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= Deduced response variable rate of drying of CPC, hr .
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CHAPTER I
INTRODUCTION

Developed as well as undeveloped countries are constantly increas-
ing the productivity of Tivestock to provide an ample supply, for the
demand of meat-protein for human consumption. Top management of the
livestock as well as the meat-packing industry in the United States of
America have always been plagued with the problem of disposal of live-
stock wastes. The meat-packing industry is specifically concerned with
the problems of disposal of their abattoir's Cow Paunch Contents (CPC).

In order to identify where the specific problems are in the present
CPC technology, an attempt is made to outline the definition of CPC and
its basic known properties, discuss some legal, biological, ecological
and techno]ogica] problems associated with each disposal method,
examine the unit operations associated with CPC and discuss the proposed

solution to these problems.
Basic Properties

CPC is not fecal material since it has not passed through the
entire alimentary canal. It is partially digested material and ask
such contains more nutrients than fecal material. One of the major
contributions to the quality of CPC from a nutritional point of view

is the ration fed to the animals.



Witherow (33) reported the average wet weight and dry weight of
CPC as 25.4 kg/animal and 3.9 kg/animal, respectively. The average
BOD; is 5.02 x 107 mg/1 and average COD is 1.34 x 10* mg/1. The basic
constituents of CPC was found to be moisture, protein, fat, crude fiber,

calcium, ash P205 and carbohydrate.
Disposal Methods

The three basic methods of disposing of CPC are; no dump, wet dump

and dry dump.

No Dump

For this method, the entire sack of CPC is sent to rendering. In
the rendering process fats, oils and fertilizer supplements are ex-
tracted from CPC. An economic constraint applied fo this process is
Tow protein content of the meal which reduces the quality of the meal
hence its value. Discoloration in grease reduces the value of the
grease. The cost to reduce odor is high and is considered an economic
factor. Another disadvantage is that because the sack is used in this
process, the use of the commercial commodity, tripe, is lost. ,The'
relative cost to transport and dispose of CPC, is less than the other

two methods.

Wet Dump

For this method the sack containing CPC is gashed and its con-
tents are washed into the sewer with water. The methods used in
hand1ling municipal sewage wastes cannot readily be applied to CPC

primarily because of the complexities involved in the anaerobic as well



as aerobic decay of the material. In effect the solid portions of
CPC settle out and form a highly viscous mass. This mass clogs pits,
pumps and other moving parts.

This means of biological disposa1 of CPC can only take care of the
solution component of the CPC complex. In order to make this system
functionally operative with minimum maintenance some means of
separating the solids from the liquids is implemented. Vibrating as
well as rotating screens fit this category of added component parts.

The capital investment for such equipment is relatively high in addition
to the operating costs. No commercially recovered products are obtained
from this process, the cost of the huge volume of water that goes into
operation is high, and the cost for treating the carriage water that is
disposed of in streams is enormous. This type of disposal method is

not economical.

Dry Dump

The sack containing the CPC is sliced and dumped into a hopper
where it is transborted to a specified region by either screw conveyor
or pumped as a highly viscous slurry. CPC handled by this method may
also be conveyed to a destination by specially built trucks. The land
disposal processes associated with this method are surface spreading
and below surface spreading.

The surface spreading is done by a specially designed truck that
disposes of CPC at a rate of approximately 7.35 x 103 kg/hectares.
This process serves well in the winter season, but for spring, summer

and fall, the increase in the population of flies as well as the ob-

noxious gases present, becomes undesirable in the environment. These



gases form a complex mixture of ammonia, hydrogensuiphide, carbon-
dioxide and methane. No literature has been found relevant to surface
runoff from such disposal practices.

The two means of below surface spreading are; plow into ground
method and injector method.

For the plow into ground method the CPC slurry is sprayed on the
land surface and immediately incorporated into the ground by a mould
board plow. This system has two advantages in that it reduces the
production of flies as well as obnoxious odors.

Smith and Gold (24) reported that injections at 0.076 m to 0.25 m
deep with an application rate of 1.13 x 105 kg/hectares. This system
has the same ecological advantages as plow into ground method. One of
the primary disadvantages of this system is that it does not function

well in frozen high moisture soils.

Mixing with Additives

This process depends upon the ultimate use of the paunch. If
land filling is the objective then brush and wood shavings are incor-
porated into the mixture to provide } degree of stability, thus
preventing the high moisture paunch from surfacing. The major problem
associated with this process is ground water pollution in which nitride-
nitrogen and soluble sulphates leached into‘nearby streams thus causing
fish kills.

Nutritionists have proposed (33) that CPC could be used in part
for feeding animals. Summerfelt and Yin (26) reported comparable

growth in their catfish studies. The only setback with respect to



feeding dried CPC to fish is that if it is not consumed, severe water

pollution could occur.

Stock Piling

This is a process in which the CPC is stacked up in huge heaps so
that the moisture could be lowered by mass transfer to either the air
or to the ground. Associated with this process of disposal is exces-
sive fly production and foul odors. Groundwater pollution may be

evident, also.

Rotary Dryers

This type of thermal drying system is very costly in terms of
capital cost per dryer as well as odor control costs. Witherow (33)
reported that the costs per dryer and housing is $85 per animal

slaughtered per day.

Incineration and Pyrolysis

The difference between incineration and pyrolysis is that the
latter involves heating without oxygen. The cost associated in
opefating an incinerator as means of disposing of CPC is approximately
$400/animal killed/day. Processing by pyrolysis yields aldehydes,
ketones, acids, amines and phenols. No literature was found dealing

with the specific economics of pyrolysis.

Composting and Lagooning

‘Composting is a process in which CPC degrades biologically in an

anaerobic environment. This process is free of odor and flies.



In lagooning the environment is aerobic. There are severe eco-
nomic as well as legal impacts of lagooning (18). It is evident that -
each method of disposal or processing currently in operation discussed
has its implications and/or constraints. Although no literature has

“been found dealing primarily with the legal implication with CPC, the
problems of manure disposal are similar to CPC.

The Water Qua]fty Act of 1965 and Air Pollution Act of 1967
required states to develop means of preventing water and air pollution.
The effect was that states, counties, and governmental agencies imple-
mented numerous regulations and laws. The most common restriction is
based on the nuisance law. This law gives individuals whose property
is injured by a harmful substance that has been discharged in water or
air, a legitimate cause to action the parties or firm responsible
for the act. Odor is considered a nuisance.

The economic constraints applied to foul odor as a nuisance in an
environment, is that it reduces the value of property (dwelling within
that environment). A health effect is that it causes mental distress
when inhaled consistently by humans.

The problems associated with some of the various processes
involved in the techno]ogy related to CPC have been discussed, so it is,
therefore, evident that some low cost means of processing CPC is needed.
This suggests that there is a great need for the development of a unit
operation with minimum maintenance problems, relative Tow investment
costs, lTow operating costs and essentially no pollutants (air, land or
water), nor involving large inputs of costly energy.

The implementation of a low cost solar air dryer can serve the

purpose. Its primary function is to separate the solid fraction from



the Tliquid by evaporation; thus realizing huge energy savings. The
solid fraction can eventually be commercialized into the recovery for
silage, protein concentrate for animal feed supplement; a soil

conditioner-ash; or as a source of fuel.
Objective

It is apparent that in order to effect a sound design for the
drying system, the characteristics of CPC must be known. A rigorous
survey of the literature suggests that a complete 1ist of engineering
properties of CPC has never been investigated.

In this context, controlled experiments are needed to ascertain
engineering properties of this inhomogeneous material. Thermal con-
ductivity, bulk density, specific heat, thermal diffusivity, particle
size distribution, coefficient of friction and the drying characteris-
tics constitute a sample of the engineering parameters. At this stage
the most important parameter which is needed for prototype solar air
dryer design is the drying characteristics of CPC.

The specific objective of this study is to determine the drying
rate of slaughtered cow paunch contents (CPC) under constant drying
conditions, as a function of air relative humidity, material depth,

and time after sTaughter or age.
Limitations of Study

The term drying characteristic attempts to describe the physical
relationships associated with the material. The relationships here
are those inputs that go into the operation of drying. Such a study

is very extensive. To obtain the drying characteristics of CPC,



separate and/or combine studies would have to be executed in the

following areas:

1.

Investigation into the mechanism of drying CPC. Here it is
important that the forces giving rise to the movement of
moisture within the material at specified drying conditions

be sought. Examples of such forces are gravity, friction,
cohvection, diffusion and both modes of suction potentials,
i.e. capillary or osmotic. Also included, is the rate of
drying studies which will include effect of temperature,
relative humidity, vapour pressure differential, airflow rate,
depth or thickness and age of material on the parameter (rate
of drying). Moisture distribution studies are also included
on the parameter. The moisture dfstribution as well as tem-
perature distribution studies reveal the different periods of
the drying‘process as well as the domineering mechanism or a
combination of mechanisms controlling the drying at a parti-
cular period, within the confines of the drying condition.
Investigation into the nature of the water bonding properties
of the basic structure of CPC to provide information to aid in
the understanding of the phenomenon under study. Example of
such methods are the determination of unfrozen water, nuclear
magnetic resonance and sorption behaviour. By sorption
behaviour it is intended that the study will éscertain the
relationship between the isotherms of the partial pressure of
water and the water activity of CPC.

Investigation into the water - solid CPC relationship. The

particle size distribution will be investigated as well as



information on absorbed water or hygroscopic water existence.

4. Investigation into the shrinkage behaviour of CPC under dif-
ferent drying conditions.

5. Investigation into the plastic behaviour of CPC. This study
should provide information into the deformation behaviour as
well as the stability of water around the particles within the
CPC complex.

6. Investigation into the crusting characteristic of CPC. This
will provide information about the levels of environmental
variables associated with the degree of crusting.

It is beyond the scope of this study to investigate all these
areas. The variables considered in this study are relative humidity
and temperature of the drying agent, which is air in this case; depth
or thickness of the CPC; airflow rate; and age. The basic definition
of age of CPC is the time that elapsed after slaughter and CPC is
exposed to the ambient air. From this definition of age, it is not

possible to discriminate drying time from age.



CHAPTER II
LITERATURE REVIEW

Anthony (1) used the manure of yearling beef steers to appraise
the feeding of rations containing manure to fattening the animals, as
well as to investigate if cooking the manure improved its feeding
value. The tests revealed that cattle could be fed with rations
containing appreciable amounts of wet manure. Adding manure to the
ration lTowered the non-manure feed per unit of gain. These pre-feeding
processes did not improve the palatibility or feeding value of the
ration. He concluded that the carcass data (rib eye area, fat thick-
ness, and marbling score) were similar for other cattle and that the
manure did not impair digestability.

D. J. Baumann (4) demonstrated that it is economically feasible
to separate blood from rumen. Also included in his economic studies is
the cost of drying blood and rumen separately or together. The dehy-
dration costs for one ton rumen is $40.93 while that of blood is $38.46.
These cost figures are for utilization of natural gas as fuel in 1971.
The cost to remove BOD5 by dehydration is 18.8 cents per kilogram.

In order to provide a means or indicator to tell the extent a
parficu1ar treatment has on controlling pollution by disposal he sug-
gests 8005 and COD tests should be performed. The tests conducted
indicated BOD; of 5.92 x 10" ppm and COD of 1.773 x 10° ppm. A 24.49 kg
wet paunch yie]ded 3.86 kg of dried paunch at 7% moisture. Dried paunch

10
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investigated indicated 12.7% protein by Kjeldahl method. The economic
method utilized for drying the paunch content was gas-fired dryers.
This method of drying provides a high potential to prevent excessive
water po]]ution. It also provides one means of separating the blood
constituents from the paunch constituents. He also demonstrated that -
no air pollution occurred when paunch constituents is dehydrated.

Boruff (5) reported that‘organic wastes disposal problems can
greatly be reduced if the material is handled in a concentrated form.

A special type of drum digester has been found to digest and stabilize
cattle, hog paunch manures, and packinghouse screenings at feeding rates
of 4.5, 6.0 and 5.6 grams day-] dry weight, respectively. Combustible
gases of 1.0 to 4.0 tank volumes are obtained each day from the stabi-
lization process. This amount depends upon the rate at which the
material is fed as well as the nature of the material utilized.

Waste disposal of CPC or manure has been involved in legal implica-
tions (7, 18). Although the cases Qere not directly associated with cow
paunch contents disposal per-se, they suggest that the legal as well as
economic impacts felt by the defendants are most critical.

A civil action was reported (18) in the case of Bower versus Hog
Builders, Inc. (HBI), 1970. In this case the plaintiffs were Mr. and
Mrs. Frank Bower and Mr. and Mrs. Glen Bower and the deféndenf was HBI.
HBI had purchased 56.99 hectares across the road and north of the Bower
families and erected one of their anaerobic lagoons about 2.44 x 102 m
from Glen Bower's home. The Bower families accused the HBI of private
nuisance. The court, after hearing all the evidence awarded the Bower

families $136,200 for damages.
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The county of Winnebago, I11inois, along with eight property
owners, levied a law suit against David Fluegel (7). Fluegel was the
owner of 9.84 hectares plot with 1400 head of cattle in a confined
feedlot operation. The properties of the plaintiffs were located
within a mile from the defendent's property. The plaintiff accused
Fluegel of (a) unlawfully erecting a feedlot operation contrary to the
zoning ordinance of that county, (b) implementing the feedlot operation
which was a public nuisance due to odors, flies, insects, and leached
nitrates in the groundwater. The court found F1uege1 guilty of
violating the Industrial Zoning Ordinance and contended that the feed-
lot was not a domestic animal-breeding operation, nor was it a stock
farm; but it was a commercial cattle feedlot which is classified as a
stockyard. The court also found that the feedlot was a public nuisance
due to contaminated groundwater, offensive odors and substantial con-
tribution to fly population. In addition, the court ordered the
defendent to terminate his operation effective as of March 1, 1970.

Coddling (8) reported that abattoir offals, intestines, farthings,
paunches and various organs‘when treated together produced a fertilizer.
This fertilizer when dried down to 10% moisture had between 5% and 6%
nitrogen and about 3% phosphoric acid. The bulk of vapours that evolved
from cow waste are soluable in water. So vapours emitted in dryers are
channeled into a condenser containing fine water droplets. The effect
is a solution which is disposed of as runoff to the sewage system. The
uncondensed vapours are rendered odoriess by passing this gas through
a chloronome. The ultimate odorless mixture of chlorine and vapour is
transported to the atmosphere. In order to prevent the corrosion of

metals in this environment, a coat of bitumen should be applied.
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Eldridge (10) disclosed that the most objectionable ingredients in
wastes from a stream pollution reference are grease, hair, manure and
fleshings. Some abattoirs do not make any attempt to save the blood
immediately after the animal (cow) is slaughtered.

Farmer and Yin (11) attempted to distinguish between cow fecal
material and cow paunch contents. The former is the non-digested
material that has passed through the entire alimentary canal, while the-
latter is material that is partially digested and is found in the first
stomach of the cow. Wet-dumping, sewer-dumping, dry dumping, ensi-
laging, air flotation and gravity settling process and incineration
process were included in the disposal practices. Although mention was
made of crusting when utilizing solar and other drying methods, no
mention was made with respect to the drying air temperature used or the
depth of material investigated. S. C. Yin and J. L. Witherow (34)
proposed commercial catfish feeding as a potential use of dehydrated
cow paunch.

Another potential use is the utilization of heét given up to the
environment by the refrigeration system which is used to store animal
carcasses. Such heat could be harnessed and implemented into a system
involving convective drying for the cow paunch contents. The dried
cow paunch contents could be reused as fuel to the refrigeration
system.

Nells and Krige (16) contended that most of the abattoirs in South
Africa disposed of their wastes into the sewage system or by dumping on’
land. The waste dumped into the sewage is treated by anaerobic diges-
tion after sedimentation. A scum is formed during the digestion process

as well as the organic properties effect a resistance to anaerobic
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fermentation. The solution to these problems, the authors asserted, is
rea]ized_by composting. It served as a means of treating the product
at the abattoir and supplying a soil conditioner.

The two main stages of composting are stabilization or fermen-
tation and maturization. In order to find out the completion of
stabilization and maturizétion stages, decomposition and chemical
analysis must be performed. The stabilization studies involved paunch
aeration rate, C:N ratio, pH range, moisture content, temperature,
phosphorus, potassium, and stabilization time. In the cow paunch con-
tents study a concentration of 80% was used. This mixturé contained
75% moisture content and 25% free air space.  These conditions were not
conducive to aerobic activities.

In the aeration studies, whenever the oxygen;content of the mixture
dropped below 5%, anaerobic conditions were attained and a pungent-odor
was produced. If the oxygen content is 10%, the compost experienced
rapid cooling. But an oxygen content of 7% was highly satisfactory.

1

The aeration rate was 1031 L kg~ day']-which was less than Schultz's

(22) 2811 L kg'] day'1 for garbage. The studies confined to the C:N
ratio indicated that the material becomes stabilized when the C:N ratio
is between 16:1 to 30:1. Too high a ratio would indicate that the
conditions are not fit for bacteriological activity. Too low a ratio
causes ammonia to be released.

The pH studies indicated that a pH value gréater than 8.5 seemed
to inhibit biological activity. When acetic acid and molasses are ‘
added to the paunch contents that has the blood removed, the composting

mixture never mixed at a pH over 8.5. The stabilization time was two

days. The pH value exceeded 8.5 on the third day without effect on the
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biological degradation of the materialf

The Timit and extent of the effect of moisture content in com-
posting was not investigated, but the author suggested that moisture
content in excess of 70% has adverse effects on composting.

Low temperatures were obtained for some runs due to excessively
high pH level, aeration, and moisture content. No correlation was
obtained between temperature and C:N ratio. Temperature was used as
a comparison index between runs ofbéame conditioﬁs, and was not a
measure of biological degradation. Temperatures greater than 60° C
ki1l the flora.

The phosphorus and potassium level are regarded as sufficient
to satisfy the flora needs. Stabilization time or time to complete
prefermentation should be four days.

The maturization studies revealed that the nitrogen content is con-
stant within experimental error. There was a correlation between
volatile matter and length of maturization time. The C:N ratio cor-
relates well with'fina1 product although some evidence indicated that it
decreased during maturization. No correlation between time and degree
of maturization was observed wheh C:N ratio is used. Complete maturi-
zation was achieved in 133 days.

Steffen (28) disclosed that paunch content is dumped directly into
flowing streams by many abattoir vendors. The BOD of the flowing stream
depends primarily upon the volume of water flowing a§ well as the rate
of paunches deposit. Samples obtained from federally inspected plants
show the BOD of this 1liquid waste is 4.0 x ]02 ppm. Such strengths may
vary from abattoir to abattoir. He advocated that the most reliable

measure of strength of paunch contents is to analyze the raw undiluted
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sample. B complex synthesis takes place in the paunch. He also
reported that Hammond (12) studies indicated that dried cow paunch
content, dried rumen and fish meal, contain a nutrient that encouraged
high hatchability, fast growth, reduces death rate and good efficiency
of utilization when fed to growing chickens.

Witherow (31) reported that it costs $12.00 to dispose of one ton
of paunch content by dumping. The following were measured; moisture
content, protein, ash, fat, calcium P205, crude fiber and carbohydrates.
Filtration studies included the determination of filtration rate,
volume and pressure drop. Dewatering equipment which can be used to
reduce moisture content of material was described in some detail. Screw
presses, improved screws, disc presses, rollers, roller type hydraulic
presses and multiple roller presses were included in the set of
dewatering equipments. Sedimentation and incineration were also de-
scribed as processes associated with paunch content handling. He
concluded that the dewatering operation is divided into fine fraction
and coarse fraction.

A. G. Unger (29) performed a study of the leading energy-consuming
food industries in 1974. The statistics revealed that the food pro-
cessing and related industries ranked sixth as a energy user in the
major industrial groups in the United States of America. It accounts
for 7% of the total industrial energy use utilizing 9% of the total
industrial employment.

Of all the food related industries, the meat packing industry is
the leading energy consumer using 11.9% of the total energy consumed
by these industries. These percentages are for animals associated with

the meat packing industry which are primarily cattle, hogs, sheep,
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1ahbs, and calves. In beef slaughter, 1.74 x 106 watts is required per
kilogram for s]aughtefing and processing whereas 4.22 x'105 watts is
required per kilogram for slaughtering, rendering, and primal cutting.

Witherow, Yin and Farmer (32) concluded that improvements in the
inplant meat packing operations can reduce discharged pollutants by
50%. If a treatmént process is to be designed for no discharge pol-
Tutants, then there should be a means of separating the stream for
by-product recovery from that responsible for reusable quality. The
waste water from the meat packing plant is identified as the number one
pollutant in the food chain industry, in the United States of America.

He also suggested that the meat packing waste management research
prdgram should develop a technology in a number of areas. In plant
control, solid recovery and disposal, odor control and treatment for
discharge and utilization in closed loop and dissemination constitute
the important areas.

Yin and Witherow (34) conducted air drying, BODS, salmonella and
catfish studies on cow paunch contents. The air drying studies reveéled
that during unsteady state drying conditions, a crust developed. The
rate of drying was accelerated when the material was churned up manu-
ally, dai]y, Their demonstration of a scale up model of 5.49 m x 2.74 m
x 1.02 m tray filled with paunch contents, fell far from satisfying the
objective of drying under prevailing conditions. ,

The BOD5 results indicated that paunch material was still exerting
a tremendous oxygen uptake. |

The salmonella studies for determining the frequency of occurrence
of salmonellae were negative. The culture procedure effected results

of no unclear salmonella isolated. The paunch proved to be palatable



to catfish.

Wells, Esmay, Bakker-Arkema (30) reported that drying curves of
chicken excreta can be approximated by straight lines using least
square's method. The theory used in an attempt to describe the
moisture migration from the surface of the material considered, was
described for mass transfer rate in terms of vapor pressure differen-

tials. The basic equation presented is:

h
_d (Ps - Pa)
M= "Ra Ta [1]

The mass transfer coefficient was obtained by using Colburn

analogy as
c. VP
f a :
h, = —7 [2]
d - 5(sc)?/3

The skin friction coefficient for laminar flow over a flat plate was

5

evaluated for Reynolds ndmber of 2X 107. The're]evant equation for

skin friction coefficient

_1.328
Ce =2 (31
e
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The response variable weight was transferred to moisture ratio by using

M - Me
MR = M- Me [4]
Mi Me

The prediction regression equation obtained is

MR = Ai - KC t ' [5]

Laminar flow was assumed to pkevai] throughout the experiment even
vthough mention was made of some degree of turbulence in the vicinity

of the front edge of the drying sample.
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The overall drying process consists of a constant and a falling
rate period. The transition from constant rate to falling rate is
gradual. During the constant rate period approximately 50% of the
moisture is removed. The drying air temperature and humidity showed
great effects on the constant rate period. It was also reported that
the constant rate period is a function of boundary layer thickness and
the concentration gradients within the boundary layer.

Sherwood, T. K. (20) solved Ficks Equation for diffusion in the

fa]ﬁing rate period for drying a solid medium. Fick's Law of Diffusion

is:
2
M _ 3M
ot aXZ
The solution to this paftia] differéntia] equation is:
2 kt T2
M-M 0 =3 -25 (3)° kt
e _8 2 2 1 2
Mi - Me =7 [e R™ + SEe R? +...] [7]

Kirkwood, K. C., and T. J. Mitchell (14) used a fractional three-
level factorial experiment to examine the effects of tray loading,
drying air temperature, relative humidity and velocity on the drying
times of porous ceramic granules, coke and Brewer's spent grain. It
was concluded that the investigation i]]ustréted the effectiveness of
the fractional three-level factorial experiments in determining the
effect of the above mentioned variables on the drying times of the
materials investigated. The falling rate drying constant, for all
the materials investigated, depended only upon the air temperature and

- tray loading.



CHAPTER III
THEORETICAL BACKGROUND

It is intended that this chapter will discuss the general concepts
associated with drying. The constant rate period and falling rate
period constitute the discussion on drying. For the falling rate
period, the zone of unsaturated surface dfying and the zone of

internal moisture distribution are discussed.
Drying

Drying is a fundamental unit operation in which there is removal
of moisture from a solid medium through a gaseous or liquid interface
into a gas. Such a process is divided into the constant rate period

and the falling rate period.

