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INTRODUCTION

There are many influences along the lines of re-
search, scientific experimentation, and praetiealvexperi-
mentation that are contributing to the accomplishments of
the day. One of the most important facts to note is the
kind of influence, whethsr direct or indirect. The more in-~
direct the influence the less the interest shown and the
more difficult it is to receive business and finaneial co-
operation. Consequently there is a marked increasing pop-
ular interest taken consecutively in : -~ raseéroh, s¢ien-
tifiec experimentation}anﬂ practical exﬁerimentation. The
former is a field in which it is impossible to receive suf-
ficient business and financial backing and the latter pre-
senting a field in which billions of dollars have been
spant, either wisely or unwisely.

The material preéented in this paper is a part
of the work on scientific expsrimentation conducted by the
Experiment Station of the Oregon State Agricultural College
on the drying of fruits ahd vegetables. Although consider-
able work was done in obtaining the data presented hersin
and the material and squipment approximated that of a com-
mercial plant, the work is basic and comparative only.

In other words, the results of the experiments were obtain-

Gy



ed without consideration for economical construction and
financial returns. The proper relation of the factors in-
volved are basic and the results as presented in this paper

are comparative, that is, capable of eommercial application.



HISTORY

lluch could be written on drying from a historiocal
standpoint. It is not a new art. Sun drying dates back
to ancient times, and the modern evolution of drying or
evaporating had its origih about the year 1865. Since that
time many types of evaporators and methods of evaporating
have been tried.

48 early as the year 1895, in Wayne County, KNew-
York, the pioneer state 6f evaporated fruits, it was es-
timated that there were two thousand two hundred evaporators
in operation. According to L. H. Bailey the types of evap-
orators used could bs plaéad in five catagories;--the kilns,
horizontal evaporators, towers, steam tray evaporators, and
air blast evaporators. He further states that due to the
undesirability of large commercial plants the air blast e-
vaporator would naturally bs eliminated on the ground of
its high cost. Prom this it does not<seem as though there
were a proper correlation of the greatest recognized diffi-

o

culty or obatacle in evarorating and a possible mean=s

like &
remedy. This obstacle has grown with the industry and/can-
cerous growth it has been eating and gnawing away until the
one possible and plausible source of remedy has been recog-

nized and is now on trisl.

H. P. Gould most foreibly and pointedly presented



the obstacle when he said, "If atmospheric conditions
ar: heavy and damp, the drying is retarded. Under some
gonditions it is hardly possible to thoroughly dry the
fruit*. It was early recognized that air movement, cir-
culation, or draft »as a most important factor in satis-
factory drying. %Yet in spito of this recognition we find
8 divided opinion which was early voiced and is still a
matter of more or less controversy, although the opposition
to rapid drying is not as marked as in the past.
Henry E. Dosch, responsible for a good many things
in the early advancement of the svaporating industry in
Oregon said, "Rapid evaporation as claimed by some patentees
a8 a point of merit is 5 great mistake; nature if left to
her good offices, will dry fruit very slowly in order to
develop the saccharine matter, and the closer we follow

~her the nearer right we are; nature makes no mistakes;

v frenoh prunes should never be evaporated in 1esstthan |
24 to 30 hours; Italign and silver prunes 36 to 42 hours;
apples in 6 hours; pesled pears in 24 hours and unpeelsd
pears in 48 hours to 60 hours.” In the same paper H. E.
Dosch quotes Dr. J. F. Simonds on the chemistry of the
evaporation of apples, as follows:--"The chemical change

which belongs to truly evaporated fruit will now begin and
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the albumen instead of being slowly dried coagulates pre-
cisely the same as in an egg when boiled. The soluble starch
existing in all the fruit and composed of C5 HlO 05, will,
if the heat is high enough combine with one equivalent of
water so that now we have an entirely different combins, towit:
glucose or fruit sugar which will assist in the preservation
of the fruit instead of being liable to decomposition as
the dried product.™
He further states, ™Apples will cook in boiling water at
8 temperature of only 212 degrees Fahr, or bake in an oven
at 225 degrees Fahr, but, if the heated air is circulated
fast enough the fruit will not cook or burn, or become
itself heated to the temperature indicated by the thermomet-
ers, even at 300 degrees Fahr., for the evaporation of the
water is a cooling process and every particle of vapor leav-
ing the minute cells which contained it carries with it
also a large amount of calories in a latent form and this
keeps the heat of the apple far below the surrounding air."
In one case rapid evaporation is not alone accepted
from an economic standpoint but also as an improver of the
quality of the product, while, in t he other case slow dry-

ing is accredited with the batter quality and the economic

factor is not considered. Both seem to be of the opinion

that the carbohydrate content is influenced by the method
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of drying. A more recent article written by J. J. Dillion
in 1917 favors rapid evaporation. He says, "In the trade
there appears to be a tendency to make a distinetion be-
tween evaporated products and steam dried products and de~
hydrated products. There is, however, but little difference
between the products although the systems differ greatly.
Yet in each of the systems the object is to drive out the
moisture as quickly as possible."

Evidently, then, with the object in mind to eliminate
as nearly as possible this obstacle of atmospherie con-
ditions, to economically produce and‘to improve the quality
of the product, hundreds of types of evaporatoré have come
and gone and are still coming and going. It has not been
until the last year or two that institutions such as
Thq Oregon State Agricultural College and Tpe University
of California have carried on sufficient experimental
work to be able to make any definite statement as to the
best eonstruétion of a dryer.

An apparent reason for the confusion of type and the
hesitancy in recommending an evaporator is suggested in a
recent statement by W. V. Cruess. In referring to temper-
ature he says, "This factor has been fully taken into
account in the design of the evaporator to be described.™

In a previous publication he stated, "A large volume of



air of low humidity is necessary for rapid evaporation.
- llany evaporators do not provide this.™ Evidently then,
a certain knowledge of a relation of conditions is a
necessary prerequisite to type or construction of dryer.
The above statement is true when referring to the
evaporation of grapes, but, is it nct, as he states else-
where, that grapes approximate a free water surface, which
is undoubtedly true of other fruits and vegetables ?
This does not take into consideration those fruits that
are more resistant to the forces of evaporation, which
leads finally to the conclusion that, if at all possible,
the ideal evaporator should be constructed to meetvthe
requirements of all fruits and vegetables.
A further statement is made--"In designing an evap-
orator provision must be made for--
~&a. Sufficient heat production; .
b. Sufficient radiating surface;
¢c. Good air circulation, and
d. Control of temperature.”
No mention is made of humidity. In a later publication
the statement is made--"Because of the vital importance
of controling the humidity of the air used in drying
prospective purchasers and manufacturers of evaporators

are sdvised to install in their plants some means of ef-



fectively regulating the moisture content of the air.™
This leads to recirculation which is a very important
faetor to consider in the type or construction of an evap-
orator.

Other opinions and statements on the importance of
the factors involved in drying, that are more or less re-
presentative of the past and present sentiment, will be
given in thé form of gquotations from articles wfitten on

the subject.

*"Phe time necessary for drying fruit depends
upon several factors. The more important are type of
evaporator; depth $0 which fruit is spread; method of
preparing--whether sliced quartered or whole; temper-
ature maintained, conditions of the weather and to a
certain extent the construction of the evaporator.

A probable temperature which has been suggested by
some of the operators in 150 degrees F. or more when
fruit is first put into the drying compartment, drciping
to about 125 degrees F. as ths drying process nears
completion. |

For most satisfactory results, however, in all types,
thorough ventilation is essential to insure & good Cire
culation of heated currents of air.™

*He Pe Gouldemmem~ Evaporation of "Apples.
Farmers' Bulletin 29]l--ww—weew 1915.



*"Necesgsary to thorough and perfect evaporation
is thorough and rapid circulation of heat in the evap-
orator, beginning at a low heat and finish at a high heat.
As stated by me befors and so scientifically explaine-

ed by Dr. Simonds the two principal requisites in the

evaporator are heat and circulation.™

**nBy the strong draft the surface of the prunes
becomes dry and the pores closed up before the interior
water has all evaporated thus rendering evaporation slow~
6r than it would be by a moderate circulation. By the
stack system, however, this condition is obviated by
the steam of the lower trays passing up through the up=-
per fruit, thus keeping the surface moist and allowing
this interior moisture to pass ¢ff and hence in this

system the stronger the draft the better.™

*H. E. DoSChmmmmmcmcm e Pruit Evaporation.
Pifth Biennial Report-—-—--
Board of Horticulture Ore. 1898.

**R. D. AllONw=--wwmcew----The Prune and the Methods of
Evaporat ion.
Fifth Biennial Report-—-w==
Board of Horticulture Ore. 1898.
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*npccording to the dehydration system the mater-
igl is placed on trays in thin layers and the trays ar-
ranged one above anotker with spaces between them. Hot
air at about 125 degrees F. is blown horizontally from
one s8ide of a heated chamber through the spaces between
the trays and is automatically discharged from the op-
posite side of the chamber. According to this system
thq moisture from one tray i® not driven through the
trays gbove it and probably there is a quicker driving
out of the moisture due to the fact that there is no
absorption of moisture in the compartment.

The temperature within this tower is about 300 de-
grees F. which drives off the moisture much guicker

than any of the other systems above mentioned."

