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THE DEVELOPMENT OF A

CONTINUOUS PEANUT DRIER

INTRODUCTION

Peanuts are a vital commodity in a small area in southeastern

Virginia and northeastern North Caroline. The production in this area

is 2A% of the total value of the peanut crop in the United States. In

19L8 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 utilized 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 demnd premium prices•

In l9h8 the total production of peanut vine hey in this Virginia-

North Carolina area was 219,000 tone 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 es a soil conditioner• Dring the

present method of curing, most of the leaves are lost, thereby reducing

the value and the amount of hey harvested• By improving the hey that

is now being saved and saving the hey that is now being lost, the
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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 mthod of curing peanuts

is emloyed 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 labor requiremsnt which results in

high labor costs, The present method of curing requires that peanuts

remain in the field in stacks from three to five weeks under optimm

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

achines which will enable farmers to harvest their crops ore efficient-

ly with as little labor as possible and with a minimum amunt 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 peanut

harvesting (1, 2, 3) with the aim of developing a peanut combine, There

is a need for some mthod of drying the green nuts if they are to be

harvested with a combine, Peanut drying investigations are now in pro-

gress in most of the peanut producing areas (A, 5, 6, 7),

Engineering research is needed in Virginia because of the special

conditions which do not exist in other areas, The variety of peanuts

grown in Virginia is determined by market demands, The market requires
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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 formation, type soil and the
climatie 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 was needed whereby the peanuts could be picked soon
after digging, while still wet, and the nuts and vines could be dried
separately (S)•
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OBJECTIVES

The objectives of this study were:

1. To design and construct a small column type drier and

conduct fundamental tests using this drier.

2. To design, eonstruet and test a continuous peanut drier

using optimm conditions as obtained frum fundamental

tests.

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

fundamental and continuous driers.
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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 furnishr
ed by the Tidewater Field Experiment Station.

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

FUNDAMENTAL COLUMN BRIER

The following is a list of the equipment that made up the fundamene

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

Drier Ducts

The fundamental duct estem, Fig, 1, consisted of a main duct

8 ft 8 in long with an area of l,k eq ft and two sallsr 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 eall columns,

Qglumne

Columns for containing peanuts were made of furnace pipe 8-3/L in

in diameter by h3 in long with mesh wire bottoms, These columns were

fastened air—tight to the small ducts,

Heater Strips
U

Heater strips of 500 wette, with maximum sheath temperature of

750 F,and 750 wette, wdth maximum sheath temperature of 1200 F were used

A tc heat the entering air, See Fig, 2 for circuit 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•

N
i
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llaa
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 studies.

Motor

The motor used to rotate the centrifugal fan for these studies

was a 3 hp, repulsion start, induction run, 110-220 volt, 37 - 18.5 amp,
single phase motor, manufsctured by the Fairbank Morse Company. It was

designed for continuous duty at a full load speed of l7L5 rpm.

Scales

A Hansen type "C" scale, model 8910, range 0 — 100 by 1 lb was

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

CONTINUOU$ DRIER

The following is a list 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 duct, plenum chamber,
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horizontal conveyors, driving mechanism, and supports; the grate~bottom;
‘ and the drier bin.

1• Qggg

The overall dimsnsions of the base, Fig. 9, were 9 ft 1-3/A
in wide by 12 ft 10 in long with a height of A ft 1-3/Ä in. A triangular
air duct fbrmed the center of the base. The top of the air duct was
covered with mesh wire so that air could pass up through the p1enum<:ham·
ber and into the drier bin. The bottom of the air duct was coveredvith
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 ll. The belt was driven by a 6 in
steel pulley 2 in in diameter and idled on a similar pulley. A manually
cperated ecr•w—type tension adjustment was on the idling pulley. Power
for driving the conveyors was transmitted from a 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 ae to furnish power to both the
conveyors and the shaker. The base was conetructed 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 A in rocker was spaced between each inverted "V" and was pivoted
at each end. These rockers were caused to oscillate by a 1/A by 1 in
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strap-iron rocker arm.wcrking off a cam actuated by the driving mechan»

ism. The grate—bottom was framed with 2 in by 12 in plank which reeted

on edge between the base and thecirier bin. The overall dimensione 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 L in framework. Its dimensions were 8 ft A 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 L in long were used at corners

and joints.
6

Peirson-Moore A11 Cron Drier

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

heat the entering air. See Fig. 5B.

Loading Platfnnn
A loading platform, Figs. 5B and 6, with an area of 2A sq ft

was constructed in the field to receive peanuts before cleaning.

Cleaner

A customrbuilt cleaner, Figs. 6 and 7A, was fabricated by the

Pittman Wood and Metal Products Company, Courtland, Virginia, for the

purpose of removing peanut etems, leaves, and foreign material. This

cleaner used four rows of saw blades, a eix—blade centrifugal fan and

pan agitation as its principle of cleaning.
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Vertical Elevator

A custom-built cup-type elevator, Figs. 6 and 7B, was fabri-

eated by the Pittman Wbod and Metal Prodcts Company, Courtland, Vir-

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

bin.

