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DETERNINATION OF THE RATE OF WATER LOSS
IN DEHYDRATION OF VEGHETABLES

INTRODUCTION

The modern method of dehydration involves subjecting
food, with or without pretreatment, to the action of regus
lated currents of air in which the temperature and huwiides
ity are properly controlled. In this procedure, the food
product loses water without deleterious chenges in either
color, flavory or cellular structure. If properly dehy-
drated and properly stored, foods will not undergo spoil-
age a8 & result of microbic activity or chemical change.
Such & product on abgorbing water returns to near its
normal s8ige and appegranee, and when gooked will have
flavor, appearance; and texture compareble to the same
produet freshly cooked.

In view of these considerations it is easy to under-
stend how strict the basie reguirements for dehydrated
products ares In order to meet these reqguirements ex~
tensive research has been carried on for some time., Past
wars have greatly stimulated the improvement of methods
of food preservations. Just as the Civil war stimulated
the canning industry so the Boer war and to & greater ex-
tent the great European war stimulated the dehydrating
industry.

Following an European tour, Cruess in 1939 (4) con-

z



2

cluded that dried produects being exported from the U.S.A.
are now of much higher quality than the Buropean products,

At pregent most of the dried foods in China are sune
dried. The disadvantages of depending on the sﬁn fox
drying instead of uwsing modern dehydraters are easily
recognized, The author of this thesis well realizes the
importance of introducing the dehydrating industry into
China., |

A review of the literature disclosed that there was
accurate information on the drying characteristics of
pruneg and apples but no information for other fruits or
for vegetables, This study was uwndertaken teo supply
original data on drying characteristice of certain vege-
tabless Also the study was made to acquaint the author
with modern dehydration and the application of modern
technigue,
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PRINCIPLES OF DEHYDRATION

@s explained in the foregoling statement, dehyﬂré%imn
{s the process of drying under comtrolled conditions of
t@mp@?&%ur@, hunidity and air eireulation. The following
is a discussion of these functions and their relations

to one another.

Temperature. Eveporation of water means the change

of water from a liguld o a guseowns state and its sube
'saqu@mﬁ removal. To accomplish this change reguires the
exponditure of a dofinite amount of heat or energys The
temperature of the alir used im dehydration not only
greatly affects the time requlred for Arying but also the
quality of the finished product. In sun-drying heat de~
rived from the sun 48 used to evaporate molsture from the
produet and convert it to a 4vy or partially dry forms
Modern dehydration operates from the heat of combustion
or from electrical energy.

The water removal process is somewhat complicated,
but must be thoroughly understoed in order Lo appreciate
the factors controlling drying. There are two simultanee
ous processes which control removal of water from the
products They arc evaporation from the surface and dif-
fuslon from the interior of the product to the surface.

These processes continue until the drying oporation is



sugpended or the product has come t0 & state of egui-
libriuvune In seme cmses, the controlling factor in dry-
ing is the rate of surface evaporations In othere, the
rate of diffusion of the water from the interior of a
product to ite surface is a limiting factor. However, in
any ¢asc, 4t is csfential to lesp in mindé that the part
played by each of these processes depends wpon the temper-
ature in the drying chamber. The higher the temperature
the greater the increase in tho rate of transfusion of
moisture to the surface of the product and the more rapid
the rate of dehydrabions

According to Cruess (3) approzimately 1000 British
thermal heat units are required to change ono pound of
water to vapor in the drying of fruits and vegetables;
this figure is lnown as the latent heat of vaporization
of waters A British therial unit is the amount of heat
required to raise the temperature of one pound of water 1
degree Fahrenhelt, conversely 1 B.t«us of heat is liber-
ated when the temperature of one pound of water ig lowered
one dégree Fahrenholt.

Air expands upon heating, setting up convection curw
rents which conduct heat. Due to convection currents,
the wampm aiyr will r»lse in the dehydrator and ¢he cold air
will descends Alr ocoupies e greater volume at higher
temperatures providing the pressuyre remaing constant.

hen one cubic foot of air at 60 degreos Fahrenheit rises
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one degrec Fahrenhielt 0.01807 B.t.u. of hent is absorbed,
The converse of this is also trues (3) This figure ig
gomewhat larger fop changes at higher temperatures, butb
for general purposes of calouwlation the perceal of error
would be slight if this figure 1o used,

It is poosible to dry vegetables or other materials
with aly at ordinary tomperatures as s now done in sun-
drying. In any case the air will drdp ia temperature us
it pagses over the drying material. if'tnia fact and the
weight of the air ape taken inte accounts 1t will be founéd
that the evaporating product hag absorbed the normal nume
ber of heat units (Be.t.us) that the air under these cone

ditions con give up.

Humidity. The dew point of air 1g the temperature
to which air must De cooled before the amount of moisture
present in 1¢ will reach the sadturation point. If fups
ther cooling takes place and the temperaturs drops below
the dew point condensation will take place and water will
be formed, If this ehould happen in the dehydrater, it
woul@ be very. objectionable because it would pﬁbdmc& ik
even prolative humidity within the dahydmgtéf, In éx~, |
treme cases this confensate may collect on the product
' causing damage
The absolute amount ofvwat@r vapor that aiy can abe-

gorb (within certain temporature limits) approzimately



doubles with each 27°P. rise in temperatures. (2) In
other woprds the lower the humidity, the greater the
moigture absorbing power of aiprs It follows that the

- rate of moisture removal is more repld &t & low then at
& high hunidity.

The rate of evapefatﬂon from a free water surface
in alr at o given temperature varics inversely with re-
lative humiditye The greater the relative humidlity the
less rapid the rate of evaporation. {(£) The relative
hunidity of air nay be defined as i%s percentage of
saturation with molsture vapor at & given temperature
and pregsure. Aly completely saturated with wateéer vapoy
at u given tomperatuve is at 100 perecent relative humide
itys; air at the tame temperaturo eon@aiﬁimg one half the
anount of waeter vapor that 1% is capable of absorbing is
at 50% r@latiﬁe hunddityy

Tne relative humidity s measured by means of wed
and dry bulb thermiometerss The wet bulb is like the dry
buld but s covered with an abgsorbent cloth, the lewey
end of which is kept in a supply of water at dohydrater
temperatures If any evaporation takes place, this bulb
will De cooled, in proportion to the rate of evaporation,
and the resultant temperature registered by the bthers
nometer. This temperature will be less than that of the
dry bulb and the differcnce is knouwn as depregssion. If
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tho 2ir i saturated with moisture there will Ve no dif-
forenco in the readings of the two thermometers. From
these readings the relative humidity may be detormined
from previously calculated tabless

The main purpose of huwnmidity in the dehydrater is
to regulate the rate of moistupre removal.s In some cames,
moisture is taken from the surfece of the produst more
guickly than i1t ecan be replaced from the interior ecells.
This results in "case haordening" vhich gives & Ary outw
glde layer to the products Whenrn cose hardening odcurs
it prevents transpiration of meilsture to the surfasce
from whence iﬁ-;an be removeds In this way the drying
rate is greatly decrenged with & resulting logs of ef«
ficleneys Case hardening cen Be prevented by increasing
the humidity in the dryirg chambers, This is because at
the higher humidity evaporation ig slower and the transe
piration eapacity 18 not ercseded by the evaporation and
sufficient moigture is brought to the surface to prevent
case hardening.

Aip Velo¢£§y~ ALy veloeity is not a factor which,

in itself removes moisturs from the product in the dehys«
dration process. Hedt is responsible foy hastening the
removal of moiasture from the product. Humidity cenbrols
the raplidity of wator evapowvation since the water vapor
vhich 4g already present in the air controls the amount
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which can be further absorbed dy the aire Circulation in
a dryer %8 %he.?actar responaible for the even distribdbu-
tion of heat and humidit& throughau%kth@ dryer. It serves
two purposes in dehydration. {8) It conveys to the pro-
duct that heat necegsary to evaporate the molsture and it
also carries away the water vapor after svaporation has
taken place. Iuch more ailr is yvegquired in the former
than the latter functions ot only must the dehydrater
be furplished with a sufficient volume of alry but the alr
go furnished should bo applied to the product to be dried
in an evenly distributed manner. Improving the clreula-
tion increases the officisney of the dryer.

Drying rate is goverumed by temperaturs and humidity
but these factors cannot reach wmaximum efficlency withoud
adequate cireunlations Cirenlation must be adegquate and
nay be increased extensively if the coprect relative
temperature and huwsidity arve maintained. In fact the
grenter the oireulation the faster the drying (within
reésomahle Aimits) due to the wmore uniform heat and humide
ity distribution within the dehydraters

Circulation bayond an optimum point resultes in fins
creased powaer costs Recirculation means the reuse of a
portion or all of the waym airs To this is usually added
sufficient fresh air to make tho resuliing misture after
rehoating contein no more water vapor than it 4fd befove

previouwsly passing over the product.



The time required for dchydration of e cortein proe
duet varies congidorably depending on the nature of the
product ag well ags on conditions within the dehydrater.
The tempersture, the humidity and the volume of air passe
ing through the dehydrater definitely effect the rate at

which moisture is evaporateds
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LEAPERININGAL BQUIPIINT AND BSUPPVLIES

Doscription of the Delhydrater. The dehydrater used

in this oxperiment wes a small model vwhiech was built forpr
enperimental use. This was the Lirst recirculation model
built and 1%t was so squipped that the various factors

of temperaturo, humidity and rate of air flew could be
controlled while making testss Prom the research opigis

| nalily dome in this dehydrater came the developinent of
wvhat 15 now universally known as the Oregon recirculated
air dehydrater.

| The dehydrater used in thess elperimenta is shown in
plate L+ It is twenty foot long, three feet eight inches
wide, and six feet ten inches highs Therse are four main
parta: A«B includes the fan and the alr duct $o the steam
ooil, B~C includes the soil and the air duct to the wire
gergen, C-Cy includes two wire screens, Cy~P is the evapo-
rating chamber with slides arrvanged for six %rays which
are two and one half inches apapts. LeM-NeOePaQeReB8«Pulaln
W-X is the alr retum duct.

In this experimental work small $rays 14:5 by 30.5
inches were used, They were pubt in and removed at door 1,
whieh is built into the side of the tunnels The trays
were placed in the sccond, fourth and sinth tray slidess
This allowed for uniform air circulation.

The air is blown by the fan in the direction indi-
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cated by the ﬂrﬁows and pagsed over the steawm colls %o
_tha evaperating chamber. After passing over the pro-
dust, to be dried, 1% is drawn back %o the fan intake
through the return duets In order to elimineats the
channeling oﬁ’air after it passed from the steam coils
1¢ 1s foreced through two thicknesses of window-sereen
12 megh per inchs

Thegse screens provided resistencs e the {low of
girs Upon filbering through the sereen the ailpy ig wni-
formly distributed in fleow throughout the cross seotion
of the evaporating chambers

Honsurement of aiy novement in lineal fest per min-
ute was made with an ansmometers This instrunent read
accurately within velocity ranges of 25 to 1200 L. P. il

Temporature was conbrolled automatically by air
opsrated controls {C. J. Tagliablue Mfg. Coe, We ¥s)
connected by direct acting diaphragnm valves in the steam
supplys This control ¢ould Ve set for any desired tem-
perature. When this %temperature wae vesched in the
evaporating chamber the control alloved compressed alr
to flow to the dlaphragm which c¢losed the valves When
the t@mp@ggture wag redused the conbrol allowad the ese
éape of the sir thus permitting ths valve to opern and
agein supply heat to the heating colle.

A rocording thermometer (Tycos) was uged foF record-

ing the exnct temperature thyroughout the drying process.
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A glass thormometer was used t¢ road the temperature in
the dchydrater Guring 1ts operation. It was placed in
the path of the entering air end hung at a position ap-
proximately one half way boetween the bottom and the top.