**nig for making his choice between the two

methods afforded by flues or by fans for securing the
necessary circulation of air the writer has still to Dbe
convinced that the economy afforded in using a fan blow-

er operated at high mechanical efficiency is not to be
preferred over flue draft.-—-=—=--- Moist air produces the
*B. C. Coons===J. J. Dillion-----Drying of Food Products

New York State Food Supply Commission-~Bulletin 5, 1917

**C. V. Ekroth-«Fruit and Vegetable Dehydration from a

technical Standpoint.
American Journsl of Public Health-==-1917.
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very best results in dehydrating, not alone in saving

of time but also in securing an even and thorough drying,
since the moisture laden air keeps the outer layers of
the fegetable cells soft and permesble and so permits

the easy escapes of the internal moisture.™

This brief summary of opinions and ideas, though in-
complete, is fairly representative of the situation both
past and present. To crystalize or to even conjure from
these statements a plausable plan of proceedure in dehydra=-
tion would necessitate an undiscovered faculty on the part
of the successful individusl. This I will not endeavor to
do, but will, in brief, present the points of controversy
and arrange them so as to most forcibly lead to a justifi-

cation of the work presented in this thesis.

FIRST---~Standardization.

. In the beginning it should be understodd that the
economic laws governing the drying or evaporat ing industry
are no exceptions to the laws governing other successful
industries. The producﬁ, besides being most economically
produced, must be standard zed, and this will necessitate

the adoptirg of the proper system whether it be adaptable



to the single grower or not. The home spun clothes days
have long past and the drying industry cannot afford to re-
tain its present status of a supporter of tradition and ex=

pect to gain a sympathetic patronage. Consequently if the
mechanical draft tunnel is the one that will make possible
the production of a unifomm produot; it must be adopted;
if not it must be rejected. At all events we must desert
this false objective of constructing a tunnel primarily to

meet the demands of the single grower.

SECOND==-=- Economic Relation.

If the drying industry is to stand on its own
foofing and progress, it must wake from the nightmare of a
one product affair. The evaporator that will produce a
standard product mnst, if at all possible, be adaptable to
the evaporating of all fruits and vegetables. This will en-
able. it to run the year round. The kiln evaporator, the
most popular evaporator in the state of New York, is adapt-
able to apples and apples only, that is, when quality is

considered along with economic production.

THIRD=~--Natural Draft Tunnel.

The consensus of opinion is that the natural



draft tunnel is always more or less subject to atmospheric
conditions, consequently the time of drying, as well as the
quality, is a varying factor. If this is true the natural
draft tunnel is of necessity, and of necessity only, filling
a place until a better type of tunnel can be found, or until

this difficulty can be overcomas.

FOURTH~~~~Rapid vs. Slow Drying.

This is not such a big question today in the
United States, although in Europe there is a tendency to
emphasize slow drying. Those supporting the slow drying
claim for it a supefior quality, as Dosch puts it, -=--
referring to nature and her slow drying--=-"The closer we

follow her the nearer right we are.™

FIFTH~~~-Quality.

There is a difference of opinion on quality:-=-
some seem to prefer a rapidly dried fruit or vegetable and
others one that has been dried slowly. Some prefer the
original flavor, as near as possgible, and others prefer a
distinct flavor. There seems to be the same divergence
of opinion on this phase of the subject as on the other

phases.
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SIXTHw-~~--Factors Involved in Dehydration.

The factors as mentioned in the historical re-
view are---temperature, circulstion, humidity and volume.
A8 to whether all these are essential or not ther: is a
varying opinion. The relations of each and their specific

influence are only known in an imcomplete way.

SEVENTH-~--Typs.

This has been the one outstanding feature of the
history of evaporating. The type of dryer has been fore-
most in the minds of those interested in the industry. This
is a natural turn to take and is not a mistake. It is and
was simply a matter of meeting conditions under circumstances.

There can be no just criticism of those who have worked
from economic necessity to keep their industry going, and
at the same time solve the problems that faced them. The
path of evolution has been run and today the evaporating
industry has reached the point where it can begin to command
the necessary expenditure of time and money toward the sol-
ution of some of the difficulties confronting it. Scientific
experimenting has just begun, and it will be several years
before much improvement can be made, as there is only a

beginning interest shown in fostering and encouraging this



type of work.

The advancement made in the evaporating industry has
bsen slow, but sure. There is not a better illustration,
possibly, of the still existing problem of problems, than
that furnished by these two quotations:---

The first by R. D. Allen in 1898----

"One thinking of purchasing an evarorator should in-
investigste as many styles as possible; he should see
them in operation; talk with operator----7

and the second by W. V. Cruess in 1920-----

"It is obviously impossibvle to describe all of the
different forms of evaporators in this short paper or
even to discuss fully the fundamental principles which
should guide us in the selection of an emergency evap-
orator. There are several good types and many bad ones.
Our advice to the prospéctive builder is that before the
evaporator is built he consult every evaporator owner
in reach; that he even spend a hundred or more dollars
and a week or two of his time to visit dryer owners
outside of his district.™

Fractically all that we have to date on the evapor-

ating industry we owe to such men as those herein sigh#ed.

They have done consideralhle practical experimenting but
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the problem has bean too large and complex. The key note
to progress is voiced in a statement by W. V. Cruess---
"Evaporators of many types have been used with varying
degrees of success forbmany years. From the expsrisnce
gained in the use of these evaporstors and froﬁ observations
and measursments taken by scientific investigators cer-
tain primciples have been recognized. To this existing
knowledge new information is being constantly added and
some of the older theories are being discarded or seri-
ously modified.™

The problem that I have taken in this thesis is most
aptly introduced by one of the pioneers of the dehydrating
industry, R. D. Allen, who has been quoted several times
before. |

"I believe it is proper and pertinent to continue
the discussion to the end that out of the proplexity we
may blow the chaff and gather the golden grains of infor-
mation formed of experience the foundation of all useful

knowledge.™



FProblem

lixperience or observation is the foundat ional step
to every possible means of advancement. FPractical exper-
imentation follows it closely and in a good many cases will
lead to a satisfactory end.

When the problem is complex, involving special equip-
ment and the expenditure of considerable time and money,
there 1is only one recourse, scientific or systematic
work. This is, in brief, the popular reason for the
work presented in this paner. DBut, going further into
the study of evaporation there appears to be a center
about which the whole problsm revolves; the spscific ir-
fluence on different tissues of the factors concerned.

The various stages of substances whether solid,
liquid or vapor and the medium in which they exist = d
their reactién thereto are all governed by laws. Tiiese
will be taken up later under the theory of evaporation.

The proper relation of temperature, humidity, cir-
culation and volume in the evaporating of apples is a
simple statement of a rather involved problem. The
first obvious step and the first step taken was to make
runs of apples with different combinations of the factors.
It was plain, at the start, that there would not be suf-

ficient time to make the necessary runs to cover all possi-
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ble combinations. This would require arouﬁd & thousand
runs or about three years steady work involving the at-
tention of at least two men and would be impractical,

if not, impossible to do. It then was necessary to sim-
plify; and, {from the results obtained there is every
reason to belisve that the short cut was not alone ex-
pedient from necsssity but was & proper and economical
course.

There are other problems of importance in drying
which have a decided influence on the interpretation of
the results, and which must be taken into consideration.
Economy or time and quality are the final ends and con-
stitute the basis upon which the best combination of fac-
tors can be determined. Both economy and quality are in-

fluenced by other conditions than temperature, humidity,
circulation, and volume.k The treatment of the fruit,

the construction of the tray, and the size and shape of
the prepared apple must be considered in a proper inter-
pretation of results.

It might be added for emphasis that as long as all
these influencing factors are constant throughout all the
gxperiments the comparative value of the results is
maintained. It therefore is obvious that the results
must be interpreted in the light of the conditions under

which the drying was dom and that if these conditions



of temperature, humidity, circulation, volume, shape of
tray, treatment of fruit, and cut of fruit could be ob-
tained commerciglly the results in 4ime and quality

would be the sams.

THEORY OF DRYING

Water, the outstanding substance involved in all
drying work, has some very characteristic physical pro-
rerties. Its maximum demsity is reached at 39.2 degrees
F.; expansion taking place either above or below this
tempe rature. I§>§vaporation of water heat is used, re-
quiring 637 calories to change one gram of water to
vapor. This is called heat of vaporization.

There is a similar heat rolation in the melting
of ice called latent heat which does not raise the tem-
perature of the melted ice or water. It requires 80
calories to melt one gram of ice. The specific heat of
water is greater than that of any other substance and
is taken as the standard, 1.0. Water possesses the
propsrty of viscosity, or fluidity, this property vary-
ing with the temperature. 1In conductivity water is>1ow,
although it is a better conductor than air.

In the drying of fruits and vegetables we are con-

cerned with tissue, the unit of which is the cell. The

water is in the cells, in intercellular spaces and in



special water carrying organs. Obviously there is s
distinct di fference in the influencing factors in drying
from a free water surface, from organic tissue, and from
inorganic matter. Water, as/it exists in the various kinds
of tissues and inorganic materials is influenced by
other factors than those influencing a free water sur-
face. 4 more complex conditién exists ---- especially
is this true when the different kinds of treatment are
taken into consideration. ZFurthermore, the rate of e~
vaporation is not the only desired end, but, is equaled
if not exceeded in importance by the quality of the fin-
ished produest.
According to Millikan and Gale the rate of evapor-
ation depends;
1. On the nature of the evaporating liguid;
2. On the temperature of the evaporating liguid;
5. Onthe hpmidity of the space into which the
evaporation takes place;
4. On the density of the air or other gas above
the evaporating surface;
5. On the rapidity of the circulation of the air
above the evaporating surfacse;
6. On the extent of the exposed surface of the
liguid.

Rate of evaporation is indirectly influenced by
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the specific gravity of the liguid and humidity; dir-
ectly by the temperature, by circulation and by the ex=
rosed surface. From this it is evident that for quick
evaporation from a free water surface a high temperaturs,
low humidity, high circulation and a large exposed sur-
face are necessary.