Inclined Elevator

A customebuilt inclined elevator, Figs. 6 and 11B, was fabri-

cated by the Pittman Weod and Metal Products Company, Courtland, Vir-

ginia, and was used to convey the dry peanuts frem.the drier into a

temporary storage bin.

Storage Bin

A temperary storage bin, for the purpose of receiving the dry

peanuts from the drier until they could be bagged, was built of 3/8 in

plyboard on a 2 in by A 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 llB.

.L¢•.a.*e.s>.=;
The driving meter for the shaker and horizontal conveyer was

a l hp, single phase capacitor meter operating on 110-220 velt and ln-7

amps, manufactured by the Westinghouse Corporation. A variable conn-

shaped pulley was used on the driving shaft.

Reducaag Gears

A variable speed redueer, Turner medel 20A—2L, l hp, with an input
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speed of 300 rpm and output speeds of 102, 138, 183, and 2A? was used
with a 100-l speed reducer.

INSTHUMENTS AND MACHINERY

Digger

A Goodrich type eanut digger was used to dig peanuts for these
studies. The digger used had been modified by adding shaker bars to obtain
more agitstion of the peanuts.

Picker

Several pickers were observed throughout this study; however,

the type used to pick the peanuts for these tests was a carding-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. 153X6OPl6-X-IN, Ser. No. 5lhS with a range of

e -50 to 4 300 F operating on 110-125 volts, 60 cycle, 55 amps, 55 watts,
was manufactured by Minneapolis Honeywell Regulator Company.

Recorgggg Thermometer

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

ing thermometer having a range of O to 4 200 F, using seven-day charts.

§ggro—thermoggaphe

Dry bulb temperatures and percent relative humidity of air
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were reeorded by a Friez hygro-thermograph, model 59h which was manu—
factured by Friez Instrumnt Division, Bendix Aviation Corporation,
Baltimore, Maryland,

Inclined Tube Monometer

Four inclined tube uonometers were constructed in the Rural
Electrifieation Research Laboratory, Virginia Polytechnic Institute,
These monometers were used to indicate the air flow in each small duct,

Mioro—monometer

A type C micro-monometer, reading from 0 to 6 in of water and
manufactured by E, Vernon Hill of Chicago, Illinois, was used to cali-
brate the inclined tube monometer,

Psrchromoter

A motor driven payehromter, Serial No, 206-39, 110 volt, 60
ohm, 0,A amp with a range of 0 to 130 F was used to calibrate the re-
cording hygro·thermographs,

Anemometer

A Taylor anemometer, Serial Nb, 1922, range 0 - 10,000 fpm,
manufactured by the Taylor Instrumnt Company, Rochester, New Ybrk, was
used to determine the air velocity,

Thermometer;

Palmr mercury—bu1b thermomoters, range of 0 to 220 F, were
used in this study,
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Plottigg Machine

A plotting machine conetructed by the Agricultural Engineering

Department, Virginia Polytechnic Institute (10) was used for converting

values from the recording potentiometer to curves,

§s.e2~.s.s.
The Holland Gin Company, Holland, Virginia, furnished platform

scale service for weighing peanuts.

Balances

Cenco Balancing Scales, Fig, A, manufactured by Central

Scientific Company, Chicago, Illinois, were used throughout these studies
for weighing samples,

Steinlite V

The Steinlite moisture tester, Fig, A, 110 volt, 60 cycles,

manufaetured by the Fred Stein Laboratories, Atchison, Kansas, was used

to determine immediately the moisture content of peanut samples,

@22
Samples of peanuts were placed in the Aminco Electric Oven,

Fig, A, no, A—lA8A, Serial No, 02006A, 60 cycles, lA7—2l5 volt, in order

to determine the moisture content of peanuts, The oven method of meis-

ture determination is considered mre accurate than the Steinlite method

and.was used in this study for all final determinations,
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PROCEDURE

The major subdivisions of this study involve the design, construc·

tion and testing of a fundamental drier and a continuous drier and the

determination of 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 dne 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 Econome

ice Laboratory and the Rural Electrification Laboratory.

FUNDAMENTAL COLUMN DHIER

A fundamental drier, Fig. l, was designed and oonstructed 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 penuts 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 very-

ing these conditions.

Main Duct

The main duct, Fig. l, was fabricated of 3/8 in plyboard

on l in by 2 in framework,with the exception of the heating chamber which
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was lined with 1/A 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 dcts had the same construction as the main
duct, They were fastened to the main duct with l 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 diamter and A3 in long, The furnace pipes were fastened to
a base attached to the small ducts, The peanuts were supported with a
mesh-wire bottom at the base, Each column had a metal cap made with an
orifice and a pressure tube included, A plenum chamber of approximately
L 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 munted 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 fune
damental investigations.

V

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 dct 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 cfm 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 eeasons, l9A9 and 1950, and ie listed in Tables 1, 2, and 2A.

