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CHAPTER I
INTRODUC TION

The ege is one of the mest complete foods available to nan (1),
yet t»lilewqgg is very easil} rendéred tmfit for human coﬁé‘iunptio”n' b& 1m=~
proper hanélling; The freshly laid egg is at 11:s hlghest quahtys and
11: 1s on a contmuous downward tre:nd qualltyww:.se unt:.l the t:une it is
gggsmefi;.% ‘The mést 1mpartant mteylgr_charagterlsth of an egg to the
cbnswner is i:ha.t it have{ a gbod’fIaVBr;. The -ﬂa,vo'r of a -i‘rééh egg is
'hard te descrlbe ; but it is this charaeter:.stic that is so vulnerable

to’ the adverse effects of its mv:.mmnent. In the past few years, -

t

esPecia.lly since World War II the. efforts of many researehers have
been devoted taward the preservat:.on of egg quallty durmg storage by N
mecha,mcal refr:.geration. At the present, egg producers are the persons
most concemed W‘.‘Lth mamtalmng high egg qua]:l.ty- wh:.le the eggs are
aWa.J.tmg‘ marketmg beca.use co‘mnerc:.al egs producers aud mddleo-men ha'vé
almost tmanim?ps]y, out of necess:.ty,, adopted the use of the I‘efr1g-
gratorutype g coolers Many ‘.‘“t_‘armers_though, due to 1ow pr-mdycfc‘;m,‘
~are mot sure that vjl;.l;ese egg cobl‘e‘sr‘s‘- would be an ecéﬁq&&ic advantage .

B ,I:t‘l_j;:h‘g dec:.smn is made to use mechanical refrig‘era.@j.on;f the iaro-‘- ‘
ducer may-.:i'sele'ct a "dooiér from the ma,ny'commercial cgg ‘dooler":s?f‘ offer‘ed |
for sa,le s mr he ma.y construct his own by follom.ng plans thqt are a,va.ll-

able througn the thensmn Serv:Lce or other sources, '

It is believed that egg producers need some kind of guide in"

1



in cooler selection, There shoulﬁ be a method of predicting egg eooi;
ingﬁcésts so as to give some indication to the pregpective user as to
whether the cooler is economically feasible or not.

%‘“enwthe;farm egg coolers™ is the phrase'generélly used to designate
that type of egg cooler used to maintain the egg’s quality frgm the time
it is.gathéred until it is marketed, Although eég storage tiﬁe on the
farm varies according to the time between marketings, which is usually
relatively §hnrt, it is during this time that egg quality declines most

rapidly (2).



CHAPTER TII

OB JECTIVE

The objective of this study was to find a relationship between
the many variables of the egg cooling process, as experienced by pro-
ducers using mechanical refrigeratiqn for the holding room, and e;préss
this relationship as a prediction equation, The eguation in turn would
be a very effective tool in predicting energy consumption of an egg

cooling unit if the other pertinent factors were known,



CHAPTER IIIX
REVIEW OF LITERATURE

- In making this study, three primary facters were involved. . These
were the egg, egg cooler, and emviromment, Each faétor will be dis=
cussed and information om each, thought to add to the meaning'of the

stnd&, will be pr’ebse'.*nt:ecilo
The Chicken Egg and Its Enviromment

. The averagé freshly la.;‘id egg weighs about two ounces and.f,ha_s_.za
temperature of a.pproxmately 104%§, The two dlstlnct portions of the egg
interior are the yolk and the surroundmg albumen which are enclosed by
the shell, According to Jull (3), the shell »cmnpmses eleven per cent
of the total egg weigimt, while the yolk and white contribute 31 and 58
percent of i&the total weight respectiﬁelyo The shell is perous, which
allmgwsywé.‘tgr and gas to pass through rather easily, The egg is at'its
hig@est‘l_qug,lity when laid, although not all freéhly laid eggs ‘are top-
quality dué to defects of its makeup or to i.nher:ited undesirable char=-
acteris}ticso - The whole egg‘?s specific gravity is about 1,09, whlle its
specific heat is apprmuma,tely 6722 (4)

;.The egg is a very perishable product and its qualltiy is affected
by s_.i:everali facters, as pointed out by Wilhelm (5 )., The factors that he
enumerated were: length of time eggs are étoreds temperature of 1\:he eges
during holding time, humidity of the surrounding air; and escape of car-
- bon dioxide from the egg, Later, Hendersoﬁ and Lorenz (6) fom;nd that

4



the rate of ceoling the eggs also had an influence on quality. Their
findings indicated that thé more rapid the cooling, the higher the egg
quality maimtained, -