Evaporation is due to molecular motion. The more

rapid moving molecules are able to overcome the cohesive
force and fly into space. This is the explanation for
the existence of the three states of matter--~solid, 1li-
quid and gsas.
Humidity always decreases evaporation from a free
water surface or from a soil surfacs.
Considerable work has been done with soil ﬁaters.
There are three kinds of water existing in soils:
1. hygroscopic, acted upon by the force of
cohesion;
2. capillary or film, acted upon by the fdree
of surface tension;
and 3. hydroscopic, acted upon by the force of
gravity. V
Hygroscopic water surrounds the soil and at ordinary
temperatures is always present. It regmires a very high

temperature to remove this moisture.



The most abundant form of soil water is capillary
water. . It surrounds the so0il particles with films and
evaporates at ordinary temperatures. The capillarity of
water from wét soil into dry soil is very slow making
dust mulches very effective. The viscosity of the soil
water has a decided effect upon evaporation. A high
vigco3ity increases the surface tension or pull, but re-
tards the rate of movement by lessening the fluidity.
"By far the greatest amount of water leaving the soil is
capillary water which is lost by evaporation and tran-
spiration. Surface tension or the pull of & water-air
surface is the force at work. In soil particles the cap-
illary movement increases with the difference of thick-
ness of the film surrounding the particles. Rapidity of
capillarity is very marked from a saturated lower strata
in the soil, but as the water travels upward the films be-
come thifner and the movement slower. The passage of
water through a dry surface layer ig very slow.

In living organic matter transpiration‘or the evap-
oration of water through stomatal openings takes place.
It is influenced by the physiological functions of the

plant.
High wind velocity, low humidity, high temperature,

and intense light facilitate transpirstion. When evapor-



ation is too rapid trasnspirstion is checked by a concen=-
tration of the cell sap and a closing of the stomatal
openings.

- On & large free surface of water there is practi-
cally no adhesive force to retard evaporation as there
would be in fruits or vegetables, neither would the forces
of capillarity, imbibitidn or osmosis be present to com-
plicate matters.

A very important phenormena accompanying evaporation
is the cooling effect that it has on the liguid itself
and on hodies with which it is in contact. There is very
little if any data on the cooling effect of evaporation
upon the different fruit and vegetable tissue. It is a
recognized physioal fact that the temperatures of ether,
alcohol, gnd even water, contained in a shallow vessel
are lower than the surrounding air. This is due to evap-
oration from the surface of the liquid. The more rsg id
the evaporation the cooler the liguid. This would also be
true of fruit and vegetable tissue. The relation of
increase in temperature and the cooling effect of the e-
vaporating surface would tend toward equalization, the
cooling taking heat‘away, and the heat of the air conduct-
ing heat into the tissue. This ratio, would, most prob-
ably, be constantly changing as the atmospheric temper-
ature increased; the tissue temperature increasing

faster than the cooling caused by evaporation. Quite op=--



posite to this would be the influence of circulation. In-
creased circulation would have no equalizing effect on tem-
perature, as the only oonditioh disturbed is evaporation.

a4 Qecided cooling would be the result. | |

Air is a poor conductor. Air space is used in various
ways as an insulator. This means that heat in air would
tend to travel by convection or air movement, resulting in
& noticeable difference in air temperature within a small
space. Humidity or moisture in the air increases its heat
conductivity. At the same time it lessens the evaporating
power of the air.

In both the fields of soils and plant
physiology very accurate and detailed work has been done
on the factors influencing evaporation. The capillary
pull in actual inches of water has been determined, &lso
the influence of minerals, colloids, and the fineness of
the soil particles.

In summary, the faotors acting on the movement of
water in soils and plants are--gravity, osmosis, surface
tension, cohesion, adhesion and imbibition. IHoleculsar
activity is back of all these Forcses and is influenced
by light, heat, circulation and humidity. And, finally
the specific influence of the tigssue or the material
itself must be considered.

It has taken years to work out the exact relation of
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water in the two fields of soils and of plant physiology,
and it will take years to do the same in the fidéld of
non-living organic tissue. There is altogether a different
gsituation to meet, and while some points can be taken
from other fields, their actual place and influence must
be determined in the specific field itself.

At present we should be concerned with the influence
of the above factors in a grosser way. This will not
give the basic action of the unit involving pure theoritical
laws but it will give the foundational material for guid-
ing in the actual drying of fruit and vegetables.

The grosser theory of drying applied to organic tis-
sue will be discussed after the experimental data has been

presented.

DESCRIPTION OF TUNNEL

The sketch on page nunber 27 divides the tunnel
into four parts, A4-B,B~C, C-D, and L-M-F-0-P-Q-R-5-T.
The latter will be referred to hereafter as the return
duct. A-B includes the fan and the aprroach to the steam
coil; B-0 includes the coil and the approach to the evap-
orator, C-D is the evaporating chamber.

When running on a commercial scal e the large trays,
31 by 38 inches, enter the evaporator through '7' and are

removed from the door '5'. In the experimental work small
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trays 10 by 31 inches were used. They are put in and re-

moved at doors 1, 2 and 3. This %ives the rate of drying
at the middle and both ends of the tunnel.

The air is blown from the fan in the direction of the
arrows and is sucked baci into the intske through the re-
turn duct. The slides '6' and '4' regulate the amount
of outside air taken in and the amount of inside air
blown out, which has & decided influence on the humidity
and temperature. In order to control humidity and elimin-
ate channeling the air upon emerging from the coils is
Steamed and made to pass through three sections of screens.
This divides the steam and mixes the air making unifarm
conditions.

In the construction of the evaporator mechanical ef-
ficiency was not g matter of first importance. The object

was $0 be able to regulate and control temperature, cir-

culation and humidity. This, we were a&ble to do to & fair-

1y satisfactory degree without conftrol instruments, al-
though more work was required. Also the tunnel can be

used for both small and large lots. The large lot or full
tunnel will approximate cormercial conditions; holding when
full about 36 of the large trays. Absolutely no claims are
made for the mechanical sfficiency of the tunnel as its
construction is in some respects far from ideal. That is

a separate problem and must be handled in its turn.
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Prawing oX Tunnel
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Instruments used In Tunnel.

The thermometer, wet and dry bulb thermometer, and
the anemometer were the instruments used in the tummel to
record conditions of temperature, numid ity amd circulation.

Temperature or heat has the cualities of intensity and
quantity. Intensity of heat is measured by the thermometer.
The quantity of heat is called the B. T. ¥, or calorie, and
is the amount of heat required to raise a certain amount
of water a certain number of degrees. Heat is a form of
energy and its exadt identity is not known, although it
is known to have a decided influence on molecular activity
whnich enables certain measurements to be made of it. Heat
travels by radiation, conduction, and convection. Radia-
tion is the travel of heat in & straight path, aécompany—
ing and obeying as a 1rule the laws of light. Conduction
ie the travel of heat from one body or from one part of a
body to another. Convection is the travel of neat by
currents.

The thermometers used in the experimenfal work had
been recently checked by the Bureau of Standards, Vash-
ington, D. C. All other thermometers were checiked to
them,

The moisture content of the air Was;obtamned by

wrapping a thermometer bulb with silk and furnishing a



reservoir to give 4 constant moisture supply. Recording
instruments wers also used for voth wet ard 4ry bulb.

Alr movsment in lineal feet per minute was obtained
with the ansemometer. The instrument reads fairly aceurate
withir a radius of 25 feet up to the velocity of 1200 lineal
feat per minute. Readings apove this rate are inaccurate
due to increased friction.

The amount of water vapor that a space will hold depends
onn tempersfure and vressure, and is entirely indspendent of
the presence or abssnce of air. Absolute humidity ié the
weight of a cubic foot of water vapor &t a given temperature
and percentage of saturation. Relative humidity is the ratio
of water vapor in a given space to the weight which the
game srace will hold when saturated.

Air at freezing temperature absorbs 1/160 part of
its weigtt of moisture. For every 27 degrees F. rise in

temparature the moisture capacity is doubled.

r

In reference to the amount of alr necessary for maximum
avayoration Frofessor W. V. Cruess makes the following state-
nent, "It will require 53,000 cubic feet of air dropping
one degree P. to furnish 965 B. 7. U., the heat necessary
o evaporate one pound of water". IFrom *thnis physical fact
ng further states, referring to the drying of 5 tons of

grares, "If the drying period is 12 hours, spproximately
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14,500 cubic feet of air per minute will be needed™., This,
bowsver, would vary with the texture and thickuness of mat-
erisl or tissue. There is a marked difference in drying

from a free water surface and from organic matter or

0

tissue,

Method of Frocesdure.

The apples used were pealed, cored and %trimmed ac-
cording‘to the practice iifsommercial canning or drying.

5% first the apples were dropred from the pealing machine
into a wesak salt sclution to ﬁreveut oxidation. They

were then run into a half inch cdicer, dropped into the

salt éolation again, spread on the small experimental ftrays

and sulphured.

Thie above procesdurs was changed when it became evi-
dent that a large error was introduced by dropping into
tue salt water. This error was noticed upon weighing the
trays during the experiment and computing the percens of
moisturs in thue apples from these weights. It was thought

-

thiat this error would zot be very great but figures show-

U

<

ed 1% to be from 5 to 8 per cent of the total moisture
conbtent of the spples.

The procegdure was then carried oun as apove stated bub

fol
(s

the apples ware uot pped in a salt solution. It was

L) 1

found that by rapid work the apples oxidized but a very



1ittle, aad a2 ten minabte light sulphuring was sufficient.

Tho trays with the apples wsre weighed bsfore putting
in the tunnel, in hurndreths of a2 pound. They were removed
e weighed every half hour during the experimeat until dry.

Por each exparimeat & certaln temperature, humidity,
and circulation was desired. Steam was admitted to the
¢coil and the fan started about an nour uailc¢re tle frult
was put in. This gave plenty of time to warm the tunnel
and obtain the proper regulation. Inen the funnel.was warn-
eded to the desired tenmpersature, providing the pressure in
the boiler was fairly constant, the temperature could be
maintained by regulating the slides 3" and "4'. The
humidity could also be controlled by this means, although
it would hbe necessary at times to uSe the valves.

