
RESEARCH BULLETIN 837 AUG UST, I963 

UNIVERSITY OF l\USSOURI COLLEGE OF AGRICULTURE 

AGRICULTURAL EXPERIMENT STATION 

EL MER R. K IE Hl., Dimt{Jr 

Weather Analysis for 
Crop Drying 

O. B. BROOKH ... N O J. D. MCQ uIGG 

( Publia tion ~"I[horizcd Augu, . 26, 19(3) 

COLUMBIA, MISSO URI 



Introduction ..... . . 
The Drying Process 
M:llhematicai Model 
Extent of Srudy . . .. _ . 
Discussion of Data .. 
Appendix . ____ __ . ... . . . 

References ... . . . 

CONTENTS 

SUMMARY 

. . - - - -. ... . _ ... 3 
. - .. ..... - ....... _ 3 , 
.. . . .. . . . ... 8 

.... . . ... 8 
. .. •• •• _ . . __ 11 

__ .... ___ .. . . .41 

Fre<:ju~ncy distributions of information patinen[ [0 crop drying are pre
sent~d for Columbia, Mo_ A method has bttn outlined by which punched cards 
carrying hourly weather data may b~ processed to obtain information used in de
signing crop drying e9uipment. 

Fre9Utncy distributions = shown for air that has been unheated and for air 
that has been heated to increase the dry-bu lb temper"ur<: by n ·F and 2~ of. 

of: 
Information that on he obtained from the fre<Juency distributions consist! 

(2) The amount of heat that would he eXp<':ned to he anialbk in the air 
during various calendar periods when 1 crop of a given moisru"" (OO
ten. is expecred to he dried. 

(h) The expected u:mpentute of the undried portion of the crop during the 
drying process. 
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Weather Analysis for 
Crop Drying 

D. B. BROOKER AND J D. MCQUlGG 

INTROD UCT ION 

As r.:search concerning crop drying has progr<;sscd, the need for derai led in_ 
formation regarding the cffen of welcher has become more and more ap~rcm. 
The design of nop drying cqllipmem, especially thaI type of C'luipmenr as
soci1rcd with in·slOl'lgc drying, is dependent on npecw:l wcather condition, 
during fhe drying opcnrion. 

In ,oxen! ran; ,;eventl invescig1(0I1 have 1n~lyzcd We:lther ci<lt3 as it pcf{~ins 

co crop drying_ &hmidt :md Waite have published maps of the United State; 
showing me:tn and standard deviations of wet bulb temperatures and mean wet 

bllib depressions for each month of lh~ ycar (14 ). Schmidt and Hukill have 
made all analysil of wet bulb deprc:",,;oll from wCllhe. data for ! he state of Iowa 
(1:;). Zlchlriah and Lipper investigated the crop drying pmcntial of wCluher at 
Topeh, Kans. (17). Schaper, Is~a,s ~nd Dale evaluned the heot available for 
drying in natunJ air using data from various locations in Indiana (Il ). 

This bulletin prescnrs resu lrs of an analysis of C.olumbia. Mo., we:Hher dm. 
The dara have been processed to determine and sralisrically ana lyze tWO variables 
associated wilh drying crops wilh in-storage drying e,!u'pmcnr. The variablcs 
are: (a) the capacity that the air has to receive and clfry olf moisture when 
forced through the stored crop. and (b) the tempe,...ture of the undriccl portion 
0( the crop mass dunng the drying process. 

THE D RYING PROCESS 

Farm crops (hay and gr:tin) consist of hygroscopic material and when tOC 
vapor pressun::: of the moisture in the crop and the vapor pressure of the W:ttC!" 

in the air are equal, there is no moisture tn.nsfer belween the (fOP and the air. 
The moisture content cf the crop when il is in equilibrium with the surround· 
ing atmosphere is callccl Ihe equilibrium moisture content. Likewise, the relative 
humidity of the surrounding atmosphere is caHed Ihe equi libtium relative hu· 
midity at the existing temperature (4). 

