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THE DEVELOPMENT OF A

CONTINUOUS PEANUT DRIER

INTRCDUCTION

Peanuts are a vital commodity in a small area in southeastern
Virginia and northeastern North Carolina. The production in this area
is 24% of the total value of the peanut crop in the United States. In
1948 this production was 568 million pounds of peanuts having a cash
value of 62 million dollars., Peanuts are utilized in two distinct forms
in this section - shelled and unshelled. About 80% of the crop is
shelled before being utilizo@ in peanut butter, salted peanuts and
candy. In this form only the kernel is considered in determining the
value of the peanut. However, in the remaining 20% a thick, good tex-
tured hull which is free from holes and has a bright color is essential
since these nuts are marketed in the hull as roasted peanuts. These
are premium nuts and should demand premium prices,

In 1948 the total production of peanut vine hay in this Virginia-
North Carolina area was 219,000 tons having a cash value of four million
dollars, Due to the method of curing and its poor quality, over 50% of
the hay that could mean extra cash in the pockets of farmers is being
spread back on the land and utilized as a soil conditioner, During the
present method of curing, most of the leaves are lost, thereby reducing
the value and the amount of hay harvested. By improving the hay t hat

is now being saved and saving the hay that is now being lost, the



income from the total crop of peanuts could be increased considerably.

There are three important phases in the production of peanuts:
planting and cultivating; harvesting and curing; and marketing. During
recent years great strides have been made toward mechanizing the plant-
ing and cultivating phase, but, today the same method of curing peanuts
is employed as that used by farmers a hundred years ago. Today a man
can plant and cultivate about three times as many peanuts as he can
harvest, This causes an unbalanced lasbor requirement which results in
high labor ecosts. The present method of curing requires that peanuts
remain in the field in stacks from three to five weeks under optimum
conditions. During this period they are subjected to inclement weather
and damage by small animals and birds. The principal need for engineer-
ing research in harvesting and curing is the development of methods and
machines which will enable farmers to harvest thelr crops more efficient-
ly with as little labor as possible and with a minimum amount of time.
This method should increase the proportion of peanuts suitable for
premium use and greatly improve the value of the peanut vine hay.

Several organizations have done work on the mechanization of peanuvt
harvesting (1, 2, 3) with the aim of developing a peanut combine. There
is a need for some method of drying the green nuts if they are to be
harvested with a combine. Feanut drying investigations are now in pro-
gress in most of the peanut producing areas (4, 5, 6, 7).

Engineering research is needed in Virginia because of the speclal
conditions which do not exist in other areas. The variety of peanuts

grown in Virginia is determined by market demands. The market requires




a large type peanut with a bright colored, fine textured hull. The
method of curing these nuts should enhance their appearance, It is very
difficult to remove the large type peanuts from the soils of Virginia
without leaving a large portion of them in the soil, Harvesting equip~
ment which is utilized efficiently in other peanut producing areas is
not necessarily adaptable to the Virginia area because of the variety
of nuts, which embraces both nut and vine formstion, type soil and the
climstie differences. The harvesting season is in the fall when the
weather conditions are often quite unfavorable for curing; therefore
some form of artificial conditioning appears feasible. From previous
experiments, in which the nuts and vines were dried together, it was
found that a method ;as needed whereby the peanuts could be picked soon
after digging, while still wet, and the nuts and vines could be dried

separately (8).



OBJECTIVES

The objectives of this study were:

l. To design and construct a small column type drier and
conduct fundamental tests using this drier.

2. To design, construct and test a continuous peanut drier
using optimum conditions as obtained from fundamental
tests,

3+ To determine the quality of the peanuts cured in the

fundamental and continuous driers.



FACILITIES

Records of the peanut drying studies carried on by the Virginia
Agricultural Experiment Station and the Farm Electrification Division,
Bureau of Plant Industry, Soils and Agricultural Engineering, United
States Department of Agriculture, previous to this study, were available.

The Department of Agricultural Engineering, Virginia Polytechnic
Institute, furnished office equipment, small tools, laboratory facilities,
and transportation from Blacksburg to Holland, Virginia.

The peanuts and the housing space needed for this study were furnish-
ed by the Tidewater Field Experiment Station.

Supplies for this study were secured with State and Federal funds.



MATERIALS AND EQUIPMENT

FUNDAMENTAL COLUMN DRIER

The following is a list of the equipment that made up the fundamen-

tal drying system, a brief description of each and their uses.

Drier Duects
The fundamental duct system, Fig. 1, consisted of a main duct
g ft 8 in long with an area of l.4 sq ft and two smaller ducts 2 ft long
with an area of .56 sq ft, branching off each side perpendicular to the
main duct., An air baffle for regulating air flow was inserted in each of

the smzll columns.

Columns
Columns for containing peanuts were made of furnace pipe 8-3/4 in
in diameter by 43 in long with mesh wire bottoms. These columns were

fastened air-tight to the small ducts,

Heater Strips

Heater strips of 500 watts, with maximum sheath temperature of
750 Fyand 750 watts, with maximum sheath temperature of 1200 F were used

to heat the entering air. See Fig. 2 for circuilt diagram.

Thermostat
A metallic strip thermostat with a capacity of 10 amp 115 volt,
5 amp 230 volt, manufactured by Fenwald Inc., Ashland, Massachusetts, was

used to regulate temperatures during the fundamental drying studies,



Fan
A forward curved blade, 10 in centrifugal type fan, manufac-
tured by American Blower Corporation, Detroit, Michigan, was used to

force air through the column of nuts in the fundamental drying studies.

Pulley
A variable speed 7 in pulley, manufaetured by the Toledo Timer

Company, Toledo, Ohio, was used to regulate the fan speed in the funda-

mental drying studles.

Motor
The motor used to rotate the centrifugal fan for these studies

was & 3 hp, repulsion start, induction run, 110-220 volt, 37 - 18,5 amp,
single phase motor, manufactured by the Fairbank Morse Company. It was

designed for continuous duty at a full load speed of 17,5 rpm.

Scales
A Hanson type "C" scale, model 8910, range O -~ 100 by 1 1lb was

used to determine the weights of the column at regular intervals.

CCNTINUOUS DRIER

The following is a 1list of the equipment that made up the continuous

drying system, a brief description of each and their uses.

Drier Structure

The continuous drier structure, Fig. 6, was made up of three

major parts: the base consisting of the air duet, plenum chamber,



horizontal conveyors, driving mechanism, and supports; the grate~bottom;

and the drier bin.

l. Base

The overall dimensions of the base, Fig. 9, were 9 ft 1-3/4
in wide by 12 £t 10 in long with a height of i ft 1-3/4 in. A triangular
air duct formed the center of the base. The top of the air duct was
covered with resh wire so that air could pass up through the plenum c ham-
ber and into the drier bin. The bottom of the air duct was covered Wth
canvas at one end but open at the other to permit the entrance of heated
air from a crop drier. A 6 in rubber belting conveyor was on either side
of the triangular air duct, Figs. 9 and 11, The belt was driven by a 6 in
steel pulley 2 in in diameter and idled on a similarp pulley. A manually
operated screw-type tension adjustment was on the idling pulley. Power
for driving the conveyors was transmitted from s 1 hp motor through a
series of reduction gears to a 1/2 in tempered steel driving shaft with
chains and sprockets, This driving mechanism was integrally mounted to
the base of the drier in such a location as to furnish power to both the
conveyors and the shaker. The base was constructed so as to support the

grate~bottom and bin,

2. Grate-bottom

The grate-bottom, Figs. 9 and 10, was made up of a series
of stationary inverted "V" sections spaced 9-5/8 in on center. A
2 in by L in rocker was spaced between each inverted "V!" and was pivoted

at each end., These rockers were caused to oscillate by 2 1/4 by 1 in



strap-iron rocker arm working off a cam actuated by the driving mechan-
ism. The grate-bottom was framed with 2 in by 12 in plank which rested
on edge between the base and the drier bin. The overall dimensions of

the grate-bottom were 8 ft by 12 ft 6 in.