For obtaining the desired air circulétion s variable
gpeed motor was used, and for extreme conditions the pully
on the main shaft was changed either to a smaller or larger
one according to the sreed desired.

During the period of operation temperature readings
were taken at varying intervals, ircluding both wet and
dry bulb. These readings were always tne average of two
or three %thermcmeters.

Tray readings were taken every half hour, it taking



about two %40 turee minutes to weigh the trays and record
the data for each reading.

The rate of air movement remained reasonably constant
at any set speed of the fan. At low speeds there was s
slight difference in drying time due to air currents, but

this conditicn did not exist at highsr speeds.

From a separate tray in each run nmaterial was taken
for oven determinations. The samples were no% very large
and consequently d¢id not give entirely satisfactory results.

The data obtained for a single experiment includes--
waedt and dry buldb readings, anemometer readings, oven mois-
ture determinations, and tray moisture deterninations or
rezdings.

Following is & posgsible system upon which the factors
for sach run can be determined sSo as to best cover the

ranges of temperature, humidity ard cilrculation:

Temp. Hum. Cir. Temp. Hum. Cir. Temp. Hum. Cir.

130 10 250 : 130 20 2560 : 130 35 250
150 10 250 : 150 20 250 : 150 35 250
170 10 2560 : 170 20 250 : 170 35 250

130 10 700 : 130 20 700 ; 130 35 700
150 10 700 150 2o 700 : 160 35 700
170 10 700 170 20 700 : 170 35 700

es oo o




e |
&3

Temp. Hum. Cir. Temp. Hum, Cir. Tem. Hum. Cir.

130 35 1400
150 35 1400
170 35 1400

130 10 1400

150 10 1400
170 10 1400

150 20 1400
170 20 1400

s s w0
es o0 ae

Mhis was the form of proceedure adoptel at the

start, but dus to lack of %time and materisl and unfore-

it was not strictly followsd. A check
gxporiment shouwld Lo run for ¢ach of the ahove making

5 Yetal of fifty four experiments. Such a proceedur
would take from three to four months dGepending on the

aely and losses of time that wnaturally occur.

Data.
The data recorded in this thesis includss experi;
mexnte ten to twenty-sight. KXach experiment was condensed
and the data recorded in the manner unoted.
The first column of figures refers to time of resdings
in tenths of wours for humidity end temps rature. This

'y

is not of any slgnificance other than to show that the

ty

roadings were taken over the entire drying tire and gt
fairiy squal iantervals.

In the second snd third column figures on tempersture
and huamidity are recorded, each figure being an average
of two or more readings. While the variation is, in some
cases, as much as seven or eight degrees the comparative

rarge of conditions is great enough to allow the same



34

without any apparent error.

The fourth and fifth columns contain the exact weight
of fruit from all the trays at definite time iutervals.
The number of trays used is usually six or twelve aud the
time interval for weighing was one half hour. In the sixth

e B v o
JO_LUJT;‘.Li wlig we

ght of fruit kas been changed to the common

e

basis of per ceut taking ﬁhe original weight to be 100.

"he last two columns including moisture oven deter-
minations are not used in this payper.

Fingl averace conditions and results obtained in time
are quality are briefly surmarized for sach experimeunt
Girectly velow the summerized data. The time of drying
was computed on a basis of 20% rioisture content for sach
experiment, but the aetual ver cent of moisfure in the
spples when taken out was a little above or below this
figurae.

The basis of twenty- per cent refers to the weight
of the fruit when dried to the weight at the start. This
gives betwesn a twenty and twenty five per cent moisture
content for the dried product.

In the fcllowing presentation of the data the two

divisions, time and quality, will be discussed in turn.



Experiment X

Apples (Yellow Newtown) Februsry 4, 1921
Hours :*Temp. : % :Hours; ** : : :
:Fahr. :Rel, . Lbs.wt.: Per-: Hours; ***
: :Humid-:  : Pruit : cent: : %
sity. ¢ : (tray) : : Mois-
s ture
:{oven)
0.0 151 34 0.0 27,7 100 0.0 834.6
0.5 148 37 1.1 16.8 61 1.1 79.9
1,0 146 35 1.6 13.5 49 1.0 73.1
1.5 147 37 2.1 11.0 40 2.1 67.1
2.0 149 40 2,6 8.5 31 2.6 55,6
2.5 146 34 3.1 6.9 25 3.1 40.1
3.0 146 40 3.6 5.8 21 3.6 26.9
3.5 149 38 4,1 b.1 18 4,1 16.1
4,0 146 38 4,6 4,7 17 4,6 11.9
4,5 152 31

average Circulation..e...e....750-800L. F. M.
Average Temperature...........1l48 Degrees Fahr.
Average Relative Humidity..... 36%

Time O0f Aryingececececcscesssoee3e hours
IVIOiSturQ Content............-.zo%
Quality..........-............. -

* Average of two thermomater readings.
***  Average of four determinations.
**  Sum of the weights of fruit on ten trays.



Hours :*Temp. : % :Hours: **
:Fahr., :Rel. : :Lbs. wt.
: sHumid-: «fruit
: city. :(tray)
C.0 149 a7 0.0 13.29
1.0 150 19 0.5  9.33
2.0 149 14 1.0 6,13
360 150 20 1.5 4,10
2.0 3.18
2.5 2.3
2.95 2.23
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Experiment XI

Apples (Yellow Newtown)

s e ws oo

Average Circulationeecesessses. 750
Average TemperatuUre..c.ceess.0150
Average Relstive Humidity.....20%
Moisture Content......eeeeee.e20%

Quality..

S 8¢ 00 % 00800 e T

Tiﬁ]ﬁ Of Dryiﬂg...-.........o.-204

%

FPebruary 5, 1921.

Pesr-:

cant

100
70
46
31
24
19
17

>
]
.

Hourgs ***
s o
:loig-
sture
:{oven)

0.0 84,6

1.0 74.1

1.5 55,9

2.0 41,7

2.5 27,9

3.0 17.2

had 800 Lo Fc Mo
Degresas Fahr.

hours.

average of two thermometer readings

** Sum of the weights of fruit on five trays.

* %

*

Average of two determinations



Experiment XII

Apples (Spitzenberg) February 8, 1921
Hours ;*Temp. : % :Hours: **  : Per-: Hours:***
¢+ FPghr :Rel. :Lbs. wt.:cent s %
: sHumid-: sPruit e tloig~
: tity t(tray) : sture
:(oven)
0.0 177 28 0.0 10.69 . 100 0.0 84,0
0.5 178 28 0.5 6.96 65 0.5 .1
1.0 178 32 1.0 4,24 40 1.0 59.0
2.0 173 22 = 2.0 2.19 20.5 2.5 13.1
2.5 2.09 19.5

Average Circulation...e.....750 «800 L. F. I
Average Temperature.........177 Degrees PFahr
Average Relative Humidity...26% ‘
Time O0f DIryingecicececcseseaeals2 hours
lloisture Content.....coece.-20 %
Qllality......oo......-......PQOI‘

*Average of two thermometer readings
**Sum of the weights: of fruit on five trays.
***Average of two determinations.
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Experiment XIII

Apples (Yellow Newtown) February 8, 1921
Hours:*Temp. : %  :Hours:;** :Per- ; Hours ; ***
s+ Fahr, : Rel- : sLbs.Wt.:cont A
: sBumide: sFruit s +Mois-
: sity : sftray) s sture
s {oven)
0.0 167 32 0.0 13.30 100 0.0 85.D
0.5 162 37 0.5 9.64 72 0.5 79,7
1.0 166 a3 1.0 6.98 b3 1.0 72.6
1.5 168 24 1.5 4,48 38 2.0 58.8
2.0 167 32 2.0 B3.51 28 2.5  23.5
2.5 164 33 2.5 2,74 21 3.0 17.4

3.0 161 256 3.0 2.43 18

Average Circulations.c.eee...760 - 800 L. F. M.
Average Temperature....e.....165 Degrees Fahr.
Average Relative Humidity.....329

Pime 0f ATryiNg.secsescscessssBe8 hours
Moisture Content.............ao%
Q.ubality-00000.-0000.-0..-ouoo?a’ir

* Average of two thermometer readings
** Sunm of the weights of fruits on five trays
*¥** Average of two determinations.

4
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Experiment XIV

Apples (Spitzenberg) February 19, 1921
Hours :*Temp. :% sHours:** : Per-: Hours; ***

:Pahr. :Rel. : :Lbs. wt: cent: : %

: sHumid-: : Pruit : :lMoisture

: sity. : (tray): : :(oven)
0.0 147 36 0.0 11.12 100 0.0 84,6
0.5 149 32 0.5 6.21 56 0.5 76.5
1.0 148 35 1.0 4,21 38 1.0 68.2
1.5 154 38 1.5 2.89 26 1.5 43.6
2.5 149 36 2.0 2.22 20 2.0 38.5

3.0 1.77 16 360 6.7

Average Circulation.esescesssseess1400 L. ¥. M.
Average Temperature.sseeccsesee...149 Doagrees Fahr,
Average Relative Humidity.......35 %

Dime O0f Dryingeecscceccessscscasss hours

IL‘IOisture Content..-.............-20 %
Qu.alityoaooooonooooooooooo.ooo.ooﬁ‘air

*  Average of two thermometer readings.
**  Sum of the weights of fruit on five trays
**%  Average of two determinations.
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Experiment XV.