Figure 1* is 1 cross·sectional sketch of a crop stor:age slrucrure equipped for 
drying. Air is forced imo a plenum c~amber bencath the crop mass; it mov~ 
upward through a perfor:tted floor, thrcugh the crop, and exits at the tOP sur· 
f.l.ce. The drying process may require scvcn. l days or weeks. The skeech indiColtcs 
three zcncs Ihat exist in a crcp m~ss at any intermediate time betWeen th~ be· 
ginning and end of thc process. 
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Zone B is rhC' drying lone, and in rhis lone some of the: moisrurl: in Iht: 
crop ;$ being 1l1lnsferrfil to [h~ air. Zone B is established If the bonum of the 
bin in the beginning hours of (he drying period and moves up through the 0'0f' 
\1m;] ;1 rn(hcs the 5ur&0:. The "up below lone B is dry and m.nsfen no mois
lure to the drying lir. The dried crop forms ,one A. (For 1 complete discussion 
of the drying zone ~ rdcrences 4 lnd 8.) 

The crop in zonc C has not begun 10 dry and, therefore, has ;1$ urigiru.l 
moislure comen!. Air laving the lOp of the bin hn 1 rclll;ve humidity Ihl 1 is 
the s.ame as [he e<juilibrium n:bdve humid ity of Ihe original grain moisture (on' 
tent . For the purposes uf this hu lledn the ferm "equilibrium rdative humidity" 
will be usocared wilh the undritd ponion of rhe grain mass (original moisrurt: 
eonu:nt). 

The C"C\u ilibrium relative humidity is • funClion of grain temperatUres u 
well as guin moisture. For example Hall and RodricI'Je~.Ariu (5) found thar 
corn n , moisrure comenr of 16.7 percent ( .... el buis) would hve equilibrium 
relative humidities of 82.87. ,nd 89 percent for com rempcnturcs of 60,80. and 
loo· F. resp«tivcly. 

T he crop in rhe srructure and rhe enrering air may be considered an isollro::l 
sy~tem ITom Ihe srandpoint of heal runlfer. Farm cropt have some insulalion 
v:llue and lerT.peHlure changes of the ambient air outside rhe strUClure would 
have an appreciable effe<t nn only rhal crop wilhin an inch (}f two of the OUt· 
side walls when air is passing through the mass. 

Sensible heat Ihar mighl be brought into rhe structure wilh the crop maS$ 
wilt have a negligible effect un rhe d rying pr(Kess for tWO reasons. Fiur, rhe 
crop will be vcry ncar to ambicnt air temperature ar rhe rime of harvcst lind, 
therd'orc. un not be cooled to any ex,en, whcn the ume ambient air is forced 
through the mass. Scc:ond. rhe amount of sensible hear that could be utili1o:d is 
negligible " 'hen compared ro rhe toral hea! required to dry the crop. For ex· 
ample , cooling a bushel of grain iOoF may release }OO Btu of sensible hOI for 
drying purpoSC"S. which would remove something Icss rhan 0.3 pounds of water. 
Orying shelled corn from 24 ro n percem moisture (Wet basis) requires rhe ~ 
mov,l of 8.4 pounds of w:l.ter per bushel. 

The assurT.ption that there is no external hen source indiC1l.tes that the pro
cess ofw' ter removal in tone B ( Fig. 1) could be considered adiabatic. Some 
heat mighl be eK pecred from respiration. b ut the amOunt Ihal would be lvail. 
able through respiration from gnin thar i$ kept relatively cool would be negligi. 
ble (1. 11). However. heat available due to respiration of hay $hould noc be 
ncglccte<l when hay drying systems are designed. 

Anocllct factor thac inlluences che drying process is Ihe Jmounc of lint ~ 
<:juired to tv:lpol'llte 1 pound of moisture from crops. This is very nearly the 
same as thar required to ev~porate a pound of W:1ter ffOm a frcc w:l.rer surfaa: 
when crop moisture concents are relatively high. For rdatively dry grains (12 
percent moiSture. Wet basis ), che heal required to vaporize a pound of WlIler 
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from (hole grain may be 10 to 13 pcrc:en( higher than ,hat r.:<juired co evaPOr:lte a 
pound of water al a free "''ate! surface (9. 16). 