Constant Rate Period

This is a period of drying that takes place before the critical
moisture content of the solid medium being dried is attained. The
critical moisture content thus truncates this period of drying. T. K.
Sherwood (20) reported that appreciable moistﬁre gradients exist
between the surface of the material and its interior during this
period. Such moisture gradients may depend upon the dimensions, the
rate of drying, and the nature of the material. T. K. Sherwood (21)

suggested the large capillary openings are emptied in this period and

20
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are filled by air from the drying environment.

Associated with this period is the complete saturation of liquid
on all surfaces of the solid medium. There is a film forming an
interface between the exposed liquid and the environmental drying air.
Vapor diffuses from the‘saturated.surface through this interface, into
the environmental drying air. The interfaciél vapor diffusion which
may be referred to as evaporation or the process in which vaporization
takes place below boiling, is affected by a number of interesting
entities. The major contributor to the rate of evaporation is the
vapor pressure differential between the drying air and that of the
saturated surface. W. H. Carrier (6) reported that air velocity, wet
bulb temperature deﬁression, chemical and physical properties of the
material affect the raté of evaporation. Relatively high air velocity
reduces the interfacial thickness at the evaporative surface, thus
increasing the rate of evaporation at the surface. The flow of inter-
nal moisture to the surface at which evaporation is taking place is also
an important factor. This is evidently related to the availability of
the quantity of free and/or hygroscopic liquid present in the medium.
The rate of such an internal moisture flow must be fast enough to
maintain a relatively high degree of saturation at the evaporative
surface.

The rate of drying is constant for this period because the rate of
heat transfer to the completely saturated evaporative surface is the
same as rate of mass transfer or interfacial vapof diffusion from that
surface. Evidently the temperatuke of the evaporative surface is also
constant. The heat transferred from the immediate environment to the

completely saturated surface is directly responsible for the interfacial
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vapor diffusion at the evaporative surface. Such heat is known as the
heat of vaporization.

Perry and Chilton (17) suggested that the heat of vaporization
could be transferred to the evaporative surface by any of the three
basic modes of heat transfer. If the heat of vaporization is due to
convection only, then the temperature of the saturated surface remains
constant and approaches the drying air wet bulb temperature. If con-
duction is the domineering mode of heat transfer through the surfaces
of the supporting medium, then convection may be neg]écted; the solid
in contact with the surface of the medium approaches the tdb of the
drying air instead of twb; and the rate of drying is higher than the
rate of drying for convective air-drying at the same temperature. |

If radiation from solid surfaces or the hot air in the immediate
vicinity of the evaporated surface is the major mode of heat transfer
for vaporization, then the evaporative surface temperature is between
twb and tdb of the drying air; and the rate of drying is increased, due
to a higher rate of the heat transfer to the evaporative surface.

For a combination of convection, radiation and conduction modes of
heat transfer contributing to the heat of vaporization, then the R
evaporative surface temperature is between twb and tdb of the drying
air; and the rate of heat transfer is much higher, thus increasing the

rate of drying.

Falling Rate Period

This is the period‘which follows the constant rate period and
desorption beginning at the point of critical moisture content. This

suggests that this period is non-existent if the final moisture content
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is above the critical moisture content. Once the initial moisture con-
tent is below the critical moisture content, then the entire drying
process is in the falling rate period. The two zones of drying are
associated with this period. They are the zone of unsaturated surface

drying and zone of internal moisture movement.

Zone of Unsaturated Surface Drying

This zone may also be referred to as zone of decreasing wetted
surface and comes into existence at the commencement of the falling
- rate period. A completely saturated evaporative surface no longer
exists and moisture gradients are set up within the drying medium.

But, despite this fact, there is still replenishment of moisture to the
evaporative surface from within the solid medium.

T. K. Sherwood (20) suggested that the rate of evaporation of
Tliquid at the exposed surface equals the rate at which this Tiquid is
transported through the solid medium to the évaporative surface. It
could then be easily perceived that the internal resistance to moisture
movement is much less than the resistance to vapor flow through the
intérfacia] thickness at the evaporative surface.

The rate of drying for this zone is usually decreasing and could
still be influenced by external variables such as the drying air tem-
perature, velocity, relative humidity and depth of the solid medium.
The decrease in the rate of drying is due to the decbease in the
wetted evaporative surface.

A modification of equation [5] is

MR = Aie'KCt [8]
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This equation is used to describe moisture depletion in the falling
rate period, with essentially a non-existent constant rate period. For
this study equation [8] is used to describe moisture depletion in the
zone of unsaturated surface drying. Equation [8] really describes a
plot moisture ratio (MR) versus drying time (t) with Ai as the zero
intercept at drying time equals zero and Kc the rate of drying.

In order to use equation [8] along with relevant statistical
procedures, it is necessary to rewrite it as

In MR = 1n A_i - Kct + € [9]

Equation [9] is written as

E(Y) = 8, - Bt + e [10]

so that its parameters could be statistically estimated. The estimate
of the rate of drying of CPC as a function of a relative humidity, a
depth and an age is By as shown in equation [10]. The general 1inear
model to estimate the rate of drying of hPC, in the zone of unsaturated
surface drying of the falling rate period is obtained by the method of
least square analysis. The general linear model from which the predic-
tion equation is chosen is written as
48

=y +
K Yo I

v. X: * ¢ [11]
g i=1 11 2 ‘

Zone of Internal Moisture Movement

This zone comes into focus when the plane of evaporation began
moving into the solid medium. This is the point at which the evapora-
tive surface is no longer saturated and the resistance to moisture

movement within the solid medium is much greater than the resistance to
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flow of vapor through the interfacial thickness. Once drying is sought
to a relatively low moisture content, then this zone dominates. T. K.
Sherwood (20) reported that actual vaporization may occur at the
interior of the solid medium rather than at the surface once this zone
is controlling. Although some shrinkage may occur in the period pre-
ceeding this zone, most of the shrinkage in the solid medium is
experienced in this zone.

Within this zone, the rate of drying is constantly decreasing. It
is not a function of external variables such as drying air-temperature,

air velocity, relative humidity, and depth of the solid medium.



CHAPTER 1V

EXPERIMENTAL EQUIPMENT, INSTRUMENTATION,
AND PROCEDURE

This section includes the overall layout of the relevant equipment,

a more detailed description and function of each component.
Experimental Equipment Layout

The general layout of the equipment for obtaining the drying rate
of cow paunch content is shown schematically in Figure 1 and pictorially
in Figure 2. This figure depicts the Aminco-Aire unit is connected to
pienum No. 1 by two 0.1 m diameter projections. Plenum No. 1 is con-
nected to the shaded-pole blower which is in turn joined to plenum No.
2; by a 0.1 m diameter high temperature flexible duct. The entire duct
which is external to plenum Nos. 1 and 2 is insulated with 0.1 m fiber-
glass insulation.

One side of the heating chamber is connected to the side of plenum
No. 2 and the other end clamped to a 0.1 m diameter aluminum pipe.
Located in the aluminum duct is a No. 24 gauge thermocouple junction,
~the leads of which are connected to the Doric Digitrend 200 temperature
recorder. The Dwyer pitot static tube is also located in this duct.
The length of this duct is 1.22 m, and the other end of it is clamped
and sealed to a smooth transitioned 0.20 m x 0.20 m square duct whiéh

is 1.83 m long.
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Aminco Aire Unit
Wooden Plenum No. 2
HM Psychrometer No. 2
Variable Transformer
Variable Transformer
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1. Diagramatic Experimental Equipment Layout
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The square duct is made of USS No. 18 gauge sheet metal. Two
Honeywell SSP12913 dew probe sensors are located on this duct. The
segment between the locations of these two dew probes sensors is known
as the drying compartment. A flexible galvanized 0.1 m diameter cir-
cular exit duct adjoins the other end of this square duct. The circular
aluminum duct as well as the square duct is insulated with fiberglass
insulation. A door to facilitate the insertion and removal of samples
to be processed in the drying compartment is located on the top surface
of the square duct. This door is made of rigid styrofoam. Within the
walls of the drying compartment there are six No. 24 gauge thermocouple
junctions. These thermocouple junctions are located in a pool of epoxy
cement to minimize error in thermocouple readings due to the effect of
small circuits set up in the walls of the drying compartment. A repre-
sentation of the latter arrangement is seen in Figures 3 and 4.

A11 electrical implements except the Aminco-Aire unit are connected
to two junctions which have a 115 volt source. The Aminco-Aire unit has

a 230 volt source.
Equipment Description

This description is confined to plenum Nos. 1 and 2, Aminco-Aire
unit, homemade psychrometer Nos. 1 and 2, E]ectronix 16 multipoint
strip chart recorder, barometer, balance, oven, switching circuit,

drying pans and Doric Digitrend 200 temperature recorder.:

Plenum No. 1

This piece of equipment made of plywood has an internal capacity

of 0.27 m3 and is Tined on the inside with 0.1 m thick styrofoam
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insulation, thus minimizing the heat loss or gain from the surrounding
environment. Production of excessive turbulence and uniformity in
condition of the conditioned air, before it is drawn through the drying
chamber, constitute the primary purpose of plenum No. 1.

Two ducts are also located inside this plenum No. 1 chamber as
shown in Figure 5. One duct is made of a flexible high temperature
hose material and is 0.1 m in diameter. A constant Supp]y of condi-
tioned air to the Shaded-Pole Blower Model 26781, which is located on
plenum No. 2, is considered the primary purpose of this duct. The
other duct is 3.75 x 10_2 m in diameter and is made of No. 22 gauge USS
sheet metal. This duct is projected about 1.0 m inside the 0.1 m
diameter high temperature flexible duct. The purpose of 3.75 x 10_2 m
duct is to provide a constant supply of the same conditioned air that
goes through the 0.1 m diameter flexible high temperature duct to a
Shaded-Pole Blower Model 4C 443. This blower is located at the side of
the plenum No. 1 as seen in Figures 5 and 6. A flexible high tempera-
ture hose is located in opening No. 3 as shown in Figure 5. The primary
function of this high temperature hose is to provide a constant source
of room air for the air conditioning process. This is necessary since

the entire air circulation system is considered an open system.

Plenum No. 2

The purpose of this plenum is to generate more turbulence in the
conditioned air as it proceeds towards the heating chamber. The
1hternaT capacity of this plenum is 1.69 x 10-3 m and is lined on the
inside with 0.05 m styrofoam insulation. A copper-constantan No. 24

gauge thermocouple junction located inside this plenum to obtain the
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temperature of the conditioned air at that state point. An aperture is
located at a longitudinal side of this chamber, to facilitate the air-
flow to the heating chamber. The supply of current to the three heaters
that are connected in parallel, and are located in the heating chamber,
is controlled by the electrical circuit arrangement as shown in Figure

7.

Aminco-Aire Unit

This unit is basically a precision temperature humidity condi-
tioner. The model is 4-5460A. The primary purpose of which is to
provide air at different psychometric states with appreciable accuracy
in humidity and temperature control. It utilizes the principle through
which the controlled water temperature and dry bulb temperature pro-
vides the means of obtaining the relative humidity of the air. Figure

8 shows the spraying chamber of this unit.

Homemade Psychrometer No. 1 (HMP No. 1)

A 1.5 x 10'2 kilowatts, type (NSI-12) Bodine Electric Company
Blower is situated upon a perforated truncated cone made of No. 22
gauge USS sheet metal, as seen in the upper right of Figure 9. A 0.04 m
diameter and 0.1 m high cylinder which is also made of No. 22 gauge USS
sheet metal is attached to the exit side of this blower. One end of
this cylinder is fully opened to the air stream. A 6.25 x 10'3 m pro-
jection to which a piece of rubber tubing is attached is located at the
bottom of the cylinder. The water level indicator is a piece of rubber

1 3

tubing 1.07 x 10 m long and 6.25 x 10"~ m diameter c1ear‘g}ass tubing.

This piece of clear glass tubing is situated in a vertical position.
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The purpose of this equipment is to obtain a continuous wet bulb
temperature of the air in the room in which the experimental equipment
is situated. The cylinder is filled with distilled water which sur-
rounds a piece of clean wetted wick. This wick in turn surrounds a
copper constantan No. 24 gauge thermocouple junction which is attached
to a‘Digitrend 200 Temperature Recorder. A similar thermocouple junc-
tion to measure dry bulb temperature is situated about 1.27 x 10'2 m
in front of the wetted wick and is attached to the same recorder.

The general principle in obtaining a continuous wet bulb tem-
perature measurement is to blow continuously, a constant volume of air
at about 5.08 m/sec over the wetted wick. This process ultimately
would effect an adiabatic (evaporative) action which results in a wet
bulb temperature measurement at the thermocouple junction. The dry
bulb temperature measurement is obtained from the other thermocouple
junction. The required air velocity was obtained by setting the probe
of an annemometer in front of the exit duct of the Shaded-Pole Blower
Model 4C 443 and simu]taneou§1y adjusting the VT4FC Ohmitron Transformer

U b hw e Lt

until the

Homemade Psychrometer No. 2 - (HMP No. 2)

The only major differences between (HMP No. 2) and (HMP No. 1) are
in their purpose and s]ight modification in construction. The purpose
of this psychrometer is to obtain the condition of the air that goes to
the heating chamber which is adjoining plenum No. 1. The principle in
obtaining these measurehents is the same as in (HMP No. 1). With res-
pect to its construction, there is no water level indicator and a duct

which is 3.81 x 10-2 m in diameter and made of No. 22 gauge USS sheet
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metal, is attached to the suction end of a Shaded-Pole Blower Model
4C 443 as shown in Figure 6.
The entire duct is heavily insulated by 0.1 m thick fiberglass

insulation as seen in Figure 6.

Pitot Tube and Micromanometer

A Dwyer No. 100 pitot static tube and Dwyer No. 1420 hook gauge
micromanometer as seen in Figure 10 were used to obtain velocity
pressure.

The pitot tube is made of No. 304 stainless steel throughout and
has a hemispherical tip that is difficult to damage by the impact of
missile particles in the environment in which it is being used. It is
connected to the micromanometer by 0.01 m internai diameter plastic
tubings.

The Dwyer No. 1420 hook gauge micromanometer is fitted with two

micrometers, from which the change in velocity pressure is obtained.
Dew Probes

Obtaining the dewpoint temperature of the drying compartment con-
stitutes the primary purpose for the use of the two Honeywell SSP12918
dew probes.

A resistance thermometer is located within the dew probe bobbins.
Surrounding the bobbin is an insulated sleeve. The insulated tube is
covered by a cloth sleeve which is impregnated with 1ithium chloride.
Lithium chloride becomes hygroscopic when the relative humidity of the
envifonment in which it finds itself is higher than 11%. The resistance

of the 1ithium chloride is decreased as current passes through the
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bobbin. The temperature of the bobbin is increased but the relative
humidity of the surface air is reduced to 11%. The bobbin temperature
is converted into resistance by the resistance thermometer. The
values of such resistance are interpreted as dewpoint temperature by
the Electronix 16 multipoint strip chart recorder, which is a resis-
tance thermometer recorder. The location of the two dew probes is

shown in Figure 11.

Electronix 16 Multipoint Strip Chart Recorder

This instrument which is shown in Figure 9 is sometimes called the
resistance thermometer recorder. It can sequentially measure 24 dew-
points. Each signal it receives from the SSP129B dew probe is re-
balanced by a feedback signa] from the measuring circuit and is then

printed on strip chart paper.
Barometer

It is an air guide No. 211-B anaeroid type and its main function
is to proVide the barometric pressure of the environment in which the
experiment is being conducted. Such information is utilized when cal-
culating the required flow rate of conditioned air through the drying
éompartment. The precision of this measuring instrument as shown in

Figure 9 is 0.05 m.
Balance

- A Sartorius ba]ance is utilized to obtain the weight of sample at

prescribed periods. It has a precision of 0.01 gram.
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Oven

The TS-31050-4 (type A) mechanical convection oven is used to
reduce the moisture content of partially processed samples of cow
paunch material to a final dry matter. The temperature of the oven is

set at 100° C.

Storage Containers

Stainless steel containers of approximately 42 litres were used
in storing the cow paunch constituent after it is obtained from the
abattoir. The covered containers are placed in the same room in which

the experiment is conducted.

Electric Circuit Arrangement for Heaters

and Blower on Plenum No. 2

Electric Circuit Arrangement as seen in Figure 7 controls the on
and off behaviour of the Shaded-Pole Blower Model 4C 443, as well as
that for the three electric heat resistance cone heaters No. 415A. A
VT4FC ohmitron transformer, Simpson No. 35043 AC ammeter and voltmeter
asvwell as a Powerstat type F-136 variable auto transformer are in-
cluded in this circuit.

The purpose of the VT4FC ohmitron transformer is to control the
flow of current to the Shaded-Pole Blower Model 2C781, thus regulating
the flow of the conditioned air throughout the drying chamber.

Indicating the voltage and current to the three electric heat
bresistance cone heaters No. 415A constitute the function of the Simpson

No. 35043 AC ammeter and voltmeter. The control of the voltage and
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current that passes through the Simpson No. 35043 AC ammeter and volt-
meter is provided by the powerstat type F-136 variable auto transformer.
The heating effect of these three heaters causes the temperature of the
air to increase hence providing a means of obtaining the desired

relative humidity of the conditioned air.

Sampling Drying Pans

The function of these sampling drying pans which are of three
depths is to provide a means of enclosing the cow paunch constituents
as drying progresses. The depths of these rectangular shaped pans are
0.03, 0.06, and 0.10 m, respectively, as shown in Figure 12. These
pans are made of No. 24 gauge USS sheet metal and are 4.38 x 10—2 m
wide and 0.01 m Tong. Metal handles are soldered to the tops of these
pans to provide an easy means of inserting and removing the pans from
the drying compartment. The pans are painted black to prevent any

corrosive effect the cow paunch material may have on sheet metal walls

and bottoms.

Doric Digitrend 200 Temperature Recorder

This is a digital mu1tipoint recorder capable of sensing, dis-
playing, and printing temperature of 1-24 points. A display is shown

in Figure 9.
Experimental Method of Operation

The segments for discussion in this section consist of condition-
ing the air, obtaining flow rate measurements and sampling and weighing

techniques.
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Conditioning the Air

The conditioned air from the Aminco-Aire unit is blown into plenum
No. 1 where turbulence 1§’encouraged. In order to obtain the required
drying air temperature of 35° C and respective 80%, 50% and 20%
relative humidities, a series of controlled adjustments are performed
on the Aminco-Aire'unit. The instructions for such operations are
obtained from section No. 1V of the manufacturer's catalogue for the
unit.

The experimental design necessitates air at 20% relative humidity
and 35° C drying air temperature be utilized as a drying state point.
Because of slight instability in the conditioning of the air at 20%
relative humidity, the Aminco-Aire unit is adjusted to generate an air
condition of 50% relative humidity at 12.8° C water temperature. This
air is blown into the heating chamber by the Shaded Pole Blower Model
2C781 where it is further conditioned by adding sensible heat to it.
The temperature of the air leaving the heating chamber is monitored by
five No. 24 gauge thermocouple junctions which are located along the
length of the drying compartment. The average temperature of these
five thermocouple readings is used as the drying air témperature. The
powerstat type F0136 variable auto transformer is set at 40 on its
graduated scale and this provides a flow of 42 volts and 2.8 amps to
the three heaters as indicated by the Simpson No. 35043 AC ammeter and
voltmeter. In order to ascertain if the required relative humidity is
attained, two SSP12913 dew probes are Tocated in the drying compartment
to obtain the dewpoint temperatdre of the conditioned air. The average

of these two temperatures is used in conjunction with the General
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Electric Psychrometric Chart to determine the relative humidity of the
drying air. Any departure from this required relative humidity is
neutralized by adjusting the current input into the heaters, hence the
heat contribution to the partially conditioned air. After obtaining
the necessary air condition, the air is continuously drawn through the
entire drying system for a period of six hours before any cow paunch

is placed in the drying compartment to be processed.

Sampling and Weighing Operation

Once the temperature as indicated by the thermocouples that are
seated in the walls of the drying chamber as well as those responsible
for the drying air temperature are consfant, it is assumed that constant
conditions are attained both by the drying air and the drying compart-
ment.

Nine drying pans of relevant depth are weighed on the Sartorious
ba]ance,‘and their weights recorded. The cow paunch contents which are
obtained from Ralph's Meat Processing Plant at Perkins, Oklahoma, were
stored in stainless steel cans. It was stirred vigorously by a wooden
blade to ensure that the moisture distribution is uniform for sampling.
Triplicate subsamples of CPC per cow were placed in the already weighed
drying pans of the same depth by a stainless steel spoon. The drying
pans containing CPC per cow were weighed on the Sartorious balance and
weights recorded. During the entire weighing operation the drying pans
were held by a pair of tweezers.

The triplicate subsamples of CPC are placed in a latin square
matrix on the drying platform of the drying compartment. The width of

all the drying pans are pointing in direction of the airflow. Upon
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completion of inserting the samples in the drying compartment operation,
the opening of the Hrying compartment is closed. A representation of
the Tocations of the drying pans is seen in Figure 11.

Within the confines of the experimental design the triplicate sub-
samples per cow are quickly removed from the drying compartment and
their relevant weights obtained on the Sartorious balance and recorded.
It takes 4-5 minutes to perform this operation. Such operations are
performed at the 1st hr., 3rd hr., 7th hr., 15th hr., 31st hr., and
63rd hr., after it is first placed in the drying cbmpartment. Weighing
is also performed at 70th, 80th, and 88th hour. The temperatures of
the drying éir as well as that of the drying compartment, and room
psychometric condition are noted immediately after each time the
weighing operation is performed. After obtaining the readings for the
nine sampling drying pans at the end of the 88th hour, these nine
sampling drying pans are then p]aéed in the oven to reduce the moisture
content of these samples that are already partially processed to a
final state. After two days, the final weight of the samples are
obtained on the Sartorious balance and recorded.

Because of the nature in which the treatment application is imple-
mented, within the confines of conducting the experiment of the design
of the experiment, block replication is performed, then a new condi-

tioned air state point is obtained.



CHAPTER V

STATISTICAL EXPERIMENTAL DESIGN
Preliminary Experimental Design

The purpose of the preliminary experimental design was to deter-
mine the effect of position of the drying pans in the drying duct.

The basic design of the preliminary experiment is a 3 x 3 latin
square in which the transverse effect due to airflow is designated as
column effect. The longitudinal effect due to airflow is designated
as row effect. The three treatments are applied to samples of CPC
taken from three sacks of CPC. Each sack of CPC is taken from each of
three different cows.

Seven runs are investigated over ranges of relative humidities
20%, 50% and 80%, respectively. Each drying pan is filled to the same
depth of CPC for each of the seven runs. The response variable is
weight bf CPC in grams, and such responses are observed by removing the
drying pans from the drying compartment at the end of 0, 1, 3, 7, 15,
31, 63, and 88 hours, resbective]y.

The relevant statistical model is written as

Vigkg =W+ Ry + Gy ¥ Pt Hy+ (RH) gy + (CH)
| +'(PH)k] + € ik + 61jk1 [12]

50
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Overall Experimental Design

The following statistical approach dealt with the design, execu-
tion, and analysis of the exberiment which was adopted.

There are a number of different phases of this overall experimen-
tal design that must be satisfied before arriving at the final design.
The conception phase is centered around formulating the experiment.
The synthesis phase.includes the design of the structural model,
functional model, the analytical model and the experimental model.
With respect to the evaluation phase only conducting>the experiment is-
applicable here but there will be discussion‘on how the ana]ysis would

be proceeded.

Conception Phase

The conception phase essentially deals with the setting of
definite boundary conditiohs that must be fixed within the experiment.
The boundary condition is chosen from a need scale. This need scale or
what may be termed need environment is defined as those elements or
parameters which are engineering in nature within the context of the
problem.