Humidity control was necessary in these ostporiments.
When a eommercial drier is in operation, the load of pro-
duct being dried normally supplies much noisture to the
air and thue the humidity 1o inereaped, This incressge
may continue until the aly in the dehydrater will beeome
so moist that the drying efficiency may be impaired.
Fresh’a&r‘gupgiy Lor the ﬁeny&rater is normally necded
only to reduee such highly humidified aivs When sueh
fresh air is needed an adjvetable sliide at doop 2 permits
it o be dratm in by the fan, By sdjusting a similar
slide in door & high humi&ity.aiv is forced out of the
dehydrater.: This procedure will naturally reduce the
hunidicy.

hen the dehydrater is oporated with a small load of
produce ag wag done in these experiments it becene neces-
sary to supply humidity to the air becanse there was not
aufficient moisture evaporated from the product to keeyp
the humidity at the point predetermined for the experiment.
This humidity vas conveniently supplied by passing stean
into ¢the air in the dehydratey.

A control wnit like the one uwasd to control the flow

of steam to the heating coils wag used to contreld the ad-
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ditien of steam to the elr in the dehydraters The bulb
of this control wnit was kept wet by an absorbent stosk-
ing end thie 1% acted as & wet bulb thermomebtors Alr
passing through this control acted om a reverse acting
diaphragn valee which couldd supply steam to incresse

the humidity when needed. When the wet bulb resistered
lower than the wet buld temperature corresponding to the
hunidity desired then the contrel allowed alr %0 pass to
the roverse actiag diephragm foreing 1¢ @peﬁ and thus
supplying the steam which inereaped the humidity to the
desired point. fhen this point was readhsd the control
avtomatically closed the steam walve and thus meintained
a constont hunidity.

Verious rates of alr Llov ag requived for some of
the experiments were obtained by a procedure of dDlocking
af part of the sir flow to the fan. This vas found to
be & more adjustable method than trying to chinge the
fan speefs. Plocos of boord were adjusted over the opens
ing to the fan at &, £, gy By as shown in plate I. Closs
adjustment was possibles

Lrage used for drying product. Thwee trays for proe
duce were used in sach of these eoxperimentss Hach nad
its weight marked on the ends The trays were placed one
above the other with two and ene half imches betweon them

vhieh allowed ample alr passages. Trays were of 12 mesh
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wire gcyoen with wooden frame of outor dimensions 14.5
inches By 30,5 inches and 11 3/4 inches by 290 1/2 inches
inside dimensionss

Scale for Weighings A scale graduated to hundreths

of pounds wag locabted on & table which stood beside the
dooy of the dehydrater. The trays were weighed on thie
écale and readings were determined to hundraths of a
pounds Bach reading did no%, uwndey any condition, take
nore than one minute, usually they were made within 1O

geconds

Yogstables used for Dehydration. Three kinds of

vegatables, spinach,; peas and carrods, were used in these
experinontss Different vegetables have different drying
characteristics, due to the fagt that the celliular strue-
ture and chenical nature of tissucs differs The vege~
tgblea uged in theno experiments each represent & guite
different kind of erops. For exemple, spinach 48 & leafy
erop, peas ave seed crop and Garrots are & roob crop.

The epingch and carrobs in this eoxperiment were
purchased in & good fresh condition from the city merket.
Poas used were a aupply whieh had been frozen in swall
packages.

Thoe pretreatment given the vegelbables wag thet recome
mended in VeB.Deds Departnent Bulletin 13538 Commercial
Dehydration of Pruits and Vegetables by Nichols, P. ¥y and
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Powers, Ray and Qrogs, C. R, Secptember, 1925,

Spinach. Spinach was trimuwed with kmives so
that the roots and coarsse stems werse cut from the leaves.
The inferior leaves were disearded, The spinach thus
preparved wag waghad thoroughly to fres it from 8irt. It
was blanched by placing the bashet with spinach for three
ninutes, in rapidly boiling water in a steam kettle. In
some capes a 1ittle more time wae given for blanching

coarse and thick leaf varlietisas

Peag. As previously stated, frozen peas were
useds The peas were frogen almoet one year before these
- tests were made. Thoge peas had been given the same pros~
treatmont before freesing os peas prepared for dohydraw
tions They ware washed, graded, blanched, end cooled
after being shelled. Those peas were thawed wibth warm

vater before they were placed on trays im the dehydraters

. Garrots were washed before blanching.

Irregular ghaped or abanornally large carrots were dise
tarded due to their uvneven maturity which would cavse &
variation in the moisture content of the product, Pue to
the scarcity of carrobs in the market, some poor guality
ones had to be used. They were blanched in the same
mgnner that the epinach was blanched. The time of blanche

ing was six to eight minubes according to the size of cape
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rots. After hand trinming and washing with cold water
they are dieed with & stmall hand machine which cut the

carrote into amall‘an@ uniform 1/2 ineh cubess
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DRYING SCHEDULE

The proper relation of temperature, humididy, cire
culation and volume of air iy the evaporating of vege~
tables is a glmple statement of a rather involved probe
leme The first obvious step taken was to make runs of
vegetables with different combinations of fattorss It
vags plaing at the start of the experiments that there
would not be sufficient time to make tests on each vege~
table undor all combinations of factors. Therefore,; it
wap necessary to 9implify the experiments From the re-
sults obtained there is every reason to belisve that the
short cub was justified. Reference may be made to Table
1

These were the tests contemplated at the beginning
of the experiments, but due %o lack of time, material
and uvnforeseen difficulties, four items were omitted.

Although this work wes not done on &s large 4 géale
as wouldd make it complete and cowprehensive, yvet data
hag been aeguired which may be of value to commercial
dehydrations



Table I+ Tabuvlation of Test Factors

Texporature Humidity Air Velocity Temperature Humidity Alr Veloeity

180%. = 10% 700 L.P.Ha 180°F., 10% ABO L.F.Me
150°%. 108 700 L.P.iL 150°F. 109 430 L.F.M.
1200%. 107 700 LisF.Me 120°F. 10% 430 LaP.H.

180°F. 25% 700 LoPalle 1800F. 25% 450 L.P.ls
150°F. 2562 700 LePels 150°F, 254 430 L.F.N.
120°%, 25% 700 LeFala 120°F. 25% 430 L.F.H,

180°P. 40g% 700 LoFelis 180°F, 80% 430 LeFells
150°9%, 40% 700 LeFalle 15097, 40% 430 LeF.M.
120°7, 40% 700 LeFelie 120%p. 40% 430 LePFable

180°p, 10% 180 L.F.H. 180°%%, 25% 180 LJF.H.
150°%, 10% 180 LoPula - 15097, 258 180 L.F.M.
120%P, 10% 180 LJP.Me 120°%, 25% 180 L.F.H.

180%%, 40% 180 L.Pu.
12099, 40% 180 LeFelle

81
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BAPERIMENTAL PROCEDURE

Operation af‘the dehydrator during the work on this
problem wag ocarried on in ﬁuch the seme manner asg that
for an ar@}nary-cammeweial operations: However, more
care end attention were given %o the work end to the
machinery than would be the cage in most commercial dee
hydration procedures. Before turning the stesm into the
heating ¢oils of the dehydrater a detailed &naﬁection
was made of all ingtrunents and cquipment.

For cach experiment, & certain temperature, per cent
hunidity and rate of eir flow (circuvlation) was desired.
Steam was admitted to the coil and the fan sterted an
hour before the product was put ine Thisz action gave
.~ plenty of time to warm the drier and adjust 4% properly.

S8ince the humidity was related to wet buld temperaw
ture, & relative humidity teble was comsulted to obbain
the wet bulb temperature necessary to maintain the de=
sired humidity. A Tyeos recording temperature control
graphically rveeorded the wet and dry buld temperatures .
throughoug the run, and a new chart was provided for each
Fulle

The air voloclty wae measured by an anomometers
Anemometer readings showed slight vapriations in rate of
~alr flow at different points in the cross sections of the

evaporating chamber where the smell trays were located.
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The trays were rotated in positions after each wveighing
to assure uniform treatment te all sampless The proe
duet on the tray was tumed or stirred oeccasionally so
as not to remain in one position throughout the entire
toats.

After the vegetables vere pretrsated in the desired
manner, they were placed on tvayg. The trays and veges
tables were weighed and the welghts recorded %6 the nearw
est hundredth of 2 pounde. They were then lmmediately
placed in the GQrying Cﬁﬁmb@?i The doors wore shub and
the processing started.

A complete record of the rate of moisture loss from
the vegetebles was obtained by removing the trays and ree
cording their weights every 16 minutes during the oxperi-
nontal run.

Vegetables weore not dried for a definite pericd of
time but rether until thoy reached a near sonstant weight
or moisture contenls . Becauge unavoidably végetablgs of
various maturity were uzed, the molgture QGnténE.&ffﬁ
varions batches of the dried produet was not egusl in alld
.éases¢ PP e e

“Th@ data made during these experimental runs was
tabulated and 1s presented in tables 2 to 2¢ inclusive.
Graphg showing the rate of wmolsture lose for sach pro=-

duct are included in figures 1 to 28 inelusivo.



TABLE 2  REPERIIEHT X

Date larch 1k, 1939 Teuperature 180°F. Humidity I0F Air velooity 700 L.Falis

Tino dnhowrs O 3/b 2/ 3/A4 1 VL oA 3M4 2 1Ak 2/ 3k 3 1/

SPLUACH
Wes of vogs

in 1bse 132 75 ohly #28 218 o155 W12 .10 .08 07 06 W05
. of vegs

in # 100 670 359.3 25.0 16,2 1%L 107 8.9 Tel 6.2 5.3 Laly
Total loss
i g O 33.0 G007 7540 83.9 86.6 82.3 91.1 92.9 9%.8 9h1.7 95:6
Loss per pore

iod in & 0 33,0 2047 1he3 8.9 2.7 2.7 1.8 1.8 0.9 0.3 0.9

PEAS
¥tas of Vegs

5.30 1b8. 21.0 1036 agl #72 057 ASO -% olés Qm 138 agé 035
Es of vegs

in % 100 6Led LiBels Blie2 2742 2348 219 20.) 19.5 181 1741 16.7
Potal loss

iﬁ % 6 35.12, 5606 6508 7248 76'2 7?}01 7906 8@-5 8199 3209 8303
Loss per per-

iod in % 0 28.; 21,2 9.2 7O 3sh4 149 1.5 0.9 1.4 1.0 G.h

CARROTS
in 1bse 3*19 2¢52 1.81], loLté 1-1}; w&?ﬁ +77 70 té{; *0_58 :.053 c&a .L‘h. 4}40
Wee of vegs

in € 100 7940 57.7 Li58 358 27.9 2512 22.0 20.0 18+2 16.6 15.0 13.7 1245
Fotal ocs .

in & 0 21.0 L2+3 51a2 6L142 70e1 75.8 7C.0 £040 61.8 83y 8540 E6.3 8745
Loss per pere

jod in % 0 21.0 21e3 1+19 1040 549 507 2.2 240 18 1.6 1.6 143 0.8

1 %4
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TABLE 3  ERPERIENT 2

Pate Nareh 15, 1099 Temperanturo 180°%. Humidity 25% Air velocity 700 LeFeils

Timo inhoves 0 1/ 2/ 3 1 3/ A 3h 2 b 2

CPIEACH
Yte of vege

in lbse. 1:15 488 BT AT B2 422 15 XY 09 07 <06

s of vege .