While hctors mentioned abo"e mUSt be n()(ed when the drying process i!! 
andyzed. Ihey are difficult to evaluale quantil)tively and for pr:lctiul purpo:5CS 
they can be eonsidro::d negligible (6). The drying process is then adiabatic. and 
since the heat of vaporiz:ni ... n must corr.o; from Iho; sensible heat in the air, lhe 
proceu is con~idered to be ~ccomplished 11 a const~m Wet bulb rempt:t:alurc 
(7). Air passing Ihrough the drying zone is considered I<> be cooled at a ~unManr 
wer bulb temPCr:lture until the air rel ~ tive humidily is ~ual 10 the .:<juilibrium 
relltive humidi!)' corresponding to die moisture content and temper:llure of the 
lirain in zone C. 

MATHEMATICAL MODEL 

An air and 91:11('1 ''apor mi~ture pauinli through thl: Stored crop will under· 
go a change 10 Ihe extent that moislu~ is added t<> or raleen (rom the mixturr, 
wilh a simulcallCOUs da:rnsc: or inc:l'C'~se in dry bulb co:mpcctaturr. Sil1(e Ihe pro
cos is considered 10 be adiabll.!ic. and taking pl"e 2t a cvnSlant ""Ct bulb tern· 
pc1"acure, the palh of the change will folln .... 2 COnStant Wet bulb tempccr:;nun: 
line on a psychrometric chan (3). 

T he punched cards prepared by the U.S. WC'athtr Bureau and used in thi!! 
study carried (with other data) the wet·bulb and dry.bulb temp<'r:uures. The 
diff'erence in these terr;pccratu!'es (wet·bu lb dcpr~ssi"n) C'ln oc used:ls, mc~un: 
of the drying pmcmial of the air if thc equilibrium rebtivc humidity is 100 per. 
cent. However. if the equilibrium relative humidity is below ]00 p"t(ent, the 
dry·bulb lempet:alure of air pass;n,ll Ihrough a crop wi ll changt (>I conlilant 
wet-bulb lemperalUre) until the <:<tuilibrium rda li ve humidity 'I1te is =<hcd, 
If the lo:mpcnwre 11 this point is called I, ('l"!uilibrium" lo:mpcrarun:) and the 
urig;nal dry.bulb tempcntUre is called I. then (I - t,) can be used:lS an inda 
of moisture lransfer ptMcotiaL When thi$ diff'eretlCe is posi ri,'C, [he crop is being 
dlied. and when the difft~ncc is negative. moisture: is being added 10 the crop. 

F01any given wet·bulb lempcl'll lure and ~uilibrium relativc humidicy, [, 
is localed (referring to the psychrometric chlrt) on the ""er-bulb lerr'pc1"a1U~ 
line at Ihe point where this line crossts the line reprcscndng the equilibrium 
ceiative humidity. Calculalion of I, involves the solu tion of simultaneous equ.a. 
[ions chal represent the wet·bulb temperaturc lines and Ihe rciative humidity 
lines on the pSY"hrometric ch:m. given initial dry bulb and Wet bulb temper:.· 
lures. 