It has been discussed in some detail in the Introduction, that
there is an unquestionable need for a zero pollutant prbcess to dispel
of abattoir CPC. Of all the engineering parameters, the immediate
investigation into the rate at which this material dries is most
relevant. The rate at which CPC dries is considered the boundary
condition of the study. Such a drying rate is sometimes referred to

in the literature as the drying characteristic. It must be pointed out
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that this conception phase differs from the statement of the problem
area in that the statement of the'problem is very much associated with
a detailed discussion of what is the experimental problem. Now that
the boundary condition has been chosen, it becomes part of the éxperi-
mental design.

The next part of the conception phase is to tie down the rate of
drying of abattoir CPC within the confines of the intended experimental
design. Such a restriction identifies the necessary ingredients or

abattoir CPC. S. M. Henderson (13) equation [5] for obtaining the
| moisture ratio of inhomogenous materials is utilized as a means of
identifying some of the relevant variables. No new theory is inves-
tigated in this study. S. M. Henderson (13) equation for drying in
the falling rate period does not include explicity some other re]evant
factors which are depth, relative humidity of the drying environment, .
and age. Two other fixed factors that must be considered in this
study are airflow rate at 1.2 m3/sec and the drying air temperature

at 35° C.

Synthesis Phase

The design of the structural model, functional model, analytical

model and experimental model constitute the ingredients of this phase.

Structural Model

Associated with the design of the structural model is the hy-
pothesis statement and the determination of the number of factor levels.
The hypothesis statement tells at all times what is being inves-

tigated. Within the context of this experiment, the relevant hypothesis
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is: the abattoir CPC drying characteristic, or sometimes referred to
in the literature as the rate of drying, is dependent upon the depth
of CPC, age of CPC and the relative humidity of the environment in
which the samples of CPC are located.

The Titerature reviewed, dealing with various aspects of cow
paunch contents, did not indicate any previously published material.
It is desirable to investigate the simple or linear effect of treat-
ments, main effects of treatments, interaction effects of treatments
and if possible non-linear (quadratic) effects of treatments. Three
levels each of depth and relative humidity as well as 9 units of
location of age were used in this experiment. The selection of‘these
levels will indicate qualitatively a Tow, medium and high depth,

relative humidity and age.

Functional Model

The functional model is associated with the concept of the number
of responses in a replicate. When all the cells contain response
measurements, the functional model is said to be a complete model. Any
violation of the latter idea places the functional model in an incom-
plete model category. The functional model applied here is incomplete
in nature. The total number of responses in each rep]icate is

Z=1L x L

vh X Lppr X Lag * Lym X Loy X Ls
3x3x1/3x9x7x3x 3= 1701 responses [13]

L]

Analytical Model

The analytical model is dealt with from a unit cell point of

view. It is necessary to look at a unit cell and ascertain what takes
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place within its confines. In each unit cell there are nine samples

of CPC from 3 cows. Since it is intended that the analysis of this
study be done on the slopes of the Log of MR as a function of drying
time curves, an average slope is obtained for each cow within eabh
cé]]. So in effect, each cell Wi]] contain three values of the rate of
drying of CPC for that particular condition. The rate of drying of
samples of CPC becomes the new response variable for analysis. It
seemed convenient that since all the data cannot be obtained in one
day, a split-plot model is adopted. The statistical model may be
written as |

k

Kijkl = g + Rhi + ij + (Rwa)ij +D
+(RhD)_ik + ijDk(Rhi) + Aijk] [14]

From this statistical model it seems that as the depth of CPC
change, the age of CPC changes simultaneously. So unfortunately depth

is completely confounded with age of CPC.

Experimental Model

The analytical model suggests that the final experiment design be
set up as a 3 x 3 factorial experiment in a split-plot design for each
age of CPC. Another way to write this design is a 3 x 3 factorial to
be conducted in a split-plot design over time with age as location.
The re]ative humidity is considered the main plot and is randomized.
The sub—p]ot is depth of CPC since its levels change within the main
plot rather fhan between the main p1ots.' Cows are considered the
experimental unit. Because there is a change in the levels of depth

of CPC for each setting of relative humidity, this arrangement makes
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the experiment a basic split-plot design.

The levels of age are 97, 194, 291, 388, 485, 582, 679, 776, and
873 hours, respectively. The levels of relative humidity are 20, 50
or 80%, respectively. The levels of depths are 2.5, 6.4, and 10.2 cm,
respectively. The variation among cows is used as the experimentaT
error for making the statistical tests. This is because there is no
way in which a pure error could be obtained due to the confounding
‘nature of variable age.

Paunch contents from nine cows are chosen to run this entire
experiment and since it‘has already been indicated that there are
three (3) cows in each replicate, it is evident that the entire experi-
ment will have 3 replications. The total number of responses that is
utilized for this study is

N=37Z=567 x3=1701 responses [15]

Now that the final experiment design has been completed it is necessary
to include a treatment matrix layout. This treatment matrix layout
must not‘be confused with the experimental design. It is only a rep-
resentation of how the treatments (depths, relative humidity and age of
CPC) are app]ied in their relevant combinations and levels. Treatment

matrix ]ayout is found in Appendix A.

Evaluation Phése

.The evaluation phase entails a description of how the experiment
is to be conducted as well as a structure of how the analysis is to be
conducted. Also inclusive in this category is the collection of the

data.
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Conducting the Experiment

The order of run is important in this phase. In conducting the
functional operations of the runs in each replicate, it is desirable
to run the depth of CPC in block replication, with the main b]ot which
is relative humidity. By block replication, it is meant that, for
example, |

Depth RH
(cm) %

6.4
2,5::::::::::;j:§; 20
10.2 —

This suggests that a run of depth 6.4 cm at 20% relative humidity

be conducted, then depth 2.5 cm at the same 20% relative humidity, then
10.2 cm at the same relative.

A change in the setting of the relative humidity is made, depth
is randomized dnce more, then block replicate once more. This pro-

cedure is adopted until the replicate is completed.
Approach to Analysis

The analysis of this entire study is divided into an analysis oh
the preliminary experiment; comments on the prediction equation and
" overall rates of drying curves and an analysis each on thé effect of
re]ative humidity, depth and age of CPC on the change on the rate of
drying of CPC, respectively.

The analysis on the preliminary experiment is done on moisture
ratio. Weight in grams is the basic response variable in both experi-

ments. The weight is converted to moisture-content dry-basis by using
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Wt, - Wt

— ) 100 [16]

M= Wty

Time is known as drying time and is for fixed periods of 0, 1, 3,
7, 15, and 31 hours, respectively. There are three sub-sampling units
for each cow for each experimental run. The average moisture-ratio at
a drying time location within an experimental run for a cow is found
by averaging the moisture-ratios of the three sub-sampling units at
that drying time. The log of the respective average moisture ratios
as a function of drying time is plotted for each cow within each ex-
perimental run for twenty-seven such runs. Computer programme No. 3
is used to aid in the computation of moisture ratio, average moisture
ratio and Tog of moisture ratio in this segment of the analysis. The
rate of drying of CPC fok each cow within each experimental run is
calculated by taking the s]ope of the plot of log of moisture ratio
versus drying time. ‘The 1east square régression teéhnique is used to
fit these slopes. Computer programme No. 3 is used to aid in computing
the average rates of drying of CPC for each cow within each experimen-
tal run.

Since there are three cows per experimental run, it fo]]qws that
for the total of twenty-seven such runs; there are eighty-one units‘of
slope measurements as separate rates of drying of CPC, available for
further analysis. The values of the eight-one slopes are used as new
response variables in the AOV. An LSD (0.05) as well as the prediction
equation expressing the rate of drying of CPC as a function of rela-
tive humidity, depth and age of CPC are also obtained from the values
of the eighty-one slopes. The prediction equation is obtained by dsing

least square regression analysis and the aid of Computer programme No.
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4. Confidence intervals at 5.0% level on the different rates of
drying of CPC are also established by use of Computer programme No. 4.

With respect to the separate analysis on the effect of relative
humidity, depth and age of CPC on the change in the rate of drying of
CPC, it is necessary to calculate the rates of drying of CPC in each
experimental run over the three cows. A least square regression line
is fitted to the data points on the log of moisture ratio versus
drying time for the three cows within each experimental run. ThéSe
slopes of the Teast square regression lines on the plots of log of
moisture ratio versus drying time are interpreted as twenfy-seven
separate rates of drying of CPC for the total of twenty-seven runs.
Within the structure of Computer Programme No. 4, it is the variation
among cows within a given relative humidity, depth and age, is used as
the error term to establish the confidence intervals at 5.0% level on
each predicted rate of drying of CPC value. This same variation among
cows is also used as the error term for the selected contrasts in which
the desired effects are not confounded. These contrasts will also be
presented in the discussion of the analysis of the results.

To effect qualitative conclusions for this study the following

terms are adopted.

Low Depth - 2.5 cm} - thin or shallow depth
Medium Depth - 6.4 cm - medium depth
High Depth - 10.2cem - thick depth
Low Relative Humidity - 20% - fast drying potential

Medium Relative Humidity

50 - medium drying potential

High Relative Humidity 80% - slow drying potential



Low Age
Medium Age
High Age |

0 - 291 hours
292 hours - 582 hours
583 hours - 873 hours

fresh
medium age

old age.
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CHAPTER VI
ANALYSIS AND PRESENTATION OF DATA
Analysis of the Preliminary Experiment

Seven separate runs were investigated over ranges of relative
humidities 20%, 50% and 80%, respectively. Computer programme No. 1
was used to aid in the computation involved in the analysis of the
latin square design in time, for each of the seven runs. A summary of
the analysis is seen in Table I. The analysis was performed on
moisture ratio (MR).

The results on Table I indicated that only dfying time was statis-
tically significant in the preliminary experiment. So, in effect, the
position of the sampling drying pans in the drying compartment did not
affect the moisture ratio.

It was possible to plot log of moisture ratio versus drying time
for each of the three cows investigated. From these plots the average
rate of drying of CPC was extrapolated and plotted against age for each
location. These plots could be seen in Appendix E.

The type of CPC used for the preliminary experiment was visibly
greater than 95% grains in a viscous ye]]oWish slurry as was obtained
from each of the three cows. From the plots in Appendix E (Figure 47)
it -appeared that the rates of drying of CPC was essentially constant

for cow No. 1 for different ages of CPC. With respect to cow No. 2,
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TABLE I

ANALYSIS OF VARIANCE FOR TEST OF
SIGNIFICANT DIFFERENCE BETWEEN
ROWS AND COLUMNS

61

Col * Time

Run No. 1: RH = 80%
Sum of Mean
Source DF Squares Square F
Row 2 0.00495 0.00245 0.0198
Col 2 0.00070 0.00035 0.0028
Cow 2 0.021882 0.01094 0.0884
Time 6 7.57586 1.26264 10.203 *
Cow * Time 12 0.0234 0.00195 0.0157
Row * Time 12 0.01158 0.00096 0.00775
Col * Time 12 0.00054 0.00004 0.00032
Row * Col - Cow 2 0.00372 0.00186 0.015
Row * Col * Time -
Cow * Time 12 0.02968 0.00247 0.0199

Corrected Total 62 7.6723 0.12374

Run No. 2: RH = 80%
Row 2 0.000612 0.000306 0.0025557
Col 2 0.000056 0.000027 0.0002255
Cow 2 0.000058 0.000029 0.0002422
Time 6 7.414683 1.235781 10.3212 *
Cow * Time 12 0.0013845 0.0001155 0.009646
Row * Time 12 0.0005804 0.000048 0.00040089
Col * Time 12 0.0003986 0.000033 0.00027562
Row * Col - Cow 2. 0.0030478 0.00.524 0.0127284
Row * Col * Time -

Cow * Time 12 0.0025778 0.0002148 . 0.001794

Corrected Total 62 7.423398 0.1197322

Run No. 3: RH = 20%
Row 22 0.0037706 0.0018853 0.0147228
Col 2 0.00244348 0.0012217 0.0095406
Cow 2 0.00188283 0.0009414 0.0073516
Time 6 7.8319976 1.3053329 10.193715 *
Cow * Time 12 0.0258759 0.00215633 0.01683939
Row * Time 12 0.0281623 0.00234685 0.0183272

12 0.0258064 0.00215053 0.016794
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.02000682 0.

Run No. 3: RH = 20%
Sum of Mean
Source DF Squares Square F
Row * Col * Time 2 0.00092286 0.00046143 0.0036034
Row * Col * Time -
Cow * Time 12 0.0184069 0.00153391 0.01197874
- Corrected Total 62 7.9892689 0.12805272
Run No. 4: RH = 50%
Row 2 0.0011485 0.0005743 0.0049166
Col 2 0.00156767 0.00078383 0.0067105
Cow 2 0.0165237 0.00826185 - 0.0707305
Time 6 7.20601455 1.20100242 10.28191059 *
Cow * Time 12 0.0087649 0.00073041 0.0062531
Row * Time 12 0.00095497 0.00007958 0.00068129
Col * Time 12 0.00130687 0.00010891 0.00093223
Row * Col - Cow 2 0.00264003 0.00132002 0.01130066
Row * Col * Time -
Cow * Time 12 0.00313278 0.00026106 0.00223496
Corrected Total 62 7.2420539 0.11680732
Run No. 5: RH = 20%
Row 2 0.01684278 0.00842139 0.0717515
Col 2 0.012558256 0.00629128 0.0536026
Cow _ 2 0.00539044 0.00269522 0.00229636
Time 6 7.12268059 1.18711343 10.1143789 *
Cow * Time 12 0.01922943 0.00160245 0.01365311
Row * Time 12 0.03638429 0.00303202 0.0258333
Col * Time 12 0.02114304 0.00176192 0.0150118
Row * Col * Cow 2 0.01634445 0.00817223 0.06962858
Row * Col * Time - ‘
Cow * Time 12 0.02629334 0.00218944 0.01865434
Corrected Total 62 7.27687093 0.11736889
Run No. 6: RH = 50%
Row 2 0 01000341 0.0776877



TABLE I (Continued)
Run No. 6: RH = 50%
Sum of Mean
Source DF Squares Square F
Col 2 0.01676175 0.00838087 0.0650869
Cow 2 0.02061951 0.01030975 0.08006677
Time 6 7.57215417 1.26202570 9.8010444 *
Cow * Time 12 0.11991408 0.00999284 0.0776056
Row * Time 12 0.09186196 0.00765516 0.05945089
Col * Time 12 0.09744054 0.00812005 0.06306129
Row * Col - Cow 2 0.01838992 0.00949496 0.07373901
Row * Col * Time -
Cow * Time 12 0.02624451 0.002188705 0.01699775

Corrected Total 62 7.98339329 0.12876441

Run No. 7: RH = 50%
Row 2 0.00067498 0.00033749 0.0027869
Col 2 0.00659195 0.00329597 0.0272173
Cow 2 0.01034624 0.00517312 0.04271833
Time 6 7.46158694 1.24359782 10.269319 * -
Cow * Time 12 0.01173999 0.00097833 0.0080788
Row * Time 12 0.00746623 0.00062219 0.00513789
Col * Time 12 -0.00581724 0.00048477 0.0040031
Row * Col - Cow 2 0.00110778 0.00055389 0.00457388
Row * Col * Time -

Cow * Time 12 0.00276770 0.00023064 0.001904567

Corrected Total 62 7.50809905 0.12109837
*Indicates significance at o = 0.01 level.
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the plot indicated that there was a constant increase with rate of
drying of the CPC up to 187 hours; then a progressive increase in the
rate of drying of the CPC up to the 441st hour. Beyond this age, the
rate of drying of CPC was constant. For cow No. 3, the pattern in the

rate of drying of CPC was almost similar as that for cow No. 2;

The General Prediction Equation and

Overall Rates of Drying Curves

Equation [11] essentially describes all the relevant combinations
of age, re]ative humidity and depfh assogiated with the overall rate
of drying of CPC (Kg). The combination of variables that were found
to be statistically and practically significant are represented by
this general polynomial equation
K, = o + Y]X] + Y X, + Y X, + Y4X4 + v X

g 272 373 575

6% T Y%7 T S [17]

+ Y

Equation [17] is rewritten as
' _ , 2 2
Kg =Y, t N Rh + Yo D+ Y3 Ag + Yy (Rh)™ + Y5(Ag)
+ 5 (R) (D) + v, (Rh) (Ag) + =, [18]
The difference between equation [17] and [18] is replacing the X's in
[17] by the actual variables as in [18].

Equation [18] was derived by performing a regression analysis on
all eighty-one slope (B]) values, which represent the rates of drying
of CPC in the entire study for all ages, depth and relative humidities
considered.

EQuation [18] is rewritten with the relevant estimates of the co-

efficients of the variables and their combinations. The best of the
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general polynomial equations deduced in this entire study is:

2 4 6.8151 x 1074

5

K = -5.0233 x 10~

+ 1.
g : Rh + 1.124

x 1072 D +8.017 x 1072 Ag - 2.86 x 1070 (rn)?
- 6.0 x 1078 (Ag)? - 1.8 x 1077 (Rh) (D) - 4.2
x 1077 (Rh) (Ag) [19]

Other similarly deduced regression models are shown in Appendix F
(Figure 48).

It must be clearly understood that the statistical model equation
[14] does not include age explicitly as a variable. Equation [14]
represents the split-plot model for a 3 x 3 factorial design for each
age of CPC. So, because of the fact that age and depth changed simul-
taneously, and drying time is completely confounded in age, it was
necessary to generate equation [19] by regression analysis.

Figures 13, 14, and 15 are three representative samples of a
total of twenty-seven experimental runs. Each of these figures essen-
tially show the least square regression line fitted to the deduced data
points on a plot of the log of moisture-ratio versus drying time for the
three cows within an experimenta] run. Figures 16, 17, and 18 provide a
means of visually perceiving the rates of drying of CPC for all twenty-
seven runs divided into the three relevant replicates. It could easily
be deduced from Figures 16, 17, and 18 that for within each replicate,
each of the nine runs' rates of drying of CPC curves are at variance
with each other. Hence, the rates of drying of CPC in this study are
not the same. It is not possible to deduce from Figures 16, 17, and 18
the types of changes in the rates of drying of CPC for the constraints
utilized in this study. Another interesting'feature of Figures 16, 17,

and 18 is that the same pattern with respect to the shape of the slope
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Run No.
® Cow No.
O Cow No.
4O Cow No.
0 Avg. Over 3 Cows

Depth 6.4 cm

Age 194 hrs.

Relative Humidity  50%

W -

- | ] |
0% i0 20 30

Time (hrs)

Figure 13. Regfession Line of LG-MR as a Function of Drying
Time for Run No. 2, Replicate No. 1



Log of Moisture Ratio

67

Run No. 1
@ Cow No.
O Cow No.
4 Cow No.
0O Avg. Over 3 Cows

Depth 2.5 cm

Age 291 hrs.

Relative Humidity  50%

S BAEN

_0'4.—
- | | | |
0% 10 20 30

Time (hrs)

Figure 14. Regression Line of LG-MR as a Function of Drying
Time for Run No. 12, Replicate No. 2



Log cf Moisture Ratio

68

Run No. 22

® Cow No. 7

O Cow No. 8

A Cow No. 9

O Avg. Over 3 Cows
Depth 2.5 cm
Age 388 hrs.

Relative Humidity 50%

1
o

i
o
N

1
o
N

-04r

- 1 i : 1
0.5 i0 30 30
Time (hrs)

Figure 15. Regression Line of LG-MR as a Function of Drying
Time for Run No. 22, Replicate No. 3
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Run No. Depth Age RH
(cM)  (HR) (%)
1 2.5 97 50
2 6.4 194 50
3 10.2 291 50
4 6.4 388 80
5 2.5 485 80
0 6 10.2 582 80
7 6.4 679 20
8 2.5 776 20
9 10.2 873 20
-0 N\
-0.2F 5
6
3
-0.3
2
04k 7
0.4 9
|
-05+ 8
-06 L 1 |
0 , 20 30
Time (hrs)
Figure 16. Regression Lines of Log-Moisture Ratio as a

Function of Drying Time for Replicate No. 1
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Run No. Depth Age RH
(cM)  (HR) (%)
0 10 6.4 97 50
N 10.2 194 50
12 2.5 291 50
13 6.4 388 20
14 2.5 485 20
15 10.2 582 20
-0l 16 2.5 679 80
17 10.2 776 80
18 6.4 873 80
| AN
-0.2f
13
12,15
-04+
-0.5- I
10
14
-06F 17
‘0.7 1 ] 1 |8
0 10 20 30

Figure 17.

Time (bhrs)-

Regression Lines of Log-Moisture Ratio as a

Function of Drying Time for Replicate No. 2
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0
-0l
23
-0.2 ;
24
-0.3 22
27
Run No. Depth Age RH 26
-0.4 (CM) (HR) (%) '
19 2.5 97 80
20 6.4 194 80 I9
21 10.2 291 80
22 2.5 388 50
-05 23 6.4 385 50 25
24 10.2 582 50
25 2.5 679 20
26 6.4 776 20
27 0.2 873 20
- 1 L ]
% 10 20 30
Time (hrs)
Figure 18. Regression Lines of Log-Moisture Ratio as a

71

Function of Drying Time for Replicate No. 3
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of the graphs of the log of moisture ratio versus drying time. A1l the
slopes of the graphs of Figures 16, 17, and 18 tend to suggest that the
log of moisture ratio decreases linearly in drying time.

By virtue of the definition of moisture ratio, all the graphs of
log of moisture ratio versus drying time (hours) were forced through

zero.
Effect of Depth

Because of the confounding nature of the variab]e‘age, it was only
possible to look at the effect of depth on the rate of drying of CPC at
certain age locations within relative humidity 20% and 50%. With res-
pect to the 20% relative humidity, age locations are 679 and 776 hours,
respectively, for depths 2.5 cm and 6.4 cm. Whereas for the 50% rela-
tive humidity, age locations are 97, 194 and 291 hours, respectively.
The change in the rate of drying within the 97th hour was compared for
depth of 2.5 cm and 6.4 cm; that for the 194th hour was compared for
depth}of 2.5 cm and 10.2 cm. The same type of comparison was made for
the 291st hour for 2.5 cm and 10.2 cm, respectively.

The primary purpose of computer prbgramme No. 5 is to perform an
ANOVA on the rates of drying of CPC values with replication, age of
material and number of cows as classes. In effect, values for overall
means for each of the 27 runs for the 3 replications were generated.
Each of these overall mean va]ues is really an appropriate average value
of the rate of drying of CPC. Other values utilized from this programme
are on experimental error and LSD at the 5% level. The experimental
error is used to test for significance in linear and quadratic effects

when performing contrasts between the change of the rate of drying of
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CPC for specific runs.

The LSD at the 5% level is utilized as means of a test for the dif-
ference between two mean rates of drying of CPC values. This difference
in the relevant two rates of drying of CPC values is really a measure
of the change in the rate of drying of CPC. This difference is ex-
pressed as a percentage based upon the smaller of the two rates of
drying of CPC.

It is extremely important to note that this method or the approach
to make contrasts on the raté of drying of CPC values is only valid if
the interval or spacing between each relevant observation is of theA
same magnitude.

It is obvious that the approach utilizing the method of analysis
as was briefly outlined in computer programme No. 5 is a hand technique.
The fact that computer programme No. 5 gives the magnitude as well as
the type of chahge existing between two relevant rates of drying of CPC
values, it does not generate an equation for such a change.

So in this context, computer programme No. 6 was designed specifi-
cally to generate the equation for such a change as well as to perform
the contrast between the change in the two relevant rates of drying of
CPC, irrespective of the spacing between the observations. |

It is also essential to point out that another design feature of
this program is to specifically compare the change in the rate of
drying of CPC over depth with the pertinent age and relative humidity
held constant. This programme also checks the significant difference
between two rates of drying of CPC values as obtained from the LSD test

from computer programme No. 5.



This computer programme was not designed to look at quadratic
features of contrasting since there are only two observations in each

comparison test.
Effect of Depth at 20% Relative Humidity

Figure 19 essentially displayed the pictorial representation of
plotted results of experimental runs Nos. 07, 08, 25 and 26, respec-
tively.