in & 100 7655 5842 LO.8 2745 1961 13.0 9.5 T8 6.0 5.2
Total loss

in % 93 8305 2&1.8 5?01 ?262 8‘009 8?09 9{305 9202 9’4—40 914-8
lLoss por pere _

ied in % 0 £3.5 1843 173 13.1 BT 6.1 3.5 1.7 18 0.8
PEAS

;\C‘T"‘:?Of K=ok - _

in 1bss ?.415 1076 1.27 82 ﬂ'ﬂf, 'éﬁ .«51 0}45 «;!43 em ti#g
HWee of voge -

in 5% 100 8148 59.1 LE8:8 3hels 298 23+7 20.9 20.0 13.1 18.6
Fotel loss

in g 0 18.2 U0 5742 6535 TO2 7643 796t 800 80.9 81shy
Loss por per= _

304 in % 0 186} 23.7 1‘6‘2 803 h‘é 6.1 2.8 669 9f9 005

CARROTS
W e Of '?Ggo

in 1bss 3420 2,78 231 176 143 10L 80 <60 43 <l Sl

in 8 100 8649 72.2 5455 &Lp? %25 2540 1847 13aly 12.7 12.3
Total loss
in 9 i 0 13,1 2749 LS50 LS.l 675 7540 8143 8626 E7+3 €747

Loss por per=
jod in @ 0 13.1 338 17+) 104 12:1 745 6.3 5.3 0.7 Osly

£8
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TABLE l, EXPERIVELY 3

Dnte Uarch 2}, 1939 Temperature 1809 . Tumidivy LOF  Air velocity 700 LePFall

Pimo nhours  © 1A 2/ 34 1 14 2/ 34 2 1/ 2/ 34 3 ik oA
SPTIACH ' ’ ' T ' ‘
X of vogs ’
50 1b8s 1‘{}7 +B88 62 01!43 *27 «16 .12 409 08 og? i%
Ts of vogs _
in % 106 8242 57.9 Li6.2 25.2 1L.2 11.2 8. 7.5 6.6 5.7
Total loss
in 0 17+2 2.1 5948 TheB 8501 8848 9146 92,5 93.h 9he3
Loss por per-
jed in & 0 1768 202 177 150 103 3.7 2.8 30 .90 .90

PEAS
‘@ E + Of voge

in 1bss 2012 1492 1462 1436 1617 497 85 79 472 68 63 £1 58 57 56
T« of vege _

in & 100 90,6 ?6,1@ Blio2 5542 15T LCe6 3745 3Le0 32.1 29.7 28.0 27l 26.9 26.h
Total loss ’ :

in % 0 Qo 23.h 35.8 1he8 8L.3 59.L 62.7 éﬁ@é‘r.@ 70,3 72,0 72.6 T3.1 73:6

lLoss per per- : e
iod in & 0 Qu; 360 12:1r G40 95 51 33 L33 19 Bl 17 06 05 0.5

CARRGZS
Whe QE ng
iﬂ leO 5016 2.'8? 2-1&9 2092,}, 10?@ 1135 1019 o@h ié? ng,g aL’L’; ‘3? Qgi,} 533

e 0f voge

in & 100 5048 7Ge8 Gheb 5348 1247 3148 2606 212 155 13,9 11.7 108 10.4;
Totel loss :
) in {;g ¢ 9&2 212 §5¢5 Z&oée 57-3 6592 7501.; 750& 8}4&05 8601 3@‘3 &?‘2 8906
Loss per pere

iod §n % 0 D42 12.0 113 10,7 11e1  «79 82 5L 57 16 22 0.9 Ou

g2
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TABLE 5 EEPERIVENT L

Pate ¥arch 21, 1639 Terpersture 150%F. Humidity L0  Adr veloeity TOD L.T.l.

Tizc fmhours 0 VA4 2/ 34 3 14 2/ 3/ 2 34 2M 34 3 3 2/ 34 b YL 2/h
%’Eo G’E Veg-c ) :

in 1bs. - 107 «39 75 82 52 b2 55 30 26 2} 17 +15 413 #1210
HEe of voge

in & 100 §2.2 70.1 S50.0 LB.6 38.2 327 28.0 2he3 19.6 15.9 14.0712.1 10.3 2.3
Total loss L

in % 0 16.5 2948 L2:0 Glal 60.8 6743 TR0 7547 8045 8Lel 5640 87+9 8947 90.6
Loss por pore

jo¢ in % 0 16.56 13.1 12.1 Guly Qudy 545 Le7 3.7 hLe7 347 1.9 1.9 1.8 0.9
PEAS

e of vege
in Ibse 2022 187 1463 115 1.23 1,08 96 89 81 oT7 472 88 66 63 W61 59 57 55 <53
. of Toge

in % 100 8603 7.8 EDuls 5000 5049 15+3 11,9 3842 3603 3549 32.1 31+1 29.7 25.8 2748 2649 25.9 25.0
Totel loss

in /Eg i3] 13&? 8362 52.0‘6 ngoO L‘Sgal 053;;07 530} 6}08 630? 6601 6?0@ 68‘9 7&05 ?1&2 7292 736}» ?!4},'3. ?Eag
Logd pepr per-

iod in & 0 13.7 9o5 8ok 10dy 7ol 5.5 3ely 3.7 1.9 24 2.7 1.1 Ll 09 1.0 09 1.0 0.9
CARROTE
Wgs of "9’@36

in 1bs. - 3:16 2:90 258 2628 2.00 1,70 145 1.22 98 88 75 <62 9 47 Ll Ll JLC 39 .38
Wee of vo3e

in 4 100 91.3 81.6 723 6343 533 5.9 3G+ 310 27.8 237 1268 15.5 1T 135 130 12.7 12.3 12.0
Potal loss
in 4 G DR 18ekr 27T 3647 LGe2 Blel 61k £0.0 722 7643 80oly 8L5 65.1 861 570 £7+3 877 88.0

Loss per pere
iod in % 0 D42 D02 Ge3 900 GeS TeG T ToO Bs2 Ll Lel Lol 0.6 1.0 0.9 0.3 Oul 0.3

L]
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- TABLE & EXPERIIENT S

Date Narch 25, 1939 TPompersturc 150%p. Humsdity 25% A%y velocity TOT LsTsile

SPIESeE
Ter oF woge
in ibss 1407 ‘58}4 46? &5& 0151 0»32 62}4 #16 <13 11 408 07 05
HWhe of vegs
in % 100 T8:; 6246 5243 3843 2949 22.4; 1648 12.1 1043 745 6.5 L7
fotal loss _ _ o ) .
in % B 2Yeb FTels HhT74T 6147 7001 TTab6 E5+2 B7+9 8947 92+5 G345 953
ioss Por per- ‘
. i08 in & O 2146 1548 1023 1hel Soly 545 566 Le7 18 2.8 1.0 1.8

Time Snhowrs 0 34 2/ 34 1 34 oA 34 2 1/ 2/ 34 3 M 2ofk

PEAS
Tits of vege . _

in 1bse 2013 158 1550 1412 096 85 «TO o753 o0 05 463 60 57 S56 55
TWte of vegs » '

in g 100 7i5e2 6140 5246 14543 1043 371 3he3 32:d 3045 2046 2842 2648 26,3 25.8
Total loss

in % 0 25:8 390 LTak SU4s9 5947 6249 G547 6740 6945 TOsks 718 7342 737 The2
Less per per- »

ﬁﬁé &@ %g 9 2508 2302 gﬁ& 7&5 1;,18 3:2 2*8 109 lag 09 10‘3» 1013. :05 Ds

CARROTS
in lbss 317 2458 1a0k 1458 1437 91 o7l 57 48 12 B8 W3l «32 431 W30
L%+ oF vegs
in 8 100 8Yels 6142 L9s8 5649 28+T 224 18+0 1521 13.3 38+0 1047 101 G8 9.5
Potnl loss '

in 9 O 18.6 38:8 5042 6341 TEe3 T7+6 G240 8D 6647 8840 6923 6349 50.2 90.5

Loss per pore _ .
fod in &G 0 1546 2042 1leh 129 842 643 hely 29 1.8 143 143 mg% 03 03

63
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TABLE 7 EXPERDIENT &
Pate UYarch 22, 1939 Temperature 150%. Bumidity 10% Air Velocity 700 L.F.X.

Time dmhours O 3/ 2/ 34 2 A 2/ 34 2 /b 2/ 34 3 1A 2/ 3L b
SEINACH i ) ’ ' ' ) o
TE. of vego. -

in 1bse 1212 w83 W69 459 LT <39 31 25 @21 «16 +13 €12 »11 L10 09
Wee of vege _ ’

in 4 100 Thel 615 52.7 1348 3Le8 277 22.3 18.8 103 1146 1027 G948 8.9 840
- Potal loss ‘ ) ’ ’ :

in % O 2549 3Bals 1743 5642 6542 7243 T7w7 812 8547 88ely 8943 9042 91el 9240
Loss per pers ' : e

30d in % O 2529 125 849 83 Gu0 Tl Soli 3¢5 LeB 2.7 08 0.9 6.9 'ang

PEAS
Wts of vogs .

in 1bs. 2411 1456 1425 1406 <T1 #80 T2 o066 61 458 56 <55 +53 <51 50
Wes of vege . . )

in % 100 T0e6 5646 L840 Lle2 362 3248 2948 2746 2642 253 219 24D 2341 2246
Total loss )

in % 0 20.4 h3eli 5240 58.8 6348 6Telp 7042 724l 7348 TheT 7541 7640 T6:F 7Tk
Loss per per-

CARROTS »
vege .

in 1bge 3421 2452 2408 1461 1423 o33 75 +61 «50 skl oh0 <27 35 o34 <33 32 31
e of vegs : ’

in % 100 78+5 6lieB 5042 3843 2040 23 19¢0 1546 1347 1245 11.5 109 1046 16.2 100 9e7
Pota) loss

in 4 0 215 3542 198 6147 7150 7646 8140 8lialy 8643 5735 8845 8941 89ely 69.8°90.0 90.3
Loss per per- .’ oy n o

iod in @ 0 21.513.7 ‘18 11 93 56 beh 3, 1.9 1.2 1.0 0.6 0.3 Oy 0.2 03
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TABLE 8 GAPERIMERT 7
Date Imrch 2L, 1939 Temperature 120°F. Humidity 3108 Air velocity 700 LeF.H.
Time dmhours O /M 2/ 34 2 1/ 24 34 2 1/ 2/ 3 3 3/ 2/ 3/ L 1 2/ 3/l

T of vegs

in lbse 1adl: 493 402 o753 <Ol 55 L9 bl «39 W3L #31 W28 25 23 21 <19 .18 .16 W15 .1
Wte of vege

in & 100 8145 718 6.0 5601 L8.2 1249 3866 51102 2948 2742 2lpe 2140 2042 184k 167 157 140 13.2 12.3
Total loss

in % 0 1845 2842 3640 U343 5148 5701 61ely 6548 70.2 728 75+ 7801 7948 T1e6 8343 8he3 8640 8648 87.7

f.oss por por-
fod in % O 185 947 Te8 Ta9 742 53 Led bl Leli 2:6 246 247 1.7 18 1.7 1.0 1.7 0.8 0.9

PEAS
WEe Of voge _ ' - ,

in lbs. 2419 1.88 155 1.26 111 97 88 80 <75  &71 68 ;065 a®§ 60 59 W58 57 _ 056 55 b53
Wee of vegs

in & 100 8545 7048 575 507 Lhe2 1042 3645 342 3Rel 3140 2997 268 27ely 2649 2645 2640 25..6, 25,1 242
Total loss
in % 0 1he2 2942 4245 L9e3 55.8 5948 6345 65.8 6746 940 703 T1a2 7246 7301 T35 TheO Thaly The9 7548