3. Drier Bin
The drier bin, Fig. 6, was constructed of 3/8 in plyboard
on 2 in by 4 in framework. Its dimensions were 8 ft 4 in wide, 12 ft
6 in long, and 6 ft 1-1/2 in deep, with a total volume of 581.25 cu ft.
Bolts 1/2 in in diameter and 15 in long were used to secure the bin to
the base and bolts 1/2 in in diameter and 4 in long were used at corners

and joints,

Peirson-Moore All Crop Drier

A dusl burner Peirson-Moore All Crop Drier, manufactured in
Lexdngton, Kentucky, was used as the source of supplemental heat to pre-

heat the entering air. See Fig. 5B.

Loading Flatform

A loading platform, Figs. 5B and 6, with an area of 24 sq ft

was constructed in the field to receive peanuts before cleaning.

Cleaner

A custom-built cleaner, Figs. 6 and 7A, was fabricated by the
Pittman Wood and Metal Products Company, Courtland, Virginia, for the
purpose of removing peanut stems, leaves, and foreign material. This
cleaner used four rows of saw blades, a slx-blade centrifugal fan and

pan agitation as its principle of cleaning.



Vertical Elevator

A custom-built cup-type elevator, Figs. 6 and 7B, was fabri-
cated by the Pittman Wood and Metal Products Company, Courtland, Vir-

ginia, to convey the peanuts from the peanut cleaner into the drying

bin.

Inclined Elevator
A custom-built inclined elevator, Figs., 6 and 11B, was fabri-

cated by the Pittman Wood and Metal Products Company, Courtland, Vir-
ginia, and was used to convey the dry peanuts from the drier into a

temporary storage bin,

Storage Bin
A temporary storage bin, for the purpcse of receiving the dry

peanuts from the drier until they could be bagged, was built of 3/8 in
plyvoard on a 2 in by 4 in frame. An inclined false floor made unload-
ing through side openings possible. The volume of this storage bin was

256 cu ft. See Figs. 6 and 11B.

Motor
The driving motor for the shaker and horizontal conveyor was

a 1 hp, single phase capacitor motor operating on 110-220 volt and 14-7
amps, manufactured by the Westinghouse Corporation. A variable cone-

shaped pulley was used on the driving shaft.

Reduc Gears

A variable speed reducer, Turner model 204-2L4, 1 hp, with an input
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speed of 300 rpm and output speeds of 102, 138, 183, and 247 was used

with a 100-1 speed reducer.

INSTRUMENTS AKD MACHINKRY

Digger
A Goodrich type peanut digger was used to dig peanuts for these

studies. The digger used had been modified by adding shaker bars to obtain

more agitation of the peanuts,

Picker
Several pickers were observed throughout this study; however,
the type used to pick the peanuts for these tests was a earding-type

picker manufactured by the Benthall Corporation, Suffolk, Virginia.

Potentiometer
A Brown recording potentiometer with a thermocouple switching
assembly (9) was used to record temperatures throughout this study., This
potentiometer, model no. 153X60P16-X-IN, Ser, No. 5145 with a range of
-50 to + 300 F operating on 110-125 volts, 60 cyele, 55 amps, 55 watts,
was manufactured by Minneapolis Honeywell Regulator Company.

Recording Thermometer
Wet and dry bulb temperatures were recorded with a Brown record-

ing thermometer having a range of O to + 200 F, using seven-day charts.

Hygro-thermographs

Dry bulb temperatures and percent relative humidity of air
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were recorded by a Friez hygro-thermograph, model 594 which was manu-
factured by Friez Instrument Division, Bendix Aviation Corporation,

Baltimore, Maryland.

Inclined Tube Monomster

Four inclined tube monometers were constructed in the Rural
Electrification Research Laboratory, Virginia Polytechnic Institute.

These monometers were used to indicate the air flow in each small duct.

Micro-monometer
A typs C micro-monometer, reading from O to 6 in of water and
manufactured by E. Vernon Hill of Chicago, Illinois, was used to cali-

brate the inclined tube monometer.

Psychrometer
A motor driven psychrometer, Serial No. 206~-39, 110 volt, 60

ohms, O.4 amp with a range of O to 130 F was used to calibrate the re-

cording hygro-thermographs.

Anemomet er
A Taylor anemometer, Serial No. 1922, range O - 10,000 fpm,
manufactured by the Taylor Instrument Company, Rochester, New York, was

used to determine the air velocity.

Thermometers

Palmer mercury-bulb thermometers, range of O to 220 F, were

used in this study.
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Plotting Machine
A plotting machine constructed by the Agricultural Engineering

Dep: rtment, Virginia Polytechnic Institute (10) was used for converting

values from the recording potentiometer to curves.

Scales

The Holland Gin Company, Holland, Virginia, furnished platform

scale service for welghing peanuts,

Balances
Cenco Balancing Scales, Fig. 4, manufactured by Central
Scientific Company, Chiecago, Illinois, were used througncut these studies

for weighing samples.

Steinlite
The Steinlite moisture tester, Fig. 4, 110 volt, 60 cycles,
manufactured by the Fred Stein Laboratories, Atchison, Kansas, was used

to determine immediately the moisture content of peanut samples.

Oven
Samples of peanuts were placed in the Aminco Electric Oven,
Fige 4, no. 4-148A, Serial No. 020064, 60 cycles, 147-215 volt, in order
to determine the moisture content of peanuts. The oven method of mois-
ture determination is considered more accurate than the Steinlite method

and was used in this study for all final determinations.



PROCEDURE

The major subdivisions of thls study invclve the design, construe-
tion and testing of a fundamental drier and a continuous drier and the
determination cf quality of the peanuts dried., These driers were erect-
ed and tests were conducted at the Tidewater Field Experiment Station,
Holland, Virginia, whereas all design and fabrication was done in the
Virginia Polytechnic Institute Agricultural Engineering Laboratories.
Quality determinations were made in the laboratories listed in tables
8, 8A, 8B, as well as in the Virginia Polytechnic Institute Home Econom-

ies Laboratory and the Rural Electrification Laboratory.

FUNDAMEKTAL COLUMN DRIER

A fundamental drier, Fig. 1, was designed and constructed so that a
number of small tests could be made under closely controlled conditions in
an effort to formulate linear prediction drying equations and to ascer-
tain the optimum temperature and air flow to be used in drying peanuts in

the continuous drier,

Design and Construction

Two points were stressed in the design and construction of the
fundamental drier; close control of testing conditions and ease of vary-

ing these conditicns.

Main Duet
The main duct, Fig. 1, was fabricated of 3/8 in plyboard

on l in by 2 in framework,with the exeeption of the heating chamber which
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was lined with 1/4 in asbestos sheet board. The duct was open on one
end for the entering air. Four openings, two on each side, were left
on the end opposite the heater unit. These openings were to exhaust air

into the small ducts.

Small Ducts
The small ducts had the same construction as the main
duct. They were fastened to the main duct with 1 in screws and the
Joint was made air-tight by the use of weather-stripping. Formed metal
sheets were used in each duct as air baffles. The small ducts were ex—
tended with a canvas which allowed the column to be flexible for obtain-

ing the weight of the column,

Columns
The columns for containing the peanuts were furnace pipes
8~3/l, in in diameter and 43 in long. The furnace pipes were fastened to
& base attached to the small ducts. The peanuts were supported with a
mesh-wire bottom at the base. FEach column had a metal cap made with an
orifice and a pressure tube included. A plenum chamber of approximately
4 in could be obtained when a sample of peanuts was limited to approxi-

mately 50 lbs,

Temperatures

Temperatures varying from 80-120 F in 10 F increments were used
in the fundamental studies. Supplemental heat was furnished by electric
heater strips mounted on a steel frame. The heater strips were arranged

in banks running parallel to the length and inside the main duct.
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Fig. 2 illustrates the heater and motor wiring diagram used in the fun-

damental investigations,

Air Flow

A forward curved centrifugal fan, Fig. 1, furnished the air for
drying the peanuts. The fan outlet was sealed to the open end of the
main duct with a tar compound, Lag screws secured the fan to the frame,
Power for the fan was furnished by a 3 hp electrically driven motor through
a 7 in variable pulley. The quantity of air was regulated by the variable
speed pulley and the louver on the fan. Air flows of 15, 30, 35, 60, and
75 efm per sq ft were used during fundamental studies. Orifice calibra-

tions are shown in Appendix B,

Fundamental Tests

Data obtained in the fundamental tests covers a period of two
peanut seasons, 1949 and 1950, and is listed in Tables 1, 2, and 2A.