It is genmerally #greed that the most effective témperature for main-
taining the quality of shell eggs is around 28° F, to 30° F,, which is
5ust above: the freezing point of the albumen. 'Qualityuwise, it would be
preferable: to hold the eggs at this temperature, but it would seldom be
vecon@mlcally practical to do so, Several suggestlans regarding tempera-~
tures to be maintained invonutheafanmbcoolers follow, but the optimum
temperature is still controversialo |
somevhere in the temperature range between 4®® F, to 50° F, Van.Wagenen
Hall, and Altmann (8) stated that 45° F, was the most satisfactory.t.emp==
11emgdm§hat,55@ F, was the most practical, Dawson and Hall (2) merely
: recommended that the holding temperature be below 65° F,

s Althoygh low humidity will lower egg quality, its control does not
sea%'tmﬁbe@as-critical as that of temperature; since m@isture'evappraw,
‘tion rate. from the egg is lowered when the egg temperature is‘droppedo
Van Wagenen, Hall, and Altmanm ((8) found that at 85 per cent relatlve
humldlty over a perlod of time, the loss 1n egg weight was at a mlnlmum,
whlle the decrease in albumen guality was at a maxlmumo At 40 per cent
reldtive humldlty, there was the least change in all guality mbasurea
-ments exmept weight loss, It would seem that the optimum rela?;ve_yA
humiﬁit# w6u1d be somevhere between these extremes, Rice and ﬁgtsfoﬁd
(9) recdmménded that the relative humidity be from 75 pef cent. to 80

per cent,



The 1§mgth of time that eggs are held has a definite effect on
their quality at marketing time, Dawson and Hall (2) stated that the
qua]jtty of eges deteriorated the most rapidly during the first three
days of storage regardless of the temperature, It has been found to be
a good practice by many poultrymen to market eghs at least twice a week
d“_r'ing the :.Qsmmero | |

Ac¢eording to Lorenz (10), at the time he studied the relation ‘of *
egg quality to rate of coeling, there was no evidence in literature
that investigations had been made along this line, There seemed to be
two generally held opinions om this subjecto qe belief was that too
rapid, cooling was detrimental to egg quality; whereas, the other belief
was that eggs should be cooled at the maximum cooling rate in order to
uphold quality-o With the relative humidity held constant, Lorenz found
that contrar’y to expectation, evaporati'on from the eggs was least when '
thé eggs were the most rapidly cooled, Quality measurements other than
weight loss failed to show significant trends with cooling rate., Due
to moisturé loss experienced at slow cooling rates, it would seem then
that the -optimum cooling rate would be the most rapid ome econemically.
feasible, _ .

The Egg Cooler

Kinard, Garner, and Hudsom (11), at the Agricultural Experiment
Stationi, University of Georgia, have done cons.iderable investigatiqn
into the most desirable cooler size commensurate with the laying flock
éize., Their calculations were based wpon a flock 'production of 60 per
cent and the practice of marketing eggs twice a week, Cabinet-type
coolers were found to be satisfactory for flocks of under 1,000 birds,

while walk-in coolers were recommended for flocks of 1,000 birds or over,



The cooler should be designed so that at the selected holding temp-
erature, the refrigeration umit should not have to run for an excessively

long period,



CHAPTER IV
EXPERTMENTAL EQUIPMENT AND PROCEDURES

Egg Cooling Factors

In order to initiate a study on the phenomenon of egg cooling

and its accompanying energy consumption, all factors thought to have

a possible bearing on the issue were considered.

After some study, it was decided that any worthwhile investigation

of this problem would entail the collection of information on the follaw-

ing list of factors,

1,
2,

3.

4,
5.
6.
75
8.
9.
10,

11.

Energy use by Fhe refriéeration unit éf the cooler.

Numbér of times the cooler door is opgneda

Temperatﬁre of the eggs at the time'of their placement within
the cooler, |

Température at vhich the cooler is maintained,

Ambient temperature, -

Size of the cooler,

Design of the cooler (shape and construction details).
Time intérval between egg gatherings,

The amount of eggs deposited in the cooler,

Specific heat of the hen eggo

Length of time the eggs were stored before marketing.



Ege Cooler Design

The problem of predicting the expemnse of cooling and hélding eggs
on the farm was studied by means of observ1ng the performance of two
different slzed egg ceolers, The size of a coeler would certainly de-
termine, in partg the expense of cooling eggs. It is rather apparent
that a larger cooler would have more surface area through which heat
could pass than a smaller cooler, and the eoollng ioad’ wmuld be heavlero
During 1955 and the early partrof 1956, plans for the two eeolers were
drawn ups\their’eonsﬁruetien completed, and installation was madé on
the Oklahoma State Hhiversity'poultry farm. _
| The two coolers, being of differentASizégﬁsimuléted service for
different sized laying flocks, The cabimet-type cooler, as shown in
~ Figure 1 was recommended for flocks under 1,000 hens (11)., Its capacity
- was six standard 30-dozen egg crates, plus two half-crate capacity
gatherimg baskets. The practice of pre-cooling the crates, flats, and
fillers Before they were used to hol& eggs wﬁs followed, and the eggs
were ﬁoﬁ crated until they had been cooled to holding ﬁemperature while
in the gathering baskets, This procedure does not decrease the cooling
load of the cooling unit, but it does result in mmre,répid cooling of
the eggs (6). The cooler?s dimensions were roughly 3?x39x5$0' It was
eonstructed so that its door comprised onme entire side of the box and ‘ 
swung back so that all of the cooler?s interior was qulte accessible,
The cooler was equlpped wmth a mnemthlrd horsepower reirigeration unlt
which was mounted in a side wall at the top of the eooler° Since thg
cooling umit was from an ardinafy residence window cooler, its design
was not well adapted for saving space in the box, After the coolier was