Logs per per= ' .
fod in ¥ 0 1he2 15.0 1343 6.8 645 L[e0 3.7 2.5 1.8 1oli 103 0a9 Lely 0u5 Oy 005 0oy 0.5 09

CARROTS

TiCe OF vege . _
in lbss 362l 2481 220 189 153 128 1406 88 75 65 59 o5k 48 W45 43 W41 L0 39 .38 W38

HWee of vege

in %_ 100 B86.7 691 5843 L742 30,5 3248 27l 2301 2042 18.2 1647 1541 1340 1343 1247 1243 1240 1167 11.7
Fotal loss
in 0 13.3 3049 Lle7 528 €0e5 T2 7249 769 T8 8leB 8343 8lieG BE.Y 8647 87.3 8747 8840 88+3 L8.3
€2

&«
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TABLEL 9 EXPERINENT B
Date Iareh 25, 1939 Teéper&ﬁure .120°Fc Humidity 25% Alr veloeity 700 L.P.if.
Tive intours O I/ 2/ 3/ 3 3/ o/h 3/ 2 ifk 2/ 3k 3 3 2 3 L Wk 2/ 3

SPruacE
WEe of vope

in 1bss 113 099 88 W7l 65 «S57 L8 L2 o36 W32 W28 J2L 22 15 J17 &15 G2 613
Wte of vege. ) ) 4

-mlyz 100 8745 760 65l 5745 50ek4 425 37.2 318 2843 248 21.2 19.5 16.8 15.0 13.3 12.4 11.5
Total loss ) ) :

in % 0 1245 240 3heB U205 1966 5705 6248 6842 T1aT T5.2 7848 80.5 832 8540 8647 746 8845

Loss per por-
icd in % 0 1245 11e5 1026 T69 Tl 749 503 Sebi 35 345 346 147 2.7 18 107 0.9 049

PEAS
Wte of VoL _

in ibs. 2019 18ely 1460 1236 1423 1409 1,00 93 49 «8Bli 80 478 Th <73 <70 B9 68 66 WO
Wee of wogs _ ' ' '

;niﬁi 100 84e0 T73e1 621 562 1948 L5e7 h2els L0oT 3843 3643 35¢6 3348 33.3 320 3145 310 3041 292
Fotal loss )
in 3 O 1650 26.9 37«9 113.8 50.2 5&95-5?’6 593 61.T 03¢5 Gliely 6642 6647 6840 6845 69.0 6949 70.8
Losg per pere

jod in ¢ 0 1640 20.9 110 5.9 6ot Lel 303 147 2.k 1.8 0.9 1.8 0.5 1.3 0.5 0.5 0.9 0.9

CARROTS

WVEs of vogs

o 3B 2.7 2:36 240L 1475 1.3 122 1400 57 W7h +66 58 53 W8 L6 43 W1 4O W39 .38
o 0L VOE»

%.iiiﬁ-os,a 200 86uly 7302 6342 5346 Le3 378 31.0 2649 22.9 20.4s 16+0 186.L 1S 1he2 13.3 12.7 2. 12.1 11.8
in % 14) 15t6 26.’9 3608 24()0;!,1. 55»7 éaca 69.9 7301 77.1 79-6 @200 8306 8501 35-8 8607 87t3 8706 8709 8802

Lose per por-

iod in % © 1346 13:3 949 946 9.3 6.5 68 Ll BiO 2.5 2uh 16 146 o7 9 Wb o3 43 .3
. &
o
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TABLE 10 EXPERIVEST 9
Date Hereh 26, 1939 Tomperature 120°F. Humidity LO%  Air velooity 700 L.Fele
Tino tnbours O A o/ 3} A 2/ 3A 2 4 oA 34 3 b ofh 34k

W Eo 'OE ) vegs

in Ibsse 1011‘ 95 o8 T2 S8l 56 A8 Jdih O 35 W3) W27 225 22 20 418 .16
e of Vo X

inl’%z 100 ) 8545 72.9 €heB 576 506l Li%e2 3946 36.0 3145 27+9 2a3 2245 1948 18.0 162 iheh
Total leoss
_ in & O 15 2743 352 2L 196 5648 60y 640 6305 T2+) T5aT TTe5 802 £2.0 83,8 35!6
Loss per per~ ) . 7

jod in § O 1B 12:0 Bel ToZ Te2 742 46 360 5d5 3eb 36 1e8 247 18 1.8 1.8

PEAS
. WEe of vege

in 1b5. 2617 1498 146L Tohi6 1027 111 1600 481 o83 w80 o75 71 <67 o8li 62 61 59
Wte of voge
_ ile?é_l 100 D12 T5e5 673 5845 51l L6l 11O 3842 5648 3He5 3247 3048 20.5 2646 28.1 272
Total loss

in ¢ O B8 2o’ 327 LleS LBeD 539 581 61a8 6342 655 6743 652 70.5 Tlely 719 72.8
Less per per=-

iod in % QO 848 157 Be2 B8 Tobh 540 L2 37 1ily 263 18 1.9 1.3 0.9 0.5 0.9

CARROTS
Yﬁ'l'%..'of Vog+ ) :
in ibse 3421 2498 2465 235 2013 1491 169 1,52 1436 1.21 1430 98 86 478 70 62 .57
Tte of voge
. aiié:z%x 100 928 825 7342 66.Ly 59¢5 52.7 LTk L2 377 3Lie3 30.5 2648 24e3 21.8 19,3 17.8
in & O Te2 1765 2648 3345 L0sT LTe3 5206 5706 62e3 6547 6945 7342 7547 7842 80.7 82.2
Loss per per-
jod in ¥ O Te2 103 93 ToB 6T 6e8 543 50 o7 Felh 3.8 3.7 2.5 25 2.5 1.6

ie



TABLE 10  PEPERTVENT © (Cont.)
Pate Mareh 26, 1939 Temporoture 1209F. Humidity LO%E  Air welosity 700 L.F.X.
Pmo in howrs VA 2/ 3/ 5 1A 24

TRe of voge
: in 1bse 615 cl};
in % 1345 12.6
Total ioss
in 3 86.5 67.4
fLosg per per-
iod in % 0.9 040

PEAS
] in Ibss 58 «57 '-% 55 0514 5%
Wee Of wogs
-in % 2647 2642 2548 25.3 28 2hels
Total loss ) _
in & 7343 7328 The2 The7 T5:2 75.6
Less per pere _
jod in & . 0s8 G5 Baly G5 0.5 Oaly

CARRCTS
Hte of vogs
- in Ibse Q§2 :&9 :ﬁé ‘hs c&l& cl}B

Wee of vegs

in 1642 153 1he3 10 13.7 15.4

Total loss

in % B83¢8 8lieT 8547 86,0 863 86.6
Logs per por- o

i0d in ¥ 16 0.9 140 QoF 043 0u3

B8e



T

npatiiey
SOy S
S

PPN S

DN

S
i nere

~==DBHydra

r

Fake fee g oeop

Thr i
RSAS

iE

-+

DS (i D OrEt g

seed

3

S

[ODDOES TEN

HEIMY N
gu
B

|

;1] “_1.

it

Cherrh e d

v e i

rTETIL

IRDREY Fun
LTI
S I
il
L

Ly

e

R PR

e b b

N S S
i<

Spes

+ v rad -

[

4.

RPN R

PID

ek e

PRI B RpS

frrereama

R

ca Ty v 3]

Ceptelyrigd
‘r*]["mnut

[P

B ian




TARLE 11  EXPERIMENT 10

Bate UVarch 3, 1939 Temperature 1809F. Hunidity LO% Air velocity L30 L.P.H.

Time dmhours 0 1/ 2/ 34 3 34 2/h 3 2 3L 2/ 34 3 1/ 2/ 3/ b Y 2/ 3
SETACE b - “ ' B
Tk. of voge " ’
in 1bs. 1.10 096 .76 059 ciﬂ; o3@ «21 ‘15 =12 .09 +08 ‘-07
Wts of veoge -
in % . 1060 @702 6'901 53&6 L}E‘O 27«1 1901 1307 10.9 8.2 T3 60!@
Fotal loss
in B . 0 12.8 30.9 Liba]y 60.0 72.9 80.9 £6.3 89.1 91.8 G2+7 9%:6
Logs por pare
i0d in % . 0 128 18.1 1545 136 129 840 Sl 248 207 49 o9

PEAS . »
T of vege o ‘ '

in 1bse 2415 1.95 1,70 1014.0 .23 1.06 «89 T2 .69 «52 +58 ,\SQ +50 .hﬁ .hé ,hs ’115 'Llh
Wee of ¥oge

o 221%1 . 100 900’? ?9.0 6501 5703 149a3 m.L} 56&7 52.1 28‘8 2609 25&1 2302 2@03 21 ‘L& 2009 2009 2@0)4
Toen. 0S8
in % . 0 9.3 2},&@ 3&,09 24207 5007 %96 6303 6709 ?192 7501 7&09 7606 ?767 78&6 79.1 7901 7906

Losg per pope )
i@d iin ,gg 0 9&3 2107 1309 708 800 709 L’,o? 1;06 3’3 109 108 1-9 009 Qag 05 0 05 .

CARBOTS o |

- We of voge ‘ '

min iab&' 3239 3,00 246% 243l 2.0 1.72 1046 123 499 8l 468 ST 48 b2 «%9 W35 L3 3% 32 31
To 0L VOLe

. %,121%1 100 91140 8245 TFely el 5349 1548 386 31.0 26435 21e3 1749 18a1 1342 1262 11,0 1046 1043 10.0 9.7
otal) loss _

in & 0 640 1745 2646 3640 6ol 5Le2 61aly 6940 737 T84T 8241 8LeT 8648 8748 89.0 89:ly 8947 9040 90.3
Loss per pore

iod in % 0 640 135 el Quly 1043 81 742 Tob L7 540 Boi 248 19 100 1.2 W4 o3 ._;é 3

=
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e 21 |
Pato lurch 27, 1939 Fewpersture 120% . Humidity 25% Air Velosity 430 L.F.0.

Timo in hours  C 3/A 2/ 3A4 3 /M 2/ 34 2 A 2 34 3 1A 2k 34 b

" PABLE 12

SPLiACE
TE. of voge '

in IMa 1411 10@0 083 ‘?5 0@ 4513 0&8 Gm -?55 ’31 026 ;23 9—2@ 018 015 -15 ¢12
e of VG

inI%’ 100 G040 The7 65.7 5647 1846 L3+2 36:0 3145 279 23uhs 2647 31840 1642 135 117 108
Total loss
in % D 1040 253 3hs3 1323 51y 5648 6341 6845 T2s1 766 TOeT 8240 83.8 86+5 8843 §3.2

Loss por per- ,
iod in £ 0 1020 1543 9+€ 90 81 Sy 643 Sl 306 LS 247 247 18 2.7 148 0.3

s of vege
in 108s 216 T1a87 1467 110 1.85 1,10 oT7 +50 <83 +78 o7l 70 o567 <65 +63 +61 59
G of veL.

in &% 100 866 773 618 5748 504y LheO Lle6 38401 3661 3Le2 32k 3140 30.1 2042 2842 2743
Fotal looe

iﬁ % 0 1§c1-1~ 82!7 ?}502 142@2 l&g&l 5502 580& 6106 é309 é5.8 6706 69\9 @09 ?008 7108 7207
Loss per pere
iod in # 0 13k 903 1265 Tof 849 600 3.3 342 2.3 1.9 1.8 1 69 09 1.0 Cu9

GARROTS

» OF Vege

in Ibse 3021 2492 2458 2429 2001 1aTh 149 1430 1.30 0.95 Ca8ly 0uTh 0463 0457 0453 0u48 045
e« of vege

o«iZI%:; 100 910 8.k TI.5 6246 5he2 L6 105 3he 2046 26.2 25.0 1946 17.8 16.5 14.9 11.0
Total loss
in % 0 9.0 19.6 28.7 37.k 15«8 5346 59.5 6507 0.4 7348 T7+0 80ak 72.2 83.5 85.1 86.0

Loss per pors _
jod in & © 90 1046 a3 87 Bali Te8 5.9 602 ha7 3ely 3.2 3l 148 143 1.6 0.9

&%



TABLE 12  WEPEELNERT 11 {Cont.) _
Bate Merch 27, 1939 Tewpernture 120%P. Humidity 257 Air Voloeity 430 LsFelle
Time in hours E/L %/h 3h 5 1/k. 2{&  §/E_V_6.