Upon comparing runs Nos. 8 and 26 for 2.5 cm and 6.4 cm depths,
the graphs for the rate of drying indicates that the samples of CPC
for the 2.5 cm depth dries faster than those for the 6.4 cm depth.
Such a change in the rate of drying between these two depths is 29.9%
and is significant at LSD (0.05). When confronted with the question
as to the type of change in the rate of drying of CPC at this period,
it was found that it is Tinear in nature. Since such a change is
linear, thé specific equation describing this change in the rate of

drying of CPC during this period of drying is

2 6

K, = -1.8145 x 107 + 9.49 x 10°

1
This equation does not account for 10.4% of the total sums of
squares éssociated with the variation in the change in rate of drying
of CPC associated for this period.
Figure 20 disp]ays a way to perceive the linear change in the

rate of drying of CPC as a function of depth of CPC. It also shows

74

D [20]

that all values for the change in the rate of drying of CPC during this

period as indicated by the relevant specific equation falls well within

the end Timits of the general equation. The fact that this specific



Log of Moisture Ratio

75

Run No. Depth Age RH
(CM)  (HR) (%)

7 6.4 679 20
0 A o S
26 6.4 776 20
_O.I_
-0.2r
-03F
26
-04 7
8
-05 25
- | L |
%% i0 20 30

Time (hrs)

Figure 19. Regression Lines of Log-Moisture Ratio as a
- Function of Drying Time for Relative Humidity
of 20%



~Rate of Drying, Kg 0%, (hi')

0.0
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spec. Eqn. @ Kk, = -1.8145 x 10 2 4 9.47
x 10°6D;
RZ = 909
Spec. Ean. @ K, = -1.844 x 1072 + 9.37
x 1076p;
R = 96%
Eqn. @ General Prediction T
Eqn. (G.P.E.)

-1.5F
W
-2 Ok C.L. for Spec. Eqn.@ and @7 —
) C.L. for (G.P.E.) -

-25 1 | | |

2 4 q) 6 7

Depth, cm
Figure 20. Rate of Drying of CPC as a Function of Depth for

Relative Humidity of 20% and Ages of 697 and
776 Hrs.
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equation falling well within the Timits (C.L.) of the general equation
suggests that the relevant specific equation is sound enough to estimate
the change in rate of drying of CPC for this period and other stipulated
conditions. Such conditions are tabulated in Table II.

The difference in the rate of drying between runs Nos. O7kand 25
for depths 6.4 cm and 2.5 cm, respectively, and fixed age of 679 hours
is 28.6%. . This difference is significant at LSD (0;05). The difference
essentially tends to indicate that the samples of depth of 2.5 cm dried
faster than that for 6.4 cm. The type of change in the rate of drying
of CPC here is linear using the procedure outlined by computer pro- |
gramme No. 6 for linear contrasting. Figure 20 also shows plot of rates
of drying of CPC versus depth for both the general equation and the
specific equatioh for the relevant age location of 679 hours. The
specific equation is

2

K, = -1.844 x 1072 x 9.37 x 10°° D [21]

2

3.8% of unexplained sums of squares associated with the variation in
the change in the rate of drying of CPC is coupled to this equation.

This equation is considered sound since it falls in close proximity
to the general equation, for the constraints associated with age loca-
tion of 679 hours. Such constraints are seen in Table II. So in
effect, Figure 17 also indicates that for the given constraints for the
depths considered, the shallow depth samples of CPC dried at a faster

rate than those for the medium depth for the fast drying potential air.
Effect of Depth at 50% Relative Humidity

Figure 21 essentially shows the variations associated in the rates

of drying for CPC for 50% relative humidity at ages 97, 194, and 291



TABLE II
SUMMARY OF ANALYSIS OF DATA

Change
Negative in 1%1 Cogwent nge
Rate of  Rate of Change Value Change  Change
Drying Drying . of : . .
Age  (FCPC  of CPC n LSD in in
of 1 Rate of (0.05) Rate of Rate of

-3 Drying Drying Equation of Change in the

Run Depth ¢ (R, (RY.  Drying
2 3
) of CPC of CPC Rate of Drying of CPC

RH
No. (CM) (%) (HRS) X 10 X 10” of CPC X 10

09 10.2 20 873 1.28009

2.1 19.9  3.046 Mo
15 10.2 20 582 1.06773

09 10.2 20 873 1.28009 , 2091 3.06 Mo
27 10.2 20 873 1.05876

15 10.2 20 582 1.06773 ;a0 085 3.006 Mo
27 10.2 20 873 1.05876

07 6.4 20 679 1.24898 191 3.086 Mo
13 6.4 20 388 1.04886

07 6.4 20 679 1.24898 o 31 006 Ne
26 6.4 20 776 1.21159

13 6.4 20 388 1.04886 ¢ g3 15.52  3.046 No
26 6.4

20 776 1.21159

8L



TABLE II (Continued)

Change
Negative in 11 Cogﬂent nge
Ratg of Ratg of Change Value Change Change
Drying Drying . of . -
Age (£ cPC  of CPC in LSD in in
of e 1 Rate of (0.05) Rate of Rate of

3 Drying Drying Equation of Change in the

Run Depth RH CPC  (HR .o (HR'_3 Drying
) of CPC of CPC Rate of Drying of CPC

No. (CM) (%) (HRS) X 10°) X 10 of CPC X 10

08 2.5 20 776 1.57335 50 1097 3.046 o
14 2.5 20 485 1.74579
08 2.5 20 776 1.57335 | 5 207 3.086 No
25 2.5 20 679 1.60598
14 2.5 20 485 1.74579 o, 87  3.006 o
25 2.5 20 679 1.60598
00 2.5 50 97 1.45764 4 4 3.5  3.006  Yes
12 2.5 50 291 1.08387
01 2.5 50 97 1.45764 4 o 51.9  3.086 = Yes Linear  K.=-1.617x1072+1.741
22 2.5 50 388 0.95994 ' x10-5(Ag)
12 2.5 50 291 1.08387 2.9 3006 o
22 2.5 50 388 0.95994
02 6.4 50 194 1.13956
RSO N £ 50.2  3.046  Yes

6L



TABLE II (Continued)

Change

Negative in 121 Cogment nge
Ratg of Ratg of Change Value Change Change
Drying Drying . of - .
Age fcPC  of CPC in LSD in in
of 1 i Rate of (0.05) Rate of Rate of
Run Depth RH CPC  (HR _» (HR -3 Drying * -3 Drying Drying Equation of Change in the
No. (CM) (%) (HRS) X 10 X 10 °) of CPC X 10 of CPC of CPC Rate of Drying of CPC
02 6.4 50 194 1.13%4 ¢ gg 141.7  3.086  Yes  Linear  K,=-1.8814x10"2+2.99
23 6.4 50 485 0.47155 ' x10"2(Ag)
10 6.4 50 97 1.IN27 45 4 263.0  3.006  Yes
23 6.4 50 485 0.47155
24 10.2 50 582 86457 0.343 0.89 3.046 ' No
03 10.2 50 291 . 0.89883
24 10.2 50 582 0.80457 ¢ 45 78.13  3.086  Yes  Constant
11 10.2 50 194 1.5401
03 10.2 50 291 0.89883 6.4 73.4 3.046 Yes
11 10.2 50 194 1.5401
05 2.5 80 485 0.61403 3.0 30.96 3.046 Yes
16 2.5 80 679 0.88942

08



TABLE II (Continued)

Change

Negative  in 141 Coggent Txge
Rate of  Rate of (000 Value Change  Change
Drying Drying . of . -
Age  FCPC  of cpc in LSD in in
of 1 Rate of (0.05) Rate of Rate of
Run Depth RH CPC (HR 2 (HR Drying -3 Drying Drying Equation of Change in the
No. (CM) (%) (HRS) X 1072) X 1073) of CPC X 1073) of CPC  of CPC Rate of Drying of CPC
-2
05 2.5 80 485 0.61403 . Ko=-1.9077x10"%+5.87
8.1 131.7 3.046 Yes Quadratic '8 . -
19 2.5 80 97 1.42244 | x10 g(Ag)-5-0X10 8
(Ag)
16 2.5 80 679 0.88942 4, 59.9 3,006 Yes
19 2.5 80 97 1.42244 |
04 6.4 80 388 0.83705 4333  164.33  3.046  VYes
18 6.4 80 873 2.21306 '
04 6.4 8 388 0.83705 4,4 15.5 3.046 No  Quadratic Ky=-8. 6305x10 3_3.0x1078
20 6.4 80 194 0.72485 (Ag)2
18 6.4 80 873 2.21306 1403  205.3 3.006  VYes
20 6.4 80 194 0.72485
06 10.2 80 582 0.79638 1, ¢ 133.7 3,006 Vs
17 10.2 80 776 1.86114
06 10.2 80 683 0.79648 4 4.56  3.046 No  Quadratic  K;o=-2.604x10 “2,9.553
21 10.2 80 291 0.76247 x10-5(pg)-1. 1x10'7(Ag)



TABLE II (Continued)

Change

Negative  in 151 Cogﬂent nge
Rate of Ratg of Change Value Change Change
Age Drying Drying in of in in
9 of CPC  of CPC LSD »
of A 2 Rate of (0.05) Rate of Rate of

Run Depth RH CPC (HR 2 (HR -3 Drying 3 Drying Drying Equation of Change in the
No. (CM) (%) (HRS) X 107¢) X 107°) of CPC X 10 of CPC  of CPC Rate of Drying of CPC
17 10.2 80 776 1.86114 1441 3. 06 Yes

21 10.2 80 291 0.76247

08 2.5 20 776 1.57335 44 29.85  3.086  Yes  Linear K1=-1.815x10—2+9.49x]0-6
26 6.4 20 776 1.211595 (D)

25 2.5 20 679 1.605%8 4 28.58  3.086  Yes  Linear |<2=-1.84x10'2+9.37x10'6
07 6.4 20 679 1.24898 (D)

01 2.5 50 97 1.45764 2.55 17,5 3. 006 No

10 6.4 50 97 1.71269

12 2.5 50 291 1.8388 1.85 20.59  3.046 No

03 10.2 50 291 0.89883 |

02 6.4 50 194 1.13954 1.01 .15 3.046 Yes

11 10.2 50 194 1.5401

01 2.5 50 97 1.45764 0.35 247  3.046 No

19 2.5 80 97 1.42244
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TABLE II (Continued)

Change

Negative  in - Cogﬂent nge

Rate of  Rate of (000 Value  (cpange  Change

Drying Drying . of . .

Age £ CPC  of CPC in LSD in in
of 1. -1 Rate of (0.05) Rate of Rate of

Run Depth RH CPC  (HR _» (HR 3. Drying ""~3 Drying Drying Equation of Change in the
No. (CM) (%) (HRS) X 10°) X 107°) of CPC X 10 of CPC  of CPC Rate of Drying of CPC
25 2.5 20 679 1.60598 ;46 80.56 3.006  VYes Linear  K,=-1.8 07x1072+1.382
16 2.5 80 679 0.88942 x10~% (RH)
14 2.5 20 485 1.78579 4132  184.32  3.086  VYes  Linear K5=-2.123x10‘2+1.886
05 2.5 80 485 0.614031 x10-%4(RH)
13 6.4 20 388 1.04886 2 3 3,046 No
04 6.4 80 388 0.83705
02 6.4 50 194 T1.139%4 ;45 57,2 3.006  Yes  Linear  K.=-1.8307x10"2+1.3823
20 6.4 80 194 0.72485 x10™%*(RH)
03 10.2 50 291 0.89883 | 5 17.81 3. 046 No
21 10.2 80 291 0.76247
15 10.2 20 582 1.06773  , 210 3,006 No
06 10.2 80 582 0.796384 |
15 10.2 20 582 1.06773 ¢ g 50.41 3. 046 Yes
25 10.2 80 582 1.60598
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TABLE II (Continued)

Negative Ch?gge 191 Comment Tyge
% on 0
fate o Qe of change A1 cronge  chanse
Age £ CPC  of CPC in LSD in in
of Rate of (0.05) Rate of Rate of

Run Depth RH CPC (HR™',  (HR"!.  Drying
)

Drying Drying Equation of Change in the
No. (CM) (%) (HRS) X 10

X 1073)  of CPC X 1073 of CPC  of CPC Rate of Drying of CPC

06 10.2 50 582 0.86475

0.68 8.56 3.040 No
24 10.2 80 582 0.79638
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Run No. Depth Age RH
(cM)  (HR) (%)

1 2.5 97 50
2 6.4 194 50
3 102 201 50
0 10 6.4 97 50
\ 5 0.2 194 50
X 12 2.5 201 50
-0.lF
-0.2F
-0.3r 5
2
2
-04r
|
-05 "
10
- | | ) 1
0€; . 10 20 30
Time (hrs)

Figure 21. Regression Lines of Log-Moisture Ratio as a
Function of Drying Time for Relative Humidity
of 50% o _
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hours for runs 01, 02, 03, 10, 11, and 12.

Runs No. 1 and No. 10 are for age location of 97 hours and depths
2.5 and 6.4, respectively. The difference between the rates of drying
of CPC for samples associated with the 2.5 cm depth and those for the
6.4 cm depth is not significant at LSD 0.05. A]though the magnitude
of difference is 17.5%, when the two relevant drying rates were com-
pared, it would appear from both Figures 21 and 22 that the 2.5 cm
dried faster than the 6.4 cm. Within the constraints of the factors
associated with this investigation such a difference is very small and
the statistical test prevails.

Upon comparing depths 2.5 cm and 10.2 cm of runs Nos. 03 and 12
for age location 291 hours, there was no statistically significant
differences existing between the rates of drying of CPC for samples
associated with the 2.5 cm depth and those for the 10.2 cm. From both
Figures 21 and 22 there seem to exist a small difference between the
rates of drying of CPC for 6.4 cm and the 2.5 cm. The samples asso-
ciated with 2.5 cm depth dried faster than the 10.2 cm. The magnitude
of this variation is 20.6% and was obtained from comparing the overall
mean drying rate values for samples from both of these relevant depths.

In effect, this change in the rate of drying of CPC between depths
2.5 cm and 10.2 cm is small and both rates of drying of CPC can be
treated as the same. '

With respect to the comparison at age location 194 hours for runs
No. 02 and No. 11 for samp]es associated with the 6.4 cm and 10.2. cm |
depths, both Figures 21 and 22 indicate that an extremely small dif-
ference in drying rate exists between samnles of CPC taken at these

depths. This difference is insignificant at an LSD (0.05), although
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the magnitude of the variations 14.08%. The constraints associated with

runs Nos. 02 and 11 is shown on Table II.
Effect of Relative Humidity

It was possible to look atlthe effect of relative humidity on the
change in rate of drying of CPC at ages 291 hours and 582 hours for
depth 10.2 cm. The effects of 20, 50 and 80% relative humidity were
investigated for age 1oca£ion of 582 hours ahd depth of 10.2 cm;
whereas for the age location of 291'hours only the effects of 50% and
80% relative humidity could be analyzed. |

With respect to the 2.54 cm depth, it was also possible to hold
age locations, 97, 485, 679 hours, respectively, fixed and analyze the
effect of relative humidity on the change in rate of drying of CPC.
For age location of 97 hours, relative humidities of 50% and 80% were
compared. With age location at 485 hours, relative humidities were
compared for age location of 679 hours. No other analysis was made
with respect to the effect of relative humidity on the change in the
rate of drying of CPC as a result of the variable age confounded over
depth and relative humidity in many experimental cells.

The use of computér programs Nos. 5 and 7 aided considerably in
calculating the overall mean rate of drying of CPC for each run. Com-
puter hrogramme No. 7 was designed specifically to perform the necessary
calculations on linear and quadratic contrasting on the change in rate
~of drying of CPC, as the pertinent age and depth held constant, over
the relative humidities. A check on the values obtained by the hand
calculated values associated with comptuer progfamme No. 5 can be con-

sidered another function of this computer programme.
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Similar to computer programmes Nos. 6 and 8, it will generate a
least square regression equation to describe the linear or quadratic

change in the change in the rate of drying of CPC.

Effect of Relative Humidity for
a Depth of 10.2 cm

Figure 23 shows the rate of drying curves for runs Nos. 03, 06,
15, 21, and 24.

For a constant age location of 291 hours, there is no change in
the rafe of drying of CPC in the samples investigated for relative
humidities 50% and 80%, respectively. Appropriate run Nos. were 03 and
21, respectively. Upon comparing the overall mean values for the rates
of drying of CPC for relative humidities of 50% and 80%, the sampies
associated with the 50% relative humidity seem to dry faster than those
associated for the 80% relative humidity by a magnitude of 17.8%. Such
a difference is not statistically significant at LSD (0.05).

With respect to the change in the rate of drying of CPC for 20%
and 80% ré]ative humidities for a fixed age location of 582 hours,
there is a 34.0% variation in the rate of drying for samples associated
therein when the average rates of drying of CPC are compared. The
samples associated with the 20% relative humidity for run No. 06 seemed
to dry at a faster rate than those for the 80% relative humidity level
for run No. 15, as indicated by Figures 23 and 24. This variation even
though relatively large is surprisingly not statistically significant
at LSD (0.05).

Figures 23 and 24 suggest that there is some degree of variation

in the rates of drying for samples of CPC dried at 20% and 50% relative
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humidities, respectively. The respective run Nos. 15 and 24 are for
age location 582 hours. The rate of drying of samples of CPC for the
20% relative humidities level, as indicated by run No. 15 on Figures
24 and 25, does seem to be higher than that for the 50% relative
humidity level as indicated by run No. 24. Such a variation between
these two rates of drying of CPC is, however, not statistically sig-
nificant at LSD (0.05).

Another Comparison for the change in the rate of drying at the
582 hours age location is made at the 50% and 80% relative humidity
levels for runs Nos. 24 and 06. The rate of drying for samples of CPC
at relative humidity 80% is essentially the same as that for the 20%
relative humidity. This claim is ;ubstantiated by the fact that no
statistically significant diffgrence éxists between these two drying
rates at LSD (0.05). There is; however, an 8.6% variation in the rates
of drying between samples of CPC at these two levels of relative
humidities. A1l other constraints associated with this analysis on
the 10.2 cm level of depth, for the effect of relative hum{dity on the

rate of drying for CPC, are shown on Table II.

Effect of Relative Humidity for
a Depth of 6.4 cm

The 20% level of relatfvevhumidity is {dentified by run No. 13
while that for the 80% level of relative humidity by run No. 04. The
change in the rate of drying for samples of CPC between the 20% and 80%
levels of relative humidities is 25.3%, with the 20% level of relative
humidity seeming to dry at a faster rate than the 80% level of relative

humidity. Both Figures 25 and 26 seem to indicate a large change in
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Run No. Depth Age RH
(cM)  (HR) (%)
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Figure 25. Regression Lines of Log-Moisture Ratio as a
Function of Drying Time for Depth of 6.4 cm
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the rate of drying between samples processed at the 20% and 80% level
of relative humidities. This variation in the rates 6f drying between
these two levels of relative humidity is not significant at the LSD
(0.05) test for comparison of the mean rate of drying of samples of
CPC at these two levels of relative humidity at the relevant age loca-
tion and depth. |

With respect to the change in the rates of drying of CPC for the
50% Tevel of relative humidity and 80% level of relative humidity for
age Tocation of 194 hours, a large change in the drying rate resulted
from the comparison of mean drying rate of samples of CPC. Run No. 02
is associated with the 50% level of relative humidity whereas run No.
20 is for the 80% level of relative humidity. The rate of drying of
samples for the 50% level of relative humidity is much faster than that
for the 80% level of relative humidity. The variation between the
rates of drying for these two levels is 57.2% and is statistically sig-
nificant at LSD (0.05). Figures 25 and 26 provide a good picture of
this difference. The type of variation in these two drying rates is
linear, and this is substantiated by fitting a least square regreséion
equation between the values of drying rates at the above mentioned
levels. The specific equation for the change in the rate of drying of
samples of CPC from the 50% relative humidity to the 80% level of
relative humidity for depth 6.4 cm and age location of 194 hours is

K. = -1.8307 x 1072 + 1.3823 x 10°% Rh [22]

3
This specific equation [22] was not able to account for 16% of the
total sums of squares. The other relevant variables involved in aiding
the execution of this analysis on the 6.4 cm level of depth for the

effect of relative humidity on the rate of drying for CPC is shown on
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Table II.

Effect of Relative Humidity for
a Depth of 2.5 cm

Both the depth of 2.5 c¢cm and the age location of 97 hours are held
constant in order to compare relative humidity 50% and 80%, respec-
tively. The relevant experimental run numbers are Nos. 01 and 19. The
average change in the rate of drying for samples processed under these
specific conditions is 2.47%. Such a difference is not statistically
significant at LSD (0.05). The implication of this small change in the
raté of drying for these samples essentially is that all these relevant
samples dried at the same rate, at these two separate humidities.
Figures 27 and 28 provide a picture for such an ihsignificant change.

Holding depth 2.5 cm as well as age location 697 hours constant,
relative humidities 20% and 80% are compared for their effect on the
change in the rate of drying of samples of CPC for those prescribed
conditions. Upon comparing the overall mean drying rates values for
these relevant samples, an 80.6% overall difference is observed. Run
No. 25 is associated with the 20% level of relative humidity whereas
run No. 16 is for the 80% level of relative humidity. Both Figufes 27
and 28 provide a visua] for this large variation in drying rates for
samples of CPC investigated under these specific conditions. - Samples
of CPC»dried at the 20% relative humidity did so at a much faster rate
than those investigated at relative humidity 80%. This variation in
drying rates for these two relative humidities is statistically sig-
nificant at LSD (0.05), when the mean drying rates for relevant samples

of CPC were compared. Upon making linear contrasting on this change in
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the rate of drying for samples of CPC which is 80%, a linear change

resulted and effected the specific equation.

2 4

Ky = -1.8307 x 10°° +1.382 x 10" Rh [23]

The regression coefficient which describes essentially how well
the equation represents the data involved for this portion of the
analysis is 83.7%. The limits of the end points of the graph of
equation [23] fall well within the limits of the end points of the
general equation as shown on Figure 29.

Age location of 485 hours is held fixed‘along the depth 2.5 cm,
as relative humidity 20% and 80% is compared for differences in rate of
drying of samples of CPC under those conditions. Run No. 14 is asso-

‘ciated with relative humidity 20% whereas run No. 05 for relative
humidity 80%; The mean rates of drying for samples of CPC associated
with this portion of the analysis was compared and a 184.3% variation
resulted. Such a variation is statistically significant at LSD (0.05),
signifying that the variation represented by Figures 27 and 28 for

this investigation is valid. VWith respect to the type of variation
seen here, it is linear, and the specific equation to describe the
change in the rate of drying for these relevant conditions is

K. = -2.123 x 1072 + 1.8863 x 10" Rh [24]

5
This specific equatioh was not able to describe 5.3% of the total sums
of'squares of the data available for this portion of the ana]ysis.l
The 1imits of the end points of the graph of equation [24] fall
well within»the Timits of the end points of the general equation as
shown in Figure 28. A11vother factors associated with this analysis

on the 2.5 cm level of depth, for the effect of relative humidity on
the rate of drying for CPC is shown on Table II.
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Effect of Age

With relative humidity fixed, it was possible to determine the
effect of age on the change in the rate of drying of CPC for a fixed
depth. Table III provides a picture for the specific areas of dis-

cussion in this section.

TABLE III
AGE WITHIN DEPTH WITHIN RELATIVE HUMIDITY

RH. DEPTH AGE
% (CcM) HRS.
20 2.5 485 679 776
6.4 388 679 776
10.2 582 679 873
50 2.5 97 291 388
6.4 97 194 485
10.2 194 291 582
80 2.5 97 485 679
6.4 194 388 873
10.2 291 582 776

To aid in the analysis in this section computer programme No. 8
was designed. The comparison of the differences in the raté of drying
of samples of CPC as age changes for fixed depths and relative

humidities is considered the main function of this computer programme.
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It also performs the check on the values obtained by the hand ca]cuj
lated values associated with computer programme No. 5. The generation
of relevant values for the least square regression equations, after
comparison or contrasting has been made on pertinent rates of drying
of relevant samples' values, is also performed by this computer

programme.

Effect of Age for 20% Relative Humidity
and Depth of 10.2 cm

Holding both re]ative humidity at 20% and depth at 10.2 cm con-.
stant, the effect of age on the rate of drying of samples of CPC for
levels of age at 582 hours and 873 hours was investigated. Run No. 09
was associated with age 873 hours whereas run No. 15 with age 582 hours.