c@mpleted9 it was ingtalled during March, 1956 in an egg cleaning and



Figure 1.

Interior of the Seven-Case Cooler.

Seven-Case

10
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‘grading room, which was in the building pictured in Figure 2, The room
in vhich it was insfalled was cooled part of the summer by an evaporative
cooling unit,

The larger cooler, as pictured in Figure 3, was a 25-case walk-in
type éqoler which is’thé type recommended for laying flocks of 1,000 hens
or mofeo VIt was installed in the building shown in Figure 4. Its cool-
-ing umit was a omne-half horsepower residence window cooler. The wall
eonséruetien of this céoler wﬁs #ery’similar to that of the smaller one.
As‘Sh@wn by Figure 5, its main‘difference from the seven;case cooler
was that it had a thieker wall with more insulation, The cooler was
aiéo'constructed so that it could be fairly easily dismantled and re-
‘locatedo Its dimension; were roughly 67x69x6%, It did net have an in-

. tegral floor and in this particular case, was set on a concrete slab

'fléwrp ' The interior of the cooler was arranged so that cased eggs and/
or pre-cooling cases with fillers and flats could be stacked on one side

" of the room, vhile a low shelf was provided on the opposite side to ac-=

: cdmmedate‘baskets of freshly gathered eggs. The practice of cooling the

‘éggs in baékets‘before crating them was followed, The cooler was located

in the northwest corner of a feed room vhich was between two compart-
memts‘that contained laying flocks, See Figure 4. Openings in the feed
room were 2 door and some windows iﬁ both the north and south walls,

Two‘sides of the cooler were within six inches of the room®s walls,

The design of a cooler includes two other conmsideratioms besides
size, The‘éhape and‘the fabrication of the cooler would be iﬁfluential
on the amount of heat gained thréugh the walls, Obviously, the ideal
situation would be to have a cooler whose volume/area ratio was equal

to the ratio of a sphere which had an equal volume. Insofar as heat



Filgure 3. Twenty-five case cooler.

Figure L,

Iocation of Twenty-five case cooler.
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Figure 5. Cross Section of the Walls

Figure 6. Heat Flow Meter Mounted on the
Seven-Case Cooler.
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gain is cencerned, the type and thickmess of inswlation were of primary
importance, with type and thickness of comstruction materials secondary,
In order to serve as a check, the mean value for the coefficient of heat
transmission (U¥) was determimed for each ceoler inm two different manners,

First, it was calculated by using the comventisnal formula U = %m s
‘ t

« i Ko x
R = -1 1 i L m
¢ - FotET S
i @ 2 ™

Where

U < coefficient of heat tra

R, = total resistance to heat flew .- hﬁmftgauéggﬁ bt

f; = inside wall swrface comductance -- btu/hr-ftZe-deg, F.

f, = outside wall swrface conductance -—- beu/hr-ft2-edeg, F.
{fy = 106<4~003v v © wind velocity in miles per hour)

x = thickness of wall compoment - in,

k = thermal conductivity —- Etu/hf_ftzm(degg Fc/ine)

Since the 25-case cooler was installed om a comcrete floor and the ceil-
ing construction details were different from those of the walls, it was
necessary to compute U for the ceiling, walls, and floor separately. The
three values for U were then wsed to arrive at a weighted value by using

the f@ll@wing formulas

u, = ouhe oy Yele Uf'Af"

it

w=wall £ = flogr A T area

¢ = ceiling t = teotal ®m = mean
Table I lists the values from which U for each cooler was computed., In
ase of the seven-case cooler, it was only necessary to list ome set of

values for the walls and floor, as the construction details and surface

wind velocities for both were essentially egual., The values were
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selected as suggested by Severns and Fellows (12),