SPICH
s of vegs

in Ibse o1 1D 09
e of vegs '

in 99 Q.0 8.1
Total lous
- ian g 90.1 91.0 91.9

Loss per per= _
iod in % 0.9 659 0.9

PEAS
WRe of vege

in 1ibss +58 456 &5‘5
Wte of vogs

in g 26:8 25.8 25.4
Total loss
in % 7342 The2 Theb

Loss per pepe
jod in & G5 1.0 0sh

CLRROTS
Tts of vege

in 1bse @4&5 Gam Q&b@ B39 0038 0237 {}336 035
Uts of voge

in 8 130l 3248 1245 1261 1148 11.5 1142 10.9
Total loss
in 9% 8645 8742 8745 87+9 88.2 8845 8848 89.1

Lo33 pepy pers
. ted im F 0.8 0.6 003 Osli 03 043 0.3 6.3

&v
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TABLE 13  EXPERILEIT 12
Pate UVarch 28, 1939 Tomperature 120°F. Humidity 16%  Alp veleelity L3O LePele

Tioo inhowrs 0 /b o/ 34 3 3 2/ 3k 2 VM o/ 3 5 ih ofs 3/ L

SPINACE
Bos of vege » ) . :

in 1bse 1odls 3001 488 W77 6B 459 451 L6 L2 38 433 30 .26 <23 20 .19 27
Wee of woge ' . _

in & 100 88.6 77.2 67.5 5946 5107 LlieT LiBeB 3648 33.ly 2849 2643 22:8 20.2 1745 1647 19
fotel loss ' _

in % G 1Yek; 2248 32.5 L0ely 1BeT 5543 5947 6342 6646 T1e1 T5a7 TT42 7308 6225 8353 6541
Loss por pore- . -
iod in % 0 11k 1leis FeT T59 759 To0 heh 3.5 3o Le5 246 345 246 2.7 0.8 1.8

PEAS
W&o of vegs _ ' _
. in 1bse 2019 149k 1470 1ah3 1422 1401 491 .85 78 T3 68 Bl JE0 5B 455 5L 453
Tee of Ve ) o . ) ;

ia %1 100 88e5 T7+£ 5% 5567 Ubel L1e5 3848 3546 3323 3140 29.2 274 265 2541 2h.6 212
Total loss

dn g 0 1145 22l BheT Lhie3 5549 5845 612 Glialy 6547 6940 708 726 7345 The® TGl 7548
1058 pey per-— ’

j0d in & 0 115 10,5 12:3 D26 946 heb 207 342 243 203 168 18 09 1.4 0.5 0.

CARROZS

in 1bge 2+23 287 2.55 2.20 1480 1:5& 1.28 1.36 92 r8§ » T3 ;63 ST 5% ,&5 .33;5 ‘&1
e of TOge ' _ .

iiz %x 100 8849 7940 68+ 5547 LT74T 3965 31,40 28l 2506 2246 19.5 1746 15.8 13.9 132 12.7
Total loss -

in % G 111 21,0 3.9 Lhe3 5243 Gbol 6640 T146 Thely TTels 805 8241y 8L.2 86.1 8648 87.3
Lese per pep=

jod in & O 1.l 99 109 12k 840 Eol 546 546 208 340 3.1l 19 1.8 1.9 047 0.5

8%



- 92BLE 13  BAPERLLENT 12 (Conts)
Date Inreh 28, 19%9 Toemperature 120°F. Eumidity 10% Air volocity h30 L.F.l.

Time fm hours 3/h 2/ 34 5 1/ 2/
Fe oF veLe :

in 1bs. '16 13.5 *123, 023
Wee OF V@gb

iﬁ % Hzaﬁ E-Q 1205 2.3.-3;
fotal loss

in % 8649 6628 87.7 88,6
Loss por pere

1ed in ¥ 069 08 0.9 0.9

PEAS
e of voge

in- Ibge- 52 50 48 B &7
e 0f vege

in & © 3.8 22.8 224,229 23k
Total loss
Leoe por per=

jod in % Oeli 3.0 0.4 045 0.5

CARROPS
9W§- 9? VoL

4n.3boe  #30 438 A37 +36 35 3L
Wte of vog. _

in g 1243 1247 13.h 1241 10.8 18.5
Fotal loss

in % 879 883 886 88.9 £3.2 8945
Loss per pere
. iod in % 06 Coli D43 003 03 0.3

o%
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TABLE 1l, EXPERLMENT 13
Pate HNareh 29, 1939 Teomperature 120°F: Humidity i,@% Adr veloeity L30 L.P..

fimo in hours o i/ oMk 34 y 34 o2/ 34 2 A 2/ 34 3 1A o2k 34 L
Tte 0?‘ Ve e ' ) . ’

in 1bse 1415 1409 1400 491 o83 77 71 65 459 o5h L8 oldy Wil 38 <35 32 30
TWte of vegs

T izi%}. 196 9&.6 8760 790’6 7202 66’9 6137 %ts 5102 2;5609 &1.7 58&2 3506 3306 5{)91& 27'8 2éc0
L0 , 2088 :

in ¢ 0 5¢2 13.0 210 27.8 3341 3Be3 L3+5 LBeB 5341 5843 6148 Ghely 6740 6046 7242 ThaO
Loss per per= _ : )

jed in & O 542 Te8 BeD 648 5.3 542 52 5.3 ha3 5.2 3.5 2.5 2,6 2.6 2.6 1.8
PEAS = ! £y ’

TCe of vege .

in 1bse 220 2415 2400 1481 169 154 1.L0 1.26 1,16 1.05 .98 90 8L 279 +7h 70 .05
e of vogs _ :
- inl%l 100 9747 910 82.3 7648 7040 6346 5842 5247 L4747 Lhe5 Li0eT 3842 35.8 3346 3148 29.5
Total less i

in ¢ 0 2i%5 9.0 177 232 30.0 36.hy L1.8 [17:3 5243 55.5 59.1 61.& 4.2 66.1: 682 7045
Loss per per= _ ' ’

CARROTS . :
WE& OE B2 . i .

i 1b8e 3487 3415 2493 2.7h 258 2439 2423 2407 1.69 1,73 158 Lokl 1429 117 1405 295 87
Wts of vege '

. ial%i 300 975 90.T 8he9 75 THO 690 Glied 5845 5341 4849 Lilieb 4040 3642 32.5 2L 2649
Total loss e _
in % 0 2.5 De3 1541 202 260 3140 3549 Ll o5 165 50.% 55.ds €0.0 638 €7.5 T06 T341

Loss per pere

8%



" gABLE 1 EXPERTURNT 15 {Cont.)
Date lareh 29, 1939 Temperaturc 120%F. Numidity LOF  Air velooity L30 L.Paie

Tizo dn howrs Vb 2/ 34 5 b oM 3M4 6 A el 34 7 /b 2/ 34 8
SFilACE ' o o i
ﬁ 59 af Veg
in ibss 28 226 S2Li 22 W21 W20 219 I8 1T 16 L35 Wil 13
Tte of vogs
in ¢ Shaly 2246 20.8 19:1 1842 17.h 1645 15.6 15148 1%3.9 13.0 12.2 11.3
Potal loas
in & 7556 TTely 7922 8049 8148 82.6 8345 8lioli 85.2 86a1 8740 &8T5 8847
loss por pere
jod in & 146 248 1e8 147 0.9 0B 00 0.9 08 0.9 0.9 0.8 0.9

PRAS
T of vogs ‘ :

. in Ibse 563 61 68 359 053 57 &% CSS ;51; 153 52 +51 oSﬁ 023.9
Fte Of vozs )

in % 2846 27T 273 2648 2625 2549 25sk 25.0 21,5 2hel 23.6 23.2 28.7 22.3
Total loss o _
ia % Tialt 72:3 727 7342 T336 Thel Thab 7540 T5.5 7549 Tbaly 7648 7743 777
‘1ose per pore

fod Im % 0s9 0.9 Buli 045 Ouli 0.5 0s5 Oy 05 Ouls 0.5 0.4 0.5 Ok

CARROTS

TEe oFf vegs ' » i
: in ibse -'?? 072 @éé oé@ .5? o53 ;5@ "_&7 ;&5 -2{14 4&3 0142 om mbn 1-39 .38
e, of voge .

in % 2liels 2245 20els 1846 1746 16k 155 o6 1329 136 1342 1340 1247 184 i2.1 1148
Total loss

in & T+ TT+5 T96 Blih 824l 8346 8huS 85.1 8641 86ely 868 8740 6743 8746 879 §8.2
Loss per por- » ,

j0d 4o % 2s5 149 281 1B 140 1.2 049 04G 0T 03 Ouly 642 0u3 0.3 043 @-w’;;%'
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| TABLE 15  EXPERTMENT 1
pate March 30, 1939 Tomperature 1509F. Humidity 10% Air veloeity L30 LePdic

Thmo inhowrs O /b 2/A 3h % b 24 34 2 A 2/ 34 3 W 2/ b

SFIUACH
Wes of vege » R 3 X
inh lbvse 1:10 450 0?}; «59 OL;B «3T 27 «23 <18 13 210 +0B -«657 06
Wts of vege _
in % 100 81.8 67t2 53.7 l{j’cé 3306 2!1\.05 20.9 16-3 il.8 Qel To3 6.23} 595
Total loss _
in & 0 1842 3248 Uhe3 56sly 66l 7545 Tl 83T BB+2 50.9 927 9346 911;-5_
Loss per per=- » o ’ _ ‘
iod in % 'e 1802 1&‘6 1305 I@.k 10.0 901 Boé’ &06 - &05 20? 108 909 G.‘)

PEAS ) _
Wee of vegs 7 :
in 1bse 2017 1¢95 1.b7 1618 o895 oTT +65 57 <50 ok o513 Il 39 38 37 436

We. of vege _ N

in ¢ 2100 89,9 677 Sheli 1367 35.L 29.0 2642 23.0 2142 19.8 18.9 17+9 17.5 17.0 16.6
Fotel loss ,

in & 0 1041 323 1566 5643 GLef T0Y 738 77+0 7848 86.2 81+1 821 825 §3.0 8344
Loss por pors N _

jod in % 0 10,1 22.2 1503 1047 803 55 307 3o2 1.8 3.:&,. +9 1.0 v& 05 '1,5
GARROTS '
WEe of vege _ B

in 1bs. 5020 2473 2435 1e87 Lalib 1217 o890 73 <52 L9 AL 239 435 33 .52 W31
Tte of VOge

in % 100 8543 73.5 5845 L5+ 3645 2941 2248 18.L 15+3 1548 1242 1049 1043 10,0 9.7
Fotel loss

in 9 T 0 1heT 2645 L1e5 Shaly 6345 7140 7742 81.6 8La7 86.2 8748 9.1 897 99.0 90.3
Loss per per-

iod infg 0 11#’7 11.8 315.0 12‘9 el 801.& 5e3 13,04 3:1 1.5 1.6 1.3 b 3 03

¢
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TABLE 6  EXPERIVSHT 15
Pato &pril 1, 1939 Tomperature 150°F. Humidity 25% Alr weloeity L300 L.F.0L

