadating in the grain balk,

(2) The proosas of taoiatur* adgraticci iwrolvas threa «tei»8 Flrat,

Molataro ia abatraotod tvc^ the yaum grainf aeeoodf i&oisttnr« i*

tranafbrrorl to tho oold gnOli hy aitlier diffuaioo or laaaa twBiafbr,

or both; third, ncdstnre ia el«aHbad by Ihe eold grain,

(3) Hie force that bringa about tho tranaport of vater vapor, i.a, the

•eocB^ otep, ia by the dif!\npeno« in water vapor praesura asdatii^;

betw©**! the hot grain and the cold pprain,

(4.) Ttm apood at «hioh tho molotirre rxsveo dependa on the rroooss it

ta)9ft«, Diffissioa prooaaa la aioh alouor aa oocpuvd with 1^

convocticai prooaaa.

(5) Sine© tho vapor roaiatanea of a grain bylk is tanfkvorable to Urn

©onditlo«a for setting up a carmctloft etirrent, it aooma fteaaibla

for this procoaa to toka place in a oaall grain bin What« terir^ra-

tura difAnwKia belMNn the cantor part and tho aurf^oo of tho
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$ndn tKOJc is not «vlcbn% in Htm %dJitor tix3». Ylou»wr, xam tarens-

jRmp aiQ,' occur In a Mn vhiflb hoELSa oufflcJAnt graia to mistain a

lMip»mi»QPt gntdimnrti In ditriJQg ths winter and tho oarly oprlng

aonthii,

wptjHbHMt H

B(|al|SBint* tSio grain oontalmm A and B of Ito anat t^po, bit dlffi»tont

in fliaa, Vr« naed to test the rolatlon batwMo tha tii^amture difftivanoaa

and the noisito^ contimt of \duMtt. Containsr A haa a dtanatar of aix inohaa

and la tuelw Inohaa hi^. It oonalata of th»e difflsrwit alaaa of gmin

•lantinara iMeh aepsmtad Hm iliaat into four oonaanlrla, ajrllndricel layera*

lino strainer mm a»ia of lA6 inoh bBsedtrnm oloth uhieh pemito tfaa vsttr

wiiwr to paaa tratly and jwt reatrlota tba %toat trm wSsOmg togitlitr. Fig, 9

ihoMi the oonatruc«.oa of C<mtainar A, An ailoctric heating coil uaa Inaertod

In a 5/8 iavli MlVMP lAtf tba tote i»a acOdered to the oantar of the cover

of «» eontainair. A iShorraoooiiple maattring tho surfaoo tes^sanalwDpe of tba

twlxj uas ccnmatad to an alectr^-nio do^/ioo tiiioh contrblled tho tas^raturo

of the heattog alatamt. A variable tmnaftimar eonnocting the heating eoU

and tho control dBvioo \ais used to loviar the oatagi of tha pouar aoppOiad,

fig. 10 ahows tho wiring diaeraa of the haating Kfttaa bott tw ooateSmtv

A and B. 13* laboratory balaoaa haa an ^'ffpw of about .6 peroent in tfaa

iMcndaation of the uai^t of antjAaa,

Container B oon«ifta of a ooppar tubs of 1 1/8 inohaa dieawtor; n>

grain atralner wis naad. Tho Mating ooll vaa placed inoide the tube and tte

taaperatarc control davioa waa tba aaoa aa Container A, The container haa a

diaiwter of 12 l/A inohaa end la U 1/2 laahaa hiKh. It holda 50 pounda of

Wheat in t»at«
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ftmm two cont&inars uont plftoed in a otAd etomifli durlnff tbo ttit*

Iht tM^itnitux* of ilMi ajbomtp vaa oontrollod by a thonaootat ^«iloh eontroUtd

tho oporatlon of the rotri^BTntat,

tBttAsaUb* St^Htl OKMBtt of Wbtat vom plaood in tt» oBjiBxwt* vtralo-

ors of ContftiiMr A. Tiomver, 150 to 200 pwu of vboat w» wkM to tl»

outsldB la^wr in crdor to brine the uhoat to tbt ««» Ivrol, Tbo hMtlnff

•lonent vao thon inasrted into thf» oontor layor of uiioat, and the cowr mm
Maled with •U9tria taps* B» oontainsr \ma than pdMtd la the cold stoivfie