The average rate of drying of samples of CPC at the 873 hours

level is -1.28 x 1072 hr”!

hr ° and that for the 582 hours level is -1.068
x 1072 hr™!.  The variation in the rate of drying of these samples of
CPC between these two levels of age is 0.002 hr'] (19.9%). Figures 29
and_30 provide a picture for this variation and substantiate that the
rate of drying of samples of CPC is apparently faster at the 873 hours
Tevel than at the 852 hour Tevel. But this variation is not statis-
tically significant at LSD (0.05). This implies that there is essen-
tially no difference in the rate of drying of samples of CPC for the
above mentioned conditions for levels of age 582 hours and 873 hours.
With respect to the 582 hours level of age and the 673 hours level
of age, holding relative humidity and depth fixed at 20% and 10.2 cm,
respectively; the average rate of drying of samples of CPC for 582

2

hours level of age is -1.0677 x 10~ hr™! and that for the 872 hours
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2 hr']. The experimental run number associated with

level -1.058 x 10~
the 582 hours level of age is No. 15 and that for the 872 hours level
is No. 27. The difference in the average rate of drying of samples of

2 bt

CPC for these two levels at these conditions is 8.9 x 10~
Figures 29 and 30 provide a visual for both‘the rate of drying of the
relevant samples of CPC and the change in the rate of drying associated
with them for levels of age of 582 hours and 873 hours. A variation

of 8.9 x 1072

! s relatively small and is not statistically sig-
nificant at LSD (0.05). In effect, there is essentially no difference
in the rate of drying of samples of CPC for fixed depth of 10.2 cm and
fixed relative humidity of 20% for levels of age 582 hours and 873

hours, respectively.

Effect of Age for 20% Relative Humidity
and Depth of 6.4 cm

The Tlevels of age of CPC are 679 hours and 388 hours, respectively.
The experimental run number associated with the former age level is
No. 7 and that for the latter is No. 13. The variables held constant
are 20% level of relative humidity and 6.4 cm level of depth.‘.The réte
of drying of samples of CPC for age level at 388 hours {s ~1.04886 x 1072

2 el The

hr-! and that for the 679 hours age level is -1.12489 x 10~
difference between these two rates of drying‘of samples of CPC is
2 x_10'2 hr™! (19.08%) and such a variation could be seen in Figure 31.
Samples of CPC dried at the 388 hours level of age seemed to dry faﬁter
than those dried at the 679 hours level of age. But there is essen-

tially no difference in the rates of drying of the relevant samples 6f~

CPC at the 388 hours level and the 679 hours level. The test for
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comparison between these two average rates of drying of samples of CPC
at age level of 388 hours and 679 hours is done at an LSD (0.05), and
it was not statistically significant.

The variables that are held constant are relative humidity 20%
and depth 6.4 cm. The two levels of age considered are 679 hours and
776 hours. Run No. 07 is associated with age level of 679 hours and
run No. 26 with 776 hours age level. The rate of drying of samb]es

2 b~ and that for 776 age

3

for age level of 679 hours is -1.24898 x 10

2 hr'1.

level is -1.21159 x 1072 hr™; generating a change of 3.7 x 10~
Such a change could be seen in Figure 32. This change in the rates of
drying of samples of CPC when age levels 679‘hours and 776 hours are
compared for the constraints mentioned earlier in this paragraph, is
not statistically significant at LSD (0.05). The interpretation of the
latter statement is that there is no change in the drying rates for
samples of CPC dried at age levels 679 hours and 776 hours, for rela-
tive humidity 20% and depth 6.4 cm.

With relative humidity of 20% and depth 6.4 cm held constant, the
two levels of age of CPC scrutfnized here are 388 hours and 776 hours.
Run No. 13 is associated with the 388 hours level of age of CPC whereas
run No. 26 with the 776 hours age level. The rate of drying of samples:
of CPC for the age Tevel of 388 hours is -1.04886 x 1072 hr| whereas

2

that for the 776 hours age level is -1.21159 x 10~ hr'l; producing a

" difference of 1.63 x 10°5 hr-). This difference could be seen on
3., -1
hr

-1

- Figure 31. Upon using this difference of 1.63 x 10~ in the com-

parison test with LSD (0.05) value at 3.046 x 10'3 hr ', it became
clear that there exists no difference in the rate of drying of samples

of CPC for the conditions mentioned in this paragraph when CPC is 388
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hours old or 776 hours old. Figure 32 provides a means of viewing the

rates of drying of samples of CPC for runs Nos. 7, 13, and 26.

Effect of Age for 20% Relative Humidity
and Depth of 2.5 cm

The factors held constant in this part of the analysis is depth at
2.5 cm level and relative humidity at 20% level. The two levels of
age 1nvestigated is 485 hours and 776 hours, respectively. Assbciated
with the first of the two levels of age is run No. 08 and run No. 14
“with thg second. The rate of drying of samples of CPC for Tevel of age
of 485 hours is -1.7458 x 10'2 hr—] and that for age level 776 hours is

~1.57335 x 1072
3

hr']. The difference between these two rates is 1.7
x 10° hr'] (10.97%), which is essentially not statistically signifi-
cant as LSD (0.05). The implication of this significance test is that
there is no difference in the rates of drying of samples of CPC irres-
pective of the age of CPC being 485 hours old or 776 hours.

Figure 33 illustrates the extremely small change in the rates of
drying of samples at agé Tevel 485 hours and 776 hours for depth of
2.5 cm.

Attention is diverted towards investigating the two new levels of
age of CPC at 679 hours and 776 hours, respectively, for fixed relative
humidiiy of 20% and fixed depth of 2.5 cm. The rate of drying of

2, -1

samples of CPC at age level of 679 hours is -1.6059 xVIO' hr * and that

2

for age level of 776 hours is -1.57335 x 10~ hr']; producing a varia-

4 hr_]'(2.07%). Figure 34 provides good visual for

tion of 3.3 x 10°
this change in drying rate of CPC. This change in the rate of drying

of CPC between these two levels is not statistically significant at LSD
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(0.05); and suggestéd that the rate of drying of CPC 679 hours old is
the same as the rate of drying of CPC 776 hours old for relative
humidity 20% and depth 2.5 cm.

The situation is investigated in which the levels of age of CPC
are 485 hours and 679 hours, with that for fixed relative humidity is

20%, and fixed depth is 2.5 cm. The rate of drying of samples of CPC

2

for age level of 485 hours is -1.74579 x 10~ hr ! and that for the 679

2 hr_]. The difference between these two

3

hours level is -1.60598 x 10~
drying rates of samples of CPC is 1.4 x 10~ hr”] (8.7%). Run No. 14
is associated with age location of 485 hours whereas run No. 25 for 679
hours age location.

Figure 34 provides good illustration for visualizing the type of

3 hr'] really is. This change in drying rate for

change 1.4 x 10~
samples of CPC processed when the samples of CPC are 485 hours and 679
hours old — essentially at fixed relative humidity of 20% and depth of
2.5 cm — is not statisﬁica]]y significant at LSD (0.05). So, in
effect, the rate of drying of samples of CPC is the same irrespective
of if the CPC is 485 hours old or 679 hours old. The latter statement
holds true for this specific test if the relative humidity is held .
constant at 20% and the fixed depth of CPC is 2.54 cm.

A summary of the analysis of the effect of age on the change in

the rate of drying of samples of CPC at relative humidity 20% and depth

2.5 cm is shown on Table II.

Effect of Age for 50% Relative Humidity
and Depth of 2.5 cm

Relative humidity is fixed at 50% along with fixed depth of 2.5 cm.
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The two levels of age considered here are 97 hours and 291 hours. Run
No. 01 is associated with the first level of age while run No. 12 with

the second level of age. The rate of drying of samples of CPC for

level of age at 97 hours is -1.45764 x 1072 pp!

2 1

hr ° and that for level of

age at 291 hours is -1.083876 x 10°° hr

3

The difference between these
two drying rates is 3.74 x 1073 pp] (34.5%). A visual representation
of this change is seen on Figures 35 and 36. The rate of drying 6f
samples associated with the age level of 97 hours is much faster than
the rate of drying of samples from the age level 291 hours. The varia-
tion in the rates of drying of samples of CPC from these two levels is
statistically significant at LSD (0.05). A relevant interpretation is
that the rate of drying of samples taken from CPC within 97 hours old
dried faster than that taken at 291 hours old, providing the relative
humidity is fixed at 50% and the depth of CPC is 2.5 cm.

Depth is fixed at 2.5 cm as well as relative humidity is also fixed
at 50%. Of the two levels of age of CPC considered one is at 98 hours
and the other is at 388 hours. Run No. 01 is concommitant with level of
age 97 hours, whereas run No. 22 with Tevel of age 388 hours. The rate
of drying of samples of CPC at the level of age of 97 hours is -1.14576

2, -1 3

x 10°° hr~' and that for level of age at 388 hours is -9.5994 x 10~

hr'], generating a difference between these two rates of drying of

3 1v~1 (51.9%). This difference in the rate

samples of CPC of 4.97 x 10”
of drying of samples of CPC for these appropriate levels of age could be
visually perceived on Figures 35 and 36. This change in the rate of
drying of samples of CPC between these two levels of age for the restric-
tions mentioned in this paragraph is statistically sianificant at LSD

(0.05). Samples of CPC from level of age of 97 hours dries much faster
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Figure 35. Regression Lines of Log-Moisture Ratio as a
Function of Drying Time for Relative
Humidity of 50% and Depth of 2.5 cm
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than those taken at the level of age of 388 hours.

With respect to fixed depth of 2.5 cm, and relative humidity fixed
at 50%, the two levels of age viewed attentively here is 291 hours and
388 hours. Run No. 12 is related to level of age of 291 hours and run
No. 22 with level of age of 388 hours. Samples dried from levels of

2 hr'] whereas

those from the level of age at 388 hours dried at -9.5994 x 1073 hr'],

age of CPC at 291 hours did so at a rate of -1.0839 x 10~

procreating a difference of 1.23 x 10'3 hr']. This change in the rate
of drying of samples of CPC with the restraints attached to the levels
of age contemplated upon, in this péragraph is not statistically sig-
nificant at LSD (0.05).

Throughout the analysis of the'effect of age on the change in the
rate of drying of CPC for 50% relative humidity, it is necessary to
mention that depth was fixed at 2.5 cm as well as relative humidity
fixed at 50%. When the levels of age were 97 hours and 291 hours, a
difference of rate of drying of samples from these levels was calculated

3

to be 3.74 x 10~ hlr"1 (35.5%). With reference to the levels of age of

97 hours and 388 hours, a relative difference of rate of drying of

3

samples from these levels was 4.97 x 10~ hr'] (51.9%). The difference

in the rate of drying of samples taken from levels of age at 291 hours

and 388 hours is 1.23 x 1072

hr™ ! (12.9%). In order to find out what
major type of differénces in a group of differences presenting itself
here on what type of overall changes in the rate of drying for samples
taken from these three independent groups of level of ages, a least
square regression analysis was performed on the rates of drying grouped

together. The major type of change in the rates of drying for these

relevant samples under consideration is linear and the specific equation
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for this change is

Ke = -1.617 x 1072 +1.741 x 107° (Ag) [25]

This equation was able to describe 84% of the total available sums
of squares for the regression analysis. Figures 35 and 36 essentially
provide a means of observing the change in the rate of drying of samples
of CPC at fixed relative humidity of 50%; fixed depth of 2.5 c¢cm and

levels of ages of 97, 291, and 388 hours.

Effect of Age on 50% Relative Humidity
and Depth of 6.4 cm

For this entire section, the only source of variation encountered
is in age of CPC. Of the three different levels of age encountered,
analysis is performed on all possible combinations of levels of age.
taken two at a time. Thev1evels of age in this section are 97 hours,
194 hours and 485 hours.

Run No. 10 is associated with level of age at 97 hours, whereas
run No. 02 with Tevel of age at 194 hours, and run No. 23 with level of
age at 485 hburs. The rate of drying of samples of CPC at the level of

2 el that at 194 hours is -1.13954

3

age at 97 hours is -1.71269 x 10~

-2, -1

x 10°° hr ' and that for 485 hours is -4.71549 x 10~ hr'1. The dif-‘

ference between the rate of drying of samples of CPC at the level of
3] (50.3%); that between

el (181.79).

age of 97 hours and 194 hburs is 5.73 x 107
levels of age at 97 hours and 485 hours is 6.68 x 10~
These respective different and separate changes in the rates of drying
of samples of CPC for these levels of age could be visua]]y perceived

on Figures 37 and 38.
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Function of Drying Time for Relative Humidity
of 50% and Depth of 6.4 cm



Rate of Drying , Kgx 0%, (")

1
no
l

118

|®

""_° Run No. O
C. L. for Spec. Eqn. b—7 _,
Spec. Egn. K7 = -1.8814 x 10
+2.99 x 10-5Ag;

R = 75%

] |

i | | ] ]
o - 97 194 291 388 485 582
Age, hrs

Rate of Drying of CPC as a Function of
Age for Relative Humidity of 50% and

Depth of 6.4 cm

Figure 38.



119

With respect to the levels of age of CPC at 97 hours and 194
hours, the rate of drying of samples of CPC taken from the level at 97
hours is much faster than that for samples taken at the level of age of
CPC at 194 hours. In a similar manner of comparison for the level of
age at 194 hours and 488 hours, the rate of drying of samples taken
from the level of age at 194 hours is very much faster than those from
the 485 hours.

For the situation for those samples associated with 1eVe1s of age
at 97 hours and 485 hours, the rate of drying for the samples at Tevel
of age of 97 hours is extremely faster than those taken at the level of
age of 485 hours. A1l differences or changes in the rates of drying of
samples of CPC for these relevant levels of age compared previously
in this section are statistically sfgnificant at LSD (0.05). The type
of overall major change in the rate of drying of samples taken at each
of these levels 1is linear based upon the method of least square analysis
on the relevant regression model. The specific equation describing

these changes is

2 5

K, = -1.8814 x 100° + 2.99 x 10°° Ag [26]

This equation was not able to describe 25.7% of the total sums of

squares available for the analysis of regression.

Effect of Age on 50% Relative Humidity
and Depth of 10.2 cm

Since the relative humidity is fixed at 50%, depth fixed at 10.2
cm, and there are three different levels of age reflected in this
section of the analysis, it is intended that this analysis will compare

basically the comparison between average rates of drying of samples of
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CPC. Such comparisons, will be made on all possible combinations of
levels of age mentioned in this section taken two at a time.

The levels of age are 194 hours, 291 hours, and 582 hours and the
respective run number to which they are associated are Nos. 11, 03, and
24, respectively.

The respective rates of drying of samples of CPC processed from

levels of age of 194 hours, 291 hours, and 582 hours are -1.54009

2, -1 3., -1

x 1072 hr ', -0.98820 x 1073 hr~! and -8.6457 x 1072 hr”!, respectively.

The difference in the rate of drying of samples taken at the Tlevel of

age of 291 hours and those from the level of age of 582 hours is 3.43

-4 -1

x 10 ° hr The difference in the rate of drying of samples of CPC

taken at the level of age of 291 hours and that from the level of age of

4 -1

582 hours is 3.43 x 10" ' hr ' (0.9%). That for level of age of 194

3 3

hours and 582 hours is 6.7 x 10~ hr_] (78%). A magnitude of 6.4 x 10~
(73%) is the difference in the rate of drying of samples of CPC between
level of age of 291 hours and that taken at level of age of 194 hours.

These three separate changes in the rate of drying of CPC could be
appreciatéd from viewing Figures 39 and 40. The two Targer of the three

3 ! 3 hr']) in the rates of

separate changes (6.7 x 10~ hr ' and 6.4 x 10~
~drying for samples taken at these above mentioned levels of age are
statistically significant at LSD (0.05).

There is essentially no difference in the rates of drying of
samples of CPC taken at the level of age of 291 hours and those taken
when the level of age of CPC is 582 hours. The rate of drying of
samples taken at the level of age of 194 hours is faster than the rates
of drying of any of those samples taken at the two other levels of age ;

i.e., 291 and 582 hours. respectively. The next in turn as far as
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Run No. Depth Age RH
(CM)  (HR) (%)

3 10.2 291 50
1 10.2 194 50
24 10.2 582 50

- i i N |
O'60 10 : 20 30
Time (hrs)

Figure 39. Regression Lines of Log-Moisture Ratio as a
Function of Drying Time for Relative Humidity
of 50% and Depth of 10.2 cm
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intensity or speed of drying is concerned, samples taken from levels of
age 291 hours fits this category. The overall major type of change in
the rate of drying of samples of CPC for these three levels of age is
neither linear nor quadratic. This fact is based upon the least square
regression analysis for the observed values of the rate of drying of
samples at these three levels of age. of CPC. So, in effect, the major
change in the rate of drying of samples of CPC at the levels of age 194

hours, 291 hours, and 582 hours is essentially zero.

Effect of Age for 80% Relative Humidity
and Depth of 2.5 cm

The levels of age of CPC are analyzed in this section in the
following pairs: Tlevels of age of CPC at 485 hours and 697 hours with
respective runs Nos. 05 and 16; 485 hours and 97 hours with respective
runs Nos. 05 and 19; and 97 hours and 679 hours with respective runs

Nos. 16 and 19.

The rate of drying of samples of CPC for levels of age at 485

hours is -6.1403 x 10'3 hr'1; and that for level of age of 679 hours is
3 1

-8.89415 x 10™~ hr™ '; thus generating a difference in the rate of drying

3

- of samples of CPC for these two levels of age of 3.0 x 10~ hr”]

(30.96%). For the level of age at 97 hours the rate of dry{ng of ..

3 1

samples of CPC is -6.1403 x 107~ hr™'. The difference in the rates of

drying of samples of CPC at the levels of age of 97 hours and 679

3 el (59.93%).

hours effected a difference of 5.33 x 10~
Figures 41 and 42 are intended to provide a visual feel for these
changes in the relevant comparative rétes of drying of samples of CPC

for levels of age of 97 hours, 485 hours, and 697 hours.



Log of Moisture Ratio

124

Run No. Depth Age RH
(CM)  (HR) (%)

5 2.5 485 80
16 2.5 679 80
19 2.5 97 30

-0.5¢

! i

- 1
085 0 20 30
Time (hrs)

Figure 41. Regression Lines of Log-Moisture Ratio as a
' Function of Drying Time for Relative Humidity

- of 80% and Depth of 2.5 cm
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Run No. O

C. L. for Spec. Eqni F—;;J 10-2
Spec. Egqn. K, = -1.9077 x 107
8 45,587 x 107%Ag
-6.0 x 10-8AgZ;
RZ = 86%

Rate of Drying, KgXlOz,(hf')

] 1 : 1 R | 1 1
o - 97 194 291 388 482 582 679
Age, hrs

i
[y

Figure 42. Rate of Drying of CPC as a Function of Age for
Relative Humidity of 80% and Depth of 2.5 cm
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The change in the rates of drying of samples of CPC for levels of

3

age of 485 hours and 679 hours — 3.0 x 10~ hr'] (30.96%) — s sta-

tistically significant at LSD (0.05); that for levels of age of 97

3

‘hours and 485 hours — 8.1 x 1073 hr! (131.60%) — 1is statistically

significant at LSD (0.05); and that for levels of age of 97 hours and

3 hr! (59.93%) — is also statistically sig-

679 hours — 5.33 x 10~
nificant at LSD (0.05).
Upon comparing which of these three levels of age produce the

fastest rate of drying of samples of CPC, it is evident that level of
age at 97 hours dried fastest, followed by levels of age 697 hours and
485 hours, respectively; in the order of féster rates of drying. Figure
42 seems to substantiate this fact.

In order to find out the overall major type of change presented by
the three different magnitudes of changes in rates of drying of samples
of CPC for levels of age 97 hours, 485 hours and 679 hours; a least
square regression analysis was performed on these deduced relevant
rates of drying of samples of CPC.

The regression analysis effected the conclusion that the major
type of change is quadratic in nature. The relevant specific equation

for such a change is

2 5

K, = -1.90771 x 10~

3 +5.587 x 10~ (Aq)

6.0 x 1078 (ag)? [27]
This equation described 86% of the total available sums of squares for

the regression analysis.
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Effect of Age for 80% Relative Humidity
and Depth of 6.4 cm

The three levels of age involved in this portion of analysis are
194 hours, 388 hours, and 873 hours. Runs Nos. 20, 04, and 18 are
associated with these respective levels of age.

The rate of drying of samples of CPC at the level of age of 194

3

hours is -7.2485 x 10~ hr"] whereas for the level of age of 388 hours

3 el With respect to the level of age of 873

2 hr—].

it is -8.37055 x 10°
hours, the rate of drying of samples of CPC is -2.21306 x 10
The change in the rate of drying of samples of CPC between the levels

of age 388 hours and 873 hours is 1.38 x 1072 hr™! (164.38%); that for

3T (15.47%); and

2 1

levels of age 194 hours and 388 hours is 1.1 x 10~
for Tevels of age 194 hours and 873 hours it is 1.488 x 10°° hr~
(205.31%). Figures 43 and 44 provide an illustration for these changes
in the rates of drying of samples of CPC at these three levels of age .

From the values of the three rates of drying of samples of CPC
mentioned in this section, (i.e. for 80% relative humidity and depth of
6.4 cm) samples processed at the Tevel of age of 873 hours dried the
fastest, followed by samples processed at the level of age of 194 hours.
The slowest drying samples of CPC were those observed at level of age
of 388 hours.

Both of the changes in the rates of drying of samples of CPC bet-
ween the levels of age 388 hours and 873 hours and for levels of age
194 hours and 873 hours are statistically significant at LSD (0.05).

The change in the rates of drying of samples of CPC between the levels

of age 194 hours and 388 hours is not statistically significant at
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Run No. Depth Age RH
(cM)  (HR) (%)

- ] 1 1
015 0 20 30
Time (hrs)
Figure 43. Regression Lines of Log-Moisture Ratio as a

Function of Drying Time for Relative Humidity
of 80% and Depth of 6.4 cm
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LSD (0.05).

With respect to the major type of change in the rates of drying of
samples of CPC viewed for these three levels of age, a least square
regression analysis was performed on the deduced values of rates of
drying of the relevant samples of CPC involved. In effect, a quadratic
type of change is seen among the large variation of rates of drying of
samples of CPC as substantiatéd by the results from the regression
analysis. The specific equation to describe such a change in the rates
of drying of samples of CPC for levels of age. at 194 hours, 388 hours,
and 873 hours is | |

Kg = -8.6305 x 107 - 3.0 x 107 (Ag)® [28]

The R2 values for this equation is 95%.

Effect of Age for 80% Relative Humidity
and Depth of 10.2 cm

The experimental runs analyzed in this part of the ana1ysis are
Nos. 06, 17, and 21. The relevant levels of age of CPC relating to
these runs Nos. are 582 hours, 776 hours, and 291 hours, respectively.

The rates of drying of samples of CPC for level of age 582 hours

is -7.9638 x 1073
2

hr'], for the level of age of 776 hours it is -1.86114
2

x 107 hr']; and that for the level of age of 291 hours is -7.6247 x 107

-1

hr The difference in the rates of drying of samples of CPC for

1

levels of age at 582 hours and 776 hours is 1.06 x 102 hr "5 similarly

4

that for levels of age 582 hours and 291 hours is -3.4 x 10~ hr_].

2 o1 s the difference in the rates of

A magnitude of 1.1 x 10~
drying of samples of CPC when the levels of age compéred are 291 hours

and 776 hours, respectively. Of the three levels of age considered
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here, samples of CPC associated with the 291 hours dried the slowest.
Samples of CPC related to the level of age of 776 hours seemed to dry
the fastest, with samples associated with the 582 hours level of age of
CPC took the intermediate position.

The change in the rates of drying of samples of CPC for levels of
age 582 hours and 776 hours is statistically significant at LSD (0.05).
By a similar token, that for levels of age of 291 hours and 776 hours
is also statistically significant at LSD (0.05). No statistical sig-
nificance at LSD (0.05) was observed for the change in the rates of
drying of samples of CPC for levels of age 291 hours and 582 hours,
respectively.