Peanut samples (Virginia runner and jumbo varieties) consist-
ing of about 50 1lbs were placed in the vertical columns. Each column
was then suspended from spring scales and air was blown up through each
sample, Fig. 3, at the temperatures and velocities as shown in Tables 2
and 2A. The drying of peanuts in each test was continued until the nuts
in each column reached equilibrium, that is, to the point where no
further moisture could be driven off at existing temperatures. The
weight loss was recorded at regular intervals in each test. After dry-
ing had been completed, samples were taken from the bottom and top of

each column for the determination of quality.



e s bt S N R Aoy

JOJ0N U®j % JI93¥9H JO04 BWEBIATBTQ JTNOJTD ¥ SJuULWNIZBUT

xog dojg-3auig » I839W HAMX N

4+~ —Pilot Lights

Thermostat

J00N dH-C // e % \\ TOIquUO) JO030K « : W : : W
/ Pﬁ s B! it ! =
\ - \ o i s 4 e naa it 1 i e e i § H
1 ‘\._ «.. /v
\ ¢ o
81384 000¢ 8338M 00G2 ,
III 3TNOaY) IT 3TnOaLID 83384 0002 i
e SR : ~ T ) I 3TNO0JTD |
M, 4A w ‘ u 2l ﬁ | e W
) £ \, f ™ m \\V < ,u ./»\ M w w M
e Bl R PR LS 5 | B e JPWIOFBUBIY |
T : < b \ o ¢ N P 5 S UIINY f
- // / 41 ~ e e B e B .ﬂ ,.wv < P w
e - i Nl - 3 B G- 5 R { S J
ISR Moy < | A | r 33
h_ wW o M L i S e m
i i & L gl o el et e il P i
§NN | 1 < | 4_ | s & et
e S 23 aRice
[ o e ! e S AT e
S e £35 . j Bl ‘ | :
~|l ” leed g , ..w
| | m i 3 ool
T = ! Oy JII9K | 3
b i & | 4 A (v v $ 5 S
58 YR N BN
bR @ b g s
B 41 ke e RERE
T ¢ s | :
i G Limes it demr A 4 i A
7 08




19

LA LI :

/SCALES

o N

|

|

l

[

e G

R G
|

|

|

|

8 3/4" DIA,COLUMN NUTS

43"

L

l

|

|

|

l

|

|

|

|

|

|

oh, ¥ ot ! |

o s |
' :’."'VDJ‘E i‘;ROPE SUPPORT

L e

_HEATED AIR IN

|

: I
%] |
|

Fig. 3 - A sketch of the column of nuts is shown. The columns
of nuts were mounted on scales and data were taken at
regular intervals in order to determine the rate at
which water was removed from the column of nuts.
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Temperature Measurements and Recordings

Temperatures were recorded by the Brown recording potentiometer
and switohing assembly (9) with the use of copper constantan thermocouples
placed at the following points: ambient or room, below and above each
column of nuts, and inside the columns at 1/k, 1/2, and 3/4 the height of
the peanuts. The thermocouples were placed inside wooden pegs replicating
peanuts in order to get a temperature reading approximating that of the
peanut and not the passing air. With temperature patterns recorded by
the recording potentiometer, drying rates could be determined. See Charts
2-8,

In addition to the recording potentiometer, recording thermome-
ters and recording hygro-thermographs were used to record wet bulb tem-

peratures, dry bulb temperatures, and percent relative humidity. See

Fig. l‘-o

Analysis of X and Y Values in Table 1

The X values shown in Table 1 were measured with the experimen-
tal apparatus, that is Xl’ initial moisture content (dry basis), was
determined by the oven method. Xz, average entering air temperature, was
recorded with a thermocouple and a recording potentiometer. XB is the
average relative humidity for the entire test and was obtained by enter-
ing the psychrometric chart with the average wet bulb and dry bulb tem~
perature readings that were recorded for each test. XL, the amount of
air used in each test, was measured with an orifice and manometer.

In an effort to obtain straight line relaticnships between the

various factors in the drying process, the following method of analysis
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Fige 4 - Instruments used in measuring temperatures, percent relative
humidity and moisture content in fundamental and continuous
drying studies,
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was used to determine the Y values in Table 1. Since the X values could
be measured directly, it was necessary to develop a technique for deter-
mining the Y values, Due to faulty operation of the recording poten-
tiometer during the second season, only 16 tests conducted during the
first season have been analyzed in Table 1.

Y in Table 1, the thickness of drying layer in inches, was
secured by gbtaining the difference in ordinate values of the trailing
and leading drying edges after the equilibrium drying layer had been
reached, assuming adiabatic drying. In the leading drying edge curve,
Charts 13-16, the time in hours that the temperatures at the different
thermocouples located in the column of nuts began to rise was plotted
as the abscissa and the depth of the peanuts at the different times was
plotted as the ordinate. The trailing drying edge curve was obtained by
plotting the time that the various thermoccuples located in the column of
nuts became equal tc or approached the entering air temperature., All of
the time values and temperature values were taken from the Brown poten-
tiometer temperature recorder chart after the data on the recorder chart
had been mechanically transferred to coordinate paper (10).

Y , the rate of movement of the trailing drying edge in inches
per hour, ii the slope of the trailing drying edge curve. See Charts

13-16,
Y , time of departure of trailing drylng edge, was obtained by

3
reading the time value where each trailing edge curve intersected the

time axis on the depth of nuts versus time curves, Charts 13-17, as each

thermocouple point reached or approached the entering temperature,
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assuming that the thermocouple placed in the air surrounding a group of
nuts actually measures the temperature of the nuts.

Y is expressed in terms of hours and is the time required for
the weight gf the peanuts in the entire column drier to go from a weight
at any time (t) half-way to the equilibrium weight. Drying rate curves
were first plotted for each test and then moisture ratio curves were
plotted using values taken from the drying rate curves., In order to ob-
tain a linear set of drying rate graphs, the data for each test was plotted
on semi-logarithmic graph paper where the abscissa was time and the ordi-
nate was the weight ratio, Charts 17-20. This ratio is defined as the
ratio of the weight of the nuts in the drier at the time of the observa-
tion minus the equilibrium weight, divided by the initial weight minus
the equilibrium weight. The curves resulting when this information was
plotted were straight lines on semi-logarithmic graph paper in most every
case. The slope of these curves was determined for that portion of their
length that they were straight or the falling drying rate period, and
where it is felt that internal differences of moisture in the peanuts was
a controlling factor. Since the surface moisture on the nuts was allowed
to evaporate in the field before the nuts were picked, the constant dry-
ing rate period should not be a factor. Accepting this, the slope of
the falling rate curves should give some idea of the effect of the dry-
ing conditions on this portion of the drying process,

Y , the final moisture content of the bottom layer, dry basis,

5
was determined by the oven method.



Prediction Equations for Column Drier Data

In order to make a rough evaluation of the relative importance
of (X ,X,X,X)upon (Y, Y, Y, Y, Y) the latter taken singly,
1 2 3 &4 1 2 3 4 5
the multiple regression technique (11) was used to find the best linear
estimates of these effects. It might be noted that there are no thecreti-
cal conditions placed on the X's, i.e., they may take any value and these
estimates are valid under the simple criterion of minimum variance (12).
Exhibited below are the five regression equations.
Y = -468.363 + 3.35X + 1.96X + 3.07X 4 0.323X = Thickness of drying
1 me t rh q layer in inches.
Y = -3.941 4 0.028X 4 0.029X 4 0.,0013X + 0.0130X = Rate of movement
2 me t rh q trailing drying edge
inches per hr.
Y = ~67.840 4 1,279X 4 0.189X - 0,101X -~ 0.,228X = Time of departure of
3 me t rh q trailing drying edge
in hrs,
Y = =77.467 4 1.230X 4 0.168X 4 0,365X = 0.228X = Hrs, of entire mass
I me t rh q of nuts to reach
one-half equilibrium.
Y = 12.485 - 0.032X - 0.059X 4 0.083X - 0.066X = Final moisture content
5 me t rh q (dry basis) bottom
layer.,

When considering time of departure and hours to reach one-half
squilibrium, note that the equations show very well, within limits of the
number of observations, that three factors (mec, t, and q) have the same
over-all effect; whereas, the factor of R.H. changes appreciably from
positive to negative. The use of the equations will give "good" pre-

dictions within bands determined by range of sample points.
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CONTINUOUS DRIER

Data obtained in the continuous drier, Figs. 5 and 6, include in-
vestigations for three years, 1949-50-51, and are listed in Tables 3-4B

inclusivs.