lAloh laalntaiMwl a tonporfttox* of about 35" P. Tha taaqparatu* of Ite haaV

Ing alanont ma aat to 55*^ P, 75^ F, 95® F, and US® F for oaoh pertioular

Boiifeiw content of ^^wat. Thla aada a asriaa of taBpamton dlffteranoaa

of atf> F., 400 p, 60O r and 90O r, ntmoiOmly, bot«a«i tba aurfaoe of tha

haatlag titfja aad tha ootaiAi aotrfaoo of tho oontainar,

Tha initiia wxUtara aeutMit of iteftt vm datmdaid by a ftig flappanatall

•lactpio Boiatura aatsr and Vb» ioaitm to Boiatur© contwit after aigbt dayo

of tost uaa oalotaatad tgr tha ineroaaa in weight of tfai iteat.

th» »Qi«tBi« oontant of t^iaat in Contalnar H uaa Aitarmlnad by an

alaotrlc noiatnro Mttw at th» baginnlne and aftar aig^t da?* of taat. Tim

Mistsm content of \4)aat in tha outaidi la^ep uaa tte cwMit of four anqflaa

tatam at diffBrunt looationo of thia lajar,

IbHUli, tOfla 5 ahowa the roaults of a aoriea of taaperatoxv dlffbiw

•ntiala againat thrae diffbiant lowila <^ aodUrtoia oontmt of vhaat. Tloa, 1,

n, ni, and IV in colaana 6 and 7 mpivgwit tfaa iteat in aootlona I, II, HI
and 17 of tho container A mtfitvttrAj,

Ikble 6 ^o^ til* Mffllta of a aorioa of totai^retun difl^iontlala afdagt

cna laval of miAt^aam aentent of \fhaat*

-
- ; . it. V, ' ; •••i



»- 1 1

M^*^' '^^n inT" "^ ^flf>
.
tfttegi' ,A.„

tia^ithoM tTwapsInl-sDura- » M, C. after G Day» x I««i «ad Qadn of

Ho,t <>F.t oy.t Of >H.c$t^^t I t n t ni ; IV t 1 1 II t m t ly

1 55 35 aO 12.64 8 11.24 11*57 11.97 12.OS ~ .40 ,0^7 ,33 .U
2 75 35 40 11,64 8 10»04 11.56 ll.a4 12.79 -a.fiO .08 .30 1,15

3 95 35 60 11.64 B 9.U 11.57 12,19 13.24 -«.50 ,07 ,55 1,60

4 115 35 80 11.64 8 8,04 11,46 12,47 14.34 -3.60 -„18 .^ 2»70

5 55 35 ao 15.5 8 14,3 15.5 15,5 16,7 -1.20 ,00 ,00 1,20

6 79 35 40 16,0 8 13,14 15.63 16,78 1C,2 -2,06 -,37 ,78 2,20

7 95 35 60 15.5 9 10,85 14,??!' 16,18 19.22 ^65 -.63 ,68 3,72

« 115 35 80 15.5 8 9.70 14,40 16,67 20.40 -5.80 -1.10 ,97 4.9

9 52 32 20 20,0 8 17,40 19.76 20,33 22.40 -2.60 - .24 .33 2,40

10 72 32 40 20,0 8 14.40 19,32 20.76 24,60 -5,60 - .68 ,76 4.6

11 92 32 60 20.0 8 11,90 19,02 20,56 26,70 -8.10 - ,98 ,56 6,70

12 112 ^ 80 20,0 8 9,00 1S,49 21.07 28,80 -32,00 -1,51 1.07 8,90

ft^feltt 6, Koiatur© cliangss of Containor D,

:nigh ;Lotf ttnp iXni- (Dam- t H. C. aftep 8 Jit^ t Lom and f^*p of
5l»it t^ismp t'tenp jDlff jtlid :tlon of IbepariaMsby % » ?!oi«turo, %
No, I OF. : OF, , oF. jM.C, :of Sxp tlxmr iMlddlo sOutor ilnn»r tmddlaj Outwp