Apples (Spitzenberg) February 21, 1921
Hours :*Temp. : % : Hours: ** :Per-:Hours ;***
sFahr. :;Rel. :Lbs. wt.:cent: : %
: sHumid~ : tFruit : : sliois-
: 1ity : :(tray) : s ture
. : (oven)
0.0 169 28 0.0 13.50 100 0.0 84,6
0.8 169 28 0.5 7.83 54 0.7 59.1
l.2 171 32 1.0 4,12 31 1.0 38.1
1.6 169 a7 1.5 3.01 22 1.5 16.7
2.0 166 31 2.0 2.58 19 2,0 11.5

Average Circulationececcececcsesseee..1400 L. F. M.
Average Temperature..cccececssseeeee169 Dagrees Fahr.
Average Ralative Humidity.eeeeeees. 29

Time of Drying. eeceecssessescsessss.l.8 hours
MOiStU.l'e Content...................-20%

QUALIt Yo ceooeoeoeenaonnoscannsosesss @il

* Average of two thermometer readings.

Sum of the waights of fruit on six trays

**%  Average of two determinatioms.



Experiment XVI

Apples (Spitzenberg) Pebruary 22, 1921.
Hours: *Temp. :% :Hours:** : Per-: Hours:***
: Fahr. :Rel. :Ibs.wt: cent: . %
: :Humid- s 'Frult : : :Mois-
: tigy : :(tray): : sture
: (oven)
0.0 135 8.0 0.0 14.43 100 0.0 84,6
0.6 145 540 0.5 9.06 63 0.5 75.3
l.2 130 8.0 1.0 5.90 4] 1.0 59.6
1.8 128 9.0 1.5 4,58 32 1.5 49.9
2.4 141 6,0 2.0 3.83 26 2.0 33.4

3,0 3.01 21 = 2.5 16.8
3.0 12.7

Average Glrcukitlon...........1400 L. P. M.
Average Temperature.eseees....134 degrees Fahr.
Average Ralative Humidity.....7%

Time of Dr"lmg................o.; hours
HMoisturs ‘Jol&tea&uooee‘u&'chOOtQC
nual-‘-ty....l.l.OO.“‘O......'.DALGlleXlt

*  Average of two thermometer readings.
**  Sum of the weights of fruit six trays

***  Average of two determinstions.
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Experiment XVII

Apples (Spitzenberg) Pebruary 23, 1921.
Hours :*Temp. : % sHours : ** :Per- :Hours: ***
: Pahr.  :Rel. :Lbs.wt; cent: : %
: sHumid~ sfruit : tMois-
: tity : s(tray): s tture
:{oven)
0.0 118 13 0.0 13.48 100 0e0 . 84,6
0.6 120 12 0.5 8.79 65 0.5 72.7
1.2 118 12 1.0 6454 49 1.0 6645
1.8 117 11 1.5 5.24 39 1.5 59.6
2.4 116 11 2.0 4,40 33 240 51.3
3.5 115 10 2e¢5 3.83 28 2.5 47.9

3.0 3.47 26 3,0 31.8
Bed 3,30 24.5 3.3  26.9

Average CirculatioNececceeceseasl4d00 L. F. M.
Average TemperafuUr6.e..c.ceses.0¢117 Dagrees Fahr.
Average Relative Humidity......12%

Time of Drying.ceececessescss.4e6 hours.
lloisture Content.ecevecacesceses20%
Qualityoooooooootooo..aooooooooGQOd

*Average of two thermometer readings.

**Sum of the weights of fruit on six trays.
***Average of two determinations.



Apples (Spitzenberg)

Hour

0.0
0.5
1.0
1.5
2.0

Average Circulation.seess...1400 L. *, M.

o
W

Experiment XVIII

: % #
s Rel.
sHumid-
tity

> O O O, b

*e &9 o5 8

0.0
0.5
1.0
1.5
2.0

Hours:

* %k

12.29
5.28
3413
2.54
2.34

February 25, 1921.

»
*

L]
[
L

100
43
25
2l
19

Per-: Houra:
:Lbs. wt:: cent :
sfruit
s (tray)

.
*

. a0

0.0
065
1.0
1.5
2.0

% %k %k

tMoig-
sture
:(oven)

34.6
59,7
27,2
14.7

9.9

Average Temperature@..¢s.....171 Degrees Fahr.

Average Relative Humidity...5¢

Time of Arying..ccecececsescale8 hours.
Moisture content............ao%
Quallty.ocoo-.QQOCoo-oo.oooo“alr

Average of two thermometer readings.

Sum of the weight of fruift on six trays.

Average of two determinations.

s :*Tenp.

:FPahr,

170

176

177

166

169
*
*%k
sk % ok
#

Humidity below 10% not certain.



dour

0.0
0.2
Le8
243
2e¢
3¢5

H
i

Experiment XIX

Apples (Yellow Newtown) February 26, 1921.
s *Temp. : % . Hours; ** :Per- : Hours: ***
+Fahr. : Rel. :Lbs., wt.: coent: H %
: :Humid- s Truit : : :ois-~
: sit . : s {tray) : sture
: (oven)
139 a9 C.0 19.08 100 0.0 84.6
132 30 0.5 14,06 74 0.5 76.4
121 36 1.0 10.07 53 1.0 7041
134 31 1.5 7.76 41 1.5 52.8
136 32 2.0 6.14 32 240 43.3
136 31 245 5,11 27 25 365
340 4,40 23 340 22.3
3¢5 4,10 21 3sb 14,5
Average Circulation.esesee....1400 L. P, M.
AVETrage Tempe ratUre..e.ese000.135 Degree Fahr.
average Relative Humidity..... 3l%
Time o0f Aryingecesscceecscecseedeb hours
I.IOiSture COﬂtht.o.-.........-20/’0
Qualit&?lloooOOUOOUQQOOOOQ.QQOQGood
*  Average of two thermometer readi:gs.
*:: Sum of the weights of fruit on seven trays.

Average of two determinations.



Experiment XX

Apples (Yellow Newtown) February 28, 1l921.
Houars :*Temp. % :Hours;** : Per-iHours; ***
sFahr, <201, . +« Lbs. wt: cent: : %
3 :Homid-: sfruit : +Mois -
: sity : s (tray) : sture
:(oven)
0.0 144 9 0.0 15.26 100 0.0 ===
1.0 137 10 0.5 10.64 70 0.5 3.8
2.0 141 9 1.0 8.14 53 1.0 6649
3.0 144 n 1.5 6,00 39 1.5 57.5
4,0 134 9 2.0 4,81 31.5840 43,7
2.5 3.89 25.52°°  34.9
=
3.0 .44 22.5°°0  28.6
3.5 3,18 21 3.5 18.5
4,0 3.02 20 4.0 14.6

Average ulreulatlon............675 - 700 L. F. M.
Average mempera.ture............,49 Degrees Fahr.
Average Relative Humidity......

Time of I'ying.................z9,1&0&1‘3
HOlStU.I'Q contentoo00001-110000020/0
Qu-alltyoooooooooo--ooooo-oo---. .Lalr

* Average of two thermome ters readings.

Average of two determinations.

*¥*EX Sum of the weights of fruit on six trays.



Experiment XXI

Apples (Yellow Newtown) Maren 1, 1921.
Hours :*Temp. : % :Hours; ** : Per-: Hours:; ***
s+ Fahr. :Rel. : :Lbs. wt: cent: H

s tHupid- : tFruit : sMois -

: 1ity : :(tray): : iture
:foven)

0.0 171 29 0.0 15.18 100 00 ===
l.4 173 25 0.5 11.74 Vi 0.5 78.9
2.1 174 24 1.0 8.%8 53 1.0 68.6
2.8 168 25 1.5 5.71 38 1.5 54.4
3.5 169 29 2.0 4,33 ‘28 2.0 40,7
2.5 3.44 23 2¢5 23,7
3.0 3.03 20 3.0 15.8
3¢5 2. 88 19 3e 5 9.9

% %k
%k %k

Average Circulation...s...675 « 700 L. F. M.
Average Temperature........170 Degrees Fahr.
Average Relative Humidity..=26.5%

Time of Drying.seceececces..3 hours,

MOlsture Content..o..o..o.ozo,@
Qllality..-..-g............- GOOd

Average of two thermometer readings.
Average of two determminati ons.
Sum of the weights @f fruit on six trays.
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Experiment XXII

Apples (Yellow Newtown) March 1, 1921.
Hours :*Temp. : % sHours: ** :Per- :Hours; ***
: Fahr. :Rel. :Lbs. wt: cent: s %
: tHumid« sFruis : sMois-~
: (ity : : (tray) : sture
:{(oven)
0.0 155 30.0 . 0.0 14.74 100 0.0 -
1.8 150 36.0 0.5 11.73 80 0.5 78.3
247 151 57,0 1.0 9.09 68 1.0 74,8
3.6 149 33.0 1.5 6.98 47 1.5 67.3
4,5 151 28.0 2.0 5,38 37 2.0 60.5

2.5  4.43 30 2.5  40.8
3.0 3,58 24 3.0 24.4
3.5 3.18 21 3.5  13.9
4,0  2.92 20

nveraga Circulation.cceeee..676 - 700 L. F. i
nvarage Temperature seese.. 151 Degrees Fahr.
Average Ralative Humidity...83%

Time of dr% ing.eeesececesessd hours.
Moisturs ntent eveeeeeessea20%

Quallty.....'...‘..'....QOQOLdlr

* Average of two thermometer readirngs.

average of two determinations
4% Sum of the weights of the fruit on six trays.
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mxperiment XXIII

Apples (Yellow Hewtown) larch 2, 1921.
Hours :*Temp. : % : Hours; ** : Por- : Hours; ***
: Fabr. égelia: :Lbs, Wh: cent ; EMO?S-
: ity : ?tra.v : : gggn)
0.0 135 38 0.0 15.81 100 0.0 -
1.7 133 30 0.5 13.77 87 0.5 78,7
2e5 133 38 1.0 11.56 73 1.5 72.4
3.3 132 31 1.5 8.Eb 56 2.0 66.8
4.2 . 136 32 2.0 7.68 49 245 60.5
3.0 1321 39 2,5 6.51 41 3.0 44,3
3.0 5.24 33 3.5 40.6
3¢5 4,27 27 4.0 28.9
4.0 3. 85 24 4.5 18.5
4,5 3643 22 5.0 16.6
5.0 3426 21
Average Circulat ioliesseceeeesa 678 = 700 L. F. M.

averagse TemporatlUlCeecseseeeses 133 Dagrees Fabhr,
Avera%e Ralgtlve Humlaltd.....34. P &

Tlmb OJ.d. s eeesssvessecos el hOLAI‘S.
loisture g%ﬁﬁ%nt...............20@
u.alit,]#intcoooollcccoonunoccoa,‘_ l

*

b
s ok

Aversge of two thermometer reading.
Average of two determire t ions,
Average sum of the weights of fruit on six trays



Expe riment XXIV

Apples (Yellow Newton) March 3, 1921.