Peanut samples (Virginia runner and jumbo varieties) consist-

ing of about 50 lbs 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 temeratures. 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.
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Tegperature Measurements and Recordings

Temperatures were recorded by the Brown recording potentiometer

and switching assembly (9) with the use of ccpper constantan thermocouples

placed at the following points: ambient or room, below and above each

column of nuts, and inside the columns at l/A, l/2, and 3/A the height of

the peanuts. The thermocouples were placed inside wooden pegs replicating

peanuts in order to get a temerature 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 taub

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

Fiß. A.

Analysis of X and Y Values in Table l

The X values shown in Table l were measured with the experimen-

tal apparatus, that is X1, initial moisture content (dry basis), was

determined by the oven methd. X2, average entering air temperature, was

recorded with a thermocouple and a recording potentiometer. X3 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. Xu, 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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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 thermocouplee 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 (lO)•

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-l6•

Y , time of departure of trailing drying edge, was obtained by

reading theßtime 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-

HAÜG 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, ddvided 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,

was determiäed by the oven method.
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Prediction Eguations 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 1+ 1 2 3 1+ 5

the multiple regression technique (ll) was used to find the best linear

estimates of these effects, It might be noted that there are no theoreti·

cal conditions placed on the X°e, i,e,, they ay take any value and these

estimates are valid under the sdmple criterion of minimum variance (12),

Exhibited below are the five regression equations,

Y z —L68,363 4 3,35X 4 1,96X 4 3,07X 4 0,323X : Thickness of drying
l mc t rh q layer in inchee,

Y : ·3•9hl 4 0,028X 4 0,029X 4 0,013X 4 0,013OX ; Rate of mvement
2 me t rh q trailing drying edge

inches per hr,

Y : -67,8hO 4 l,279X 4 0,189X - 0,10lX · 0,228X : Time of departure of
3 mc t rh q trailing drying edge

inhrse

Y ; ·77,&67 4 1,23OX 4 0,168X 4 0,365X — 0,228X ; Hrs, of entire mass
L mc t rh q of nuts to reach

one·half equilibrium,

Y : l2,&85 - 0,032X - 0,059X 4 0,G83X • 0.066x : Final moisture content
5 um t rh q (dry basis) bottom

layare

When considering time of departure and hours to reach one—half

equilibrium, nete that the equation show very well, within limits of the

number of observations, that three factors (mc, t, and q) have the same

over—all effect; whereas, the factor of H,H. changes appreeiably 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, l9A9-50-5l, and are listed in Tables 3-LB

inclusive.

Desigp 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 etems 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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oscillating mechanism.of the grate—bottom would rock slowly to allow them

tc fall between the oecillating member and the edge of the inverted "V”

section. When the peanuts were ehaken through the grate·bctt0m, 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.electrie

motor operating at a speed of 1800 rpm. This speed was reduced to 300 rpm

with pulleya before entering the variable speed reducing gear. By adjust-

ing a lever on the speed reducer, output speeds ef 102, 138, 183, and 2L?

rpm were obtained. These speeds were further reduced by a 100-1 speed re-

ducer to 1.02, 1.38, 1.83, and 2.h7 rpm driving shaft spees. Sprockets

with a ratio of 3.75 to 1 further redueed this speed for the shaking

mechanism. Assuming an output speed of 2.k7 TM for the driving shaft, a

cam speed of .659 rpm.was ebtained. Also, as shown in Fig. 12, by using

sprockets with a 1 to 5 ratio an a drive shaft speed of 2.h7 rpm a con-

veyor belt speed of 3.23 fpm was obtained. As previously stated, by

varying the output speed, the cam and conveyor speede were varied

accordingly.

During l9L9 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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if the dier 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 dnying 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 ould indicate that the
air leaving the peanuts had reached the saturation point. Efficiency
calculations for the continuous drisr are shown in Appendix C.

Temnerature

Results from fundamental drying studies indicated that tempera-
tures of 120 F caused a detrimental effect on the 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 eq ft was used. This air flow was selected (13, lk) on the

basis cf 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
mnisture content on the Steinlite moisture tester in order to determine

when the peanuts were sufficiently dry for removal.
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Temperature Measurements and Recordiggs

Temperature patterns throughout the drier bin were recorded by
the Brown recording potentiometer 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 depth to the top of the nuts• In order

to replicate a peanut, the therocouples were placed inside wooden pegs

and sealed with tape. The Brown recording thermomsters gave aczonstant

check on the average entering dry bulb and wet bulb tempratures. Re-

cording hygro—therm¤graphs 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

oonditios.

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

meist and inspeeted periodically. Duplicate samples were made in each

case. A record of germinated kernels was kept on a percentage basis and

is shown in Table 5•
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Taste Tests

The taste tests for the 19A9—50 peanut drying studies were

conducted by the Home Economics Department, Virginia Polytechnic

Institute and consisted of a taste panel under the supervision of

Miss L. J. Harper, Associate Professor of Home Economics. A Peanut Butter

Score Chart, Table 6, was set up on the basis of 100% with the taste con-

stituting 60%, texture 20%, spreadability 10%, and color 10%. A taste

test summary is given in Tables 7 and 7A. Peanut butter made fromifield

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 Plant Industry, Soils,

and Agricultural Engineering, United States Department of Agriculture,

Beltsville, Maryland.