8 « » '• ' n»« . -<—1 aiVYn r flac. y San, » ?w>. « fl»fi- » n^n^ . ^,
i 55 35 20 11,2 B 10,1 i:,2 11,8 -1.1 0.6

a 71 35 40 12,4 8 10.8 12,2 13.0 -1,6 -2 0,6

3 95 35 60 11,6 8 10,7 12,1 U.1 -0.9 .5 2,5

4 115 35 80 11.6 8 %A 12,0 13,8 -2,2 ^ 2,2

^B^rffiPl^ttaa al SUKIIss in Colum 8 (Iom wA gain of noivturs) of

Tfcblo 5 th« Ineweao end doorsoao in perottit of ttotaturo cont»nt cro not

1»l«»«a bsiMBiw tht iAmI to tte ontiiRMHil layer mm 200 graiw acva than th»

lunar la3«aro tliroiMShout tho axparinanta, nommr, ttoa dlfftewxw of «» total

loi» and iMa !• baloir oj. pnpoaat and thla ©new, aa alraady oanUonad in tha



«

prooodin^ SGOtlon, la due to tho inawwrooy of th« labowitcHpy bolanoo.

Coluni 6 «l«o il)ci« that tli« oI«n«Mi of aodattir* omtent In Sootioiui II

and in &ro Iom th«i 1 ptrosnt «3Gmpt for tho exporliMnt Bos, 8 and X2« tbt

llMndM«K» 1« tiBiy aladlar to the actual jpnaln etcragi %tmv only tht Axtnui

©old mutwsm of tte fraia hM apr*«ei«blo Incroaao in noiatoro content,

fl^avs 11 and 13 «z« eonatnwtad hy paotting tha data in Saoticn I mA
17 of Coltam a. Tfwaa flipiraa flhov that for a givaa laval of adatiffw oontont

tha luoimun of aoiatova In odd grain la in pro'x>rtlon to tha Inoxttaaa of

ta«poratuP8 diff^wBtlal. Tha ooaa it ^em for t^ hot sraln only that tha

loM of aolataro In It la fksln» Hum 1»m% «f Ilia nolstitia gtixx in tfaa cold

gmln, Thla raault indloataa tJmt vhan watar vapor lam»a the hot roglon,

it tMiala along Urn ^mtfrnn^um gradiant, and tha mtar vapor i« partly

•baovted t^ tha gMdn axlatlng In tha path, but noat of it la abaostad by

the grain iMoh la noor tho cddoat portion of tha container.

Tiffxm 13 ia obtained by rMommglng the data in Fig, 11, It ia avidant

1*at lAwn tJio anount of free «at»r within tbi gE«ln io Increaaad, ^m perowjt

of aoietere lnerc»aaed doe to taiq;ieAmluwi dlfftrentiol Ineroaaaa rapidly.

In Fig. 11 if tha aoiature content line ia prblongad to Intoroeot tha

boriaqntal aada, It giwa a tdnl^un tenrxsrature dlfflwrntlal for oMh

dlflbiwt loval of Holaturo content, Fbr inatnoa^ a aoiatuj« content of

about 11 peroent will glta a adslaaa teupamtuTB difrbrantial of about 10° F,

Tliia neans that for mtfh a nolatexv lawal, the nixdmm taHpefatu»» difftewmtk^

fbr moiatun migration would be lO** P. Howavtor, thla intarpcatation can only

ba apFaiad in mcAi a labomfory ootting, baoanaa tte «Hwnt of csolotui^ ttat

can be tranafarrod depends not only on tht grain Boiatoro but alao on tha tlM
that the tenperae»re dlfi\»wntlal ia mlBtalnad. IVirttiaflMro, it is alao
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Fig, 11 Net Increase of Moisture Content of V/heat at
Different Temperature Differentials and Initial
Moisture Contents.
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Fig. 12 Net Decrease of Moisture Content of Wheat at
Different Temperature Differentials and Initial
Moisture Contents.
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11 13 15 17

Initial Moisture Content, %

19

Fig, 13 Curves showing the Relations of Initial Moisture Content

of '.'/heat. Temperature Differential, and the per cent of

Moisture Increased for a Grain Bulk of about 5.7 Its* and

a Duration of 8 Days,
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ftffbotad hy tte distoRfO botueon tZw hle^at imaptttAaam «nd tlui lOMsi

tnoporaturay as wall as by the rcini of tiia wbtq g:raln.