Tine Snhowrs O /L 2/ 3 1 1A 2/ 34 2 3/ el 3 3 1A 24 34 b
S - _ - : : _
TRe of TOLgs

in 1bse 1638 <95 o8k oTh Gl W85 L 37 o311 26 W21 S18 <16 .15 .13 .12 .11
ks of voge

in § 100 81.5 T2L 638 5542 h7ely 3946 31.9 25.7 2201 1841 1545 13.8 1249 11.2 10.3 9.5
Total loss

in & 0 18s1 270 362 Llis8 $206 €0uly 6861 7343 776 8149 BlisS BH.2 8Tel 8848 89.7 5045
1c8s per pey- ,

’ﬁé@ in % 14 1‘311 965 506 {?}pfa 798 ?08 717 5;2 &,3 24.0% 2@6 10? Qa9 1;7 6«9 0‘-8

Tes of vegs 7 o
in lbss 2421 2495 16l TaLi3 1421 2402 o8BS T T2 66 62 58 56 o5h <52 51 450
T« of vogs -

ﬁﬁ f:”; 7 3@@ ’33#2 ?2532 ‘é‘i‘so? 51}.»8 ia{i‘bl 55'9 35»?5206 2908 286“@ 26‘2 gﬁag 2&61& 2305 2313‘- 220’6
Total loss

in & 0 131.8B 258 3503 152 55.9 6241 Eliw3 670y 7042 7240 7348 ThaT T546 7645 7649 TTh
Loss per pep= '

j0d in & 0 1148 110 905 D8 BaT T2 342 301 248 18 1.8 0.8 0.9 0.2 044 0.5

CARROTS .
e of vegs -

in 1bse B25 2495 2460 2225 192 1.65 1638 1439 101 8B 77 67 80 <55 <50 JiB8 4
Wes oF vegs _ '

in & 100 9048 80.0 £9:5 5941 5048 L2+5 36.6 31e1 2701 23.7 20.5 1845 169 15:h 147 1hed
Potal loss . ,
T in P ° 0 948 20.C 30.5 409 1942 57-5 63.L 6B.9 T2.9 7613 795 815 8541 8Le6 85.3 85.9
Loss per per< ' 7 _

iod in € O De2 1048 1045 10y B:E BoF 5.9 545 he® 3Zuls 342 28 166 145 0.7 0.6

29



TABLE 16 BXPERIIENT 15 {Coute)

Pate April 1, 1939 Te@em%um

Time in hours 1/4 4/23, ‘)/13 5

Rumidity 25¢ Air veloeity L30 L.P.l.

S?IEAC‘H

Wee 0Ff voge
in 1bse

Tte of vogs
in &%

Totol logs
tn &

L08s per pore
jod in &

PEAS
e of vegs

in lbss L9 48 LT kb
Wee of voge

in % 22.02 23. G? 32&3 29-8
Potal loss :

in 55 778 8.3 78.7 732
Lots per perw

jod in & O=dy 0a5 0.5 0.5
CARROTS
e of voge

in 1bse al‘i,s o{;}_{; 61)}3' 9&2
s of vage

in % 1328 13.5 13%.2 129
Yotal loss

in & 8602 8645 8648 B7.1

Loss por pers
. Sod in ¥ 0e3 0s3 0.3 .3

8
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TABLE 17 EXPIRUENT 16
‘Date Mareh 31, 1959  Temperaturo 1509P. Fumidity LO¥  Air veolecity L30 LePelle

Timo fm bours 0 /M 2/ 34t 3/ 2/ 34 2 A 2/ 3M 3 14 2/ 3/ b

TP -Tiﬂi@g
HWie Q-E‘ voge N _ .

in ivse 12k 3a0l; 403 B0 W70 50 W50 cb& 35 W30 426 25 20 «15 +186 15 W3k
e of vege _

in & 100 91.3 81.5 T70.1 &1 ol 52:6 L3548 BT4T 307 2643 2248 202 17+5 1548 1440 13,2 12.3
Total Yoss _
) in % G BeT 18¢5 2049 38.6 LTels 5642 6243 6243 73+7 TTe2 798 8245 8Le2 86,0 £5648 §7a7
loss por por= : _

jod in % 0 Be7 DB 11ily Bu7 BB BaB 6l To0 Lebs 345 246 247 147 1B 08 0.9

PEAS )
1&?%& of Teg» _ _ . _
Tes of vOge _

in g;z T 100 Gl 8hel TTe3 6241 63l Skl 326 1247 3846 36k 32.7 3040 2846 2648 254y 26
Fotal loss o : '

in & O 549 1549 227 3049 388 15+ S51ek 573 6lak 63,6 67.3 T00 Tl 7342 That 7Sk
Loss por per= ’

fod in % ©  5¢3 100 6.8 Bl ToT Tad 55 5.9 Lol 242 347 247 Loby 1.8 1ok 08

CARROTS )
5_ te OF ¥EZo ’
50 In8e  B:23 Fal2 ReB6 2462 2638 20TT7 1501 1469 1457 189 1417 1.02 <93 483 .76 63 .58
in % 180 Gb6.6 8Bs5 Elal T30 6742 593 5205 155 11060 3642 3146 208 257 21,7 135 1080
Potal lees
in %
Loss poy por=
308 im § O Bols Sol Tolh T7oB Guli Eol GoB 6.8 545 3u8 Lo 248 301 Le0 242 1.5

0 3ol 1165 1840 26ed 32.8 40.D LToT 5heS 6040 6340 654l T1o2 Thed T8e3 30.5 82,0

98



TABLE 17 EXPERIVENT 16 (Conts)
Date [oroh 31, 1939 <Temperaturs 150%F: Humidity LOZ Air veloeity L3O LiPelo

fime sm hours 3L 24 34 5 1/ 2/ 3/h
SPILACE ' ' o '
Tew of vegs

in 1bss 023 12
Wte of vege

in ¢ 1l; 1045
Fotal loss

in & 8846 8945
Loso por pere

ied tn & 0:9 0.9

e OF vORe

in 1bse 52 50 49 LB LT L6 LS
Wea 05 voge

in 5; 2306 22&8 22»5 22.8 21:14 29.9 20-14
Total loss _ :
Loss por pere

iod in € 1.0 08 0.5 05 O 0:5 G5

E%t@f Vege . ‘

in 1bas 53 D18 b6 b5 Ll L3 W42
Vt. of voge

in 16y 1ha9 1e?2 1369 13.6 13.3 13.0
Total less

in ¢ 8%:6 851 85.8 8641 8.l 8627 870
Loss por pere ;

jod in £ 1.6 1.5 0.7 0.3 0:3 0% U3

L8
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Bate April 1, 1939 Tempercture 160°%. Humidity 257 Air voleeity L3O L. -

7imo in hours

TABLE 18 REPERIMGN? A7

SPINACH
WEs of voge
in 1bse
Wes of vegs

in &
Total loss
in %

Loss por pere

ied in &

PEAS

TEe of voge
in ibs.

Wte of voge
in &

Totol less
in 5%

Loss per per-
iod in &

CARROTS
e ﬁ vege
in 1bse
Wes of vogs
Fotal loss

in &

Loss per pors

iod in %

o b oM 3/ 3 3 o2h o 3M 2 3 of 3 3 3/ 2/ 3k

1e21 88 66 LT o35 23 15 <10 87 06 05 oOh
100 7942 5945 Li2e3 3145 2027 1355 9:6 o3 Sobi Le5 3.6
0 20s8 L0s5 57T 6845 793 8645 9Ys0 93.7 Fheb 95.5 90shs
0 2048 1947 1742 10.8 168 7+2 hsS 2.5 8 29 9

2017 1476 1.16 118 092 oT6 +62 52 oL L2 239 <38 W37 <36 435
100 81l 6743 Shaly L2k 350 28.6 21.0 21.2 19.3 17.9 175 170 16.6 16,1

0 1849 3267 L5+6 576 65.0 Tlels 7640 78.8 80.7 8241 82.5 83.0 83.Ls 8349
0 168 1358 1249 12.0 Tehi 6y Leb 248 143 Ik Wl o5 Wy o5

3521 2499 261 2.22 1486 155 1.2 1.0 79 W6l W53 kb Bd 038 W36 W35
100 93.1 813 6951 57.9 4B+2 38.6 31.h 2le6 1929 1645 1ha3 12.8 11.8 11.2 10.9
0 649 18.7 30.9 L2.1 5348 61.L 68.6 75.h 8041 83,5 85.7 87.2 88.2 88.8 6.1
0 649 1:16 12.2 1342 GuT7 Db Te2 6o8 hLeT 3Bely 2.2 1.5 1.0 W6 L3

69
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TABLE 19  BRPERIVENT 18

Pate Yarch 3, 1939 femporaturc 180%F. FHumidity 107 Air veloeity 430 L.F.H.

BrinALE
TCs Of %gc

in 1bs. .12 03 +&0 ¢L§0 27 <18 W12 L£9 #08 07 T 06
Wee of vogs

in ¢ 106 Thel 536 3547 2hel 1641 20.7 8.0 T4l 6.3 5.y
Fotal loss _

in & 0 2549 L6y &hed 7549 8509 8943 92.0 9.9 9347 Fheb
Loss pey p@r-.

jod i ¥ 0 25.9 20+5 1749 126 B0 Suly 2.7 8 8 9

Tmeinma o 3 oA 34 1 142l 3M 2 1A 2 34 3 1

PREAS
Woo of voge _

in 1bse 217 1,62 1.2 <97 oT9 65 <57 51 L7 <l Ji2 40 39 .38
TWee of Voge ,

in ff%m 160 7h6 571 L7 364k 2908 26.2 2h.5 21.5 26.2 19.3 18.k 17.9 17.5
Fotal loss

in ¢ 0 25 1242 5543 6346 7041 T3.8 755 TBels 79.8 80.7 81.6 82.1 82,5
Loss per porw . '

fod in % O 2545 17:5 12:L 8.3 625 3.7 2.7 19 Yol <§ 9 5 b

CARROTS
Hee OF wege

in 1bse 3423 2460 2015 162 1428 1400 76 62 52 U5 #L2 239 36 L3L
Tits of wogs

im % 100 8343 6646 5042 3946 310 23,5 19.2 181 1349 13.0 12,1 1141 1045
Total loss .
in % 0 1647 33sh 1198 60y £9.0 T76.5 80.8 833 B6e1 87.0 87+9 8849 £9.5

Lose por per=
jod in % O 167 1647 164l 106 8:6 745 Q 3 3al 242 W9 9 1.0 %

19
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TABLE 20 EXPERINEDY 18
Date April L, 1939 Temperature 180°P. FHumidity 10% 4ir velocity 180 LePeids

Time inhours O /b 2/ 34 X 3 o/ 3M 2 s oA 34 3 3k 2/ 34 b

%t. of vege _ _
Wes of vogs _

in & 160 BLa7 7045 576l LiBe2 38.L 2846 22.3 16.1 116 8.9 6.3 Le5 346
Total loss B , _ _ _

in $ 0 1543 2945 L2+9 51.8 6146 Tiely T7+7 8349 88.4 9161 9347 95+5 96.L
10838 per pore

PEAS
W of vegs _ _

in 1bss 2420 1e97 1463 1439 1621 1.0h 402 o83 oT5 9 Bl 59 55 52 S5k W9 £8
Wee of vegs .