Design and Construction

The continuous drier, Fig. 6, was designed to have a capacity
equal to about one harvesting crew. It was constructed in the Virginia
Polytechnic Institute Agricultural Engineering Laboratory and assembled,
together with the component parts of the continuous system, at the

Tidewater Field Experiment Station, Holland, Virginia.

Operation
By referring to the peanut flow chart of Appendix E the pro-

cedure from the digging through the drying operation may be seen. This
shows the peanuts in the field before they were dug; then the peanuts
as they were being shaken before being put through the picker., Follow-
ing this, the peanuts were brought in from the field on a truck, weighed
on platform scales and loaded into the loading platform. From the load-
ing platform the peanuts were fed by an operator into the cleaner where
the stems and leaves were removed before the nuts were lifted by the
vertical elevator into the drying bin.

Heated air from the Peirson-Moore All Crop Drier was forced
into the drier duct through the grate-bottom and up through the column of
peanuts where it picked up moisture adiabatically.

After the peanuts were dried and ready for unloading, the
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Fig. 5 - A, Fundamental drier in operation,
B. General view of continuous drying installation.
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oscillating mechanism of the grate-bottom would rock slowly to allow them
to fall between the oscillating member and the edge of the inverted "V©
gection, 7hen the peanuts were shaken through the grate-bottom, they
would fall onto a conveyor belt which carried them to an elevator where
they were lifted into a temporary storage bin until they could be bagged.
Figs. 7-11 further illustrate this operation.

By referring to Fig. 12, the transmission of power for the
shaking assembly can be followed., Power was furnished by an electric
motor operating at a speed of 1800 rpm. This speed was reduced to 300 rpm
with pulleys before entering the variable speed reducing gear, By adjust-
ing a lever on the speed reducer, output speeds of 102, 138, 183, and 247
rpm were obtained. These speeds were further reduced by a 100-1 speed re-
ducer to 1,02, 1,38, 1.83, and 2.47 rpm driving shaft speeds, Sprockets
with a ratio of 3.75 to 1 further reduced this speed for the shaking
mechanism, Assuming an output speed of 2.47 rpm for the driving shaft, a
cam speed of .659 rpm was obtained. Also, as shown in Fig., 12, by using
sprockets with a 1 to 5 ratio and a drive shaft speed of 2,47 rpm a con-
veyor belt speed of 3.23 fpm was obtained., As previously stated, by
varying the output speed, the cam and conveyor spesds were varied
accordingly.

During 1949 the peanuts were picked wet immediately after
digging and then placed into the continuous drier. In order to reduce
the cost of drying, this practice was abandoned in 1950 for that of allow-
ing the peanuts to wilt in the field before picking.

The investigators felt that greater efficiency would be obtained
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Fige 7 - A. Peanuts being put through the cleaner.
Be Peanuts being emptied from the vertical elevator into
the drying bin.
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Fig., 8 = Front views of the continuous drier showing the driving
mechanism for the shaker and conveyors, Note: Chute to
inclined elevator removed for storage.
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Fige 9 - A. Bottom view of the shaker grate., Note the oscillating arms
fastened to the cams at top.
Be Continuous drier with bin and grate removed. Note inverted
V forming the air duct and the space on each side for the
nuts to drop on the horizontal conveyors.
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B

Fig. 10 - View of grate-bottom in drying bin. Note inverted V-section
and 2 in by 4 in members in between.
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Fig. 11 - A, Peanuts being conveyed to inclined elevator.
B. Inclined elevator and storage bin.
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if the drier was loaded intermittently; that is, load the first foot or
two and then begin drying. This procedure would fit into the harvesting
operations as well as utilize the drying air most efficiently. When the
relative humidity of the air leaving the tcp of the nuts began to drop
below 100%, more peanuts could be loaded onto thedrier, which would
bring the relative humidity back to 100%. This would indicate that the
air leaving the peanuts had reached the saturation point. Efficiency

calculations for the continuous drier are shown in Appendix C.

Temperature
Results from fundamental drying studies indicated that tempera-

tures of 120 F caused a detrimental effect onthe taste, quality, and
slippage and breakage percent of the peanuts, Consequently, the minimum

and maximum temperatures were established at 70 and 110 F.

Air Flow
Throughout the series of continuous drier tests, air flow of
60 cfm per sq ft was used. This air flow was selected (13, 14) on the
basis of the air flow resistance curve shown in Chart 1 and on the re-~

sults of the fundamental drying studies.

Duration
The duration of each continuous drying test was determined by

moisture content of the peanuts. Intermittent samples were checked for
moisture content on the Steinlite moisture tester in order to determine

when the peanuts were sufficiently dry for removal.
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Temperature iMeasurements and Recordings

Tempersture patterns throughout the drier bin were recorded by
the Brown recording potenticmeter and switching assembly with the use of
copper-constantan thermocouples placed at the bottom of the bin, at a
depth of 6 in and at every 1 ft deoth to the top of the nuts., In order
to replicate a peanut, the thermocouples were placed inside wooden pegs
and sealed with tape. The Brown recording thermometers gsve a constant
check on the average entering dry bulb and wet bulb temperatures., Re-
cording hygro-thermographs were placed in the ambient air and 6 in above
the bin of peanuts in order to record the dry bulb temperature and rela-
tive humidity of the air exhausting from the nuts, as well as ambient

conditions.

QUALITY DETERMINATIONS

The quality determinations included taste, germination, rancidity,

skin slippage and breakage tests.

Germination
Germination tests for each sample taken in 1950 were conducted
in the Farm Electrification Laboratory at Virginia Polytechnic Institute,
One hundred peanuts from each sample were hand-shelled, wrapped in a
paper towel and placed in a warm, dark location. These samples were kept
moist and inspected periodically. Duplicate samples were made in each
case. A record of germinated kernels was kept on a percentage basis and

18 shcwn in Isble 5,
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Taste Tests
The taste tests for the 1949-50 peanut drying studies were

conducted by the Home LEconomics Department, Virginia Polytechnic
Institute and consisted of a taste panel under the supervision of
Miss L, J. Harper, Associate Professor of Home Economiecs. A Peanut Butter
Score Chart, Table 6, was set up on the basis of 100% with the t aste con-
stituting 60%, texture 20%, spreadability 10%, and color 10%¥. A taste
test summary is given in Tables 7 and 7A. Feanut butter made fromf ield
cured samples was included and used as the basis for comparison in this
as well as other quality tests made. The peanut butter was prepared by
the Division of Fruits and Vegetables, Bureau of Flant Industry, Soils,
and Agricultural Engineering, United States Department of Agriculture,

Beltsville, Maryland.

Quality Report from Planters Nut and Chocolate Company, Suffollk,

Virginia

Samples of peanuts from each test were sent to the Planters
Nut and Chocolate Company, Suffolk, Virginia, for peroxide tests; de-
terminaticn of butter flavor and odor; and to determine to whet extent
the peanuts would hand blanch. A report from this laboratory is listed

in Table 8.

Quality Report from Division of Fruits and Vegetables, Bureau of

Plant Industry, Soils, and Agricultural Engineering, United States
Department of Agriculture, Beltsville, Maryland

The Division of Fruits and Vegetables, Bureau of Plant Industry,
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Soils, and Agricultural Engineering, United States Department of Agri-
culture, Beltsville, Maryland, condueted a slippage and breakage test
and a test to determine the quality of the peanut butter for all samples
taken, See Table 8A. Duplicate samples were prepared by the Agricul-
tural Engineering Department, Division of Farm Electrification, Virginia

Polytechnic Institute, and forwarded for taste tests.