Hours :*Temp. : % tHourg; ** :Per- : Hours; ***

s Fahr. :Rel. +Lbs.wt.; cent: s 4
: Humid-~¢ Fruit : Moig~-

: ity s :(tray) : : sture
, :{(oven)

0.C 116 19 0.0 15.29 100 0.0 -
1.4 117 16 0.5 11.76 ™ 0.5 78.6
Pel 116 17 1.0 9,40 61 1.0 737
2.8 120 15 1.5 7.52 49 1.5 64,0
Be6 115 16 2.0 6.11 40 240 54.1
4,3 114 17 2.5 5622 34 De5 49,5
5.0 116 15 3.0 4,54 30 3.0 39.5

3a 5 4,06 27 3.5 32.5
4.0 3,72 24 4.0 30.9
4.5 B, 46 23 4,5 24,1
5.0 3.28 21.5 5.0 19.8

average Circulstion......s...674 - 700 L. F. il
Average Temperatureee..c.....116 Degree Fahr.
Average Ralative Humidity....16.4%

Time of dryingececeeesveeee.ede8 hours.
Moisture contonteeeeeeseesss20%
QUALIEYeeereenerncnnsnnsnass, JBIT

*:Average of two thermometer readings.

*‘;Average of two determinations.
***Sum of the weights of fruit on six trays.



Experiment XXV

Apples (Yellow Newtown) March 4, 1921.
Hours :*Temp. : & :Hours; ** :Fer-:Hours; ***
: Fahr. :Rel. :ILbs. wticent: . %
: cHumid- sFruit : silois-
: tity : s(tray) : sture
:(oven)
0.0 165 8 0.0 14.32 100 0.0 et
1.0 172 8 0.5 9.04 63 0.5 74,1
1.5 173 8 1.0 5,60 39 1.5 57.2
2.0 177 8 1.5 3.69 26 2.5 23.1
2.5 174 8 2.0 2.84 20 3 13.1

2.5 2.44 17

Average Circulgtion.ess...675 - 700 L. F. Ii.
average Temperature..s.....174 Degrees Fahr.
Average Ralative Humidit y.8%
Time 0f Dryingessesceseees2 hours.
Moisture cOntonteeeessesss 205
QUBLItY e ereeerseesesssaaas00d

average of two thermometers readings
average of two determinsti~ns

Sum of the weights of fruit on trays.
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Experiment XXVI

Apples (Yellow Newtown) March 7, 1921.
Bours :*Temp. : % :Hours:** :Per- :Hours:***
:FPahr. :Rel. : :Lbs. wt.: cent: L
: siumid- Fruit : : sliois=
: tity : :(tray) : sture
:(oven)
0.0 141 12 0.0 14.62 100 0.0 —-——
1.1 137 14 0.5 12.33 84.5 0.5 80.6
2.6 135 13 1.0 10.06 69 1.0 71.3
4.1 134 13 1.5 8.47 58 2.0 68.4
5,2 132 13 2.0 7.19 49 2.0 64,2
2.5 6.13 42 3.0 54.0
3.0 5,21 36 3.5 48.0
3.5 4.46 30.5 4.0 37.8
4,0 3.88 26,5 4.5 26.8
4,5 3. 49 24 5,0 21.2
5.0 3.21 22
5.5 5005 2005
Aver&lg‘é Girculationc-.-.-.......-.250 Lo F' I",’Io
Average Temperaturs..ceeeseess....13b Degrees Fghr,
Average Ralative Eumidity.eeeeee..13%
Time 0f AYyifgieeesessssecsocsseseded hours.
IIOiStU.I‘G Conteﬁt'..................EO%
Qaality......l‘....'...IO....'O‘O.Fair
wr Average of two thermoneter readings.
ewx SVETAgE of two deterninations.

Sum of the weights of fruit on six trays.
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Experiment XXVII

Apples (Yellow Newtown) March 8, 1921.
Hours :*Temp. : % :Hours: ** : Per-:Hours; ***
:Fahr. :Rel. : :Lbs.wt.: cent: 2.
: sHumid- sfruit : sMois-
: sity : s (tray): : s turs
:(oven)
0.0 138 30 0.0 15.87 100 0.0 84.6
1.4 138 20 0.5 14.74 9z 0.5 82.1
2.8 131 33 1.0 13.51 856 1.0 80.0
4,2 138 34 1.5 12,17 i 1.5 78.6
5,6 137 30 2.0 11.22 71 2.0 73.7
7.0 141 £6 2eb 9.90 62 2e5 71.6

3.0 9.07 57 3.0 63.3
3¢5 7.83 41 3eb 48.5
4.0 | 6493 44 4.5 35.3
4,5 6.18 39 5,5 3l.0
5.0 | 5,44 34 6.5 16.1
5.5 4,73 20
660 4.20 26
6.5 3.70 24
7.0 3e49 22
Average Circulation seeeeeese..250 L. P. I
Average Temperatur@...eeee.....137 Degraeas Fahr.
Average Relative Humidity .....32%
Time 0f Aryinge.eeesscecseeces.o7+5 hours

MOiS'GU.I‘e Con‘beﬁt.o.....-.......?,_10%
Qll&lity............. ......,..,ﬁall‘

* Average of two thermometer readings
**  Sum of the weights of fruit on six trays
N ok %k

Average of two determinations.
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Hours

0.0
1.1
2.0
3.2
4,3

o
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Experiment XXVIII

les (Spitzenberg) Mareh 9, 1921.
:*Temp., : % tHoursy™* :Per- :;Hours:***
:Fahr, : Rel. :Lbs. wt: cent: : %

: sHumid-: Fruit H +Mois-
: ity s :(tray) : : :ture
: (oven)
171 - &b 0.0 11.35 100 0.0 84,6
168 30 0.5 9.89 87 0.5 78.9
167 32 1.0 8.23 72,5610 75,3
167 32 1.5 6.95 61 1.5 732
172 24 2.0 5.70 50 2.0 67.4
2.656 4,01 35 2.5 45.5
3.1 3,17 28 3.0 40.0
3465 2,65 23 3.5 24,7
4,15 2439 2l
Avarage Circulation....ee....250 L. F. M.
Average Temperature..........l6; Degrees Fahr.
Averageée Relative Humidity....29%

HMoisture Contentesssessssesss0%

Time of Aryingeeceeeesceesee.4.3 hours
QualityOO..‘.."..l..."..l.l‘,exay Gooa.

wr  Average of two thermometer readings
wxs Sum of the weights of fruit on five trays

Average of two determinations.



Discussion of Tima.

Prom column six of the preceeding data the time cur-
ves wera obtzinsd. They are divided ox the following
pages into three gr-oups, representing the influence of
tempe rature, humidity, and circulation. Sufficient
data was not obtained to makse the grouping complete,
nevertheless there are distinct differences in time
which undoubtedly are due to the factors involved.

In each of the three ma jor groupings there are sub-
groupings with two factors constant and the third viry-
ing. Tor example, the factor--'temperature! page-—- (2
has, under the sub-grouping "medium circulation and high
humidit y'--circulation and humidity practically identi-
cal, with temperature varying. Therefore, any differamnce
in drying time in these three runs must be due to tem-
rerature.

Horizontal readings on the graph represent time and
vertical readings weight. The more abrupt the curve the
quicker the time of drying end the smoother the curve the
more constant were the cornditicns throughout the ex-

preriment.



GROUP 1-~GIRCULATION

Sub-groups:

1. Temp. Cir. Hum.Hrs. Exp. 2. Temp.Cir. Eam.Hrs. Exp.
135 250 13 5.8 26 116 700 16 5.5 24

140 750 9 3.8 20 "117 1400 12 5.0 17
134 14C0 7 3.3 16

3. 174 700 8 2.0 25 4, 148 750 36 3.7 10
1.8

171 1400 5 . 18 151 700 33 4.0 22

149 1400 35 240 14

5. 137 2560 32 7.5 27 6. 169 250 29 4.3 28
133 700 35 5.3 23 170 700 26 3.0 21

135 1400 31 3.6 19 165 750 32 2.8 13

169 1400 29 1.8 15

Sub-Group l--Medium temperature and low hunidity.

At 2 medium and a low humidity increased cir-
culation decreases the time of drying. There is a greater
decrease from the low to fthe medium circulation than fron
the medium to the high circulation although the increase
in lireal feet per minute is grester in the latter. This

would indicate that the maxinum is below 1400 L. F. IL*

3ub~Group 2--Low temperature and low humidity.
Circulation ag?in decreases drying time hut does
not raterlislly do so above 700 L. P. li. This verifies the

above results at a low tempsrature.

Sub-~Grouy 3-~-High temperature and low humidity.
Results again verify the above at an extremely

high temperat ure.
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Sub-Group 4-~lledium tempersture and high humidity.
Here, circulation above 700 L. F. ii. has s de-

cided influence on drying time, decreasing it by one half.

Sub-Group S--Iladium tempesrature and high humidity.
Again the drying time is materially reduced by

.

a nigh circulstion when the humidity is high.