Quality Report from Planters Nut and Chocolate Compapy, Suffolk,

Virginia

Samples of peanuts from each test were sent to the Planters

Nut and Chocolate Company, Suffolk, Virginia, for peroxide tests; de—

termination of butter flavor and odor; and to determine to what 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 Aggiculture, Beltsville, Maryland

The Division of Fruits and Vegetablea, 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 BA. Duplicate samples were prepared by the Agricul-

tural Engineering Department, Division of Farm.E1ectrification, Virginia

Polytechnic Institute, and forwarded for taste tests.

Quality Repgrt from Agricultural Chemistry Laboratogy, 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 subjeeted to a rancidity test, Table BB. The percent

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

FUNDAMENTAL DRYING STUDIS

Discussion of Prediction Eguations

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 yield 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 Dryggg Qperation
The fundamntal drier, in general, performed a satisfactory job
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of dying four columns of nnte using a constant temperature and.four

different air flews. The entering air temperature was regulated by a

bi-mtallio 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 teste, but close control was ebtained

thereafter with only minor adjustments.

Drying rate curves for the fundamental drier, Appendix A,

indicate that a smaller air flow differential than the 15 cfm 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 whenpeanute are

dried in a column A3 in high, an air flow greater than 15 cfm per eq ft

ie required to dry the peanuts on the top before meld develops.

CONTINUCUS DRYING STUDIES

Discussion of Qperation

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 period in the field, the
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moisture content was redueed from approximately 50 to approximately

35 percent w.b. This reduced both the dmying load of thecirier 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 had proved to be one of the principal 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 comon 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 remve 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 obtaincd using mixed, runner and jumbo peanuts

with a wet basis moisture content of 11.5 percent -.156, 231, 312, and

387 lbs per hr.

It was noted during the 1950 operation that the shaker asseue

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. H

The most desirable results were obtained 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 l
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 DETERMINATIQQQ

In determining the quality of the died 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 kernele. At

low air flows, 15 and 30 cfm, the drying rate was so slow that meld

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

peanuts and peanut products. This factor has no standard for judging

since every judge may have a different sense of taste. The requisites T

for a gpod taste judge include the ability to differentiate in taste,

to be able to determine which taste is 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 samles. However, samples

from the top of the bin had a sweeter and more natural taste than those

from the bottom.

Ranciditg

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
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covering is 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

epartment 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 referring 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 remval

of the red skin on the kernel, is "blanching". The Planters Nut and

Chocolate Company conducted a slippage test by rolling the kernel be-

tween the thumb and fcrefinger while the peanut was raw to see if the

kernel would hand·blanch while raw. The results of the 1950 tests are

shown in Table 8.
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"Bla.nching" tests conducted by Planters Nut and Chocolate

Company for three samples from the 1951 contfmuous 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 production.

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

l. A fundamental column 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 A8l.25

ou ft.

A. The continueus drier was fabricated in the Virginia Polytechnic

Institute Agricultural Engineering Laboratory and assembled at the Tide·

water Field Experient Station, Holland, Virginia.

5. The continuous drier operated satisfactorily in all mechanical

details with only minor attention.

6. The method of remeving peanuts from the continuous 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 to 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 meld.

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

and method of handling.
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10. The skin elippsge end breakage of the peanuts increeeed es

the drying rate increaeed.

11. The degree of skin slippage end breskege varied inversely es

to the misture content et time of ssmpling.

12. There was no indication cf rancidity using temperatures of

70 to 120 F.

13. There was no indicstion of rancidity using sir flowe of

15 to 75 cfm per eq ft.
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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.

l. 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-
nental heat.

A. 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 unlcading 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 dying 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 procesaors in an effort to determine what

factors are involved in determining quality of peanuts,
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_ APPENDIX A

CHARTS OF RESISTANCE OF DRY UNSHELLED PEANUTS

TO AIR FLOW, DRYING RATES, DRYING LAYEZR, DRYING

EDGES, AND WISTURE RATIO
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ORIFICE CALCULATIONS FOR FUNDAMENTAL COLUMN DRIER

Basic Conditions

1, Diaeter of dct, ft 0,7290

2, Area of duct, sq_ft 0,A200

3, Diameter of orifice, ft 0,1250

A, Area of orifice, sq ft 0,0122
5, Air flow, cfm per eq ft A5,0000

Static Pressure for A5 cfm per sg ft Air Flow

éq:a0oscA<p>
2

P:(........9.....)Caooscw
Where q : cu ft of air per min

c : coefficient of discharge assuming standard air

A = area of orifiee in eq ft

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

2

(0,0l22x0,£xA005)

p : O,A2 in of water
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Orifice Calibrations for Fundamental Column Drier

Air Flow Static Pressure Static Pressure
cfm per eq ft inches of water inches of water

li in orifice 2 in orifice

30 O•l8 O•O6

Ä5 O•l•.2 OJ-B

&75

l•l5 O•36
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EFFICIENCY CALCULATIONS FOR CONTINUOUS DBIER