Quality Report from Agricultural Chemistry Laboratory, Virginia

Polytechnic Institute

Samples of peanuts from each of the 1950 tests were sent to
the Agricultural Chemistry Laboratory, Virginia Polytechnic Institute
where they were subjected to a rancidity test, Table 8B. The percent

protein dry basis and percent ether extract dry basis were also determined.
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GENERAL DISCUSSION

FUNDAMENTAL DRYING STUDIES

Discussion of Prediction Equations

The relatively good fit of the equations to data seems to
lend credence to the hypothesis of linearity of effects., Accepting this,
estimates of expected results for given conditions of moisture, etc.
should be tested on further research and better estimates obtained. The
use of this statistical technique is relatively new in its engineering
application. It does extract useful information when the main interest
is interpolation, close extrapolation, and prediction of performance, It
may be that further study will suggest non-linear effects which also may
be used in this technique to yleld more reliable estimates., In order to
determine the value of this analysis for extrapolated conditions beyond
the limits of this data, values for the different X's were substituted in
the equations that would possibly be obtained in the field., If the Y
value (with a given set of X's) comes out negative, this is an indication
that the regression equations will not predict with this set of X values.
With these equations under a given set of conditions, approximate pre-
dictions of the maximum thickness of drying layer, the rate of movement
of this drying layer, the time after drying started that the trailing
drying edge would begin to move up through a column of nuts, and the final

moisture content in the bottom layer could be determined.

Discussion of Drying Operation

The fundamental drier, in general, performed a satisfactory job
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of drying four columns of nuts using a constant temperature and four
different air flows. The entering alr temperature was regulated by a
bi-metallic thermostat which controlled a 1500 watt electric heater. The
air flow for each column was kept constant by adjusting air baffles regu-
lating the static pressure under the nuts, A careful setting was re-
quired at the beginning of the tests, but close control was obtained
thereafter with only minor adjustments.

Drying rate curves for the fundamental drier, Appendix A,
indicate that a smaller air flow differential than the 15 c¢fm per sq ft
increment used should be chosen in the future because of the wide
variations of drying time between the upper and lower air flow limits
used,

Data obtained during this study indicate that when panuts are
dried in a column 43 in high, an air flow greater than 15 cfm per sq ft

is required to dry the peanuts on the top before mold develops.

CONTINUCUS DRYING STUDIES

Discussion of Operation

The continuous drier operated satisfactorily. However, the
design of the shaker assembly was such that some of the peanuts in certain
positions being shaken over the drier would move out faster than those in
other positions. This caused the wet nuts on the top layer to be un-
loaded before they were dry. This was due to the bridging action of the
peanuts and the variation of the spacings in the shaker assembly.

When peanuts were allowed a wilting pericd in the field, the
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moisture content was reduced from approximately 50 to approximately
35 percent w.b., This reduced both the drying load of the drier and the
drying time considerably.

Some of the problems confronted during this study were: (1) The
inability to correct the cause for slippage on the kernel., Cause of
skin slippage hac proved to be cne of the rrincipsl problems in curing
of peanuts., From discussions with chemists, pathologists, air condition-
ing engineers, and agricultural engineers, a number of hypotheses have
been presented. A few of the most common have been drying rate, uneven
drying, physiological effect, humidity and temperature. Of all the
tests run thus far, not one has been absolutely free of slippage. (2)
It was impossible to remove all immature and diseased nuts before the
drying process which added extra load on the drying unit. Much of the
cleaning problem was eliminated with the installation of the Pittman
cleaner.,

By varying the speed of the driving mechanism, the following
four shaker outputs were obtained using mixed, runner and jumbo peanuts
with a wet basis moisture content of 11.5 percent - 156, 231, 312, and
387 1lbs per hr.

It was noted during the 1950 operation that the shaker assem-
bly was only oscillating through a one-half stroke. By making the
necessary adjustments to obtain a complete shaker stroke, the output
could be increased considerably.

The most desirable results were cbtained in the continuous

drier where the peanuts used were allowed to wilt in the field and then
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dry slowly at a dry bulb temperature range of 80 -~ 90 F with an air
flow of 60 cfm per sq ft. Any temperature above this maximum caused
excessive skin slippage and, if the temperature was held at over 110 F

during a test, a detrimental effect was noted in the taste quality.

QUALITY DITTRMINATIONS

In determining the quality of the dried peanuts as well as the pro-
cessed product, the following variables should be considered:
(a) Type of soil (b) Varieties (c) Weather (d) Date of digging
(e) Time remaining in field after dug (f) Rate of drying (g) Method

of processing (h) Consistency of samplers

Germination
Results from germination tests conducted in 1950, Table 5,
indicate that in the operating range used the temperature and air flow
did not significantly affect the germinating quality of the kernels, At
low air flows, 15 and 30 cfm, the drying rate was so slow that mold
developed in the upper layers of the column and was detrimental to the

germination of the peanuts,

Taste is one of the most important factors in the quality of
reanuts and peanut products. This factor has no standard for judging
since every judge may have a different sense of taste. The requisites
for a good taste judge include the ability to differentiate in taste,

to be able to determine which taste 1s the best, and to be consistent
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in judgement. Methods of choosing and eliminating judges have been
studied and reported in a thesis by Lombardi (15).

Quality reports vary somewhat from individual laboratories,
as was expected., However, data in Tables 7 and 7A indicate that peanuts
can be dried using supplemental heat and still retain a palatable flavor.
By referring to Table 7A it can be seen that eleven samples of peanuts
dried artificially were ranked above the field cured sample by the taste
panel for 1950, Results from Planters Nut and Chocolate Company for the
1951 tests, which are not listed in this study, indicate that a good
flavor was obtained from the continuous drier samples. However, samples
from the top of the bin had a sweeter and more natural taste than those

from the bottom.

Rancidity
In an effort to determine the effect of temperature and air

flow on the rancidity of the peanuts, the Kreis and peroxide tests were
used. The Agricultural Chemistry Laboratory, Virginia Polytechnic
Institute, conducted the Kreis tests which were negative in every case,
Planters Nut and Chocolate Company reported no apparent correlation
between the temperature and amount of air and the peroxide values

obtained.

Skin Slippage and Breakage
Skin slippage and breakage has been the most significant prob-

lem encountered while drying peanuts with supplemental heat. The red

skin around each kernel serves as a protective covering and when this



covering l1s destroyed the meat of the kernel tends to absorb the mois-
ture and odors which are detrimental to its quality. If this skin is
destroyed to an extent that the two halves of the kernel separate, the
over-all quality will be lowered because these half kernels will pass
through the grading equipment with the shriveled kernels as oil stock
rather than with the larger kernels where they would go if the halves
remained together. This is important in the Virginia-North Carolina area
where a premium is placed on large kernels. Hence, it is desirable for
this skin to remain on the kernel throughout the processing. The exact
cause of this slippage, which occurs on artificially dried peanuts, has
not been fully determined, although data obtained by the United States
Department of Agriculture, Division of Fruits and Vegetables, and
Planters Nut and Chocolate Company from samples of peanuts cured in 1950
indicate that temperature and amount of air has marked effect on skin
slippage and breakage. By referrinc to the fundamental test data,

Table 8A, it can be seen that as the temperature increases, the percent
breakage and slippage increases., Also as the air flow increases, the
percent breakage and slippage increases, The continuity of these
results lends credence to the hypothesis that rate of drying affects skin
slippage and breakage. A nomenclature given this slippage, or removal
of the red skin on the kernel, is "blanching”. The Flanters Nut and
Chocolate Company conducted & slippage test by rolling the kernel be-
tween the thumb and forefinger while the peanut was raw to see if the

kernel weculd hand-blanch while raw. The results of the 1950 tests cre

shown in Table 8.



45

"Blanehing" tests conducted by Flanters Nut and Chocolate
Company for three samples from the 1951 continuous drier indicate that
skin on nuts from the two samples taken from the bottom of the drier
would slip slightly at a moisture content of 7.32 and 7.95 percent;
whereas the skin would not slip from a sample at 13.78 percent moisture

taken from the top of the drier.
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CONCLUSICNS

The ultimate objective in developing a continuous drying method
for peanuts is to open the way for mechanization of peanut productiocon.