in & 100 8945 Thel £342 55«0 4742 h1e8 3747 3hel 3143 2040 26,8 25.0 2345 2342 22.2 21.8
Total loss . L _

in % 0 1045 2549 3668 1540 5248 5542 6243 6549 €8.7 T140 7342 7540 Tosls 7648 7748 7842
Loss pey pere ' ’

jod in 3 0 1045 15 1000 Bl T8 Bols Lel 3.6 2.8 2.3 2.2 1.8 1oi Guly 1.0 Ooly

CARROYTS
TEs of voge _ _

in 1bse 3023 2:98 2058 202)-& 1497 ioé@ Ic}h chB 93«77 +66 t% fisé 0!43 -m 038 45?
s of vege

in % 100 9243 799 6943 6140 195 L1e5 35.0 28.8 2348 20s; 173 1he8 1343 12.7 21,7 11l
Total loss

in & 0 TeT7 2042 3047 3040 5045 5845 6540 T1e2 7642 7926 8247 85.2 6647 87.3 88.3 8846
ioss per per=

iod in Sg 2 TeT 12.13, 106 B.3 11.5 8.0 665 62 5.8 3.{; 3.1 245 15 0.6 1.0 003

&9



TABLE 20 EXPERIMENT 19 (Conts)
‘Date April L, 1939 Tempersture 180%F. Bumidity 107 Alr velocity 180 L.P.I.
Pine in hours 3/ 2/ 3/ | ‘
S B A

Tie OF vegs
in 1lbse

Wee of Voge

Total loss
in %

Loss per pere
iod in &

Wee of vegs )

iz lbss &7 LB b5
Tte 658 vege

in % 2.l 20.9 20.4
Totel loss ' ,
Loss por per-~

ted in ¢ Sy 845 . €5

CARROTS
W?egs

in 1bs. 036 «35 0.«31}
s of vegs

in % 12,1 108 1045
Fotnl loss
Loss per per=

fod 30 & 0.3 0.3 0.3

124
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TABLE 23  EBEPERUIENT 20
Date April 5, 1939 Tesporature 180°F. Humidity 258 Air veloecity 180 L.F.l.

fimo inhowrs O /b 2/ 34 3 34 2h 34 2 34 o2/ 34 3 14 2 34 b
%’@o 03‘ Vege \

in lbss 1418 1s001 88 oTh 60 o850 L2 o3k 26 <21 218 416 L1 W13 12 W1)
Tte of vefe ' -

in % 100 882 TheS 6246 5048 L2y 35.6 2848 220 1748 152 13.5 1149 1140 10.2 9.3
Total loss _ _

in 2 6 1148 2545 3Tl h942 576 Eliely 7142 78.0 8242 847 864l 8841 89.0 8948 90.7
Loss per per= _ . '

jod in % 6 311.8 137 112 11.8 601} 68 648 6.8 1.362 2+85 1.7 Y7 048 0.8 0.9

PEAS
Wte of vogs _ :
iCe QF VER» s -
. iﬂﬁl 160 9240 79.9 Thels 63+8 5543 Lbels 40:1 35.3 30.8 28.1 25.9 23.6 22.3 21.0 20.1 1946
Potal loss

in % 0 8.0 2041 2646 3642 LleT 5346 5949 Elie7 €932 T149 Thel T6uly TT4T T9+0 73.9 8044
Ioss per per- :

iocd in & 8 8.0 12.1 845 T Be5 BT 603 LeB LaD 247 28 2e3 1:3 1eF 0.9 0.5

CARROTS
T%. of vogs

iﬂ‘ 1%30 3029 3319 203& 2655 20‘27 2065 1!8& 1;63 la}ét 1025 1008 ‘9“3 &79 069 . oée 0% 059
Fte of oz

in % XD GlieB B6uly TTe5 6940 6243 5549 19.5 L3.8 38.0 32.8 28.2 2.0 2140 18.2 16.4 15.2

Total loss _ - 7 _
_ im 4 0 5.7 1346 2245 31.0 3747 Liliel 5045 5642 6240 6742 T1e8 7640 720 B148 83.6 84.8
Loss por pore

fod in & O BeT T+9 849 845 647 bl Gl 5e7 548 542 heb Le2 3.0 2.8 1.8 142

99



TABLE 21 EXPERIIENT 20 (Conts)
Bate April 5, 1939 Tomperature 3180%. Huemidity 258 Air Velosity 180 L.P.ls

Timo in hours Y4 2/ 34 5 1/

SPIEGE s

‘Fis of vegs
in 1bas

Wee of voge
in &

Totadl loss

ions por pere

Wts 0F voge
in Ibse oh3 L2 Wl
s of vepge

in & 1842 1B.7 1843
Potal loss _
in 4 808 8145 827

085 por pere
iod in 7 Osly Ga5 Ouly

CABROTS
=mveg;

in 1lbse T 5 Sy WkB W2
‘Wee of vogse

ia & 1503 1327 13.h 1341 12.8
Total loss

in & 8547 8653 8645 869 9.2
Logs per pers '

jod in & 09 06 63 0.3 043

L9
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TABLE 22

Date April 6, 1939 Temperoture 150%F. Humidity 107 Air velocity 1680 L.Felis

meggmm%s 0 /b o/ 3/ 2 3 B/ 3 .2 3L oo 3 3 b el 3k L
ST _ _ o . —
Vs © Ve e :

m;g 100 890 761 678 5845 19.2 1145 355 2046 25k 2240 1545 15,9 1.k 1247 11.9 10.2
Total logs E

in & 0 13.0 23.9 32¢2. 11225 508 5845 Glicls 70l Theb 7640 0.5 831 85.6 8T+3 88.1 89.8
loss per per- :

fo¢ in ¢ 0 110 12:9 945 9e3 9.3 7T 549 640 L2 3uby 2.5 246 2.7 L7 08 1.7

PEAS

in 1bse 2425 2405 181 1567 147 1428 1ol 1o80 o858 480 W72 67 <02 58 55 52 50
Wte of VEge
. ?1%2 160 9140 81.1 Thad 65.9 57l 5243 hheB 39.h 35.8 3243 30.0 27.8 26,0 2h.6 233 204
Tocal 108y

in % & 9*0 1&09 2501 5&‘1 2&23% 14899 55‘2 é@»é (}&;02 é?o? ?@o@ 7262 ‘?34.0 ?502} 7ét7 77:{)
Loss per per= ,

) ied in % ) L3 900 9@9 602 9:@ 8:5 éog 6-3 L}o{; 39{} 505 2#5 242 1.8 }.ol.!, 3.3 0.9

CARROTS
. of vegs '
in 1bse 3428 307 2:83 2462 232 2232 1.89 167 1.16 1.29 1.1 1,01 489 480 72 65 W59
Wee of 0% _ B
. e%iﬁz.%:. 108 9366 642 7948 0.7 o 5746 50.9 Llia5 3943 o7 3028 27<3 2hols 2149 19.8 18.0
in % © 0 6L 1348 2042 2943 35.4 2.k 9.1 55.5 6007 6543 692 724§ 75.6 78.1 80.2 82.0
leogs per per=

fod v 0 Gk Tels Geb 9ed 62l 740 6.7 Gy 5.2 Leb Ee9 3.1? 2.7 2.5 2.1 1.8

69



TABLE 22 EXPERTIEWE 2% (Comts)
Pato April 6, 1939 Temporaturs 1509P. Humidity 107 Alr voloeity 180 LeP.ll

T4me o hours L/ 2/ 34 5 VL 2h4 34 6
0T — L L N
TWee 0F vOZe

in lbse +11 010 ‘@9 ;08
He of voge

in % Qa3 8BS 746 5.8
Total loss

Loss per pers )
. ied in % S G-o‘.a 909 0.8

PRAS - .
Faf voge i
in lbse 03.}8 Ol&? «L@é 4&5 QMA ‘i&
Wt of vege :

in % - 215 2141 206 2042 1547 19.3
Total loss .

iz & - T8e5 78.9 7Ok 798 8043 80.7

CARROTS
in 1bse o55 52 4B b8 b b5 9 L3

s of Voge

in ¥ 168 158 15.9 3.6 110 13.7 13.4 13.1
Total loss _

in g B342 Bl1+2 8541 B5a.L 8640 86.3 8646 86.9
1038 pey pere

50 38 & 1.2 1.8 0.9 0.3 0.6 0.3 0.3 0.3

OL
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TARLEL 23  EXPERIVFNT 22
Date April 7, 1939 Temperature 150%F. Humidity 255 Alr velooity 180 L.F.lfe

Timo tmbowrs 0 3/ 2/ 34 3 3/ oA 3/ 2 3 2/ 3M 3 3k 2 3 b

SPINACH
Teo OF voge - _

in ibsg. - 118 1.08 97 8L o7l 656 58 D 41 .33 230 <27 23 220 W18 <16 Mg
Wo of vege

in % 100 91.8 82e1 7162 6307 5509 19eX L1o5 347 28+0 25.5 22.9 19:5 1649 15.2 13.6 11.9
Potal loss

in % 0 805 179 28:8 3603 Lliel 0.9 58.5 653 72,0 The8 T7+1 8045 83.1 84.8 86.} 88.1
Lags per per- _ _

jod in % 0 8.5 91 109 Bo5 To8 628 Tob 6.8 o7 266 245 Jali 2¢6 17 1.6 1.7

PEAS
Foe oF ‘V@gv . . )

in lbss 2+2% 2000 192 1677 161 1oh7 1033 1.20 1408 98 89 82 75 69 Bh 60 57
Vs of V@ga

_ mi,%l 100 92.8 86.2 T9:l T2.2 65.9 59.6 53.8 LBely L340 3949 3647 3346 30.9 28.7 2649 25.5
Fotal leoss

in % 0 £.2 1%.8 20.6 27.8 Eiel L0 162 85146 56.1 6043 63.3 66l 69.1 7103 7341 The5
Loss gor pere ' :

iod in % O 62 Tob 6.8 To2 £e3 6.3 5.8 5oy LeS Lel 342 Bl 2.7 242 18 1ol
CABROTS
TEr oF veg.

in 1bs. 3028 3.19 5400 2485 2.65 2.48 2425 2.11 1493 1476 162 1:L8 1.33 1.19 1.07 739‘5 +&6
TWoe of voge. ° :

. ﬁalgﬂéi 300 975 93T BToC 8lod 7546 €908 £h1e3 5828 5347 LOoli L5+2 1045 F6.3 32.6 29.0 2642
Fotal loss
in & O 2.7 6.1 13.0 18s3 2hodi 3002 3547 L1e2 1603 S046 5he8 59.5 €347 6744 7140 738

Loss per per-
fod in % 0 27 3ok 849 549 545 568 55 545 5ol he3 Le2 LeT L2 347 3.6 2.8



TABLE 23 EBXPERIIEGT 22 (Comts)
‘Date April 7, 1939 Temporature I50%F. Bumidity 257 Alr voloeity 180 L.P.M.

fime io hours VL 2/ 34 5 1/ 2/h 3/ 6 1/ 2/
ST a _ : _
\JE. of VeEe

in lbs. 13 .12
Wte of vege

in & 1340 10.2
Totael loss

in & £2.0 89.8
1088 per per=-

jod in % 0.9 0.8

PBAS

. of vegs
_ in 1bse o5l 52 50 49 48 L7 Whb 5
Wte of VoL
in 9 212 ’2303 22.; 22.0 21.5 01’6 «?Océ
Total less
in & T5+8 T6+T 77»6 ?8.0 7845 79-0 79ob,
Loss per per- -

iod in % IQB 0‘9 0.9 Q'Z; 005 0o5 006

CARROTS
T, of vege
in 1bs. 277 w67 58 <55 W52 W50 WL8 LT A6 LS

Wee of vegs

in £ 230y 20ely 1747 16eT 159 15.2 1seb 11103 1540 13,7
Total loss

in # 766 796 8243 83.3 8li.1 8L.8 85.lL 85.7 86.0 86:3

Loss por pore _

e4
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TABLE 2l EXPERIMENT 23
Pate April 8, 1939 Temporature 120°P. Hemidity 108 Air voloelSy 180 L.Falle