Basic Conditions: Values taken from.Test l,_19§1 season

1. Dry bulb temperature of entering air, F 78.7

2. Dry bulb temperature of exhaust air, F 69.0

3. Dry bulb temperature difference between entering 9.7
and exhaust air, F

A. Mean outside dry bulb temperature, F 60.0

5. Dry bulb temperature difference between outside 18.7
and entering air, F

6. Mean relative humidity of entering air, percent 36.0

7. Mean relative humidity of exhaust air, percent 63.0

8. Man relative humidity of outside air, pereent 71.5

9. Wet bulb temperature of entering air, F 61.5

10. wet bulb temperature of exhaust air, F 61.0

11. Weight of wet nuts loaded, lbs 7709.0

12. Meieture content of peanuts loaded, percent 36.9

13, Weight of moisture removed, lbs 2A79.0

1A. Meisture content of peanuts unloaded, percent 9.3

15. Duration of test, hrs 72.0

16. Amount of fuel used, gala 190.0

17. Higher heating value of fuel, Btu per gal 135000.0

18. Amount of air, cfm 10000.0



2

— Heat Added to The Air

q x 60 x t x c x T
H : ...........§a.......c

v

where H : Heat added to air, Btu

q : Air flow, cu ft per min

t ; Dry bulb temperature difference between entering
d and exhaust air, F

c ; Specific heat of air

c : Specific volume of air
v

T ; Duration of test, hrs

13.75
6

H : 7•3 x 10 Btu

Heat Given ug by The Fuel

H=HHVxF
f

where H = Heat given up by the fuel
f

HHV ; Higher heating value of fuel, Btu per gal

F • Total amount of fuel used, gala

7
H g 135000 x 190 e 2.562 x 10
f
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Efficiency of The Burner

E;-_H_xl00
b H

f

Where E ; Efficiency of the burner, percent
b

H : Heat added to the air

H ; Heat given up by the fuel
f

6
E,-;Z,}xl0 X].®
b 7

2.57 x 10

E:28•l$b 7

Heat Utilized

H:]-ÜSOW
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

I-I·.:1050x2!+79
u

6
H : 2.6 x 10
u



A

Heat Available for Drying

Hd: q x 60 x c x T x td,
cv

Where H = Heat available for drying, Btu
d

q : Air flow, cfm

c „ Specific heat of air

T „ Total time of test, hrs

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

e = Specific volume of air
v

H ; 10000 x 60 x •@g x 72 x 1].2
d l3•75

7
H2d

Efficiency of Dryigg

E : H X 1ÜÜ
d Ji

H
d

Where E : Efficiency of drying, percent
d

H ; Heat utilized, Btu
u

H ; Heat available for drying, Btu
d
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Efficiency of Dryjns: Ccntinucd
6

E ; 2,6 x 10 2; 100
6 7

1,29 x 10

d



APPENDIX D

TABLES OF FUNDAMENTAL DRYING DATA, SUMMARY GF

CONDITIONS USED IN FUNDAMENTAL DRYING STUDIES,

LOADING SCHEDULE AND SUMMARY FOR CONTINUOUS

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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Table 5

Lealizig Schedule and Sm.u¢„ary fer
Ceatinueus Dryin; Studies lfL9

Test Date Time Loaded Unleaded
Lbs • Lls ,

1 10/3/119 1800 2003
10/1+/119 1700 1525
10/5/119 1100 11099106/1+9 1000 251 +9
10/7/119 0900 700
10/10/119 11100 1727
10/12ß19 0800 _ 2707

2 10/15/119 1200 2089
10//11;/119 1600 11798 —
10/15/119 1000 1505
10/18/119 1 600 3985
10/19/1.19 1000 111052
10/20/119 1.1},ÜÜ 2059
10/21/119 1000 15 15
10/211/.19 2000 1532
10/26/1.19 0800 2751

10/10/119 1000 6001+
10/19/19 0000 21052
10/21,/119 2000 036
10/25/19 1500 7%
10/26/119 0800 2751

Sumwary

Test l Test 2 Test 5

Lbso Lbs. Ltso

Peanuts Loaded 9976 Peanuts Loaded 1702h Peanuts Loaded 8056
Trash Removed __m0 Trash Remeved __“_£1 Trash Remeved ___£1

Wet Iuts Dried 9976 nee Iuts Fried l7ü21 "Äet Üuts Dried 0036
Peanuts Unloaded 5220 Peanuts Unloaded »8257 Teanuts Unloaded 1353

'Water Lost h756 Water Lost 8767 Water Lost 0103
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Table 5-Ä

Loading; Schedule and Llumnaxjr for
Co11t1m10us 231*;.*5.11;; Ltudies 1950

Test Date Time Loaded Uzzloaded
Lbs. L?i>s.