With this objective in mind, the following conclusions appear credible.

l. A fundamental eolumn drier was designed and constructed whereby
small samples of peanuts could be dried under controlled conditions,

2. Data was obtained and evaluated statistically in an effort to
determine optimum conditions under which to dry peanuts.

3. A continuous drier was designed to have the capacity of 481.25
ocu ft,.

L4+ The continuous drier was fabricated in the Virginia Polytechnie
Institute Agricultural Engineering Laboratory and assembled at the Tide-
water Field Fxperiment Station, Holland, Virginia.

5« The econtinuous drier operated satisfactorily in all mechanical
details with only miner attention.

6. The method of removing peanuts from the conmtinuous drier caused
a channeling effect in the bin, allowing some wet peanuts to be unloaded
together with the dry ones.

7. Germination was not affected by temperatures of 70 toc 120 F as
used in this study.

8, Germination was not affected by air flow so long as the air
flow was sufficient to prevent mold.

9, Taste was affected by drying rate as well as variety of peanuts

and method of handling.
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10. The ekin slippzge and brezkage of the peanuts increased zs
the drying rate increessed.

11l. The degree cf skin slippage and breakage varied inversely as
to the moisture ccntent at time of sampling.

12, There was no indication cf rancidity using temperatures of
70 to 120 F.

13, There was no incication of rancidity using air flows of

15 to 75 cfw per sq ft.



48

SUGGESTIONS FOR FUTURE STUDY

This study indicates that peanuts can be dried continuously using
supplemental heat and still retain a palatable flavor. It has brought
to focus many problems heretofore unrecognized. With these problems
in mind, it is recommended that the following suggestions be used as

a basis for future research.

1. Continue fundamental studies with relative humidity being con-
trolled as well as air flow and temperature.

2. Conduct a physiological study of the peanut during its curing
process in order that the engineer might attempt to duplicate those
conditions.

3. Make a study of the economics of drying peanuts using supple-
mental heat.

L. Simplify the design of the continuous drier for its adaptation
on the farm,

5. Design another shaking assembly for the continuous drier whereby
a more direct method of unloading may be obtained.

6. Design a metal bin-type drier and conduct tests whereby peanuts
and small grain can be dried at small depths. Dampers and ducts should
be arranged so that drying air can be forced through the peanuts or
grain from the bottom or the top during the same operation in order to
achieve a more uniform drying pattern.

7. Study the effects that aging might have on the curing of peanuts.,

8. Investigate the possibility of intermittent drying of peanuts,
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9. Design a machine whereby the testing of slippage and breakage
can be standardized and accomplished mechanically,
10. Contact buyers and processors in an effort to determine what

factors are involved in determining quality of peanuts,
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APPENDIX A

CHARTSE

7.

OF RESISTANCE OF DRY UNSHELLED PEANUTS
TO AIR FLOW, DRYING RATE, DRYING LAYSR, DRYING

EDGES, AND MOISTURE RATIO
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APPENDIX B

ORIFICE CALCULATIONS



ORIFICE CALCULATIONS FOR FUNDAMENTAL COLUMN DEIER

Basic Conditions

l. Diameter of duct, ft 047290

2. Area of duct, sq ft 044200

3. Diameter of orifice, ft 0.1250

Lo Area of orifice, sq ft 0,0122

5. Adr flow, cfm per sq ft 45,0000

Statie Pressure for 45 cfm per sg ft Air Flow

Where q

1
2
q=4005CA(p)

2

cu ft of air per min
coefficient of discharge assuming standard air
area of orifice in sq ft

pressure difference in inches of water between
the pressure in the duct before the orifice and
the pressure after the orifice

2

p:( l+5x0.1£2 )
( 0.0122 x 0.60 x 4005 )

P = 042 in of water



Orifice Calibrations for Fundamental Column Drier

Air Flow
cfm per sq ft

30
L5

75

Static Pressure
inches of water
13 in orifice

0.18

0.42

0.74

1.15

Static Pressure
inches of water
2 in orifice

0.06

0.13

0.23

0.36




APPENDIX C
CONTINUOUS DRIER EFFICIENCY CALCULATIONS



EFFICIENCY CALCULATIONS FOR CONTINUOUS DRIER

Basic Conditions: Values taken from Test 1, 1951 season

1.
2.

3.

Le
5e

6o
7o
8.

15
1é6.
17.

Dry bulb temperature of entering air, F
Dry bulb temperature of exhaust air, F

Dry bulb temperature differernce between entering
and exhaust air, F

Mean outside dry bulb temperature, F

Dry bulb temperature difference between outside
and entering air, F

Mean relative humidity of entering air, percent
Mean relative humidity of exhaust air, percent
Mean relative humidity of outside air, percent
Wet bulb temperature of entering air, F

Wet bulb temperature of exhaust air, F

Weight of wet nuts loaded, lbs

Moisture content of peanuts loaded, percent
Weight of moisture removed, lbs

Moisture content of peanuts unlocaded, percent
Duration of test, hrs

Amount of fuel used, gals

Higher heating value of fuel, Btu per gal

Amount of air, cfm

78.7
69.0
9.7

60.0
18,7

36.0
63.0
1.5
61.5
61,0
7709.0
36,9
2479.0
9.3
72.0
190.0
135000.0
10000.0



Heat Added to The Air

Vhere

Heat Given

H

qQ

t

p'll

-l

¢z
v

T

s o
]

e~
]

qgx60xtxexT
d
c
v

Heat added to air, Btu
Air flow, cu ft per min

Dry bulb temperature difference between entering
and exhaust air, F

Specific heat of air

Specific volume of air
Duration of test, hrs
10000 x 60 x 9.7 % +24 x 72

¢ 13.75
7.3 x 10 Btu

up by The Fuel

Where

H=
f

H=
b ¢
HHV
Fa=

H=
f

HHV x F

Heat given up by the fuel

= Higher heating value of fuel, Btu per gal
Total amount of fuel used, gals

7
135000 x 190 = 2.562 x 10



Efficiency of The Burner

Where E - Efficiency of the burner, percent
b

H = Heat added to the air

H = Heat glven up by the fuel
f

6
E=73x10 x100
b 7
257 x 10

b

Heat Utilized

H = 1050 W
u w

Where H = Heat used for evaporating water
u

1050 = Amount of heat required to vaporize one unit
of water at standard conditions

W = Weight of water evaporated
w

H = 1050 x 2479
u

6
H=2.6x10
u




Heat Available for Drying

H=qx60xexTx tdw
d

Cc
v

Where H = Heat available for drying, Btu
d

q = Air flow, efm
¢ = Specific heat of air
T = Total time of test, hrs

t = Temperature difference between entering dry
dw bulb and exhaust wet bulb

¢ = Specific volume of air
v

H = 10000 x 60 x 424 x 72 x 17.2
d 13.75

7
H=1.29 x 10
d

Efficiency of Drying

E=H x100
d u
H
d

Where E = Efficiency of drying, percent
d

H - Heat utilized, Btu
u

H = Heat available for drying, Btu
d



Efficiency of Drying Continued

6
E=z2.6x10 x100

d 7

1.29 x 10

E = 20.2
d



APPENDIX D

TABLES OF FUNDAMENTAL DRYING DATA, SUMMARY OF
CONDITIONS USED IN FUNDAMENTAL DRYING STUDIES,
LOADING SCHEDULE AND SUMMARY FOR CONTINUCUS
DRYING STUDIES, DATA OBTAINED IN CONTINUOUS
STUDIES, SUMMARY OF GERMINATION DATA, PEANUT
BUTTER SCORE CARD, SUMMARY AND RANK OF PEANUT

BUTTER TASTE TESTS, AND QUALITY REPORTS
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Tauvle 3