T he wet·bulb line equation sc.Jeerc<i for Ihis 1tudy is (l): 

p'" p .. _ (P _ p ... ) C. (T _ T ... ) 
L'E 

where 
p = pressu~ ofwarcr vapor. millitnrs; 
p ... '" saruration pressure of water VlIIpor at tempcnrure T ... millibars; 

( I ) 
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P = atmospheric pressure, assumed to ~ = 1013.12~ millibar~: 
C. :: specific he:il of dry air, 0 .2369 ca lories per gream per degree C; 
L' = bo, of vlporiz~lion of waler a< T w. calories per gram (Heat of sub-

lImation when Tw is less than 273.16 deg K); 
E '" spedfic gnvity of ",ore, vapor, 0622~; 
T :: dry-bulb lempeurure, deg K; lnd 
T w '" w" .bulb ,emperal,,'e, deg K. 
The rdative humidity line C<lultion seck,ted is (\0): 

p = O.Ql<pc (A - Hn" - ClnT) 

where 
p = pre,sure: of W:lIer vlpor, IT.illiblr,, 
q> = equilibrium rdative humidity (perceol): 
T = dry_bulb Icmpentuf<:". deg K : 
(' :: base of natunl 108.:uilhms: and 
II, B, and Care consums. 

For T > 273.16 des K ; 
II = %.8104; 
B = 6887; 
C = 5.31. 

For T < 273.16 <kg K ; 
A = 27.2197: 
B = 62~8.3; 
C = 0.44', 

"l 

The solution uf rhe , imu]uneous <:qu o! ion, WlIS accomplished wilh an eire· 
Ironic computer. using a rdaxarion lechni'lue similar in form 10 N='on's meth. 
od. A v.1i.le of I, was estimated and the e<juOIion of rhe rangem f() the relati"" 
humidity line at ,he esrimared value of r, was determined. This <'quat ion and ,he 
equarion of ,he we,·bulb line being considered were solved simultaneously fOr 
a "bene,"' esumated value of r, _ This process was repealed umil thae wu no 
appre<:iable change in successive GIlcularcd values of ' ._ The first estimat~ oft, 
used In each case was ,he wc<·bulb 'empenuure. The last opention of the com
pu'er convened the values of t, fmrr, de~ Kelvin to degrtts Fahrenheir. 

When t, is plolled as a nlflcrion of t" (wet-bulb tempemu,e, deg F) for a 
panicul.r e'luilibrium relative humidity, [he rd .. ionship is shown to be essen
tially linear within 1 rempe,",ure range of I~ ro lOO"F. (Fig. I). 

The mathemarical model or expression for I, is then 
t, ::: a + b 'w (?,). 
The values of [he conSlanlS a and b are dependent on th~ equilibrium ~la-

rive humidi,y. Table 1 lists the numerical values of these COnSta"'! fOf <'quili
brium rdati"" humidities of ~o, 60, 70,80,90, and 100 percent. Fig. 2 is a plor 
of "equilibrium"' temper:oture (t,) versus we! bulb tempenture (t .. ) for the sam: 
e'luilibrium relative humidities. 



RESUlCH BULl.ETl~ 8}7 , 
S)'stcms thu dry crops in sronge may uS(' nnunl (unbotW) a,r or nuy usc 

air Ihn has been tcmpered by the addition of $upplemenral heal. Two lc-vels of 
5upplemenul heat were included in this ~Iudy. The dry-bulb air temperarull: 
was incrcased ,~ op for one level and 2' "1' for Ihe other. New wet-bulb tem
peruuro resulling from the in(rease in the dry-bulb tcmpeurure can be ex· 
premd by thc follow;n8 empirical C<juuions: 
~_.'+U". ~) 

~-"'+-'. D) 
where r' .. is .be CQIIlP .... ed .... et·bulb temperalure wben the air u:mpcnrure is in-
creucd 15°1' and I " .. is lbe computed wet bulb value wben .hc lemperatun: in· 
(reuc is 2,oF. These cxpressions represent lines fitred tn data obr:lined 8r:lphial. 
ly from thc psychrometric chart. Substantially cor",ct values we.c obtained for 
a rangc of wct·bulb temperatures of 20°1' to \lOoF. Wet·bulb temperatu.es cal . 
culated by their use may be in error by , 0 when urijiin:.oi wet·bulb 'Cmpcr:IfUItS 
arc below H"P. Figure} is a 1'10{ of C<juations 4 and ,. 