An attsBipi hM bMm mmSb to Invttstlgtt* t!io offocts of thsoe mferal

foctors to the noistttrs jalgmtlon, nnfortanattlyt t^is neoda conaidorablt

tlM and « cttpefUI dtsign of the testing eqalpDsst, The dste secttred from

the exporfment of the Container B lo not enough to taake eaapAriacne with

Container k» Honiwr, froa Vig, 13 one ean aee that t^ie aQfl<tta7a nismtiaB

ia 00 alow at the* Itir maSMiun content and low tesrperatore dif£^viaoe that

evon the cold grain laa only throo Inohea apart fron tha warn gvain, The

net ineraaae of aoietore eontont doee not ezoeed 0,5 per cent in a period of

ttit^t daya. Thia eugsesta that tha noiatore adgratioQ oan ba pravanted by

ualng ventilaU^ fiaoilltiea to redooe tha testperatna dlft\N«neo within a

grain bulk,

WKKMMOS^ktKMB TOR lURIBKR a^PJUI

ftmpt ars eertain fiaetors that need to be detevedBid in ordor to aati-

aate tha am^ber of daya it will take to cauae a banafta aoiatare aoctamlAtian

for a oertaia qpntlty of grain maa taAr a given initial aoiaturo eontent

mA teapsmtiire dlfTerontlal. thaae arat (1 ) Tha offacta of tt» horiaontal

and tartlaa: diatanoea betwoon Vtm wasvaat grain and the eoldaat grain; (2)

The effbot of the tomporaturo rex^ to the rate of noiaturs aovorjont; (3) Iha

dally incroaae of tha iKdaturo content for eai^ taolataro level and tsnporatura

diffterentiali U) the ratio of the riaaa of warn grain to oqld gnda ullb

relation to the araount of laoiatore aecuMilation. Knouiflf itmm ftwtora,

wojild naJoe It poaslbla to detorsaina a cdnlEian rate of air flow Wh'ch will

prevent the nnistiira algraticn of grain atoro^. Houiver, if all t»iaae

faotora are iffwrad, fig, 13 aay mem «• a galde in dasl^iiag a wntllatlcu
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^pirtWB tar a grain stomse to r««v»nt Htm noloturo sd^ratlon. It ^lewld ba

notiood that Hg. 13 is for a grain oaaa of about aix pounda and « horizontal

distance of thrao inchaa fVoo launaat grain to tiio oddaat gmln, and vlth

the \mxn grain about oqisal to tho cold grain.

tha data obtaifltd trm thla mparlaani support tha fallowing conolualonaj

(1) If floa pari of tfaa grain biak i* vune nnd anothar part ia cold,

tho coldaat grain abaoste Mat of tha raoigtars that la loet by tba uaaNst

grain, Tha incr aaa of ExiiBture oontant in tfaa nlddla aaotdon of tha gndn

biOk la aaldoEs largsr ttmi ona poiwnt tJirou^ a period of oi^t daya, ^a
aay ba a^iliad to tfaa actual vhoat ctoniga of any siaa ulthout app^aolabla

aritir*

(2) Uhm tba taapomtura dlffarantial inoreaaaa, tijo rats of aodLstaM

wjwwart la iaovaikaad, the ralatico of tiiaas two variablaa ia a atraiglit

lino within nm letm&M of 200 to floo F. taaporattov dlffarontial «d aoiatus*

laval fpoB 10 parowit to 20 porc«it»

(3) Ifoiatera stigration can ba raduoad by radtiM^bag tha taaipartttnM

difreraneo axiatine to tha grain balk. Stooa tho praoaaa ia rathor elm/,

it la raaaonabla to aatlaata that a taraparatui* dlfftmrnaa of 1(P f. will

not omm a haira£\il haaaxd In a pnln Ma of 5000-buohal cajwjlty laider

noma eondltlcaia throu^out the wlntor ooaaoo,

Ifethod of PravontioD of ^foiaturo hlgrationt SovoraL rsthoda hava baan

•iggastad to tfaa x^mmMm of cioiatura MlgiatioQ to atorad i^ato. Ibaaa ant

(1) l^tntog the grato during ita parlod of atoni^,

thla ia tha aajor »thod to Fravantlng tha mdatnoa olnration. It^

c;