Lealing Schedule and Swrmary for
Codb*)uudu Drying Studics l 19

Test Date Tine Loaded Unloaded
Lbs, Lis,.
1 10/5/19 1800 2003
10/ /9 1700 1505
1o/r»/b,9 1100 1,099
10/2/:9 1000 23,9
10/ ‘/’.;9 0900 756
10/10,:9 100 1727
10/12/149 0800 A 2707
2 10/13/4:9 1200 2089
1J/L 9‘ 1.9 1500 1795
o) 1000 1303
1\.)/19/’4.9 1500 3525
12/19 /¢ 1000 Lose
10/20/19 11,00 259
10/01/49 1200 1315
10/2, / 2000 1532
10/25,/10 0800 2751
10/13/49 1400 390,
12/19/19 03800 Liase
10/20 /MG 2000 836
1o/’)"/L,9 1300 766
10/26/1:5 0800 2751
Sumary
Test 1 Test 2 Test 3
Lbs, Lis. Lts,
Peanuts Loadcd 9076 | Peanuts Loaded 1704y | “canuts Loaded 2230
Trash Lenoved _~m9_ Trash Lenoved ____ 0| Trash Renoved 0
Vet luts Iried 9976 | \let Tuts Dried 1702 | “'et “uts Dried 8334
Peanuts Unloaded  £220 | Pcanuts Unloacded — J207| ‘eanuts Unloadod 11353
Vister Loct L;756 | Viater Lost 87¢7!| ater Lost L33




Talle 3=\

Loadin:; Schiedule and Summery for
Continuous Lrying Studies 195C

iest Date Timo Lozded Unloaded
Lbs. L':}c
1 eA/50 1300 6634
10/5/50 0900 1602
13/1/50 1000 3365
10/9/50 2000 5875
16/1,/50 0500 2135
2 10/19/50 1650 21
10/19/50 1500 6225
10/2 //o 1000 8al5
10/23/50 1500 7643
3 10/2% /50 2000 8,70
10/&)/60 2060 6039
1
|
Lwrary
Test 1 Test 2 Tost 3
Lbse Lbs. Lus,
Pernuts Leoaded 11381 | Fconuts Loaded 5311 “eanuts Loaded 80
Urash henoved __ 200 | Trash lenoved {00! Trash kenoved 350
det luts Dricd 11561 |.iet luts Tried U051 et Tlubs Qried 4120
leamubs wiloalod 0010 | Peanuts Unloadled 703! Pearuts Unloaded (00
Vister Lost 3571 |viater Lost 7003| .iator Lost 2031




)

Telle 3-3

1

Loaoginp Schedule ond Swrnarr for

r R . T L. Q. - . N N
Continuous Lr-ing Studles 1271

t

Test brte Tine Losaded vnleoad od
Lus, L. s
1 10/5/51 1000 2500
1300 2609
1500 500
1800 1200
10/11/51 0890 2000
1700 1500
2100 20.9
2 10/20/51 0900 2300
1200 2000
1700 2550
2000 1962
10/22/51 1000 1000
1400 2000
1300 500
2300 1550
Summary
Test 1 Test 2
o 7 ) AiEs.‘H_ - Libse
Peanuts Loaded 109 Peanuts Loaded 8c12
Tresh kenoved 1100 Trash Kemoved ASO
wet Tuts Dried 7709 Wet “luts Dried 8352
Poanuts Unloaded 5949 Peanuts Urloaded 523L

Wlater Lost

2160 “Jater Lost




Tatlo Ut

Data Obtained in Continuous Drying Studies

iiclland, Virsinia, 1349

— - }
Test 1 2

T

i !

Entering air, dry bulb temperature, dese ¥ 32.5 : 85.5;

1

Bxhaust oir, dry bulb temperature, ders T i3 ' O740
Ambient eir, dry bulb temperature, ders I | 736l : Qi3
Entorins air, relotive humidity, porcent i 571 . Llie3
Lxhoust eir, relative humidity, percent | 73567 1 7540
Ambicent air, rclative humidi by, percont 2 T3e7 | a1
Entering air, wet bulb temporature, der. F i 8945 L OKial2
Lyhaust air, wet bulb temperature, dee U i 6763 E 6245
Duration of test, hours i 15745 L 1.0
fuel used, rallons % 13,40 717040
iV of fuel used, 1000 Btu per gallon | 17C,.,0 : 13560
Air dolivered, cuble feet per nmimite | 590040 | 511:1C 60
Yeisht of water removed Irom nuts, pounds L757.0 376840
Tieat aveilalle for drying, 1000 3tu 12900,0 % 2250040
Teat used for drying, 1000 Biu 1.112.0 % 755047
Efficiency of drrin~, vcrcent 31.3 55.1L




Table l.-A

Data OLtained in Continuous Drying Studies

olland, Virsinia, 1950

Test

1 2 3
Lnterins air, dry Lulb temperature, des. I 8341 83.3 9.l
Exhavst air, dry bulb tanperature, ders ¥ 6740 7343 Gl
Ambient sir, dry bulb temperature, dese ¥ 70.2 TCel: 705
Lntering air, relative humidity, rorcent 3740 L1240 1240
Exhaust air, relative hunidity, percont 37.0 9t.2 7L 40
Ambient air, rela’”ive humidity, percent 8545 8246 82,6
Entering eir, vet bulb tempereture, dege F Hiah 7243 7563
Lxhaust air, wet bulb temperature, dege I G145 72,8 7540
Duration of tect, hours 80,0 Glo3 2540
Fuel used, rellons 131.0 18545 Cle3
HHV of fuel used, 1000 tu per gallon 13%.0 176.01 175,0
Air delivered, cubic feet per nminute 10037.0 | 9850,0| 9675.C
Jeight of wiater romoved from nuts, pounds 3L0L.0 | 7520.0| 66GL0
lleat availeble for dr;ing, 1000 Btu 15880,0 | 13700.0| 5000,0C
Tleat used for dr-ing, 1000 Btu 3670,0 | 7900.0{ 700,0
Bfficiency of drying, percent 23,1 576 13.8




Table [1=3

Date Chtuired in Contirucus Dryings Ctudies
] Virginia, 1091

;
Test 1 n
bnterins air, ¢ry bulb tempersture, dec, T | Tl 07 o5
Exhaust air, dry bulb tenperature, de-e © L 0.0 1 770
‘
Amblent nir, déry bulb temperasture, dci, % (€0 | 5842
Lnterinp oir, relative humidity, perecnt j 3C,0 | 3040
nxhaust air, rclative hunmidit;, percent 67 60 $0e2
Ambient air, rclative humidity, percent 1e5 Tl
Lntering air, wet bulb tempercture, ders O (la5 1 G865
i

Lxhaust alr, wet bulb temperaturec, dep, & 61.0 £040
Duration of test, hours 7240 Lia0
Fuel used, gellors 10,0 125,

IV of fucl ured, 1000 Ttu per sellen 17,0 15760
Air dclivored, cuvic feet per ninute 10000.,0 {10000,0
Vielrht of water rcenoved rom ruts, pounds 2.79,0 | 34,0
leat availatle for drying, 1000 Btu 270C.0 | 889C,.0
Zeat uced for ¢rring, 1000 Dtu T58Ce0 | 3217 4,0
Efficiency of drying, porcent 20,2 11340




10

Table 5

Swmary of Germination Data
Peanut Drying Studies 19050

_ . .
Terp. Ar Plow | Dete Humber Tumber Dete 2
e~ T Ui":,/sq. Tte Started - of Iuts | Sproutedi Inded Gerrie

83,1 60 11/21 1,00 370 12/12 | 92,50
383 60 11/21 1 Loo 397 12/12 | 99.25
9.1 60 11/21 300 221 12/12 | 73,57
80,0 15 11/21 1,00 359 12/12 | 80.75
- 80.0 30 - 1/21 Loo 393 12/12 | 98,25
1 80,0 L5 | 11/21 Loo 367 12/12 | 91.75
: 8040 60 ’ 11/21 oo 3L3 12/12 | 85.75
| 100.0 15 . 11/21 | Loo 263 12/12 | 5475
100,0 30 11/21 1,00 350 12/12 88450
“ 100.0 L5 11/21 1,00 300 12/12 75400
100.0 0 | 11/°1 L,00 322 12/12 | 83,00
120,0 15 .11/ 0 Loo 311 12/12 T7.75
120.0 %0 11/ Loo 387 12/12 | 96.75
120.0 L5 11/01 1,00 301 12/12 75425
120.0 60 11/21 1,00 256 12/12 | d..0
Field | Cured 12/11 00 363 1/11/54 90,75