Two C'ltcgor;o of O\IlpUt were COmpuled. First. thc temperature chwge lhal 
would like place if Ihe air werc pnscd .hrou,Rh a emp miss '""" computed Il) 

(Slimat( Ihe Clf'IIcilY of the air In cvaporatc moisturc. Semnd. the Icmperan.ut 
lbe air would hnc IS il Idl thc crop 'O.'1l.S compuled. This Can be <.),>fIside~ tu 

be the lempcn.ture of the undried portion of lbe crop mus. ('.rop mass tempcr.l.
ture is an important &"or in <:Stimalin/!: the time in which the crup may mold 
or otherwise deterioratc. 

Thc expression for the lempe.alure change in Ihe air pusing through lhe 
crop mass (t - I. ) Cln be upanded by combinins c'luations }. 4. and ,. :and 
becomes 

for unhated air: t - (1 + b I .. ) (6); 
for air tempcralure incrcucd ,,0F: ( t + I' ) - [I + b(10.7 + 0.91 I .. )] (7 ); 

'"' fIX air temperalure incrC2.SC'd 2' " F: (I + 2) _ [1 + b( I 7.' + 0.8' I .. )] (8). 
Values of (t - t.) for c:l,h hour of Ihe day (or Ihe Ihrcc air conditions, and 

for C2.ch of Ihe six valucs of equilibrium relativ, humidities were computed. The 
machine OUlput was the sum of the 24 hourly values. 

An expression for Ihe Btu per pound of air available fur drying (24 hour 
1Ven.~) i$ 

" ! (I ~ I.) (0.24) , 
" .... here 0.24 is the spedfic he11 of the air in Btu per p<Jund of alf per degrees F. 

Dlily average values so oblained .... ue entered on punched cards. 
Tbe second cllc80ry of OUlpUt 'O.'1l.S tbe lVel'llge temper-nure the undried 

porlion of 1 crop mll$ would have if Ihe ait werc forced Ihrough Ihe m;as. The 
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s~,ond term in .-qu.rions 6. 7. 3nd 8 expresses Ihis [~mper:l!ure, Daily avenges. 
based on rhe 24 hourly values, were computed for each of the .ir (Ondi.ions and 
<"quilibrium ,ei.,i,-c humidities. These vilues were emered on the s..me cards 
(chronologiolly :manged) as we,e rile da!. for .vaibbk: dr)'ing ('paci,y Card· 
sorring machines we(c use<! 10 prepare frc9uen(y disrribudons from !he~ da, •. 

EXTENT OF ST U D Y 

[npur dot> in rhis study were hourly values of temperature On Wcorher 
Bu,,,,",,, punched cards. covering 2~ years of record. beginning in 1934 and ending 
in 19~9. II Columbia, Mo. 

For somc of ,he early )'cars of rhe study rhe punched cards urried dry-bulb 
and dew-point temperalures, bur did no! include wet·bulb temper:lI{urc. A ,1000-
.rd Weather Bu.re.u progn.m w.s used to arty Our c~!cubcions of wet bulb 
.emp<:n.tII.e, on th~e olde. ca.ds. The S.me progn.m is currcnrl)" used by the 
Weather Bureo.u (0 process weather d.!. coming from stuions where remOte 
equipment is used that yields only dew·point and dry_bulb temp<:n.tures. 

DISCUSSION OF D ATA 

Frequency distributions are prc~emed in TablC$ 2 through 14 .• nd sample 
plo.s of the d •• a ar<: pre~med in Figures 4 through 27. 

Each t.ble lists the fr"'luency diStribution of .he daily .ven.ge value of the 
f.i.cror indialed. The dimibutions .re listed for each momh of the period from 
Ma)· through November. The tables'r<: divided into .hree portions; rhe distribu· 
tions for natunl (unhe:ued) .ir .• nd .he disrributions considering the air to be 
hea,ed ro in([c.~ .he dry bulb tcmf>C't:1ture 1, oF and n °F. 

Sin", 2~ t·e .. ' of dar. wele used. the distributions ore of no or 77~ (de
pending on the number of d.ys in the month) daily .vefllgc5. 