The overall major type of change observed in the rates of drying of
samples of CPC for these three levels of age is quadratic in nature.
This claim is substantiated by a least square regression analysis on
the observed values of the rates of drying of samples of CPC at these
three pertinent levels of age. The specific equation obtained from
the regression analysis is

Kjg = -2.60443 x 1072 + 9.553 x 107°

7 p.2

Ag

- 1.1 x 107 Ag [29]
This specific equation was able to describe 85% of the total available
sums of squares for regression ana]ysié.

Figurés_45 and 46 essentially provide a means of perceiving the
different changes in the rate of drying of samples of CPC at relative

humidity 80% and depth of 10.2 cm.
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Run No. Depth Age RH
(M) (HR) (%) -

6 10.2 582 80

1 I

- |
0.60 , 10 20 30
Time (hrs)

Figure 45. Regression Lines of Log-Moisture Ratio as a
Function of Drying Time for Relative Humidity

of 80% and Depth of 10.2 cm
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CHAPTER VII
SUMMARY AND CONCLUSIONS
Summary

The objective of this study is to determine the rate of drying of
CPC as a function of relative humidity, depth and age of CPC.

CPC was obtained from Ralph's Meat Packing Company and stored in
stainless steel can containers which were placed in the same room that
the experimental equipment was 1ocated° Samples of CPC were placed in
relevant drying pans, that‘a1ready have their weights recorded. The
weight of the samples was determined and recorded.

The specific drying cond{tions are set with the aid of the con-

stant temperature - humidity air conditioning unit. The relevant
samples of CPC were then placed in the drying compartment, relevant
temperatures recorded, as well as pressure readings taken from the micro-
manometer. Weights of these samples were obtained at 6, 1, 3, 7, 15,
31 and 88’hours, respectively. The final weights of the samples were
obtained by placing the samples in an oven for 24 hours then weighing
the bone dry samples on a Sartorious balance. A1l weight readings were
obtained from the Sartorious balance. A1l observations were recorded.
The same procedure was repeated fok all experimental designed conditions
which is shown on the treatment métrix layout in Appendix A.

The two experimental designs utilized in this study are a latin

square design over time to investigate if there is any row or column

134
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effect affecting the drying operation. A 3 x 3 matrix arrangement was
set up in the drying compartment. The matrix comprised triplicate sub-
samples for each of three cows. The drying conditions utilized in this
study were 20%, 50%, and 80% relative humidity over depth. Seven runs
were investigated. The‘resu1ts of this investigation indicated that
there was no row or column effect in the drying compartment during
dryihg. This information suggested that there was no need to consider
the effects of row or column in the final experimental design.

‘The major experimental design was a 3 x 3 factorial run in a split
plot design over time with age as location. The levels of factor depth
were 2.5, 6.4, and 10.2 cm, respectively. The levels of factor relative
humidity were 20%, 50%, and 80%, respectively. The levels of age were
97, 194, 291, 388, 485, 582, 679, 776, and 873 hours, respective]y.‘ A
level of age was applied to each run for each drying condition within a
replicate. The variafion among cows was used as experimental error in
analysis. The variation among cows was used to establish confidence
Timits on the rate of drying of CPC.

At all times the response variable of the raw data was weight in
grams. The reduced response variable for the analysis of data in the
major experimental design was the rate of drying of samples of CPC. The
final analysis for obtaining the general equation in which the rate pf
drying of samples of CPC was expressed as a function of relative
humidity, depth and age of CPC; was performed on eighty-one rates 6f
drying of CPC‘va1ues.

The general polynomial equation that was deduced in this study is

2+ 6.8151 x 107

5

Rh + 1.124
Ag - 2.86 x 1078 (Rn)?

Kg = -5.0233 x 10~
5

x 1077 D + 8.017 x 107
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6.0 x 10~ (Ag)2 - 1.8 x 1077 (Rh) (D)
- 4.2 x 1077 (Rh) (Ag)

The regreséion coefficient for this equation is 66%.
Conclusions

1. The rate of drying of CPC is expressed as a second degree poly-
nomial function of relative humidity, age and depth.

2. There were interaction effects which were as significant as the
main effects.

3. The order of magnitude of most effect on the rate of drying of CPC
was age, relative humidity, and depth.

4. To achieve highest drying rate, dry samples of CPC at 4-7 cm thick
in 20-50% relative humidity environment for high age.

5. Slowest drying rates are achieved for depth of about 10 cm for fresh
CPC and relative humidity of drying environment at 80%.

6. Irrespective of depth of samples of CPC, the rate of drying of CPC
is the same for medium and old ages of CPC for fast drying poten-
tial.

7. For the thickest depth investigatedeithin the medium ranges of age
of CPC, the rate of drying of samples of CPC is essentially the same
irrespective of slow, medium ofvfast drying potential.

8. With medium drying potential for thin and medium depth, medium aged
samples of CPC seem to dry faster than fresh samples of CPC taken
from the same source. There is a constant change in the rate of
drying for these constraints.

9. When very thick debth samples of CPC are dried in medium range dry-

ing potential, the rate of drying of CPC is the same irrespective of
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fresh or medium age of CPC.

With slow drying potential and irrespective of the depth of samples
of CPC, the older the CPC, the faster is the drying rate. There is
a progressive change in the rate of drying for these conditions.
When old ages of samples of CPC are taken from the same source and
dried in a fast drying potential medium, the rate of drying for
thin depth samples is higher than for medium depth.

For fresh CPC there is no change in the rate of drying of CPC for

medium drying potential, irrespective of the depth of CPC.
Recommendations for Future Study

The following recommendations for future study are suggested:
Experimental determination into the nature of the water bonding
properties of the basic structure of CPC.

Experimental investigation into the shrinkage and plastic behaviour
of CPC.

Determination of the mechanism which is responsible for moisture
release at different periods during drying at various controlled
conditions. Such a study is to be performed in two stages. The
investigation into whether diffusion mechanism is controlling
moisture transfer is to be conducted in the first stage. For the
second stage, the study should be confined to the determination of
suction potentials or internal frictional resistance to moisture
flow through CPC.

Determination of the rates of drying of CPC with consideration to

age as the most important variable.
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TABLE 1V

TREATMENT APPLICATION MATRIX .
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EPTH \
cm)
2.5 6.4 10.2
RH (%)
RUN  AGE  COW | RUN AGE - COW RUN AGE  COW
(HRS) 1 (HRS) 1 (HRS) 1
: 2 2 2
08 776 3 07 679 3 09 873 3
. 4 : 4 4
20 14 485 5 13 38 5 15 582 5
6 6 6
25 679 7 26 776 7 27 873 7
8 8 8
9 9 9
0 97 17| 02 19 24 582 7
2 2 8
3 3 9
50 12 291 4 10 97 4 03 291 1
5 5 2
6 6 3
22 388 7 23 485 7 1 19 4
8 8 5
9 9 6
05 485 ] 04 388 1 06 582 1
2 2 2
o3 3 3
80 16 679 4 18 873 4 17 776 4
5 5 5
6 6 6
19 97 7 20 194 7 21 291 7
8 8 8
9 9 9
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COMPUTER PROGRAMME NO. 4 v(CONT'D)

GENERAL LINEAR MODELS PROCEDURE
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COMPUTER PROGRAMME NO. 4 (CONT'D)

GENERAL LINEAR MODELS PROCEDURE
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COMPUTER PROGRAMME NO. 5

TITLE 'YANOVA ON THE 81 Bi VALUES"
DATA wWIF NPUT NAME § fed DEPT 6=9 AES 3 11=13 YR 1Sei6 MTH 18e19 DAY 21e22
RHTZU-gseéEéTH 27-SOERNU 32«33 AGML 35«37 CWANU 39 COw 41 CRDONQ 43 81 US=S5S
Al 57«67 A2 69=79 REP 80¢
CARDS
81 (BSERVATIUNS IN DATA SET WIFE " 17 VARIABLES

PRIC ANNVA DATA = WIFE? CFASSES,REP AGML, COWp
MIIDEL H) & KREPIAGML CUIW(KEP) AGML*COwW(REP)}

] A
PHOL YA*C(R)T AGML#*COW {py/REPRAGHLY
DATA SET WIFE
CLASSES VALUES
REP 123
AGHL, 97 194 291 3AA 485 582 679 776 873
com 123
i MEANS
AGHL N By
97 9 w0,015309236
174 9 =0.n1}308258
291 9 «0,009150584
KY.2] 9 e(,009:806721
UrsS G «0,00943792)
SH2 9 «0.009095620
679 9 =0,012481256
176 9 w0,015486928
873 9 =N,015173030
....-....-...------..--'-.--.---.--'-.
REP )
1 “27 ~0,010939R7S
2 27 w0.014625172
3 . 27 =0,010091304
---...---..----...--‘..---..-.-‘-...-.
OVERALL MEANS 81 «0,011885450

Lsl



COMPUTER PROGRAMME NO. 5 (CONT'D)

MEANS

B

Cow
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esesemaas
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DY em X DOV NAUINSNCS O CL NI IO OND
e T D T D e et et et b et et et A A S DO T D v et
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‘

O ot ot st ot vt o e U NITU N AU UL LA MU M 1 M0
)
[+ 4

«0,011885450

MEAN
DF 8UM OF SQUARES

2
8
16

ANMALYSIS OF VARIANCE FOR VARIABLE B

SOURCE
REP

LSD ,05 DIVISOR

MEAN SQUARE LSO ,0%

0,00031371697 0,00015685849

0,00056838627 0,00007104828

AGML

0,00049364550 0,00003085284
0,00010620R896 0,00001770149

REPAAGML
COW(REP)

-]
48
1é
48
50

0,00016525728 0,00000384286

AGML=COW(REP)

R&A

0,00049354550 0,00003085284 0,00764789805 0,00555079430

0,00016525728 0,00000384286 0,00406355411 0,00308411190

0,00164721498 0,00002059019

AxC({R)
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CORRECTED TOUTAL



ESTIMATE

w0,018439814
0:00000937

1
4
3
[
5
-3
?
8.
90
93
~ 92
DEPENDENT VARIABLEt Bl
SUURCE OF
MODEL 1
ERROR [’}
CORRECTED TOTAL 1
SOURCE DF
DEPTH 1
PARAMETER
INTERCEPT
DEPTH
OBSERVATION DEPTH
1 635§
e 635
3 635
u. 254
S esd
(] essa

COWMPUTER PROGRAMME NO. 5

TIy YCMPARING B VALUES AS DEPIH CHANGES FOR FIXED RH
uirkewlgf, INPUT NAME $ Jed DEPT 3 p=9 AES § 11«13 YR 15«
RH puwds DEPTH 2730 RMU 32=33 AGML 35e37 CwNO 39 COw 4y
A) S1=07 A2 65ei9 REP B0} ) i )

1F funze9 Ok BNGELU OR RENSLY IR RM)=1S OR WNQ227 0OR RNO=
R RMiIZUS UK KNUSUd OR RNUS0b QR Ru()z31e6 OR RNU=18 UR RNU=

(R RhU=21 THEN DELETES
CARDS? : .

PROC SUKT DATAzwIFE) BY RN AG“L)

PROC GLM OATA=HIFE6 BY RH AGMLy
MOUEL BisOEPTH / SOLUTION P CLIy 1D DEPTH CwND RNUy

RH=20 AGML=6T79
GENERAL LINEAR MODELS PROCEDURE

SUM OF SGUARES MEAN SUUARE F VALUE
0,00001912 0,00001912 f102,27
0,00000075 0,00000019
0,00001987

TYPE I 8§ F VALUE PR > F OF
0,00001912 102,27 0,000S 1
T FOR HO3 PR > ITI STD ERPNR _OF
PARAMETERS( ESTIMATE
eUf,15 0.000% 0,00004809
10,41t 0,000 0,00000093
CWND RNO CHSERVED PREDICTED
© VALUE VALUE
1 7 -0,01261176 «0,01248981¢
2 7 «0,0120854% «0,012489h1
3 1 ~0,01277221 og 01248981
7 25 «0.01630119 «0,01605981
a 25 ) 01549068 ®}, 01605981
9 25 «0,01638758 w0,01605981
SUM UF RESIDUALS
SUM 0OF SUUARED RESIOUALS
guu OF SQUARED RESIDUALS = ERROR 88
[RST ORDER AUTUCORRELATIUN
DURBIN=WATSUN D .

AND FIXED AG
16 MTH {Bw19 DAY 21e22
CRONO 43 B1 S
24 NR RNNX22 OR Ku0=23
§7 OR R’NUS19 UR RN(I=20
PR > F ReSOUARE C.Ve
0,0009 0.962358 3,0289
STD DEV Bl “EAN
0,0004d3236 «,0142748}
TYPE IV §S F VALUE PR > F
0,00001912 {ee,27 0,0005
RESIDUAL L)wER 9%Y CL YPPFR 951 CL
IO LvIDUAL INCIViDURL
=0,00012195 «0,61387593 ®), 21110368
0,00040u36 .G 01 5RT59Y LR R R
w0, (0028260 = ,013K7593 el M1 RE
w0, 00022145 e, N1 TLLESSY @i, M enlleR
N,0003691% -, 01704594 e),Alub7 0k
»0,00032777 w0, 0174e5%d =), 01857588
v(,00000000
0,00000075
e(,00000000
0,00000000
2,95784127

gal



1978

AUGUST 28,

10420 MONDAY,

COMPUTER PROGRAMME NO. 6 (CONT'D)

AGMLETTe

RHS20
GENERAL LINEAR MODELS PRUCEDURE

DEPENDENT VARIABLED B}

SQURCE
MODEL
ERRUR

- Cuvy
5.8152
81 HMEAN

ReSRUARE
«0,0139247)

0.,896168

PR > F
T 0,0042

8TD DEV
0,00075405

F VALUE

MEAN SAUARE

SUM OF SQUARES

DF

34,52

0,00001963
0,00000057

0,00001963
0,00000227
0,00002192

CORRECTED TOTAL

PR > F
0,0042

TYPE IV §8 F VALUE

DF

PR > F

F VALUE

TYPE I S8
0,00001963

DF

SOURCE
DEPTH

34,52

0,00001963

0,0042

34,52

81D ENRNOR OF

PR > ITI
ESTIHATE

FOR _HO1
PARAMETFR=0

T

ESTIMATE

PARAMETER

CEPT

X
W

2u
-0

LO=ER 95% CL
INDIVIODUAL

RESIOUAL

CBSERVED
VALUE

CwHQ RNQ

CEPTH

OBSERVATION

L]
OSSN
OOOODT
MM 00O
el Lt -2
————Co
cocoooe
enocosas
cooono
sredae

DOLDLDO
nnng

-0

- 2N O

DUYALS « ERRNR 88

DUALS
RELATION
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COMPUTER PROGRAMME NO. 7

1 TITLE 'COMPARING B! VALUES AS AGE CHAaNGES FOR FIXED DEPTH AND RH'y
2 DATA WIFEs INPUT NAME § fwl DEPT & 6=9 AES § 11=13 YR 15eie MIH tB=19 DAY 2122
3 RH Pda25 DEPTH 2730 RNO 32«33 AGML 35=37 CwNU 39 Cuw 41 CRDNO 43 Bl 4S=55

4 Al S7«67 42 69w79 REP B0} ’
S CAnDSy _

87 PROC SNRT DATA=WIFE) BY RH DEPTH}

88 PRNOC GLM DATA=WIFEs BY RH DEPTH ’ '

89 MUDEL BisAGML AGMLIAGML / suLUTfON P CLIs 1D AGML CwNO RNOS

90 PHOC GLM DATASWIFE) RY RM DEPTH

1 MODEL Bi=AGML / SOLUTION P éL!x’lo AGML EWND RN(g

COMPARING B VALUES AS AGF CMANGES F(IR FIXED DEPTH AND RH 23117 SUNDAY, AUGUST 27, {978 8
RH=80 DEPTHE=63S

GENERAL LINEAR MODELS PROCEDURE
DEPENDENT VARIABLEL B1

SOURCE DF SUM OUF SUUAPES MEAN SOUARE P VALUE PR > F ReSNUARE [
MUDEL 2 0,00041207 0,00020604 57.83 ' 0.0001 0.950680 15,0007
ERROR 6’ 0,00002138 ) 0,00000356 STD DEV Bl MEAN
CORRECTED TQTAL ‘ 8 0,00043345 0.,0018B758 «0,012%2321
SOURCE DF TYPE I 88 F VALUE PR > F OF TYPE TV 3§ F VALUE PR > F
AGHML 1 0,00039381 110,47 0,000} { 0.,0000020R 0,69 0,345
AGML ®AGML 1 0,00001846 5,18 0,063¢ 1 0,000018u48 5,18 0,0631
T FOR _HOt PR > ITI STH ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTERCEPT w0,00863047 2,52 0,045%5 0,00342973
AGuL 0,00001358 0,83 0,0364 0,00001629
AGML®AGML =),00000003 =2,.28 0,0631 0,000000U1
DBSERVATION AGML cwin RNQ OBSERVED PREDICTED RESTIDUAL LNwER 95% CL UPPER o8Y CL
VALUE VALUE INDIVIDUAL INDIVIOUAL
1 iag 1 4 -0,00985222 =0,00A37055 -0, ONTURTAT -0,013703A0 =0,003;53729
2 kY] ? 4 ©0,00733%u33 «0,00R37055 0,060103n22 w0,013703A30 «d, 00303779
3 386 3 4 «0,00742509 w0, 00837055 0,n00ud5de »0,613703RN »),903°1729
4 B73 4 18 -0,0191R8199 “0, 02213058 Ny00294K59 =0 ,027463R3 w0, 01673732
5 a73 5 18 -, 02209108 w),0221305R N, 00003950 «(0,027463RT: «0 N1ATQT3D
] 873 [ 18 -o.oz;Liﬂbb =0,022130%8 =0,0029R804 =0,0774s3R3 w0,014679732
7 194 7 20 “(, 00704698 v, 0072LR5 A,00020158 «0 01258177 0.02319526
8 194 8 20 =0, 007680458 «), 00724851 00083605 «0,01256177 «d ,N0191526
9 194 9 20 =0,00701405 «0,0072485¢ 0,00023446 «0,01258177 eN,N019152¢
SUM NF RESINUALS «0,00000000
SUM [JF SONUARFD RESIDUALS . 0,N0002138
SUM NF SAUARED kES!DUAkS « ERRNR 8§ =0,00000000
FIRST ORDER AUTOCORRELATION ©0,0274088s
N DURBINeWATSON D 1,94655443

Gsl



COMPUTER PROGRAMME NO. 7 (CONT'D)

7

1978

AUGUST 27,

23117 SUNDAY,

DEPTHZ25U

AS AGE CHANGES FOR FIXED DEPTH AND RH
GENERAL LINEAR MNDELS PRDCEDURE

RH=80

COMPARING Bf VALUES

DEPENDENT VARIABLE! Bl

SCURCE
MODEL

ERROR
- CORRECTED TOTAL

PR > F ReSQUARE CaVe
16,8608

0,0026

STD DEV
0,00164438

F VALUE

MEAN SRUARE

SUM OF SGUARES

DF

862009

0.

168,74

0,00005067
n,00000270

0,00010435
0,00001622
0,00081757

81 “EAN

0,00975296

PR > F

OF TYPE IV S8 F VALUE

PR > F

F VALUE

TYPE I S§S

UF

SCURCE
AGML

-

AGML

AGML %

(Ag]

PR >

FOR WNg
PARAMETEPSO

7

ESTIMATE

PARAMETER

—N~
=10

ooc
» e e

coo
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T 00
ees
T

RESINUAL

CBSERVED
VALUE

CwWnNO RNU.

AGML

" QBSERVATIUN

K ADAOSINIAY =ous ot
— € € C WA
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COMPUTER PROGRAMME NO. 7 (CONT'D)

9

1978

AUGUST 27,

23117 SUNDAY,

DEPTH={NLS

AS AGE CHANGES FQOR FIXED DEPTH AND RH
GENERAL LINEAR MUDELS PROCEDURE

RH=80

COMPARING BY VALUES

B

DEPENDENT VARIABLE!?

SOURCE
MODEL
ERROK

C.v,

23,4757
81 vEAN

ReSGUARE
«0,01139998

-
-

PR > F
0.0057

STD DEV
0,00267622

F VALUE

MEAN SQUARE

SUM UF SQUARES

OF

844955

0

0,00011710 16,35

0,00023419
0,00004297

0,00000716

0,00027716

CORRECTED TUTAL

> F

PR

F VALUE

TYPE Iv 88

PR > F bF

F VALUE

TYPE 1 §§

DF

SOURCE

-

-

AGHL

AGML
AGML»

8TD ERROK OF
ESTIMATE

ESTIMATE

PARAMETER

<ch®
-HnN
. e
mrum
[ I

INTERCEPT

AGHL
AGH ®AGML

DIvInuAL

L?hEP 95% CL

RESIDUAL

CHBSERVED
VALUE

CwWHO RNO

AGHML

OBSERVATION

————— 3 JOOO
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DO O PP vt it
- N
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NN D D Lt st
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WD NN
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ERRNR SS

10N
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COMPUTER PROGRAMME NO. 7 (CONT'D)

1

1978

AUGUSY 27,

23117 SUNDAY,

DEPTH=63S

AS AGE CHKANGES F(R FIXED DEPTH AND RH
GENERAL LINEAR MDDELS PRNCEDURE

RH=20

COMPARING B! VALUES

DEPENDENT VARIABLES 8%

SOURCE
MUDEL
ERROR

cIv.

90,2129

51 wEAY
*0,01169813

PR > F ReSCUARE

0.0628

8TD DEV
0.00107774

F VALUE

MEAN SUUARE

SUM NF 30UARES

DF

410739

0.

4,88

0,00000567
0,00000116

0,00000567
0,00000813
0,00001380

CURRECTED TOTAL

TYPE Iv 88 F VALUE

OF

PR > F
0,0629

F VALUE

TYPE [ 88

OF

SOQURCE
AGML

PR > F
0,0629

4,88

0,00000567

4,88

6,00000567

(A8

ESTIMATE

PARAMETER
INTERCEPT

AGML

LOwWEQ 08% CL

UPPER 95% CL
INDIVIDUAL

INCIVIRIIAL

RESIDUAL

OBSERVED
VALUE

CWNO RNO

AGML

OBSERVATION

S~ cocnNn
I IANVASN
AU O C.neny
coccaaa HOO
AN L LODO
coCr~r~rOCO
cCcLcCCoc oo
ccCcocnceo
esenveseae
COCCOQCCO
LI B A B

cCccadLd o
Lagiagtog TaULAL © L )
LLLr~X
wt—— VI L X
L ad ot R R VARV gl A V1,7
E R R I P YT )
e ————
coouvccoco
® e oo v o weoe
CCoCDOoOCOO
(NN NEEEN ]

P LN AN e
MrCcOoCTrINra
ALNT O™ OO
T L0 AT e
DO =N L NIA
cccnh~cocce
ococ oo
cccaocccooe
cecsnevaan
occcococco
s L ]

o0 ITINN
PAAIAPR NN
cooaAd L L OL
SO C TN
cccocLLLIaAD
RN ooy

LU =0 LT MHO00
rINLCC—~0 I
=N T 0O
& N C MAMNIN
LTI 0NN
UMD o v PN
s et © e ot ot ot ot
cccocccoo
seascsseae
coccccococco
IR N RN ENNN]

M0 0

NI S OO

0COXTODOD
~eeC T~
DO LA~

U N OO

ERROR S§

wunao
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COMPUTER PROGRAMME NO. 7 (CONT'D)

13

16978

AUGUST 27,

23117 SuNDAY,

DEPTH=2S4

AS AGE CHANGES FOR FIXED DEPTH AND RH
GENERAL LINEAR MODELS PROCEDURE

RHESO

COMPARING B1 VALUES

DEPENDENT VARIABLE:D Bi

SQURCE
MOCEL
ERROR

clvl
A, 958
B1 MEAN

ReSOUARE
«0,011867158

o-a3e1e?