1 lißß.1/50 1500 66511 0
10/ÜÄO 0900 1802
1üJÄ/50 1000 3305 E
10/9/50 2000
587510/1)/500800 2155

\
2 I 10/19/1*0 1050 21,1

10/19/0 1800 6225
10/20fO 1000 88115
10/25 50 1900 76118

10/25/"0 2000 811.70
10/21 2/50 2000 0009

11

1 Test

Lbs, Lhs,

l°€l‘-IIUÜS Y-·C€*-ÖCÖ llßöl i“ea.nuts Loaded 1551].1 ”°'ea1”1uts Leaded 813.70
Trash liemeved M500 Trash liemoved Trash l1ex.1o·:ed _5{30

Jet Äfuts D1*Led 115131 Jet Äiuts Tßried Net Huts Qried B120
Temuts qhlcpaded N SO10 l)€>0.I1u’GS UI1l00.C.0d 5/CL}-8 Peanuts Unloaded 601}*:}

Water Lost 5571 Water Lost 7005 Jator Lost 2051
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Table 5-3

Loading Schedule and Summary for
Continuous Lrying Studies ljfl

Test Date Time Loaded Lnloadod
Lbs„ { L.s„

1 10/0/51 1000 2500
1500 2609
1500 1500
1800 1900

10/11/51 0000 2000
1700 1500
2100 20219

2 10/20/51 0900 2500
1500 2000
1700 2550
2000 1962

10/22/51 1000 1000
12100 2000
1900 500
2500 10321

Summary

Test 1 Test 2
”PTS P P P P ·PmPPLbs.‘ P SP

Lbs,

Peanuts Loaded 0109 Peanuts Loaded 3512
Trash hemoved noo Trash Removed häg
»et Üuts Dried 7709 °W¤t Üuts Dried 8562
Peanuts Unloaded 55h9 { Peanuts Unloadod äääg
Water Lost 2160 ”$ater Lost 5023
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Table 1;,

Data Obtained in Continuous Drying Studies
Holland, Virginia,

— Y - E „——- —--,.—....~,..—_7.„_..4l....i.„_.T¢ .Yr *» ——-—; — — ,___

Test I 1 I 2 I

Entering air, dry bulb temperature, dog, F 82,5 85,5I

Ezduaust air, dry bulb temperature, derq, F I 71;,5 <37’,<§I
I

I Ambient air, dry bulb temperature, der, F FÖJ-: I 61asI

I Entering air, relative humidity, pereent 55,1 Ii2;,,¢3I

I Eiyehaust air, relative humidity, pereent 75,0 75,0;

Amlaicnt air, relative humidi ty, pereent 75.7 72,1

I Entering air, wet bulb temperature, deg, F 69,5 69,2I

I
Exhaust air, wet 'eulb temperature, dev, F 67,5

I
62,5

I Duration ef test, hours 157,5 Zil,0

I 2
I Fuel used, gallons 151;,0 51<Ö,0I

I 111iV of fuel used, 1000 Btu per gallon I
155,0 155,0I

Air delivered, oubie feet per minute I 5900,0
I

5I;}iC,0I

Eieight of water removed from nuts, poxmds I
8768,0I

Iieat availafele for drying, 1000 Btu 22800,0I

Heat used for dryingq, 1000 Btu I 1,110,0 7550,0I

Efficiency of dxjyiné, peroent I
51,8 55.lI
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rabie 1,-;,

Data Obtained in Continuous Drying Studies
Holland, Virginia, 1950

Test 1 2 5

Entering air, dry Lulb temperature, deg, F 85,1 88,5 95,1

Exhaust air, dry bulb teiperature, der, F 67,0 75,5* 81,6y

Ambient air, dry bulb temperature, deg, F 70,2 72,1, 70,5j

Lntering air, relative humidity, percent 57,0 L9,0$ h2,0

Exhaust air, relative humidity, pcrcent 87,0 98,2I
7L,07

Ambient air, relative humidity, percent 85,5 89,6, 89,6

Entering air, wet bulb temperature, deg, F 6L,5 72,8 75,8

Exhaust air, wet bulb temperature, deg. F éh,5 72,8 75,8

Duration of test, hours 80,0 Ühcßi 25,0l

Fuel used, gallcns 151,0 165,57
81,57

BHV of fuel used, 1000 Ftu per gallcn 155,0 155,07 155,0

Air delivered, cubic feet per minute 10057,0 9850,0I 9875,0

Jeight of water removed from nuts, pcunds 5L9L,0 7522,0 666,0

Heat available for drying, 1000 Btu 15880,0 15700,0 5000,0

Heat used for drying, 1000 Btu 5670,0 7900,0 700,0

Efficiency of drying, percent 25Ql 57,6 15,8
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Tanic 1;-2

Data Obtained in Continueus Drying Studies
Holland, Tirginia, 1ÖZl

FF _——”F E-”””F7 AFF——F————____“—_—————__—_——T———*——‘ U
Test I 1 I22

I I
2 I

Enterin; air, dry bulb temperature, deg. F I TT,7 I 07,0 I
1 1 I 1‘exhaustair, dry bulb temperature, dei. F I 6C.O I 7f,S