Table 2 shows the distribution of dady avenge lehrive humidity. This 
r~bJe no. only shows the se:lsonal v.riarion of dady avenge relative humidi!}" 
bu. shows the effect of heating ,he .ir so ,ha, ils dry bulb temperature is in· 
cre:l.><:d l,oF and 2,oF. With the dry bulb tempet:1<urc increased only l,oF, .h= 
are very few QCcurrcncC$ of daily .venS" humidities .bove 60 percent. Wmcn the 
air tempermlfe is increo.sed 2,oF, the daily avefllge is seldom over 4' percent. 

This table can be compared to equilibrium moisture-rel.rive humidi.y data 
for any farm crop at • given moisrure content to determine the probability lM.t 
.ir conditions ore such ,h.t drying can be .ccomplished with unhcued .ir. h 
also provides inform.tion tho< c.n be comp"ed to the equilibrium d.u to <k. 
termine the prob.bili!y th.t a given final moisture of the crop being d.ied an 
be ob'ained. The probabilil)· of overdrying when ,he air temperature is increased 
by .he u~ of supplcmem.1 he" con dso be obt.ined from Table 2. 

Tables ;, {Q 8 inclusive carry the distributions of the heat .v.iloblc tor dry· 
ing, pc, pound of air. for various "'Iuilibrium relative humidi.iC$. For example, 
Tabk 3 indicates the ptob.bility that there will be av. ilable for drying. retrain 
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number uf Blu's pcr pound of ~ir supplied ru, crop rhl! hu ~ moisrun: an 
cent ,00 r~mperaru('(C sw;h rhu rhe o:<[uilibrium rd~riv~ humidify is 100 p~rcau, 
SIJfed in anorher way, if rhe air paning Ihruugh a crop at ""m~ .... oistull: coo' 
I~nt and lemperarure leaves rh~ (UP of the crop m~S$ 1t 100 perc~nt rdu;Y!: 
humidity , (hen the probability nf .h~rc being a ccrtain amount o( hal avcai!abJe 
pcr p.>und Qf air (or drying is given in Table j . 

Tables" to 8 gi,"~ the Same I)'pe of informati"n as 8;w:n in Table 3 for rela, 
liyc humidities uf 90. SO, 70. 60. and XI pc".,nr. 

These . ~ bk$ are useful in choosing ~ir tluw .... uc~ when crop drying e<]uip' 
menl is designed, For example, suppose th: .. hay wilh a mui'lUre w nrent and 
lempcra l ur~ in c'Iui librium wilh air at 100 f'Cf(cnt rdative humidity is ro be: 
dried lI.in,l{ unhealed . ir, Suppose fUflher that ,he equipmenl is designed ro 
finish the drying process within a dl<»Cn time limir if a daily average of u 
Blu's per pouno of air is aV:/,;bbk nch day of rhe dryin.a: paiod. Table, shows 
mat in May ""<' ClIn expect In find daily a\'ttlg<:S o(Jess Ih"" I.l Btu's per pound 
of air Iv~ilable 20A pcrc~m of the time. In this ose . • he dcsi8ncr has ,he Of> 
lion of pruv,dinS moll: air Rn .... '" "f having the dryin~ lim,· e.~lendcd p.:m hi$ 
1iC1<:(led lime limit approximaldy un<~{,rth "f rhe ,ime, 

Figures 4 through 10 arc plOl~ .,( the ffl'<IUency dimihuli"n ,,( Ihe daily 
ayerag~ of hc-u ~v~ilablc fur dryinE/: per puund of air fur the seven months of 
Ihe lIudy. T he:;c parri"uiar ligures are (,)' an e'luilibrium rcl~tiv" humidity (If 
70 pcreent. Figures II throuSh 17 ~re plO!$ d simibr J im;buti,,", f<)r in C<.ju; li. 
br ium =Itivc humidilY of 100 pcf<'enc T hc (, gurt'S ~~rry thc same Jili t"und 
(In the wrrcspunJing lablc$ ind ~rc given i s ~ample pl"t~ ind ilso 10 show 
graphically the e!fen of addin~ supplcmentil hl-~ I I" Ihe Jrying air. 