PR > F
0,000%

STD DEV
0,00104555

F VALUE

MEAN SGUARE

SUM (IF SUUARES

DF

36,53

0,0000339¢
0,00000109

0,00003994
0,0000076%
0,00004759

CORRECTED TOTAL

PR > F
09,0005

TYPE Iv 8§ P VALUE

PR > F DF

0,000

F VALUE

TYPE I SS
0,00003094

DF

SOURCE
AGML

36,53

0,00003994

36,53

STN _ERRNR _NF
ESTIVATE

(R}

PR >

T FOR_HOY
PARAMETER=O

ESTIMATE

PARAMETER

INTERCEPT
AGML

=i9,66

6,04

11PPER Q@SX CL
IANDIVIONAL

LNsER 9%Y CL
INDIVINUAL

RESIPUAL

CHSERVFD
VALUE

CWND RNO

AGML

OBSERVATJION

LAVIAVIAVL oL o~ B~ A 4
AN At e s O 0 O
~F A D
VUVvooo oo
OLOLTIIODLD
e e A 0 O OO
et C DOCOCO
QCGLOOCC O
meenesoese
occcC oo
sRoRBDBRDORE

DOLITJIICCO
LHNL00CC OO
MMM c oc
——— AU
PARD P 1 - e
S~ rnarf NN
o
CcooLcooo
essscvsae
CLoLDOCO0O
shbe RO BDR

MINOCE NMO
—COUAND I
MO CNI L~ -0
VUL O
o INCr-No -
OC—wmCcOoCCcC
OOCOOCOCO
cccoccoccocccco
casceassesae
cCCcCcCcCcCcCCcCo
. shP DR

JIIT 0L LNNN
IIAPNNL DO
oOLTAXO OO
LTULL DC S
SRR R SRt R~ B ]
QI IO GO
e e, O C O
CoOTOTOCO
ececasmncea
scocrsoso
IEENEENEN]

SN NN
T C T NOT
PAL IS LN OO
JINSNINICOO
NN N DO OIS
DN -0 OD
e et D vt s et O
ccoomcccco
cecvecews
coococcooa
LN NN NN ]

—— = UNININININS
-t e NN

= NIN OO

Pt et DD DO
00 o000 VDD
NN

—NMNINOoOr-Lo

UAl 8 « ERRNR 88

UaLS

FIRST OR
OURBINew
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COMPUTER PROGRAMME NO. 7 (CONT'D)

ta

{978

AUGUST 27,

23317 SUNDAY,

DEPTH=63S

AS AGE CHANGES FOR FIXED DEPTH AND RH
GENERAL LINEAR MDCELS PROCEDURE

RH=S9

COMPARING BY VALUES

DEPEMDENT VARIABLE: B}

SOURCE
MODEL
ERROR

CaVe

29,8170
Bl MEAN

PR > F ReSRUARE
«0,01107625

0,002R
STD DEV

0,00328144

F VALUE

SQUARE

SUM UF SQUARES MEAN

DF

783738

0.

20,32

0,0002187¢
0,00001077

6,00021876
0,00007538
0,00029413

CORRECTED TOTAL

PR > F

YYPE IV S8 F VALUE

DF

PR > F
0,0028

F VALUE

TYPE I S8

DF

SOURCE
AGM{

0,0028

20,32

0,00021874

20,32

0,0002187¢6

£

STN ERRNR _OF
ESTIMAT

PR > ITI

FOR KOt
PAKAMETER=0

T

ESTIMATE

PARAMETER

NTERCEPTY

I
AGHL

OBSERVATION

%

95
INBIV]IfiuaL

LNAER

RESIDUAL

VED

oz
.y
wa
b -4

RNO

CWHhO

AGM|,

WL OO O O PP
- fUU U NN
et O C SUNNN
Lol ol SR TAIVAIVAL =1 o1 4
Ladat adialegl g B oL o o4
EE T T
cCovCCcCoOCo
cCaoCcCecoOc Co
essecssaca
©cooeccoce
198008

QUNO =N TI U
- AL — N
~Ia 0NN O
=0 N L L NN
DN === N C
NN CNSC o C o
oS coococo
coCcocTCococco
s e senesen
cCcccoccoccoccocca
T s e

AU D
cccooovDCOoO
PAPIE I PP o o
e o vt e ot g t d
oCcCco o oMM
MIANNANDINI I I
— ot 4t o & O G
COTO0CCOO
cecasvosascas
COTCOTDCO

S e A Lot
CLELO LK NG D
VT —MNC O
T I~ OMNI O
NI = rTCnN
< CHMNI NNA
e N S OO
ccoccccoc
ceeeansseca
ccococcoo
I B EEEEENE]

NN O OoOMMMMN
-t e 2N

NI NOTO

[I IS N
CO0O000 DO
————— B

—_RMINOrCo

= ERRNR S8
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COMPUTER PROGRAMME

NO. 7 (CONT'D)

COMPARING Bt VALUES A8 AGE CHANGES FOP FIXED DEPTH AND RM 23117
RHZ80 DEPTH=63S
GENERAL LINEAR MODELS PRNCEDURE
DEPLWDENT VARIABLEY B
SUURCE OF guM 0OF SUUARES MEAN SQUARE F VALUE
MODEL 1 n,000393061 0,00039361 69,16
ERRUR 7 6,00003984 0,00000569
CORKECTED TUTAL A 0,0006334S
SQUKCE DF TYPE I SS F VALUE PR > F DF
AGHL 1 0,00039361 69,16 0,0001 1
T FNR MO1 PR > IT! STDH ERROR OF
PARAMETER ESTIMATE PARAMETERS0 . ESTIMATE
INTERCEPT «0,2013512% «0,66 0.,4172 0.,90156736
AGML e0,00002318 b 32 0,0001 0,00000278
DBSERVATION AGML Cwtn RNO NRSERVED PRECICTED
VALUE VaLUF
1 183 { 4 «0,00945222 w0,0§033RH2
2 jak ? 4 0100733533 “(0,01033A82
3 IRA 3 4q « 00732509 e, 01 033ARD
u RT3 u 18 -0,0191i199 -0, 02156R74
5 873 L 18 -0,02209113 -, 021580374
b a3 f 18 -0,52%11dhb e ,021R6RTR
7 194¢ 7 20 «n, 00720093 «d,005804C%
a 194 8 20 «f,00T7hBUSS «d,005B4UGT
9 194 9 20 “0,00701405 «0,00584403
SJUM NF KESTDUALS
SUM NF SOUARED KESINUALS
SUM 0F SHUARED WESILUALS < ERROR 88
FIRST ORDER AUTOCURRELATION

DURBINeWATSON D

SUNDAY, AUGUST 27, 1972 {7

PR > F ReSRUARE Cav,
0,0001 0 90808 19,9%94
STD DEV BY1 MEAN
0,0023851n e0,01258321
TYPE IV S3 F VALUE Pa > F
0,0003936¢ 69,10 0,009}
RESIDNAL LnNa~E2 95% CL UPPER €S 4
THDIVIDUAL INDIVIOLSL
0,300dRGAD -0.0!h11750 -d, ANLTSe 1y
6.003002409 w0,01hT{TRN ), TR L
0.06241173 =0 ,01h3175¢C a0 hyi3Satay
n,O0N232n79 ) 0PRALLGT wf, 818 3004
R ABAR2ATY .(  (PRNGATY 1,015 S0~
), NOTSUGARR «G,024r40Q} @« ALSITrAS
«f NCYP2A240 wh N1 203180 L NO".N4%T7
«n,00{edn54 «0,0126%i0d J,n00ur 487
0,00117002 01209164 0,00042357
«f 00800000
0,0CNN3QRY
af 00000000
0,b607CR617
0,770130659

L9l



COMPUTER PRCGRAMME NJ. 8

GES, DEPTH AND AGML HEING FIXED'y

i TITLE 'COMPARING B} VALUES A8 RM CHAN .
. DATA WIFFs INPUT NAME 3 {=d DEPT 5 69 AES $ 11«13 YR 15-16 MTH 18=19 DAY 21«22
3 AW 20w25 DEPTH 27=30 RN 32233 AGML 3537 CwMDO 39 COW 4] CRDMU 43 Bp 45-55
a Al S7=67 A2 69=79 REP 80y i :
5 IF ReDN=)R DR RND=12 OF RN(S22 NR RN(}=07 (R PNU=26 NR _RNO={0 OR FNO=23
6 (R RNU=§8 OR RNJS09 OR FND227 OR RNO=1 NR RND=17 THEN DELETE;
7 CARDS ) ’
89 PROC SNPT NATA=WTIEFs RBY DEPTH AGMLY
94 PROC GLm (02aTA =WIFFf RY DEPTH AGML}
312 r;ODEL RizRH / SN UTIAN P CLIg ID RH CWN RNOJ
ROC GLM DATAZWIFE; BY DEPTH 4GML
> - : 1}
93 MUDEL B1=RH RA#RH / SULUTION P CLI 5 ID RH CWNO RNAs
" DEPTM=254  AGMLZ28S
GENERAL LINEAR MODELS PROCEDURE
DEPENDENT VARIABLED B1
SCURCE DF SUM F SOUARES MEAN SQUARE F VALUE PR > F -
MODEL 1 0,00019213 0,00019213 71,71 0,0011
ERRDR 0,60001072 0,00000268 STD DEV
CORRECTED TOTAL -1 0.00020285 0,00163686
SOURCE OF TYPE I 8§ F VALUE PR > F DF TYPE Iv S8
RH 1 n,00019213 71,71 0,0011 1 0,00019243
T FOR MOt PR > ITH STD ERRNR GF
PARAMETER ESTIBATE PARAMETERaC ESTIHATE
INTERCEPT ’-n,oelezosz’ 15,35 0,000! 0,00129RR3
RH 0,00018863 8,47 6,0011 4,00002227
OBSERVATION RH : CRNO ©  RNQ OBSERVED PREDICTED RESIDUAL
VALUE VALUE
y 80 1 S =0,00705382 «,00618031 “0,00091351
2 80 2 5 «0,00556763 »0,006108031 N,00NRIPAHA
3 B0 3 5 0, 00565940 «0,00616031 0L, 0002R30RT
[ 20 3 14 w0, 11930272 0, 01745797 w0, 00193dT5
S 2v 5 14 «0,01511824 -0,01745797 0,00234373
] 20 & i& «0,01TH604 =0, 08745797 =(,00080897
SuM OF RESIDUALS “0,00000000
SU4 NF SOUARED RESTINHALS n,o0n0t072
SUM OF SUUARKED RESIDUALS e« ERRDOR S8 .0,00000000
F1RST NRPER AUTOCURRELATIUN e ,63037262
DURBINwATSUN D 3,40771033

10158 MONDAY,

AUGHST 28, 1978

C.v,
1v,8727

AY uEAn
=0,0117951

PR > F
0,0011

ypPREE 95Y CtL

INDIVID AL

@) ANOET2AT
- 0028
af) [ AQARZONT
e 0124874
NI SFFIRER
~0,01221u83

291



COMPUTER PROGRAM NO. 8_(CONT'D) _ |
. 10158 HMNNDAY, AUGUST 28, 1978
DEPTH2254  AGML=5T9
GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLED Bl

SUURCE OF suM OF SQUARES MEAN SQUARE F VALUE ' PR > F RaSOUARE C.v,
HODEL n,006007702 0,00007702 " 36,75 0,0037 0.901835 11,6032
ERRQOR 0,00000838 0,00000210 STD DEV Bl MELN
CORRECTED TUTAL S 0,00008540 0;00&00713 e0,01247690°
SOURCE DF TYPE | S8S F VALUE PR > F DF TYPE Iv S8 F VALUE PR > F
RH 1 0,00007702 36,75 0,0037 1 0,00007702 36,75 0,0037
T FOR _HOLt PR > ITH STh ERROR _0OF
PARAMETER ESTIMATE PARAMETER30 ESTIMATE
INTERCEPT e(,01844836 “ib,06 0,000% 0,00114874
“RKH 0,00011943 6,06 - 0,0037 0,00901970
OBSERVATION RH CwNO " RNO QHSERVED PREDICTED RESINUAL LOxEE 95% CL UPPES 951 CL
VALUE VALUE : INDIVIDUAL INDIVIDURL
! 89 [ €.} =0,00667333 -0 ANRAGUYS n,Nap22077 «0,01 353545
2 80 S 16 -f 009506 3R =0 ,00hR9U1S «0,00061223 =G, 01353545
3 a0 I i6 w0, 010802K9 =) UCHAGLIS «A A01HORSY w0, 01353548
4 20 7 25 «0,01630119 =0,016059A1 w0, 0002438 e, 020701118
5 20 8 25 w0, 015490606 o), 01605981 0,9005A915 «(,0P079111
& 20 9 25 -0, 01636758 =0,01605981} “0,00032777 =(0,02070111%
SUM NF KESIDUALS «0,00060000
SUHM (F SUUARED RESINUALS 0,00A00KR3R
SUM OF SQUARED RESIDLALS = ERROR 38 =-0,00000000
FIRST ORDER AUTOCURRELATION «0,0530900¢6
DURRINSWATSUN D 1,47299048

€9l



COMPUTER PROGRAMME NO. 8 (CONT'D) - 10158 wnnDAY, AUGUST 28, 1978

DEPTYH=635 AGML =194
GENERAL LINFAR MNDELS PROCEDURE

DEPENDENT VARIABLE1 BY
SOURCE DF sUM OF SOUARES MEAN SQUARE F VALUE PR > F ReSNUARE €LV,
HMODEL { 0,00002579 0,00002579 20,50 0.01C6 0.83a711 12,0342
ERROR 4 0,00000503 0,00000526 STH NEV Bt VEAN
CORRECTED TOTAL 5 - 0,00003083 0,001121R2 -Q.OUOBPXQG
SQURCE DF TYPE f SS F VALUE PR > F DF TYPE IV SS§ F VALUE PR > ¥
RH § 0,00002579 20,50 0,0108 A 0,00002579 20,50 0,010
. T FUR HOg PR > IT! STD ERRNN (IF
PARAMETER ESTIMATE PARAMETER=( ESTIMATE
INTERCEPT -0.0153068§ «8,99 0,0008 0,00203675
RH 0,0001382 4,53 0,0106 0,00003053
OBSERVATION RH CwHD ‘RNO CRSERVED " PREDICTED RESIDUAL LOAET 98Y CL UsPPED 95X (L
. VALUE VALUE INDIVINUAL INDIVIDJAL .
; 50 1 2 «0,010595R4 -0,011395%7 5,0007995% 0, 00u991ES «h ANTTIRET
4 50 2 2 =) 010uthAT =0,01139647 0,00097A70 e, 0199148 ol AGTTOERQ
3 S0 3 F =0,01317161 »0,01133537 w0, 00177h2 =0 ,0)1403185 A 2477988
4 80 7 20 w0, 00704693 «),0NT72UBR51 0,00nN2015R =),N10RULAY e0,00365203
] 80 8 29 -G,0Q76BUSE «(,007204RGY afNYNL3Inns «(,010RULSS wl3,003A5203
[ 80 9 20 «0,00701405 w0,00724851 0,00023u4b «Q,010RQU99 w0 00365203
SuUM F RESIDUALS «0,00000000 :
SUM QF SOQUARED nesinuAts Ne0QNEOSNY
SUM AF SGWUARED RESIDUALS e ERRNR 8§ 6,n0000000
FIRST ORDER AUYOCURRELATION ®), 32112652
DURHINWWATSON D 2,45889570

791



COMPUTER PROGRAMME

NO. 8 (CONT'D)

10158 HMNNDAY, AUGUST 2&, 197¢
DEPTH=254 AGML=U8S
) GENERAL LINEAR MNDELS PROCEDURE
DEPENDENT VARIABLE: 8%
SOQURCE DF SUM 0OF SQUARES ME AN SQUARE F VALUE PR > F ReSNUARE Tova
MODEL 0,060019213 0,00019213 71,71 0,0011 0.947167 13,8727
ERROR 9,00001072 0,00000268 STH DEV : 4y Ve
CORRECTED TOTAL 0,00020285% 0,00163488 e, 0117332,
SOURCE DF TYPE 1 SS F VALUE PR > F OF TYPE IV S8 F VALUE pR > F
AN 1 0,00019213 71,74 0,001% 0 06,00000000 . .
RRARH 0 6,00000000 . . 0 0.20000000 . N
: FOR w0t PR > ITi STD ERRNUR OF
PARAMETER ESTIMATE PARAMETER=O ESTIVATE
INTERCEPT ' «0,02123052 B 16,35 00,0001 0,00129RRY
RH c.00n18853 H 8,47 0,0011 0,00002227
RH#*RHN 0,00000000 B . . .
NOTER AN INFINITE NUMPEP OF SOLUTIDMS IO THE NORMAL EGUATINNS EXIST, ESTIMATES FNLLOWED Ay THE LETTER 3 BE BlaSFO,
REFER TU THE GENERAL FORM ESTIMABLE FUNCTIONS TO SEE WHAT THE EXPECTED VALUF (F THE EIARSD FSTIMATNRS ARE,
OBSERVATION - RKH cwNn RNO CHSERVED PREUTCTED RESIOUAL LO«ER 9a% fL yeeER Qsz cL
vALUE VALUE INDIVIRUAL INDIVIo ey
! 80 { 5 «0,007053R2 °0,00t614031 «0,000G1 351 -n, n1\l=7°5 »0,00080287
2 8y 2 ) -0 ,00550763 w(}, 006348031 A, 000R3IDAH «), 01135798 ) 0naRzT 2at
3 30 3 S a0 NOSH5348 «0),000t14n3! A, AONFRNAARTY 0 01‘1n7¢< S TSP
4 20 U 14 (01939272 o), 01/45797 wf,An19307% .0 02PT08n .t 0122
5 29 5 14 ), 01511424 e0,01745797 N,60280373 «0,(0227054 n e 1271
6 20 b 14 «), 01786694 «0,01745797 ®N OQQUNEDT wl,02279540 eG,01221
QM (WF RESTINUALS - f)r;mwrmn
SUM OF SOUAKED RESIODUALS n A nnu\‘l?
SUM OF SOHUARED WFSIDUALS = ERROR S8 =ni00000000
FIRST OKDER AUTOCURRELATION . n.esoz?zaa
DURBINewATSON D 3,10771033

g9l



COMPUTER PROGRAMME

DEPENDENT VARIABLE: B!

NO. 8 (CONT'D)

CEPTHZ254 AGMLE6TO

GENERAL LINEAR MQDELS PROCEDURE

10188 MONDAY,

AUGUST 28, 1973

SOURCE DF SUM OF SHQUARES MEAN SCUARE F VALUF PR > F ReSRUARFE [
HOOEL 06,00007702 0,00007702 36,75 0.0037 0.901835 11,6032
ERROR 0,00000R3A8 0,00000210 STD DEV Bl MEAN
CORRECTED TOTAL 0,00008540 0,00144773 »0,01247538
SQURCE . DF TYPE I 88 F VALUE PR > F CF TvePE 1Iv S§ F VALUE PR > F
RH 1 ,00007702 36,75 6,0037 [ 0,000060000 . .
RH*RH 0 200000000 . 0 0,00000000 . .
Y FOR_HO} PR > ITH STD ERROR _OF
PARAMETER ESTIMATE PARAMETERS0 ESTIMATE
INTERCEPT =0,01R44H836 B wib, 06 0,0001 0,00114876
RH 0,00011943 8 6,086 0,0037 0,00001970
RK#RH 0,00000000 . . .
NOTES AN INFINITE NUMHER OF SOLUTIUNS Tn THE NORMAL EQUATIONS EX]ST, ESTIMATES FOLLOWED RY THE LETTER B ARE BIASED,
REFER YU THE GENERAL FORM OF ESTIMAHLE FUNCTIONS TO SEE wHAT fHE EXPEC EN VALUE OF THF HIASFED ESTIMATUAS avt,
DBSERVATION ' RH cwND RNO CBSERVED PREDICTED RESINUIAL LOafx 38% CL JERER 9S% CL
VAL UE VALUE INDIVIDLAL INDTYIDURL
L a0 4 16 -0,00667338 «0,00BR9415 0,00022077 0,31 353845
80 5 1h =0,0095063R =), 0(1ARGU{T - 06081223 ), 01353545
3 89 6 16 -0 ,01050269 w0, 008R%U1S A 0G e0E5 «) 01353545
4 20 7 2% “0,N1650119 -0,016056861 «p,0002u13AR G, 0207011
H 20 & 25 =0, 01549066 «0),01605981 G,00650915 g, 02070111
6 20 9 25 «0,01638756 =0,01605981 -, 000632777 «0,020760111Y
SUM NF RPESTDUALS =0, 000000600
SUM (0F SOUARED RE3ZTHUALS N,000C0%3R
Stiv (IF SOUAKED RESIDUALS = ERRnR Ss al 00RANNN
FIRSY NRDER AUTUCORRELATIO .0, (05809005
DURBINewATSON D 1,472990466

991



) i LUISE MONUAY, BUGLUST €0 1vin
COMPUTER PROGRAMME NO. 8 (CONT'D) DEPTUEESS  AGML2]94 ‘ '
’ o GENERAL LINFAR MDOELS PROCEDURE
DEPENDENY VARIABLE1 Bi
SUURCE OF SUM nNF SQUARES MEAN SQUARE F VALUE PR > F ReSNUARE CaVe
MODEL 1 n,00002579 0,00002579 20,50 0,0108 0.8%30711 12,0342
ERROR 4 0,00000503 0,00000126 STD DEV Rl MEAN
CORRECTED TOTAL n,00003083 0.00112182 ) 00932154
SOURCE DF TYPE I 8§ F VALUE PR > F OF TYPE IV 88 F VALUE PR > F
RH 1 0,00002579 20,50 0,5106 9 0,0060060000 . .
RHaRH ) 0 06,00000000 . N 0 0,00000000 . . .
T FOUR _HOt PR > ITI STD ERROR OF
PARAMETER ESTIMATE PARAMETER=( ESTIMATE
INTERCEPT =0,01830681 4 N «8,99 0,0008 0,00203678
RH 0,00013323 R 4,53 0,0108 0,00003053
RH#RH 0,00000000 . . .
NOTES$ AN INFINITE MUMHER OF SCLUTIONS Tn THE NURMA& EQUATIONS EXIST, ESTIMATES FNiLOWED BY THE IFTTER R ARE A1aSF?T,
REFER TO THE GENERAL FORM UF ESTIMABLE FUNCTIONS TO SEE wHAT fHE EXPECTED VALUE OF THE BIASED ESTIMATORS AFE,
OBSERVATION RM CCwWNn RN CASERVED PREDICTED RESIDUAL LOER 95% CL uUPPER 951 CL
: VALUE VALUE \ INDIVIPUAL INDIVIDUSL
1 S0 1 2 “0,01059584 w0,01139537 6,70n7095% -(,01UeQ18S w0, 00770888
2 5Q 2 2 «0,01041867 «0,01139537 0,00097670 . H1GOTIRS «0,0NnTTSERY
3 59 3 2 -0,01317144 ), 01139537 wh 06177624 w) (1 I581RS «0,NNT779553
4 80 7 29 =0, 00704693 =0 ,00724RSY nN,A00P015R ey, 10844909 e, N0¥nka 3
5 B0 8 20 w( ,N0TARUSE «0,0072:851 -0, 00043605 w0 01568LEQY ®,003852%3
K 8¢ C] 2y “0,00701405 =0,00724851% n,00n28LLA =0 ,01HFuUsse =0,00365%203
SUM (OF RESIDUALS =0, ¢nn00n00
SuM NF SKuAwED RESTOUALS A,A0ANN%GE
SU™ OF SNUARED RESTDUALS = ERROR 88 0,00000000
FIRST DRDER AUTOCURRELATION =0, 32112K52
DURBINawATSUN D 2.45889570

AL9L



COMPUTER PROGRAMME NO. 9

1 TITLE *ANALYSIS TO FIND THE OVERALL PREDICTINON EQUATION FROM 81 Bl VALUES EACH

2 OF WHICH WAS OBTAINID FROM THE SLOPE OF LOG_MR AS A FUNCTIJIN OF TIME';

3 CATA WIFE3; INPUT NAME & 1-4 DEPT 3% 6~9 AES $ 11-13 YR 15-16 MTH 18-19 DAY 21-22
4 RH 24-25 DEPTH 27-32 RN3 32-33 AGML 35-37 CWND 33 COW 41 CRONO 43 Bl 45-55