Tino snbowes O 3L 2/ 3/ 1 M o/ 34 2 i/ el 3 3 1A 2k 3k b 1

SPETACH
in Ibse 217 2206 o9k +87 WBO WTh W67 62 5T 452 Wl Wb Wl 637 3L GBL .29 426
Wes of vege _ : ‘ |
. inif’gl 100 90.5 8003 Tholy 68ely 63.3 57-3 550 h8:7 LS LI 3746 350 3146 2241 26.5 218 2242
Total loss
in % Q 95 19.7 25;6 53,«6 36.7 !3297 1}700 51»3 5?95 20 62.& 6549 é@.h 709 T35 ‘75‘2 77.@
Loss per per= ‘
iod in & 0 95 1042 5.9 6.0 5ol 640 LeB he3 hef 3.5 Buly 26 Zuh 2.5 2.6 1.7 246

PEAS
?;7;‘%@ of vege _

in Ibse 2422 2,01 1.82 1.66 118 1.33 1.21 1.07 <98 +B9 481 75 +70 «66 462 .58 «Sh 52
Ty of vege _

izlg 100 0045 82.0 TheS 6646 60.0 545 Li8.2 Lkl 100 36k 33.8 31.5 2947 27-0 26.1 2.3 23.0;
Potal loss
in % : 0 9s5 1640 25.2 33sh 1040 11545 5148 5549 6040 63.6 66.2 6845 TO3 7241 7349 T5.7 7646
Loss per pere _

i@d iﬁ % e 9‘5 6'§ ?ag 8;2 é-é 5Q5 6‘3 Ltel L&al BQé 206 2.3 1!8 10% 1&8 1.8 ﬁ.9

CARROTS
e oF vogs _ : |
) in ?s.- T 327 3ell 2496 2472 245h 2038 2.17 2401 1488 1e70 1457 1Li2 1427 1418 1,09 o9k W8 «T7
e © vege .
i’@iﬁlgi 100 9640 9005 8342 T7<6 7248 baly 6145 5745 5240 1840 L3oks 38.8 5641 330l 29 2547 2345
? y ﬁgs . ) ‘
ing 0 LB 9.5 1648 &Rk £7.2 3346 3845 L1245 1iBe0 5240 5646 5142 6349 6626 7046 The3 765
Loss per per- o . '
lod inZ O L0 5.5 Te3 Geb LeB bul Lo LeD 5.5 ba heb heb 247 2.7 haO 3.7 202

QL



TABLE 2}, EXPORIVENT 23 (Comes)
Date Aéri_l 8, 1939 Temporaturs 120°7. Humidity 10% air velocity 180 LeFolle

7ime imnhours 2/ 34 5 ¥ 2/M 3A 6 A oM 3/ 7 A 2/ 3/ B 1/
Wee of vogs
in 1bse 2l 22 220 418 .17 #16 51l 412 L1312 .31 W10 W69
Wes of vegs _ : _
in §% 20,5 1848 1741 15:h 1he5 1347 1240 10e3 103 Bsly 8:6 747
Total loss T .
in & 79:5 81+2 82.9 8h6 85.5 8623 88.0 §3+7 85.7 00.6 91k 92.3
Loss per per- :
ied in & 1.7 37 1T 1.7 0.9 0.8 1.7 1.7 8 0.9 08 09

PEAS
-T%e of vegs ]

in 1bs. B1 50 LY Wl W7 Wk7 Wb6 WLS WhS b b3 o2
"The of vegs :

in % 2340 225 2240 2146 2142 2130 2047 202 20.2 19.8 19:h 18.9
Total loss
in % _ 77.0 775 7€.0 TBoly 78:.8 788 7963 79.8 T79.8 £0.2 §9.6 1.1

Loss per por=
iod in ¥ Oods 0o5 0s5 Ouly Coli 0.0 045 0.5 0.0 Cudy 04l 045

CABROTS o |
Te3 of vogs : : ) o _ . |
in 1bss JT2 467 W83 58 455 W52 .50 W8 BT L6 L5 Wl b3 W42 Sl W40
Tits of wege > . _
in fe?; . 2240 2045 193 1747 1608 1549 155 14aT7 el Misl 1348 1345 1322 1249 125 12.2
Total less ;
30 B 7850 7945 €07 €243 8302 Bliel BheT 85.3 8546 05+ 862 8645 86:8 6741 5745 8748

ioss per pers / , :
i@ﬂ in }g 1-5 l-‘b'g. . 1@20 71,06 ' 0%9 059 0‘06 0&6 6,3 '-@03 303 033' 0'33 033 O'h 0,33
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pIsCUsSsION
/

In order to digeuss the influence of either tempera=
ture; bhumidity or air velocity in connection to its re-
lation to efficiency of drying, an analysis of the data
was necessary. Uhen temperature, humidity and air
velocity were the three main factors each was tested with
itself os the varigble ﬁhile the other two factors were
. held constant,

If the factor btemperature is variable, them the
factore of air velooity and humidity were held comstant}
elr velocity was variable with huwidity and temperaturs
congstant; and humidity hed constants of temperature and
air velocity. Thorefore, any difference in drying time
in these tests musi have beeﬁldue‘to the variable,

Prom an exemination of thoe data the following conw
clusions may be drawn vegarding the effect of tewperas
ture, humidity and air veloeity respectivelys

In a general it may be said that the length of time
reguired for drying was not necessary in inverse ratic to
the temperature veed.

The length of time necessary Lor drying varied dew
pending on the influence of the other twe factors .o,
hunidity and eir velocity.

1t was n@%@d that of‘%he three temperatures used,

1809F, seemed to be most desirable as fap as time 18 con~
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cerheds It dried the product in about 80% éé mméh éimé
as vas reguired vhen 150°F. was used and in about 583
as muech time as when 120°F. was wsed (Table 2, 7, 8)s.
This was probably due¢ mainly to the fact that higher
temperature had a groater affect of hastening the tranw
gpiration of moisbure Lyom inside of the produst to its
surfaces. Purbther, this may be due to the capacity of
air to abgord more molisture at higher than a¢ lovey
tenperatures. Bocause of the above characteristics of
high temperatuve, decreassd drying time logieally would
be expectoda .

Brbreme high drying temperatures, however, would not
be successfully applied o certaln products for it might
damage the product By caymelizabion or burnings

Another factor whieh influenced the drylng period
wag the humidity. Theoreticalliy, the less the humidity
in the dehydrater, the more rapid would be the drying.
This however, did not prove t@ be the case in somg of the
exporimente (Pable 8, 3; 4).

When & tomperature of either 180°P, or 1B0°F. with
high air veloeity of 700 L.P.Me. wag used; the Grying
time wes on an average only about 10% less for spinach
or peas, and about 20% less for carrots with a humidity
of 25% . then with & 107 hunidity.

This may be explained by the fact that the product
had the capecity to transplre moisture sufficlently fast
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to allow for evaporation et near & moximvm rate when 25%

humldity was useds r As hunmldlty vas purpossly used to
regvrlate the dehydrating conditlons, therefore an optie
mue hunidity to use wouvld be such & one as would sccom-
plish the progese successfully and give the shortest
drying time. Under such sonditions 25% hwnidity proved
most efficient when high temperaturs and high air gpeed
wo¥rs usods

It 48 true that the drying rate usually increases
{drying time deerenses) when the humidity &g loweredas
#lso the dry&mg,time is reduced vheon temporature is ins
cresteds Sometimes however, an increase in tampersture
mey cauvse such rapid evepération that the surface of the
p@@@a&% dries hard because evaporation had baken place
go foolt thet transpiration did not bring meoisture from
the intericor of the material fast snough to %esp the aure
face cells moist and able to Lransmit molistures. Such a
hard surface is known 8o casg-haprdeneds This is very
detrimental to fest drying for it mey prevent the iormal
transpiration of molisture to the surfaco where it might
have evaporated.

By increasing the humidity the case-hardening may be
avoided for the higher humidity slovwe doun the surface
evaporation to a point where transpiration can keep up
vithh evaporations In these expoviments 25% humidity was

the most effective in produeing rapid dryings
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Using temperatures of 15C°P. or 120°F. with 430
LiF.lls or 180 LaP.Me air velocity, a humidity of 0¥ .
gave faster drying then 259 or 404 numidity. (Tables 15,
16, 37, and 12, 13; and 14)

Deereasing the air flew or reducing the temperature
will reduce the rate of evaporation:. However, tho dew-
creused evaporation is more evident when & high humidity
is uwsoed, It was found that these results coinecided with
the theoretical statement, that, the lower the humidity
the fagter the drying provided a suiteble cowmbination of
the factors of tewperature and civculation is likewige
obtainefl. Therefore the increase of relative:hﬁmi@i%y
in the dehydrator oven to 25% haa disturbed this balance
and resulted in plower Aryinge

For Sil products used aﬁa at all tempesratures and
aiy spaé@s a ﬁ@@&&ﬁty of 40% increased the ﬁrying“@ime
in all bests &ﬁé*i%-&eerq&sad the gquality of the product
in all casess

The third factor which influenced the drying ef~
ficlency was the air veloeitys. Under all aanﬁit&sma of
tenporatures and humidity for whieh fiéures were avails
able from these experiments an alr veloeity of 700 L.Fis
geenmed to give somewhat the best drying efficiencye.

In tests (Tables 2, 19, 20) a temperature of 1800F.
was used with a 10F numidity and & velocity of 700 and
430 LaF.lle vhile the velocities are guite different still
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the results are similar. It is significant however that
the higher air veloeity increased the drying rete at the
higher humidities, &t 25% humidity the decrease in dry-
ing time was 10% for spinach, 20% for peas and 309 for
carrots. (Tables 3, 18, 21)

When & temperaturs of 160%F, was employed, ailr vew
locity of 700 L.F.M. gave only a slight advantage over
430 L.F.M. when they wero maintained at the same humidity
of 10%. However at a humidity of 25%, 700 L.F.M. had a
noticeable advantage over the lower aly velocity (430
LoPl.) of 25% for epinach, peas and carrots (Tables 8,
16, 23).

From the above results it was noted thet an'air ves
locity of 700 L.P.f, did not affect the time for drying
et high tempoeratures with low humidities very muchs Bub,
it did agffect the drying rate when the humidity'waa high
and the temperature lows

In all tests an aly velocity of 180 L.¥.M. hed the
longest drying time and was therefore undssirable from
an officlency otandpoin®.

Spinach had the highest moisture content of any of
the vegetables dried thus naturally gave lower yilelds per
pound of material dried.

Spinach, being a leafy product, very thin and pre-
senting a larger surface, was hard to handle. I% wap

easily damaged by burning from high temperatures, When
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using high bumidity drying time was delayeds high aiy
voloeclties iikewise proved wndesivable boeause the pro=
duect was blown frem She Grays.

Peas which has the highest solids conmtent 4did nod
givo satlisfactory results with high temperature or high
mmidity deyings

Gayrots soeomed the only eérep thet could stand the
high temperature without discoloring and becoming darke
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SUMMARY

=

In the drying industry, factors mest effecting %h@‘
rate of drying end consequent efficiency of the de-
hydpater and the quality of produet are temporature,
hunidity, and circulations

Tempoerature has the most deoided influsnee on de~
creasing drying tine. Under all conditions of humide
ity and clroulation, i%s influsnce i marked,

The pecond most influential factor is scivculation.
A% high or medium temperature its inerease does not
deersaso the drying time to any extents When low
temporatures with & high humidity are maintained, in-
er@aséd‘ai@ velecity g advantageouds

Then vegetables were dried as in thess experiments
reducing the humldity decreased the drying time in

nost cnses
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