I r
Ambient air, dry bulb temperature, de;. F I CC,0 I 08.2

Lntering air, relative humidity, percent I $(,0 I 5C,O

Lxhaust air, relative humidity, pereent éj.0 I éf.2

Ambient air, relative humidity, pereent T1,§ I TL,}

Entering air, wet bulb temperature, der. F §l,§ I ©S,§
2

Lxhaust air, wet bulb temperature, det. F 61.0
I

69.0
IDuration ef test, hours 72.0 Lé,0 I

Fuel used, gallens l)0.0 125.0 I

ZETV of fuel used, 1000 Ötu per gellon ljf.0 I 1;},0 I

Air delivered, eubic feet per minute 10000.0 Il0000,0

Weight of water removed from nuts, pounds 2L79.0 I ßdhb.0

Heat available for drying, 1000 Btu 12700.0 8890.0 _

de Ineat used for drying, 1000 Btu T§20,0 521f.O
I

Efficiency of drying, pereent 20,2 Lß,0
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Table 5·

Surmuary of Ger1:1111ati01·1 Data
Peamut Dryimg ötudies 1950

1 Temp.
1

Air Date 1N1,u:1bc1· Ihmbcr Date SÄ
Def. F CIC./sq. ft, Started 10f Huts Sprouted Emded Germ.

1
85.1 60 ’ 11/21

1
1100 570 12/12 92.50

1 22.5 60 11/21 1 1100 597 12/12 99.25

1 95.1 60
1

11/21 500 221 12/12 75.67

20,0 15 1 11/21
1

1100 559 12/12 09.75
20.0 50 11/21 1100 595 12/12 92.25

20.0 115 11/21
1

1100 567 12/12 91.75
20.0 60 11/21

1
1100 5115 12/12 05.756

1 100.0 15 11/21 1100
1

265 12/12 65.75
100.0 50 1 11/21 1 1100 5511 12/12 28.50
100.0 115 11/21

1
1100 500 12/12 75.00

100.0 60 11/21 1 1100 1 552 12/12 85.00

1 120,0 15 ' 11/21 1100 511 12/12 77.75
I 120.0 50 1 11/Hl 1 1100 507 12/12 96.75

120.0 115 ll/{I1 1100 501 12/12
1

75.25

120.0 60 11/21 1100 256 12/12 61;.0
Field 06:62 12/11 1100 565 1/11/,1 901.75
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Ta,01e Ö

l‘er;1‘0t Elutter Score Card

9. 91 9.
603

3, Tezrture 20% 011

C, Syremialzility 10ßQ relefzive vulue of sjre0.1li:^.g

DO Color 10i/Ä

Teure, 111r 3101*: Taste Text re S;.ree.C1ab?.1i‘q; Color

120 15 50 20 9 0

120 50 1;.5 20 10 6

120 1;.5 1.15 10 5 6

120 60 1;5 20 10 6

100 15 60 10 11 7
100 50 50 10 10 9

100 215 55 10 10 7
100 60 50 10 9 9

00 15 15 10 7 6

00 50 50 10 9 0

30 1.15 115 10 9 Ö

00 60 110 10 iz 6

Ce11ti.2'1u‘s Test 55 16 8 10

0011111110 IS Test {Q 60 19 9 9

‘3TlZ".'1}'1.Ü7.L11J.S Test 50 19 9 Ö

171010; 00 60 50 20 7 7

Tltle mf TQLLS tor}
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Table 7
Summary and Hank of Feanut Butter Taste Test Data

19119

Rank Score Initial Eirs. oft Temp. I Air Flow
-1

Total I,Q,(IE) Test 7Dej. F GFI//Sq, Ft,i
~——————~ ———.·—— l

1 1027 Commcreia1 Sampleiio. 1 |

2 929 Field Cur‘d Sampl8 Io. 1 1

5 9211 55.0 78.0 96 60
b 898 Field Our d Samplf Yo.25

8110 55.0 78.0 96156
856 Field Curtd Samplk Ho. 1

ä E
7 821 Commercia Sampleglo. 2 7 1

8 776 58.5 78.5 90609
768 58.5 78.5 90 50 *

10 762 Field Cu d Samp1F lo. 1I11
760 58.5 102.0 1 80

Ä
6012720 58.5 102.0

7
80

ä b5

15 705 58.5 102.0 Ü 80 E 15

lb 651 58.5 102.0 1 80 Ü 50

15 5111 55.1 éu.5 1 115
1

15
16 1179 55.1 611.5 115 60
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Tatle 7-A

S1utm;a1·q; and Rank of Tesxut Butter Taste Test Data
1950

ller): Score Initial llrz, 0 Temp,
I

Air Flow
T0t01 ‘.3.(¥?) Test De,. E IOTiy’3q. Tt

1 550 55 8121,5 »OllJC1I1LlOlS Test Äe. 2

2 515 M5 52.0 120,0 15

5 MGB 55-5 75,5 60.0 50
@ @65 511,.2 80.0 Co12ti11uo=.s Test Üo. lI

5 I @00

I

@7.5 90.2 100.0 M5

6 @66 117.5 216.2 100.0 50

7 M5M I 55·5 75,5 00.0 7 15
B M50 M7,} 1 96,2 100,0 00

9 1160 5}-}
I

75,5 80.0 I M5
10 M59 M5¤0 I 52,0 120.0 00

ll 1156 M7,5 90.2 100.0 15
12 @,511 Field C red Samle

15 M2M @5,0 52,0 120.0 I @5

1@. @20 @5.0 52,0 120.0 Q.