Sub-Group 6--High temperature and high humidity.

at an extremely Ligh temperatﬁre there is not
28 nmarked an influence of air movement from either the
low to the medium or medium to high circulation.

Drying time is not appreciably decreased by

circulaticn at low humidities irrespective of what the

Lo of

gmperature is. &t higher humidities high circulation is
somewhat of a factor in the fime of drying. Circulation
can ba stated to haves s decided influence on decreasing

drying time.
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GROUF 2-~THIEFERATURE

- Sub~-groups.

1., Temp. Zir. Eum.Hrs. Exp. 2. Temp. Cir. Hum. Hrs. Exp.

133 700 35 5.3 23 135 1400 31 3.6 19

151 700 33 4.0 22 169 1400 29 1.8 15

165 750 32 2.8 13 149 1400 35 2.0 14
3. 117 1400 12 5.0 17 4. 116 700 16 545 24

134 1400 7 3.3 16 140 750 9 2.8 20

173 1400 5 1.8 18 174 700 8 2.0 &5
5., 137 250 32 7.5 27

169 250 29 4.3 =28

Sub-Group l--iledium circulétion and high hunidity.
An increase in femperature, both from a low to
medium and medium to high, has a decided influence on drying.

time.

Sub-Group 2~--High Circulation and high humidity.
Termerature agéin shcows a very marked influence

on drying time.

Sub~Group 3~~High circulation and low humidity.
There is practically the same influence on drying

time whether a low or a high humidity.

Sub-Group 4--ifgdium circulestion and low humidity.
dlere, the influence of temperature seams to ver-

ify the results under circulstion, that an increase in air
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noverient above 7 or & hundred L. F. l., at a low humidity

has no descided influence on drying time.

Sub-Group S5~-~Low circulation and high humidity.
Temperature has a decided ianfluence although not

to the extert that it offsets the influsnce of circulation.
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GROUY 3=-- HUMIDITY

Sub-Groups.
1. Temp. Cir. Hum. Hrs. Exp. 2. Temp. Cir. Hum. Hrs. Exp.

17} 1400 5 1.8 18 140 750 9 3.8 20
169 1400 29 1.8 15 132 700 35 De 23

3
3. 134 1400 7 3.3 16 4. 135 250 13 5.8 26
135 1400 31 3.6 19 137 250 32 7.5 27

5, Temp. Cir. Hum. Hrs. Exp.
170 70C 26 3.0 2l
174 700 8 2.0 25
Sub-Group l--~High Circulstion and high temperature.
It is evident, here, that humidity has sbsolutely
no influence on drying time, i. e., when the factors of.

temprerature and humidity are high.

Sub-CGroup 2-=Medium circuls tion and medium temperature.
With this set of factors a high humidity decid-

edly increased the drying time.

Sub~Group 3-- High circulstion amd medium temperature.
Again, with high circulstion humidity hgs no

decided influence on drying time.

Sub-Group 4-- Low circulation and medium temperaturs.

High humidity increases drying time.

Sub-Group b~-Illedium circulation and high temperature.

Again high humidity increases drying time.
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Suwamary of Influsnce of Factors on Tine,
To sslect the best combination of temperature, humid-
ity and circulation from the work don: is not possible,
but an approximation can be made. Efficiency or cost of
operation is most important and the set of factors that
gives the shortest drying time with the least fusl cost is,
from a production standpoint, the best. Thic cioice would
be subject to another deciding factor --that oL quality.

Temperature has the most decided influernce on decreas- .
ing drying time. Under 8ll conditions of high or low hum-
idity or high or low circulation its influence is felt.

Second to temperature.is the influence of circulation.
at hipgh tavoorature it does not decrease drying time to
any cxtent, except where a high humidity is maintained.

The only influence from humidity was found to be a
slight increase in drying time.

In other words, apple tissue though subject to other
lays than those governing s free water surface is influenced
in 8 similar way,except by a decreasing ratio instead of
by a direct constant ratio. The same time oi drying can
be obtained by several combinations of the factors and
the desired one is the most economical one.

Humidity has no noticeable influence on apple tiséae
in maintaining cepillarity and thereby, as often stated,

facilitating evaporation. 3everal experiments were run
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to further substantiate this result. Whole apples, halved
apples, quartered apples and cubed apnles were run with
and without humidity. Upon comparing the drying time no
difference was found.

There is no doubt a limit to the rapidity of drying,
or at least a limit to any marked influence that a further
increase in favorable conditions would give.

Theoretieally this would be reasonable with any form
of work as friction usually increases by the square or
cube. The molecule could be pictured as some larger mov-
ing body such as a train or ship. There is a point reach-

ed where friction exacts more power than can be furnish-
ed or that can be made to advantageously work. Such is
the case undoubtedly with the water molecules that are
bound inside the apples.

The best times made and their factors are:

Hours Temp. Circ. Hun. Experiment
2 174 700 8 25
1.8 171 1400 5 18
2 149 1400 35 14
1.8 169 1400 29 15

With both temperature and circulation limits have
been reached. In the light of the incomplete work a
possible suggestion of a successful combinstion would be-=
Temp. Cirec. Humidity
165 to 170 900 to 1000 15 to 20

a8 previously stated medium humidity is not an im-
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portant factor in the drying time of spples when high air
movement .accompanies it. Its amount could be gaged by the
proper and economical demand for heat re-circulation.

A proceedure nuch discussed is that of entrancs and
exit temperatures. Some claim advantages for a high and
some for a low exit and entrance temperature. With apples
the point is not of great importance from a time stand~
point, i. a., within reasonable range. Theoratically, it
would be better to have the higher heat last in order to
overcome the increased resistance offered by the last
5 or 10 per cent of moisture. In the experiments referred
to, no definite work was done on this problem yet it is
safe to say that a difference of 10 degrees F. would do
no harm, and could be obtained in an average length Oregon

Tunnel with re-circulation and an air movement of 1000

For commercial application undoubtedly the re-
lation of the fruit ¢o space would bhe considered. Tyis
would deal with cbnstruetion, the distance betwsen trays,
and would, therefore, be out of the range of this work.
This would also involve channeling and proper means %o
prevent it, the thickness of the spread of fruit, the si,e

of tray rim, satec.
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Influence of Factors on Quality.

There is possibly no other one thing upon which opin-
ions differ so widely than that of quality. Illethods of
proceedure are established by certain definite laws of
economical production. This can not be said of quality,
which, dealing with the abstract, fthe flexible, nust
needs be in the field of education of bastes--of likes
and dislikes. IKothing could be further from the truth
than a possible inference that people can be educated
to 1ike anything. There is a wide range of choice of
quality. Within this range there is a partidular taste
that will be acquired more readily by the general public.
It is this flavor or taste that should be worked for
whether it be an approximation of the fresh flavor or
an gl together different flavor.

Clarencs V., Ekroth speaking on the subject says,
"Dehydration would thus, as the writer sees it, be defin-
able as the process of removing all of the moisture from
fruits and vegetables in such a manner as to leave the
other properties, such as flavor and texture, almost
wholly intact.™

David Fairchild commenting along the same line says,
"It seems to be instictive to ridicule a new flavor of

any kind--—~-Y These opinions show that quality is var=-
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iable and that it might be preferable in the drying of
fruits and vegetables to change the quality, not necessar-
ily to a superior quality but to a different quality and
that by establishing this new distinct taste and flavor
the product will no longer be a counterpart of the fresh
article but will be g distinct commodity in itself. Such
is the case with the fig and the raisin.

There i3 & serious objesction to the present non-uni-
formity of dried fruits and vegetables.' Ko product can
create a popular demand on the world's markets unless
it is uniform--a constant standard quality product.

Quality varies with the treatment previous to dry-
ing. Sulphuring must be reduced to & minimum as a certain
bitterness seems to come from over-sulphuring.

The variety of the fruit or vegetable will more or
less influence the quality of the dried product, as will
also the stage of ripeness. |

Taking all these things into consideration the sel-
ection of the best quality dried product can be seen to be
Very difficult.

There are three phases upon which the dried product
may be judged: First, the appearance when dried;

Second, the color and quality upon cooking;

Third, the sugar content.



80

COOKING TEST.

The following cooking test of the dried samples was
made by Kiss Sybil Woodruff of the Home Economics Departe
ment of the Oregon State Agricultursal College.

Cooking Quality of Dried ipple S--

Standards for cooked dried-apple sauce--

Color-~should be like fresh and recently cooked
sauce; should be neither darkened nor
pale.

Plavor-~should be like fresh apple sauce, tart and
with body: should taste neither bitter nor
washed out.

Texture-~should be tender and easily maspid to a

snmooth juicy pulp.

ixperiment 1.
llethod—-
50 grams of each sample were weighed into a
white enamel sauce pan of medium depth. Coversd
with 300 grams of cold tap water. Soaked one hour.
To obtain water absorption: after soaking, the
apple s were drained through a wire strainerxuntil
no more liguid dripped (3 minutes) and the liquid

rasarved.
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Yxample weight of dried apple 50 grams
b of soaked " 173.2 grams
" of water absorbed 123.2 grams

perdent of water absorbed 246.1 grams .

Liquid was replaced on soaked apples for cooking.

Cooked 20 minutes in covered sauce pan, boiling moderate-
ly fast. DNo lignid was added or drained off.
After they had cooled they were tasted and scored:;--
They were &lso soored the next day as check.
The apples were in the white enamel sauce pans or
in white dishes while being examined.
Results:

FPine gradations of color and flavor were very diffi-
cult to record.

In many cases the flavor was quite good but the color
rather dark. In only one case, No. 10, was the color
exceptionally good when the flavor was poor. 4 sauce
such as No. 20, in which the color was a little dark
was preferable tc lLio. 9, which had & good color but
an inferior, tasteless flavor. With the exception of
No. 12, which was pale-colored, if the color was
scored lower tham 35 it was because the product was
darkened. There was no noticeable difference in the
texture of the cooked sauces or in the length of time

required for cooking.