Tanls &
et Dubter Scere Card
con:
A. Taste 605
TJe Texture 2057 0il ¥ LuLler el sUoel ernocth
Ce OSirendanility 10. relesive wlue of srrealing

2, Color 105
Tenr, |[Air -low Taste Text re Sireadeblill vy Color
C7/ Tie it
120 15 50 20 9 O
120 30 L5 20 10 &
12C L5 L5 18 5 6
120 60 L5 20 10 6
100 15 60 10 L 7
100 30 50 12 10 9
100 45 55 13 10 7
100 &0 50 13 9 g
co 1z L5 10 7 5
80 30 58 18 S 8
20 L5 L5 13 9
60 60 1,0 16 = 6
Continiohs Test |1 55 16 3 10
Conbinudis Tost .2 60 19 9 o
Tonbisudus Test 3 50 19 9 &
Pield Cujred 58 20 7 7
CLoowlurs cud Title of Taslor)




Table 7
Surmary and fank of Peanut Butter Taste Test Data
199
Rank Score Initial Irse. of| Tomp, Air [low —‘
Total Vel o (03) Test |De~. ¥ |Cl7/ Sqo @4

1 1027 Comcrcial Sample| o, 1

2 929 Pield Cured Sanpl%z loe 1

3 92, 3540 7840 96 60
L 898 Field Cwred Senp 1r 0. 2

5 aLo 3.0 7840 % 96 ; 15
6 836 Field Cured u&.lylp Toe 1 ‘

7 821 Commercial Sampleg Loe 2 !

8 776 3€45 7845 | 90 0
9 768 3845 78.5 90 | 30
10 762 Field Cured Sampl:p ioe 1

,

11 760 3845 102,0 90 60
12 720 38 102,0 8o i L5
13 705 3345 102,0 80 ; 15
1, 651 38,5 102,0 | 80 | 30
15 5h1 3541 Ghe5 | 115 15
16 L79 35.1 aie5 115 l 60
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Tatle T=A

Summory and RKank of Teanut Sutter Taste Test Data

1950
1
Lenlk Score initial rs. off Tenz. Adir Tlow

Total T elel ) Test | Do o ¥ [ CTT/ Sge Tha
1 530 55 ais3 Kontinuods Test (ce 2
2 £13 13 52,0 120,0 15
5 138 3243 7545 3040 20
L 1,35 3142 80,0 [Continueys Yeost ce 1
5 1,560 L4743 9Ge2 10C,0 L5
6 | u6e 173 | ot | 100.0 30
7 | Lok 3743 7565 80,0 15
o | 1150 L7463 96,42 100,0 60
9 450 3343 7545 80,0 L5
10 159 13,0 5240 120,0 60
11 136 L7e3 9642 100,0 15
12 L3l Ficld Cyred Sample
1% L2l L3,0 5240 12C,0 LS
1 L20 ;540 5240 126,40
15 321 3363 7545 “0,0 0
15 371 170 2080 [Cortinucys ‘est 0. 3




Table 8

1950 Peanut Cuality Report Iron
“lenters ut and Chocolate Company
Suffolk, Virzinia

- ; . : - S
Teir ] Air Tlow ] Loistur% Zand 3lanch Butter % Sutter Per-xidc .
Doz, & CIn/ Sty QontentirAg“Raw o .#lavor . Oder | Vilue
80 | 15 | Se3 i I'o Over cooked = Over cooked ; Le 10
80 é 30 | CeT i o - Slichtly off; Sli~htly off| Co 51
80 L5 1 Ge7 i Yo Slizhily off ?Slighﬁly of?! 0.52°
go | 60 ? DeT i lo | Over cooked i Over ccoked | (C.732
120 15 ; Te7 % o | Good i Good 0,732
120 30 R | o Good ' Good 0515
120 | L5 | 53 i Slizhtliy : off i off 0.51y |
120 i 60 é 543 % Yes E off ore | 0435
100 | 15 5e7 | Yee é Over cooled ? Over coolzed | Cof2l
100 30 o7 2o ; Good  Good 7l
100 | L5 5.3 Yes j Slishtly off Fair 0...10
100 i 60 53 Yes ore . Cff 017
Field Aured &5 o Good % Good 0,175
COntindous Test 1| 5ef Slightly Good | Good 0o 79
Contingous Test 2! 647 S1izhtly orf L ofr 0.2(3
Contin?ous Test 3! %40 Yos Good Good Ca315
L - S J U S N S
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150 feanut .uality Hepert Jronl T Wlo fefte

Division of irults and Vesetables
Seltsville, .ou land

Tercent 1> 4}
Ter, | &£lr rlow reakaze or | duality of Teanut “utuor ;
Dewe 1 10/ 5ge ¥'Te olinrage: ..ade 'rom The Satcle
! l ‘ i
80 ‘ 15 a e 77 P Plat, but .o off flaver.
i - - A
30 50 12,08 Plot, a little off Tlavor.
i
| !
50 L5 bo1e99 - Tlat, a little of flavor. |
|
30 60 | 11.55 Ylat, and distinetly off {lavor.
{
!
120 15 P 17.30 Tlat and off {lavor,
i
120 30 ST Tlot, disa -reeavle taste,
120 L5 32410 Tlat, disa-recadle taste.
120 60 5141l Ylat, disa-recadle tastc.

100 15 12,80 Tlat and off flavor.
100 30 31,422 Mlat and disbinetly off flavor.
100 15 2,52 Sedlr oo flavor; inedi 1-.

100 60 3le7h Tadly off flavor; inedible,

ield |Cured 5670 To off flavor, but laciks aroma.
Continnous Test 1 13.70 Leclkks desirable Tlavor
Contious Test 2 8469 Lacls desirable {lavor
Continpous Test .3 1.145 Laclzs deslrat:le Tlavor
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Table <=3

1750 Peanut “uality Report From Chenicel Devartnent
Vir:inia Arricultural Ixperiment Station

Vir-inia I'oliyteocnnie Institute

R

Blackshurs, Vi

rrinia

Termne | Alr rlow Percent «~oisture Percent Percent Rmecidity
Deme F L1/ Sge %4 after “potein |Ether Extract Test
Additional Drying | Dry Dasis Dry Basis
80 15 1.38 29,8 L7.17 Torative
80 30 1.62 291l L7413 Ye-ative
80 L5 1.19 30,00 L7e11 Tenative
80 60 1.55 30,00 L6663 llezative
120 15 1.7 31,06 L5417 Teabivo
120 30 145 30438 Ll1e78 Terative
120 15 1,54 30,38 L5eT1 Yiesative
120 60 l.21 224,38 L6.68 Nerative
100 15 1.27 30631 Lil; 470 Yesative
100 30 1.73 30431 Ll 55 Terative
| 100 L5 1117 30419 L5453 Te~ative
100 60 1.5 3041l L5.89 Terative
Pield Cured 1.90 30,88 LS W5k Tecative
Contimjous Test .1 115 29456 LéoT72 Terative
Contingous Test |2 1,58 30,13 L5433 llerative
Contingyious Test ;3 1,32 30413 L5632 lenative




APPENDIX E

PEANUT FLOW CHART
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Flow diarram of peanut harvesting and dryins rrocess with cross-section of
continuous drier. 1l.- luts on vine before dug 2, -Iuts and vine after nuts have been
< removed from soil 3. ~lluts and vine after soil has been shaken from nuts. 3A =Conven-
tional field stack of nuts and vines 3B -Field cured nuts 3C =iield cured hay i, -ilet

nuts removed from wet vines LA, 5, -Loading platforn 6, =Cleaner 7. =Vertical cup

elevator &, =Urying bin G, = Unloading shalter 10, = orizontal dr;- nut conveyor
1l, =Drivins mechanism for unloadins shaker 12, -Incline drv nut elevator 15, =Dry
nut storage U, =-Sacks of dry nuts ready for market,