15 591 55 ,5 75 , 5 Ü0. 0 00

16 571 17•Ö 25•0 C01^1:i:11;c* s ‘est 'o, 5
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Table 8
1950 Peannt Quality Report From

Flanters iut and Chocolate Company
Suffolk, Virginia

Q Tora, Q dir F100 »oiStur land Ül&HChQ äutter Q Butter PergaigoxQQQ;,;;__lä;1Q§9JFtQ QQEEZÜF0i1,}§§L„„„„Q.„„él9YQ£n. 1. 2O@2Fi..r1l:&1§Q Q
Q 80 Q 15

Q 5.5 Q Ho Q Over eooked Q Over cooked Q ;.Ql0 Q
Q

80 Q 50 Q 5.7 Q Ho Q Slightly 0ffQ Slightly 0ffQ OJ $1 Q

80

Q

L5 Q 5,7 Q Ho
Q
Slightly 0ffQ Slightly offQ 0,52Q Q

Q 80 Q 60 Q 5.7 Q Io Q Over cooked Q Over cooked Q 0.Ü52
7 1 1 1 3

Q 120 15 7.7 QGood Q 0.-252
Q 120 Q 50 Q 5.7 Q Ho Good Q Good Q 0,516

Q
Q 120 Q L5 Q 5,5 Q Slightly Q Off Q Off Q 0,61L Q1 , 1 1 ° i

120 Q 60 Q 5.5 Q Yes Q Off Q Off Q 0.551 Q

100
Q

15 Q 5,7 Q Yes Q Over oooked Over eooked Q 0,526
Q Q Q 1

100 Q 50 1 5.7 1 Io Q Good 3Good100

Q L5 Q 5,5
Q

Yes Q Slightly 0ffQ Fair Q 0,ÄlO

100 60 5.5 1 Yes Q ors

orsFieldJared Q 8,5 Io Q Good Q Good
Q

0,175

Q
Contindous Test=}lQ 5,7 Slightly Q Good

Q
Good Q 0,79L

1 ContinQous Test §2Q 6,7 Slightly
Q

Off Q Off Q 0,265
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Table E-L

1)50 Teanut ;ua1ity Report Tron ”.Ö,7,&,
Blvision of Iruits and Tegetables

Beltsville, ßar;land

I I
__

I Tercent
I

FTFFFF

Temp. I Äir Flow Ülreahage or I Üuality of Femxat Tmtter I
Dej. F IcF;/ SQ, Ft. J11pjage·

I
„ade Tron The Sangle

I *———————·*———+t***· ——-———————I

li? 8 T" _ J- T 9,0 .g*•'•,,,,o
I J I .,7

I
-1at, but -o o-1 „1a„or,

II z
30 I 50 I 12.08 I Flat, a little off flavor. I

I I I
80 I L5 Ä 1L,99 I Flat, a little ef? flavor, I

80
I

60 I 1l,G5 I Flat, and distinctly off flavor.
I

120 15 I 17.80
I

Flat and off flavor. II I
120 50 I ÖTOÜ7 I Flat, disa·reeable taste.

120 L5 I 52,10
I

Flat, disajreeable taste,
I „

120 I 60 I 51.1L
I Flat, disajreeable taste. I

I I

100 I 15 I 12,80 Flat and off flavor. II
100 I 50 I 5L.22 Flat and distinctly off flavor.I I
100 I L5

I
ZLO52 Badly off flavorg inedi le.

100 60 5L,TL Badly off flavorg inedible,

Field Cured 5.70 Io off flavor, but lachs aroma.

ContinIous Test jl 15,70 Lachs desirable flavor
I

Comtin ons Test f2 8.69 Lachs desirable flavor

Comtiu cw Tcst Lachs dcsLraE>1a flavor
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Table 8-3

1350 Peanut Quality Report From Chemical Departmnt
Virginia Agricultural Experiment Station

Virginia Folytechnic institute
Blacksburg, Virginia

Temp, Air Flow Percent Äoisture Fercent Pereent Rmieidity
Dag, F 'FLy'Sq. Ft after Frotein Ether Extraet Test

Additional Drying gDry Basis Dry Basis

80 15 1.58 29.81 N7.17 Negative

00 50 1•02 29JÄ1 N7.15 Negative

80 @5 1.19 50.00 @7.11 Negative

80 60 1.65 50.00 @6.65 Negative

i 120 15 1J+7 51.06 N5.17 Negative

g 120 50 1.116 50.58 1111.78 Negative

' 120 115 1.511 , 50.58 115.71 xzegaeive‘

120 60 1.21 29.58 116.68 zregative

·

100 15 1.27 50.51 DN.70 Negative

' 100 50 1.75 50.51 DL.65 Negative

100 N5 l.h7 50.19 05.65 Negative

· 100 60 1.65 50.1111 115.89 zzeegaeive
Field ICured 1.90 50.88 Negative

Contin ous Test Q1 1¤U5 29.56 M6672 Negative

Contin ous Test Q2 1.58 50.15 05.55 Negative

Contin ous Test- 5 1.52 50.15 @5.52 Negative



APPENDIX E
PEANUT FLOW CHART