ua»d 'by raoat of the ouners of the lar8»-<oapaoity elvrfttors tn the past and

ftt tbo ptmwnt tino. Ths achnottasi of iktmlng tbe srain la tho unifoantdtor of

'^ grain tenpemtcora aztd aoiaturB distribution t3;rai^out tho bin, Tho rethod

of tuasfBg is to transflnr Hia grain froa ono Mn to tha otbar. In a larga

alanrator* this roquiroa a atwd-ls^ or aizxiliar7 Mn and a aat of aqoipami ftr

eonvaying grain Into and out of Mio bins. In axtiranaly eoLd uaathor, rspaatod

transfors aro nooeaaavy for affocti've cooSing, though other ao^ioda, atxjb tm

"oold bIaatin)S"» or running tha grain throo^i Iftia outside odld uintor air aagr

bring ita taaperatxjra (loun to within a fBv dograoa of tha outaida air,

(2) Drawing air downward in tho bin.

Ihifl aatlMl of piFwertting atoiatora adgmtton la daalgiaad fbr alirrfnatlng

the upward affbct of ibo vaam air in tha oentar of tfat 0ndn balk. A largs

•aiiaeilgr ftm ia Inatallad oo tha groad md aavoral irantilatian holes are

provldad at tha top of tho bin. Air la drawn out of the bottom of tho bin airf

tho ftoah air ootaBo dous A*cr tha top. this raethod haa bean ttaad nore in

flat atera0» \imam grain daptha ax« in the ordsr of 10 to 13 fbat. llamw, the

affaetivaneaa of tliie mthod ia still in tha«c|]ariEentol atage.

(3) Ellalnating teaafparatara difftirantlal,

Uaiag a wall oatTaclty fan to vontllat© tha graJa boa bean a^qperlamtally

found (9) to be effaetiva In preventing tfaa nE>iati»a algratlon daring tha

winter oaaaoo. Tho d>jeet of ventilation ia to ellsdnata tba tampentora

diffbrential between the grain btik and the atnosnhoric air. By ualng Hm

taapevatBra aed htaaidity control davloaa^ a aalootive air taaqwraturB and

ralattwa baaldlty autoaatloally and Intendttently vortilatea the grain

throughout the aaerma. This nethod of prevontlng the noiatura adfiratlcn

apneara to b» aoot eoooeDleal and effeeUve in those bine of 3,0{X)-buahail

oapnsity.
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U) aslling the top foot,

Sam gmia aftoan|p» ounexis liho do not bsvo grftln turcii^ •qii1m«Bt md

v«ntllatlnf ftMktlitlBs bove found it a good i&uk. to sail tho top layor of

thtlr gmln btflorQ it hM tlm to apoil or bocoon daa«0tA, n«waiiM>, thi« is

not a l9ft«le MHiaa «f iplYing tha aoiatozv nigmtlan problt».

(5) Baklag tha mrfaoa ci«in.

13x7 air Ifi a factor of radacdim tfa» aolsturo ideration, Halattv* faunldllgr

of 10 poraant baa baen raportad In Koniaa. Raking \i» aurfkoa gz«lB %dll

help to aocolanita tha vata of aoiatnra ovaporation in the dry d^r«t tbw

provantlag 12m hasard of axoaaaiiw atoiatuxa aoeuBulatloiu

(6) tJalne tba vapor-proof oatBrlal,

This is a aav imrpom in pmnnntiRg tb* Moiatnsa aigmUon in stored

grain. The aetisod la to plaoe mam irapcn^-proof papar in the grain bulk to

aaparata tba gmin into aafftral laysra, ao that tho aciature oan not be traaa-

Unriad fron ona lajwr to tl« other i#ion t»i:5»rataro difJOw^ntial axiata in Urn

Igndn bciiic* '

<, ., 2

•:v*

: it
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ctf ^6m wtm parodoBtiana of vhaat and ths aximclon of trado of