T~bl('$ 9 to 14 indusive carr)' the dimibuliullS "f Ihc daily avcra~e "f tho: 
temper-llu re "f lhe undrjed portion uf rhe .rop mass. T his is Ihe tcmpera lUn:" 
Il:f~rred tn pn;viously :u t,. 

I)Ati in .hoc rabl", 2fC i liK' (liOI!fol in the <ksi~n uf Ctop Jrying o:<]uipmmt. 
Ti me limits SCI un ,he drying operali"n an: <k-pendcn. un ,he .tmpcranm: of ,he 
uOOried (Top .... m Jurin8 .he drying paioo, Mold grow.h and deu:rioration = 
a function of the temperature as well as the moisture (ontent of a (TOP (U). 
The crop equipment JC'Sign engineer can usc thCSl: t1bles to estimate Illc per' 
(entige of time the ,TOP <emperature may c, CCed a chosen design lemperaturc. 

Slede and S~ ul (n) show Ihal ~s Wain tcmperature incrases (rom 6~'F 10 
SO° F the delerior~t i un rate is incn:ased by more than ~ o percent . T he tabla 
show that whell .he drying air is he:.mJ n~ 1' inJ 2~ ° 1' tbt ,he ,'h~ nces fore, it 
Icmperature~ of 110°F Or hi8her an: considerably ,IIre'lIer th . n with natura l . i,. 

The rUler deteriora tion with higher drying temperatures may be: offliCt by 
the i!l(rased drying rate l'CSulting from the fact Ih. t mor~ hnl is available f<. 
drying " .. hen Ihe drying air is heated. These ,'NO &ctors most be b:tbnccd by die 
dc$igncr in scl«ring air Ao'N rales. 

Figurn 18 Ihrough 24 arc plou of Ihe fro:quency distribution of daily IVer· 
ase "equilibrium" tempcn.rurC$ for May IhrouSh Novanbcr. ~sc plot~ arc (or 
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~n ~uilibrium relative humidity of 70 percent. Figures 2~ through 31 are similar 
plots of distribution for an equilibrium rclative humidity of 100 percent. Thero<" 
figures arc sample plots of data found in Tables 9 through 14 Thcse plolS /lOt 

only show the distribution graphically, but show the marked effcct of addins 
suppl~mcntal heat. 

A word of eaution should be added to the discussion of thesc data. II should 
bc understood that theoretical conditions may not alWllYS bc obtained in drying 
operations. The actual tempe-mure drop (t - t. ) may not be 15 high as indicated 
theorelically. If this happens, the "equilibrium" temperature will be higher Ihm 
indicated theoreticall)· and the heat available for drying will bc less than indio 
caled Iheorelically. These possibililies CoIn be compensa.red for by reasonable f~. 
rors of sa.fcty In dcsign valucs. It should also be remembcred that the data pre:
sented here are based on 2~ years of we"Hhcr records at Columbia. Mo. They 
may nOt Ix: tepresentative of drying conditions in other grographic areaS. 
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RESEARCH B ULL.£TIN SH I} 

TABl.E I - VALUES OF TilE CONSTANTS. AND b USEO IN THE CAl.CUU.TION 
or "EQUIl.lBRIU/tl" TEMPERATURE (1,.) 

EquUtbrtum 1)32 F 1~32 F 
ReIPJw. 
Humidity • , • , 

" . 0 . 11\118 1.2094 0.8812 1. 1&98 

" .0.1573 l.1503 0.7730 1.1 259 

" 0.0812 1. 1025 0.6177 1. 0881 

" 0.1523 l.'OO28 \).4309 1. 0~2 .. 0. 1130 1.0291 0.2226 1. 0260 

'" 0.0000 1.0000 0.0000 1. 0000 
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