5 Al 57-67 L2 69-79 RIP 803 :

6 CARDS:

88 PROC GLM DAYA=WIFE;

39 MODEL 81=RH DEPTH A3ML RH*RH DEPTH¥DEPTH AGML*AGML RH*DEPTH RH®AGML DEPTH#*AGML

9C / SOLUTION P CLIS ID R DEPTH AGML CWND3

891



COMPUTER PROGRAMME NO. 9 (CONT'D)

DEPENDENT VARIABLE:

SOURCE
MODEL

EFRCOR

CORRECTED TOTAL

‘SOURCE

RH

DEPTH

AGML

RH=RH

DEPTH*DEPTH
CAGYL*AGML

RH*DFOTH

SKH=AGML

DEPTYH*AGML

PARA“ET ER

INTERCEPT
" RH
DEPTH
AGML
RH=RH
DEPTH*DEPTH
AGML=AGML
RH*DEPTH
kit AG"L
DEPTH*AGML

OBSERVATION

=OOVONCWMPWN-

-

OF

71

80

o
-

B 1 et B g s e gt P

ESTIMATE

~0.05328997
0.02371410
0.00221950
0.20028228
-0.00030212
~0.90939031
=0.00220006
-0.02020017
-0.00030044
0.00030000

RH

590
50
59
59
50
59
59
50
50
80
80

GENERAL LINEAR MODELS PROCEDURE
SUM OF SQUARES MEAN SQUARE F VALUE
0.00110901 0.00012322 16.26
0.00053821 2.00000758
9.00164721
TYPE I SS F VALUE PR > F DF
'9.00004932 6.51 0.0129 1
0.00702499 . 3.29 0.0741 1
0.00003859 5.09 0.0271 1
0.00000019 2.03 0.8739 1
2.00700929 3.30 2.9860 1
0.09044692 53.36 0.0001 1
0.00024950 32,91 9.0001 1
0.02029465 38.87 3.0001 1
0.00000451 0.65 0.4235 1
T FOR HO: PR > T STD EFROR OF
PARAMETER=0 ESTIMATE
~10.00 9.0001 0.00532787
5.49 0.2001 0.00012998
2.99 3.3039 0.00222653
9.94 2.2001 0.,03020827
-3.07 0.0030 0.00%20102
-1.84 2.0695 0.90920002
-9.76 2.2001 0.0009000L
-3.78 0.0003 0.02009004
-6.23 0.2301 3.92020007
0.81 0.4235 0.02090000
DEPTH AGHL IBSERVED PREDICTED
VALUZ VALJE
254 97 -0.01424331 -0.01779265
254 97 -0.01352840 -0.01779265
254 971 -0.71595741 ~3.01779265
635 194 -0.0105G6584 -0.01203543
635 194 ~0.01041857 ~0.01223543
€35 194 -3.31317161 -0.01273543
1016 291 ~0.009865691 -0.00966735
1016 291 -2.00844334 -0.00966735
1016 291 - =0.00865453 ~0.00966735
635 188 ~0.00985222 -0.00604345
635 388 -0.33733433 -0.00624345

PR > F R-SQuUARs
0.0201 J.673251
STD JEV
0.00275325
TYPE 1Iv S§S F VALUE
0.00022879 3J.18
0.5J3025767 3,53
0.0007%49438 23.87
C. 00007165 J.45
0.03922575 3.4)
0.00072208 35.25
0.05012835 14.23
0.02023437 33.83
0.00000491 Jd.65
CRESIOUAL LOWER 952 CL
INDIVIDJAL
0.00354934 -0.22366433
2.00425425 -0.02366433
0.20183524 -0.32366433
3.00143959 ~0.0176%933
0.00161576 -0.01769%33
-J.00113618 -0.0176%933
~0.00013956 -0.01540019
0.00122401 ~0.01542013
0.00101282 -0,01540019
-0,00382877 -0.01177934
=2.00125088 ~0.J1177383%

"CeVe
23.1649
B1 MEAN

-0.01188545

PR > F

0.0021
0.9239
0.0021
0.0030
03.0695
C.0001
C.0223
0.35221
0.4235

JPPER 95% CL

INJIVIDUAL

-2.0119203%
~2.91192736
~0.01192936
-0.00637096
-2.37637395
-92.00637096
-0.00393451
-3.29393451
~2.00393451
-0.00030696
~2.23030636
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COMPUTER PROGRAMME NO. 9 (CONT'D)

DEPENDENT VARIABLE:

GBSERVATION

12
13
14
15
1¢
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
24
35
36
37
38
39

Bl

RH

80
82
80
a0
80
80
80
20
20
20
29
20
23
295
20
20
50
50
53
59
590
59
50
59
53
29
20
29
22
290
22
23
22
20
80
82
80
80
89
80
80

80
80
80
80
89
80

DEPTH

635
254
254
254
1016
1016
1016
635
635
635
254
254
254
1016
1016
1316
635
635
635
1316
1016
1016

254

254
254
635
635
635
254
254
254
1016
1216
1016
254
254
254
1016
1016
1016
635
635
635
254
254
254
635
635

GENERAL LINEAR MODELS PROCEDURE

AGML

388
485
485
485
582
582
582
679
679
679
776
776
776
873
873
873

97

97
194
194
194
231
291
291
368
388
388

435

4435
435
582
582
582
679
679
679
776
776
776
873
873
873

97

97

97
194
194

O8SERVED
VALJE

~0.00792509
-2.32705382
-0.00550763
-2.00585948
-0.00886418
-0.00828743
-0.30067333%0
-0.01261176
-0.01208545
~J.01277221
-2.01530514
-0.01497923
-0.51691602
=0.01464389
-0.31317228
-0.01058055
-0.01334397
-2.22307589
-0.01496084
-0.00971559
-0.01966577
-0.31679130
~0.003545603
=2.01112342
~0.01184¢84
-0.008434566
-0.01190006
-J3.01113119
-0.01939272
-0.01511424
-0.01786694
-3.00760328
-0.01162540
-0.01280321
-0.00667338
-0.03650638
~3.31050259
-0.01392985
-3.22109327
-0.02081099
-0.01918199
-0.02209108
-0.02511866
-2.21621246
-0.01249288
-0.01396796
-0.00704693
=0.00768456

PREDICTED
VALUE

-0.00624345
-0.00652962
-0.00662960
~0.90652963
~0.01049363
-0.01049363
-0.01049363
~0.01981516
-0.01081516
-0.01231516
~2.01653001
-0.01663001
-0.01558001
-2.01292254
-0.01292254
-0.01292254
-0.01635424
~2.01635424
-0.01635424
-0.01295132
-0.01295132
-0.91295132
-0.01062469
-0.01052469
-0.0126246)
-0.01345549
-0.01345549
~0.01345549
-0.01534635
-0.01534635
~0.01534635
-0.00891910
-0.00331910
-0.00891910
-0.01146020
-3.01146020
-9.01146020
-0.01712409
-0.01710429
-0.01710409
-0.02334477
~0.02034477
-0.02034477
-0.01112544
-0.01112544
-0.01112544
-0.00858119
-0.00858119

RESIDUAL

-0.00183164
-3.003042422
0.00112197
3.023711012
J.00162945
0.0022%620
3.03375373
-0.00173550
-3.001271029

'=3.,001957235

J.001374387
2.00172078
=3.C0J023601
-0.00172735
~2.00324574
0.0023%139
0.00321027
~0.0206721€E5
0.00133340
2.00323573
~0.005744%5
-J.03383953
J.00137857
=3.02043832
-2.52122224
0.00502083
J2.00155543
2.00232430
=3.092490%5637
J.23323211
=2.00252059
J.07131582
=J.00272£30
-0.00383411
0.00473682
2.20195382
2.00095751
J.00317424
~J.003933918
~0.00372690
J.00115278
-J.0017%631
~3.006477389
~2.00598702
=0.0013574%
-3.00284252
J3.00153426
0.00083663

LOWER $5% CL
INDIVIDJAL

-0.0117753%
-0.021243352
-0.0124335)
=0.0124225)
-0.71627383
-0.01627333
-0.31627333
=0.21648391
-0.01648391
-0.21648991
~0e32259559
=0.22259¢59
~04022534593
-0.016875927
-0.21875013
-2.31875023
-0.22213984%
-0.2221393%
~0.2221353%
-0.01682721
-0.018¢g2721
-0.31882721
=0.316327%%
~0.2163274%
=2.31632744%
-0.21938215%
~-0.01938015
=0.J1938015
-0.221172385
-2.02117285%
=-0.3211723%
-0.21473115
-0.J1475115
-2.01475115
~0.01740433
~0.01740439
-0.01740433
-0.22323533
-0.22303533
-0.023035%3
-0.326372327
-0.026372327
-0.026372327
-0.01707352
-0.01707352
-0.01707352
-0.01435337
-0.01436%37

JopER 65% CL
INDIVIDUAL

-3.23339695%
-0.23082570
-0.23932570
-2.27282579
=2.223471338
-0.03471328
-3.33471338
=J.22514040
-0.20514043
-0.0251404)
-0.21076333
-2.2107¢333
-0.C127¢333
-0.00729439
=2¢32729499
~2.2073549%
-2.01056863
~3.01056853
~2.310563863
-0.20737544
-0.237275%4
-3.233727544%
-0.02452176
-0.02492176
-0.0%452176
~0.027532083
-2.37753%63
~0.002753083
~3.C2551535
-3.23551985
-0.07951985
-0.023247235
=3.29324725
=3.237324735
-2.00551551
-2.03551551
-0.03551551
-2.01117225
-0.01117225
-0.01117225
~2.31431927
-0.01431927
-0.01431927
-2.02517735
-2.99517735
-0.00517735
-2.92279392
-0.00279302

0L1




COMPUTER PROGRAMME NO. 9 (CONT'D)

DEPENDENT VARIABLE:

OBSERVATION

&9
61
€2
63
64
&5
66
67
€8
69
70
71
72
73
74
75
7
77
78
79
80
81

81

RH

80
80
80
80
50
59
50
50
590
59
59
59
50
20
20
20
20
20
20
20
29
20

DEPTH

635
1016
101&
1016

254

254

254

635

635

635
1016
1016
1916

254

254

254

635

635

635
1916
1016
1016

GENERAL LINEAR MODELS PROCEDURE

AGML

194
251
291
231
388
388
388
485
485
435
582
582
582
679
679
679
776
776
776
873
873
873

SUM OF RESIDUALS

JBSERVED
VALUE

-0.30701405
-0.00554904
-0.00943136
-0.0078937¢
-0.00969757
-0.01039105
-0.30375932
-0.00583622
=0.00504763
=0.00326261
=0.01253417
~0.00752847
-0.00587454
-2.0163C0119
-0.01549266
-0.01638758
-0.01182893
~0.01225946
-0.01225%946
~0.01122865
-0.010332906
-0.01019511

SUM OF SQUARED RESIDUALS
SUM OF SQUARED RESIOJUALS ~ ERROR SS
FIRST JRDER AUTOZORRELATION

DURBIN~WATSON O

PREDICYED
VALJE

-0.0C858119
-0.00942610
-2.00942€1)
~0.00942610
-0.00881020
-J.00881020
-0.00881020
-0,00£15751
-0.0C615751
-0.0C615751
-3.0C£33395
-0.0C589395
-0.00539395
~-2.01525570
~0.01505570
-0.015925570
-0.01223455
-0.01229455
-0.01229455
-0.01292254
-0.01292254
-0.01232254

RESIDUAL

0.00156714
). 00387706
~03.0000152¢
J3.20153231
-0.00083737
-0.00153085
0.0C012038
.00032129
J.00112938
0.00283430
~J.0056%022
-3.002%63452
0.00101341
-2.0012%549
=0.00043496
-0.001331388
0.30245562
0.00003539
0.C0003536
3.00162339
0.00253348
3.00272743

-0.00000000
3.00053821
2.000030090
0.11891708
1.72935730

LCWER 95% L
INDIVIDJAL

-C.21436937
-0.01528585
-0.31528585
-0.01528585
-0.01453630
-0.01453639
~0.31453¢3)
-0.01109¢613)
-0,011961%)
~-0,21195132
-0.312¢5722
-0.01265722
-0.01265722
~03.02081535
-0.22081535
-0.,32081535
~0.01300859
~0.01800852
-0.3180885)
-0.31875039
-0.018750223
-0.01875039

JPPER 95% CL
INDIVIDUAL

-0.00279332
-J.22356634
~0.02356634
-0.02356634
-2.333%8351
-2.00338361
-0,0232%¢3¢1
-2.02335311
-0.03C35311
-0.92035311
~2.021132¢9
-0.0301133069
-0.00113069%

~0.00929636°

~D0.07929626
-0.02629625
-23.00658061
~0.006538061
-0.23853051
-23.027394%9
=2.00709499
-0.93272949%

LLL



APPENDIX C
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TABLE V
EFFECT OF DEPTH BY RELATIVE HUMIDITY BY AGE*

2.5 6.4 10.2

RUN AGE COW | RUN AGE  COW RUN AGE  COW

(HRS) 1 (HRS) 1 (HRS) 1

2 2 2

08 776 3 07 679 3 09 873 3

O ' o

: 8 4 4

20 14 485 5 13 388 5 15 582 5
6 : 6 : 6

25 679 7 26 776 - 7 27 873 7

‘ 8 8 : 8-

) 9 O 9 9

01 97 1 02 194 24 582 7

2 2 8

® 3 @ 3 9

50 12 291 4 10 97 4 03 291 ]
5 5 2

) 6 ® 6 @ 3

22 388 7 23 485 7 11 194 - 4

8 8 5

9 9 o 6

05 485 1 04 388 1. 06 582 1

2 -2 2

3 3 3

80 16 679 4 18 873 4 - 17 776 4
: 5 5 . 5

6 6 6

19 97 7 20 194 7 21 291 7.

8 8 8

9 9 9

*Matching symbols signifying comparable Age.



TABLE VI

EFFECT OF AGE BY RELATIVE HUMIDITY BY DEPTH*

174

EPTH
cm) '
2.5 6.4 10.2
RH (%)
RUN AGE COW | RUN AGE  COW RUN AGE  COW
(HRS) 1 (HRS) 1 (HRS) 1
2 2 2
08 776 3 07 679 3 09 87 3
O ®
_ 4 4 4
20 14 485 5 13 388 5 15 582 5
' 6 6 6
O ® 7]
25 679 7 26 776 7 27 873 7
8 8 8
01 97 1 02 194 1 24 582 7
. 2 2 8
P 3 ® 3 @ 9
50 12 291 4 10 97 4 03 291 1
5 5 2
) 6 ) 6 @ 3
22 388 7 23 185 7 n 196 4
8 8 5
) ] ® ] @ 6
05 485 1 04 388 i 06 582 1
2 2 2
@ 3 @ 3 ® 3
80 16 679 4 18 873 4 17 776 4
5 | 5 5
$H 6 s 6 ® 6
19 97 7 20 194 7 21 291 7
8 | 8 ® 8
9 » 9 | 9

*Matching symbols signifying comparable Relative Humidity and Depth.



TABLE VII
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EFFECT OF RELATIVE HUMIDITY BY DEPTH BY AGE*

6.4 10.2

0 RUN AGE  COW RUN AGE  COW

1 (HRS) 1 (HRS) - 1

2 -2 2

08 776 3 07 679 3 09 873 3

4 4 4

20 14 485 5 13 388 5 15 582 5
O 6 ® 6 - 6

25 679 7 26 776 7 27 873 7

-8 8 8

10} 9 9 9

01 97 1 02 194 1 24 582 7

2 2 8

e 3 @ 3 ) 9

50 12 291 4 10 97 4 03 291 ]
5 5 2

6 6 ® 3

22 309 7 23 485 7 N 194 4

8 8 5

9 9 6

05 445 1 04 388 1 06 582 1

a 2 2 2

e 3 ® 3 () 3

80 16 679 4 18 873 4 17 776 4
5 5 5

D 6 6 6

19 97 7 20 194 7 21 291 7

8 8 8

© 9 ® ®

*Matching symbols signifying comparable Age and Depth.

t
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AIRFLOW

176



177

AIRFLOW BACKGROUND

The duct is designed for turbulent airflow. This random convul-
sive behaviour adds more to the definition of turbu]encelthanvjust
disturbed airflow patterns. Because of such nonsequential perturbations
in the air stream, the velocity 6f such a flow changes relative to
1ocationfahd time. Heat, mass, and momentum trénsfer could be cate-
gorizedjés properties of turbulence in the flow.

It is accepted in theory that the pitot-tube which is connected to
a micromonometer is used to make velocity pressure transverse across a
known diameter of the circular duct. The relevant change in velocity
pressure could be used ih

1096.5 (hw)”2
) (o )1/2 ‘ L30]

a

to obtain the relevant ye]ocity at that location. The velocity pres-l
sure is measured in ins. of water as indicated by the micromonometer.

A serieé‘of such velocity measurements at known distances along the
chosen diameter of the dust is obtained and calculation with the rele-
vant area of assumed concentric flow is performed for the flow rate. .
An average of the velocity pressure readings within the same annulus is
used for the calculation of the velocity within that annulus. These
individual airflow rates within the respective annu]ué are averaged
over the twelve stations within the duct to obtain the overa11.airf1ow

rate.
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The density of the air changes whenever there is a change in tem-
perature in the atmosphere. This is substantiated by examining the

ideal gas law which is used as

P = .RaT [31]

Care is exercised in using this law. In this experiment, air at 20%

"RH and 50% RH is considered as relatively dry air.

The equation R_ = R [32]
a Ma
is used in calculation of the gas constant. Air at 80% RH is con-
sidered partially saturatéd air so
_R |
RV = Mv [33]

is used in calculating the gas constant. By pértia11y saturated air it
is meant that the medium contains both dry air as well as water vapor.
Such a medium is referred to as a moist air medium. Conceptually it
is a situation in which there is mutual equilibrium between the moist
air and the liquid phase of the water.

Gas constant for air or gas constant for vapor is substituted in
[31] from which the density of the air is obtained. The density is sub-
stituted into [30] from which the vé]ocity of’the air at that location
is calculated. If consideration is given to the medium between the
point at which the velocity pressure measurement is made and a point
shortly before the air comes into contact with the abattoir cow-paunch
constituents, it is assumed in this experiment that the density of the
air is constant over that distance. The velocity and cross sectional

area is substituted into

q = 2LAY) [34]

n
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for the relevant flow rate.
Airflow Rate Operation

The diameter of 0.1 m I.D. aluminum duct is graduated in 12 sec-
tions in such a way that 12 equal cross sectional areas are calculated.
A vertical scale is constructed to identify these graduated sections.
The Dwyer No. 16 pitot static tube in conjunction with the Dwyef No.
1420 hook gauge micromanometer as seen in Figure 10 was used to obtain
the velocity bressure measurements.

A micrometer was attached to the Tleft 1iquid well of this micro-
manometer; A pointer or needle was attached to the micrometer. This
needle was adjusted by rotating the bottom end of the micrometer until
it touches the surface of the liquid inside the 1iquid well. At the
same time the reading on the micrometer scale was zero. A similar
process was performed for the right liquid well.

The pitot static tube was placed in a position such that its hemis-
pherical tip was pointed downstream and was perpendicular to the velo-
city of the airflow; and its static pressure arm was located at position
No. 1 on the vertical scale. The right-hand side micrometer was ad-
justed until the pointer just touches thé surface of the 1iquid-in the
right liquid well and the relevant departure from zero was read in
inches of water and recorded. The pitot tube was moved to location No.
2, the process of adjusting the micrometer until the pointer just |
touches the surface of the liquid iﬁ the right liquid well and relevant
departure‘from zero was read in inches of water and recordéd, was

repeated.
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The constant airflow rate requiked for this drying operation is
1.2 m3/sec. The velocity pressure that was necessary for such a flow
rate is 1.3 x 10°% m.

In order to obtain such a velocity pressure the input current into
the shaded pole blower model 2C781 was adjusted by the VT4FC ohmitron
.transformer. The process of adjusting the current to the shaded pole
blower model 2C781, as we11.as the VT4FC ohmitron transformer and
obtaining the relevant velocity pressure was repeated until 1.3 x 10-4
m was achieved. |

This process of obtaining the velocity pressure (hw) measurements
to calculate the airflow rate through the drying chamber was obtained
each time the samples of CPC were removed from the drying compartment
to be weighed.

In addition to obtaining the velocity pressure (hw) measurements,
the barometric pressure of the environment in which the experimental
equipment was located, was read from the No. 211-B Air guide barometer
and recorded. Such readings are taken at each time the ve]ocity
' pressure (hw) measurements are obtained. The velocity of the air was 
calculated by using equations [30] and [7], respectively. The flow |

rate of the air through the drying compartment was then calculated

by using equation [2].
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DRYING RATE OF PAUNCH CONTENTS IN
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Drying Rate, hr

0.1

0.05

o Cow No. |
o Cow No. 2

4 Cow No. 3

Age: 0, 5,10,16,20,27,35 days
%RH * 80,80, 20,20, 20, 90, 50

| l L | | l |

5 10 15 20 25 30 35
Age , days

Figure 47. Drying Rate of Paunch Contents in Preliminary Experiment

28l
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TABLE VIII

* COEFFICIENTS OF REGRESSION MODELS

No. of Terms in Models

Variables 3 3 3 4 4 6 8 8
Intercept | -1.72894 1.72894x1072]1.72894  1-1.7846. |-1.29845 |2 37859 |-5.37x107% |-5.0233

x10 x10 x10~2 x10-2 x10-2 x10-¢
Ag 2.97x10°0  |4.489x1072|8.232x107° |8.017x107°
(Ag)? -4.0x1078 | -6.0x107® |-6.0x1072
D | 2.24x107° 1.938x107° |1.124x107°
D * Ag- 1.0x10°8 |1.0x1078 1.0x1078
Rh 4.597x1o‘5 2.226x1o‘5, 7.089x1o'4 6.8151x10"%
(Rh)? 1.64x10"7 |-3.07x10°8 |-2.86x107®
Rh * Ag 6.5x1077  [9.3x1077  |6.5x1077 |9.1x10”7 -4.4x10"7 | -4.2x10"7
Rh * D 9.0x10 27.0x10°8 | -1.7x1077 |-1.8x1072
Rh * (Ag)* | 1.0x1078 |
Correlation
Coefficient v
(R2) 0.57 0.62 0.57 0.66 0.07 0.56 0.67 0.66

781




2,
VITA
Charles L. Griffith
Candidate for the Degree of

Master qf Science

Thesis: THE DETERMINATION OF THE RATE OF DRYING OF ABATTOIR COW PAUNCH
CONTENT (CPC) AS A FUNCTION OF RELATIVE HUMIDITY, DEPTH AND
AGE

Major Field: Agricultural Engineering
Biographical:

Personal Data: Born in Georgetown, Guyana, December 19, 1947, the
son of Hector Winston Griffith and Doris Herma Griffith;
married to Ismay Henry on June, 1969.

Education: Graduated from Buxton Govt. Secondary School, Buxton
Village, E.C.D. Guyana in 1967; received a General Technical
Diploma from the University of Guyana in September, 1972;
received a Bachelor of Science in Agricultural Engineering
from Oklahoma State University in December, 1976; completed
degree requirements for the Master of Science Degree from
Oklahoma State University in July, 1979.

Professional Experience: Assistant Cartographic Draughtsman for
the Water Administration Section, Ministry of Works and
Hydraulics, Georgetown, Guyana, October, 1967, to December,
1969; Cartographic Draughtsman for the Statistical Bureau,
Ministry of Economic Development, Georgetown, Guyana, January,
1970, to February, 1974; Statistical Laboratory Technician,
Central Agricultural Experimental Station, Ministry of Agri-
culture and Natural Resources, Mon Repos, E.C.D. Guyana;
Undergraduate Research Assistant for Agricultural Engineering
Department of Oklahoma State University from June, 1976, to
September, 1976; Graduate Research Assistant for Agricultural
Engineering Department of Oklahoma State University from
January, 1977, to July, 1979.

Professional and Honorary Organizations: Student member of Ameri-
can Society of Agricultural Engineers; Student member of
American Society of Heating, Refrigerating and Air-Condition-
ing Engineers, Inc.; Institute of Food Technologists.