gffttin ttliwatorc HMflNl hum hoon a tond»noy In xvosnt TMmi to inarMUM oapaeity

of {jraln otome? otfUPtw—» With lar09r units of atoragi has ocrao unoxp«ot»d

trcuKLo bocmiae of nolstmv algratloo in stored sr&ls, Iht thmoiBuop bo*

l»en found frequently in laxffi groin bulk and is particularly aerloua In tt*

winter. Tho incremaa in aoiaturo due to aoiaturo ntgrotion at tha cold

can ba of aufflolant aapilturta to o«aaa gmin hoatine* an^ ^^» a&d larga

loflaas ha^Pa baasi raportad*

Owlns to the low theraal conductivity of tha gmin billt, tha odnknsliig

tmpamture usmi ia alowad ao moh lay bulk \ibaat that tta» aaidaDi

at 6 foot-<lepth of the bulk nay fall behind tha isnUna atrnoaipherio

tore by about thvae MSlhs, Ao winter ocraaa^ grain near iStm vcdlfl and roof of

tha bin bsoonea ooolar Vban grain in the oontar peart, k nndmm tm^wratuM

diffbronCG thus oecsure at this tii» or in the early spring,

Qrola ia a bioocaiQld natorlal vlth oonsaniaad etruotura. It aboorba cr

gives up raoistura ia aeooaiUmoe witto the changee of atuonptorio tenperaturo

and vaUtiw huaidity. Tit* fovoe that bviilit about this prooass is tfai Vkper

ppaamm diffsrenoe. Mtm vapor pvsasBM irflSltl iM gnln is hi^r than that

of ataospharle pmssun^ It glvtas up aoisture, and vban ita vapor pressure %t

Um than that of ataoaiiiarle prasaare, it absorbs aoisture. With this mtU2«

of grain. It sbcwld be saepeoted that a shsnca of gx«in aoistGov will occur

i*sn ^tm eurrounding tonperature ohangea. That is, Whm a tanperaturo dlfreraneoa

aodsts in a grain bulk, there ahould be a dlfftwnt s»ieture distribution of

the gnia*

MoistKsre tdggtMrn has been found as a xvsult of tsc^mtux« diff^i«nes«

liilili eosBr in a grain hilk. Howiviir, tt»re is argaamit aa the pr<rfbae]a of ths



poMx of \^loh tho wetter vapor bovm in ft groin balk. 9am writers oo^^st

that tabo result is aue to diffusion, vhile otber deaoribo it «8 a rtsult of

eoivractlon current. This ntudiy ia intrndid to olarif^^' this argtiaaot and to

datBmiiM tho eff»ct of the tor^raturo diffbrontlal on th» ooiatura oigratiaik.

In tba first axporlBMntt tlvwi fg^la contoinors, A, B, and C, vtam xxmd

to ctetowslne the offset of tho poaitioBS of tho cold raglcm with rospoct to

tte li0t rogiocu Contaloor A has a hot bath at Vh» top and a oold bath at

tba br«tton} Contaimr 6 haa a hot bat^ at tho bottoa and a ootid bath at th»

top; Containar C ymM plaCMtd tn a horisontel position with wator baths at wadi

and, A tos^raturs dlfftoreRtlal of about 7JIP T was aaintainad in aeoh ooa-

tainsr^i With aueh an ammfla ant it ^ould be axpeoted to h«fa a diffbrest

nrte sf «0&stBr» mmmm% In aaoh oontalJiers. >br» in tho first case, it

would tx) laqpossitile to oroata a eonvacttve ourront; tho aaeond oaaa would

favcr a ccimtotion proeess, rfalla tho third easo would bo oitbor a difftialoii

or eoervoction or both.

Shs dmration of tho oxportiont waa thrao sBontha. At tho and of the

SBe<nd wisk 1^ paroont of aoiature inoroaao at l/2-incsh fron the cold end of

the oontainers A «nd B ahouad no diffBrenea, At the eastt tine the walstuxo

ittoreaao in Coctainer C was about four tioea as wot aa Hjit in Co«taii»ars

A and B,

rtm the rasulta of thlt si^pH^aint It Ofsn bo ccinc:!udad ««it both diffusion

and cemaotlon could occur in a grain bulk, Om Is^rtant fiactor that affbcte

the proeess is tin BMgnitnda of tho vapor rroiatanoa of the bulk gmin* The

higher the reaiatanoo, the lower la the rata of raoiotors amoaent. Tes^ratiaw

eradient is alao Inportwit in detendntog a process of ccaivactlon or diffusicn.