Twenty minutes of cooking was more than was
actually needed. They cooked tender in a reason-
ably short time.

One hour seemed plenty long for the sosking. The
actual scoring was done by one individual only
bat several others tasted the sauces and express-

ed opinions which agreed with the scorss.
The following table gives the results of Experiment 1.

quality of Sauce ilade from Dried Applas.
Experiment 1.

Exp. :San~:Var-:Water ab-: 3core for Cooked Sauce:
No.:ple :iety:sorption : Color:Flavor:;Tgxture:Total
: No.: :(Based on: (35): (45): (20): (100)
*  sdry wt.)%:

5 1 N 246.1 15 20 20 55
Rermarks:Circulation 750-Temp. 150-Hum. 22 Bitter
7 2 N 229.6 25 20 20 75
Remarks:Circ. 750~ Temp. 147- Hum. 9.
8 5 X 236.8 30 25 20 75
Remarks; Cire. 750 - Temp. 150. Hum. 7, Bitter
1z 4 S 180.4 25 30 20 75
Remarks: OCire. 750~ Temp. 177. Hum. 26
13 5 i 176.8 25 40 20 85

R,marks: Circ. 750- Temp. 165- Hum. 32



Exp. 1 (continued)
Exp.:3an-: Water ab-;3core for Cooked Sauce;--
Ho.:ple ; sorption . Color:Flavor:Texture: Total :Var-
: No.: (Based om: (35): (45); (20) : (100):isty
dry wt.)%: :

14 6 214.8 25 35 20 80 S

Remarks: Circe. 1400-Temp. 149-Hum. 35

15 7 195,.,4 30 30 20 80 S
Remarks: Circ. 1400-Temp.l69-Hum.29

16 8 203.8 35 45 20 100 S

Remarks: Circ. 1400-Temp.l34-un.7?
Decidedly the best.

17 9 194.8 35 35 20 90 S
Remarks: Circ.1400-Temp.ll7-Hum. 128
18 10 204.0 35 25 20 80 S

Remarks: Cire. 1400-Temp.l7l-Hum. 5
Very flat and tastelsess

19 11 200.0 30 40 20 90 N
Remarks: Circ.,1400-Tenp.135. Hum. 31
20 12 198.4 30 35 20 85 N

Rgmarks: Cire.700-Tem::«140.Hum.9
Cool pale rather than darkened

21 13 180.0 30 40 20 90 N
Remarks: Circ.700~Temp.1l70~-Hum.26

28 14 182.8 25 40 20 85 N
Rgmarks: Circ.700-Temp.l51~Hum,32

23 15 178.4 30 35 20 85 N
Remarks; Circ,700-Temp.l33~Hum.34

24 16 201.8 30 30 20 80

Rgmarks:; Circ,700-Temp.ll6-~Hum.16
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Experiment 1 (cont inued)

Exp.:Sam-: ‘Jater ab-; Score for Cooked Sauce ; :Var-
No.:ple : sorption : Color;Flavor:;Texture: Total :iety
: : (Based on: (35) (45) (20) (100) :

: dry wt.)%

LT IR Y

.
3

25 17 218.1 30 40 20 90 N
Remarks; Cire.700-Temp.l74-Hum.8
26 18 190.6 25 35 20 80 N
Rsmarks: Circ.250-Temp.135~iium.13
27 19 176.8 25 40 20 85 N
Remarks: Circ.250-Temp.l37-Eum.32 _
28 20 174.8 30 40 20 90 N and S

Remarks: Circ.250-Tgup. 169-Hum.29
Second choice, color somewhat dark

Experiment 2.

Because the spples seemed to cook in less time than
20 minutes the procaedure in Experiment 1 was repeated in
all details except the cooking was of only 10 miautes dur-
ation. Only samples 8, 9, 12, 17, and 20 were used as they
had been found to be guits satisfactory in Experiment 1.

They cooked tender in the 10 minutes and were mashed
through a sieve and made into a puree’. The flavor and
color of the puree' coincided with &that of the sauce in
Gxperiment 1.

"he puree' was sweetsened by adding 12 grams of sugar
to each sample in order to see if the flavors could be im-~

proved or more nearly equalized. Howevar, the same differ-
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ences were still noticeable in the sweetened prcducts

though a1l were improved.

Experiment 3.

Samples were cooked and canned for future observation.
50 grams of apple and 300 grams water.
Soaked onse hour and boiled 5 minutes.

Flaced in jars and heated at 5 1lbs. pfessure
for 15 minutes.
(There were only 43 grams of apple No. 3.
" 26 hd " " No. 2.)
The darkening of the color was not so pro-
aounced in the apples cooked ian the jars
as in tuhe apprles cooked in the open
sauce pan. This darkening is probably
due to some oxidative changes which occur

when exposed to the air.
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Liach sample was carefully gone over by three or four

individuals and placed according to appearance. The

first three were given their place by all who judged them.

Aveeeeoeens . BExp. No. 20, 24, 16
Beeeveosesssixp. llo. 23
Coveneennesixp. No. 21
Deveveeeseixp. No. 22, 26
FleeseeanasaalXpe 0., 27
Peveeeennnns Exp. No. 18, 19
Goeesoseesessixp. No. 25, 28
HeveoeoeoaooeExp. No. 17

Teeeees oo Exp. Fo. 14, 15, 13

J. s 000880 000 t}BXPO IIO- 5, 4
KC o0 00000 OEXPC NO. 2, 1
Lo- e ¢ 208 0 20 OQEXIJI I‘:O. 3

A, B, Cy, D are grouped as satisfactory
(A, etc., being Dbest.)
¥, P, G, H, I, are rated as fair.

in the order of the letters.
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Sugar Content.

.Although time and equipment did not permit a complete
chemical examination to be made, some points were roughly
observed. Tests on the carbohydrate content of experiments
14 and 16 were made, including total and reducing sugars.
Zxperiment 14 showed a higher sugar content. As the samples
were kept under similar conditions and were not analyzed

‘for two or three months after drying there can be no pos-

itive statement mads.

Summary of influences of factors on quality.

Exp. 16 gave by far the best product; Exp.28 second.

Tamp. Hum. Cire. Time
Ex. 16 134 7 1400 3¢ 3
Exp.28 169 29 250 4.0

In the coocking report ths color for experimant 28
was somewhat dark. ZFrom observations made on color this
could be due and probably is due to a high humidity. 411
three of the cxperiments placed first in color, before cook-
ing had a low humidity as well as a low cr medium temper-
ature.

Txperiment 16 has a combination of factors that evi-
dently retains color and flavor and dries in & reasonably
short %ime. It is a cass of velocity taking the place of
emperaturs, resulting in a produot dried under cobler con-

ditionSTixperiment 17 gives the extreme conditions where
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the actual temperature of the fruit would rossibly not be
much over & hundred degrees P. The quality is good but
evidently not as good as in lxperirent 16. Without having
run a check it would not be of any importance to endesavor
to conclude a definite reason for the differencs.

Trere is a difference of 209 between the best pro-
duct and the poorest, not including the first four ex-
reriments. |

In comparing drying time, temperature, humidity, and
circulation, no uniformity exists for the hest and the
roorest. Io doubt there is 2 reason for the difference-~
this reason being more or less a spscific influence of mois-
ture, circulation and heat on the chemical substances that
constitute color, flavor and carbohydrate ratio, that is,
sugar %o starch. One set of conditions would have a good
influence on flavor, anotwer on color, and still another
on sugar content while at the same time théy would have
8 detrimental influence on the other desired qualities.

Color and appearance of dried prodact.

For desired color, uniformity of color, and for re-
fention of color Experiment 16 was superior. The better
color was obsaerved to go with a medium temperature and
a low nhumidity.

Chemical Test.
Sarmples from experiments 14 and 16 gave a marked dif-

ference in sugar content. This may be attributed to high
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humidity and high temperature being more favorabls for
-sugar formation, although this has not been definitely
proven. In tasting the dried product before the cooking
the experiment 16 gave a distinet fresh acid flavor
which was not as marked in the others. Experiment 14

tasted sweeter and had a nilder acid flavor.
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SULIARY

1. The past and present of the evaporating industry
shows a need fdr standard and uniform conditions of drying
which msans a uniform produet.’

2. ZIYroper knowledge for obtaining the above can
Eest come from scientific éxperimenting cf which this
thesis is a pars.

3. In the drying of fruits and vegetables there
are two objectives-~time and quality. They are both in=~
fluenced by the factors humidity, temperature and cir-
culation.

4, The influence of the factors can be more easily
obtained by considering their specific effect on color,
flavor, sugar content and time of drying.

5. An increase in air movement sbove sevsn or eight
hundred L. F. . at a low humidity has no decided influ-
ence or drying time, whether low medium or high temper-
ature. With kigh humidiy inoreésed circulation has
a more decided influencs.

6. Humidity increases drying time, except where the
factors of tempera%ure and circulation are high enough to

overcome it.
7. Kumidity has no aspparent influence on maintain-

ing capillarity and thereby decreasing drying ftime.
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8. Indications are that high temperature and high

humidity increase the sugar content.

9. Ivery precaution must be taken to have variety,
coxdition, and treatment of apple the sams.
10. The following factors gave *he best quality pro-
duCtmmm (from cooking test)
Pemperature Circulation Humidity
134 1400 7
11. The following factors argy selected to give
the best drying time.
Temperat ure Circulation Humidity
165 to 170 800 to 1000 15 to 20
12. 4 proper combination for both quality andutime
can be given, from 2 general weighing of results,to be
the same as under No. 11, above.

13. a4 kigh humidity tends to discolor ths product.
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