It should bo aoq^ssttd that fbr dlffterent lewis of noisture content of wheat.



thoro rfiould bo o dlfforont critlcol te^xspvnAxepo dlfforentiel for bulldlag

up a oemmetlon ourrrat In tnoAi a poroua oedlun aa grain. Othar flaotom that

•ffaot the oonvBctlan aro tba fM>:Tetry of the oontolnor and the relative

positions of tiw hot and oold gmSn^ l^is ftotora present Intsrastlng laroblsna

for fUrthar stnd^*

In tha aeoond axpsrliamty tuo oontainara, A and B, of tha osna typo bat

differont in aieo vers uasd to test tho rolation batuaaa th» tesperatura

diff^raaaaa and 12)S nolatara eectsnt of ^4«at« Container A has a dlaaetar

of 6 inches and is 12 inohea hi|^« It hdda about 6 pounds of vliaat. Con-

tainar B has a diaiaeter of 12-lA inohas and ia 14 Inohaa hi|^« An alaotrlfl

baating ooil vaa inserted at t3w aanter of oaoh cantainsr* Ibsparatare of tha

liaattng clamant was oontroL^ad by sn alaotronle tnaporature oontrollor* "Hiasa

eontainsra uors pELaoid in a cold stora0» with a dcnstimt tsaparature of about

35° F, and tho required terpsrature difDarential was obtained by raioing %b$

tasi»raturo of the haatSng alanent, Tha ttcqparatnva differentials ussd ia

this expariasnt ware SQO^ 400, 6O0 «nA floo F fcr throa diffarent lawls of

noistura contant} nanBly, 11*64, 15 •^t <u>d 20 parosnt*

CoBtainsr A oonidstsd of ttatwi aspHNita p%dn contalnars itUAx una asdi

of lA6-lnoh bardyaxa elottu lliaas oontainors sepsratsd the vbsat into four

•sneontrio, o^^indrloal ISTera, aaoh la^sr ueii^iing 600 grsas. The outsxooat

lagwr vas 200 grants taora Hoax the inner lasers* The Inor^ass of aoiatum

aontsot aftor a duration of sight daj^-s molo colculatad by ths ssaofunt of veight

inoroase* Caetalnor B had no g^aln aeparator, and tha iKtistura oootont was

detandnsd bgr a Tliii; Happsnstsll alaetrle aoioture nator.

Ths lasQlts of twlva tosts in Container A indieated that ttw ndsturs

inornaaed in ih» (tcHA graSa difaatly proportional to the tWBperature difforensa.



How9V»ry fbr a fIviB ticreratux^ diffsnmtlal the accunulation of laolstarft in

tbi ooUd grain iscrMuwd mpldlly vhan initial aoiatars cositont ia abcnm

35 poroont wot taaie,

tb» naolta of four testo in Container B did not etciu a great moiatura

novaoMit aa acKSiarad viit the first four tosta in Containar A« It ia not

accurato to \xt» electric noiatura tuetors to detcrralaa thi laoiature content in

mjiBlh an experlnent, Thawfore, a ftirthor study ie roqulrod in order to aelea

M8spu>isons botuQon containorfl A and B, Hovrrar, one vt^ oonoluda fron ti»

axpsrinnntel data that the ooldeat groin abaorisa raoat of tha aoiatora troa

tea hottaat grain, ragardleas of how big tho grain bulk ia; that tha Boigtnrt

algration ia a adov prooaiai that evon a laboratory aoale aa Containar A, it

takM aight da^a to itxsroaao about 0,2 poroent of n^^ature undsr a constant

taoqpamture dlfferonco of 2(P f and an initial Roioture ccctont of 11 pereant,

Iba data alao ahou t^-^t tho rate of nxyvotxint ia incroaaad hy daoraaaing the

tt!!!peratars diffsronoo. This aaana that tim laoiatux* Bifntico could ba pM-

vented by ooollag the ymxn gmin*

Sinoe the piroblan of "uhat tar^ratore difflarenoe in grain biilk ia re-

<|uiiad to cmuw a noiatore ooomculatian on tlie cold grain", Invol^a not only

tha relation of tarrpereture dlffarenco and the svoiature content of the gxmin,

bit olao tho ratio of the naeo of tha vim grain to tha cold grain, there-

foxa, a fVtftliar study on tho affoota of t^aa factors ia rBoosBmaded,

aMaval raethoda of preventing the ani atari vigration hove bean

Thay avoi

(1

)

1!^vning the grain.

(2) Drawing air doucuard into the bin.
(3) Elialnatlng te:-!norQtxnre differential.
U) Selling tlM top foot before it has tiisa to spoil,
(5) lUddag tba aarfaoe grain.
(6) Daii^ tha Tapoj^-proof natsrial.