TABLE I

VALUES USED TO DETERMINE ™U*

Seven-Case Cooler TWenty=fiveuCase Cooler

Fleor Ceil- || | Ceil- |Concrete

& Walls ing Walls ing floor

£, | 1.65 | 1.65 | 1,65 | 1.65 | 1.65

f = 16 40,3v% £, | Lob 450 405 | 2.8 ——
Outside plywood Xy 005 0.5 0.5 0.25 o
Concrete floor X1 mem | e N 4,00
Insulation X3 | 2.0 2.0 4,0 4,0 R
Masonite X3 | 0,25 | 0,25 | 0,25 | 0,25 | e
Fir (plyWDOd) ky 0;%6' 1 0,76 0,76 007Q J—
Concréte kq [ e | - e | meee |12
Mineral Wool kp | 0,27 | 0,27 | 027 | 0027 | eoem
Fibéfboard (Masonite)k3 ,0034 0034 0,34 0934 -

= w1nq velecity in mlles per hour

) The second method of aeuermlnlng‘an overall U value for each cool@r
was by use oi the heauailow mﬁtero It was uhese values that were later
used 1n applylng dimensional and1y31so The meter was 1nstalled in several
dlfferent p031tlons on the wallss ceiling, and floor of the 25-case
cooler (See Figure 6) and the value for U was determlned for each compon-
~ .ent individually. The 7=case cooler was constructed so that the walls,
ceiling, and floor had the same cross-section, The value for U would be
the same for each part except that airflow over the parts would vary,

The average U value for the different components of the coolers are

L
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listed in Table II, Once again, the formula

: Uyy Uche UsAg
U = g T =% T ~x;

was used to obtain the mean U value, Table IIT lists the mean U values
as determined by the two described methods, It is believed that the disg
parity in the two derived U values for the 25-case cooler is due to the
wide variance in surface wind velocity over the cooler, .On two wglls

the velocity was very low, while about the other walls and ceiling the

velogity varied widely., No attempt was made to measure wind velocity.

TABLE II

VALUES FOR "U" AS DETERMINED BY
THE HEAT FLOW METER

Seven-Case Cooler
: U
Date U Avg,
Ceiling 8/21 02381 .
. 8/22 o 2480 o 2430
8/24 - 00940
Wall ‘ 8/27 00428
8/28 0784 -
8/29 -680 .0716
' Twenty-five Case Cooler
o 6/28 »0500
East Wall 6/29 .0428
7/2 00441 :
1/5 0441 00452
' 7/10 02270
" Ceiling 7/12 +1639
7/11 21400 01769
/14 | 1447
' 7/16 01686
Floor 7/17 21410
7/18 1728
7/19 02117 01677
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TABLE III

COMPARISON OF VALUES FOR THE COEFFICIENT
OF HEAT TRANSMISSION (Uy)

Calculated Heat Flow Meter

35.Case Cooler | '  ,2220 - L0867

¥-Case Cooler ,0999 ,0893

Egg Gathering and Farm Storage Practices

The manner in which freshly laid eggs are handled couldllargely
~determine the éooling load due to the eggs. For imstance, if the eggs
were gathered only once a day; it is apparent that their average ﬁemp;
erature at the time they were put in a cooler'would be much lower than
‘the average temperature of eggs which are gathered and put in the cooler
every two hours,

It was the practice of the management of thé University poultry
farm to have an approximate two;hour interval between egg gatherings,
The eggs were laid in trap nests, as records were being kept on each
hen° The eggs were marketed once a week, on Wednesday, and all eggs
gathered on Wednesday were held for marketing‘until the following week,
This is an important point, as it can be readily seen that the length
of time the eggs are'kept in storage before marketing could largely de;l
termine the expense of egg cooling, When warm eggs are placed in'a
cooler, the load‘on the cooling unit is comprised of the heat from the

eges, plus the heat that is constantly entering the cooler by conductiom



18

through the cooler walls, Vhen the eggs have reached the holdihg temp;
erature, the only heét that has‘te be removed from the cooler is the con;
ductive heat, This heat has to be dealt with by the cooling unit”whether
the coole: be full or empty of eggs. It then follows that eggs marketed
directly after being cooled would be the most inexpensively cooled eggs;
vhereas, the cést of cooling would mount higher, without bound, for eggs

that are Eeld indefinitely,

Instrumentation and Collection

0f Data

The amount of heat that the eggs contained when placed in the
cooler woﬁld vary directly as their average temperatﬁree A separate
test was run in which the shell and interior temperature was measured
wifh a thermocouple just before the eggs were placed within the cooler.
The data recorded from these tests are listed in Tables IV and V of the
Appendix, Figures 7 and 8‘show the resultant regression Qurvés as de-
termined by Snedecor?s method of regression anal‘ysisi(lzs)o Figure 9
presents the regressionlof egg interior temperéture on ambient temp;
erature, The cﬁrve(in this Figure was plotted from informatidn taken
from Fiéures 7 and 8, It is hypothesized that the averége egg tempera-—
ture would be greatly influenced by the time interval bétween gather-
ings. The tiﬁe interval is subjectives and is determined by each pro:
ducer for his barticular farm system, It has been suggested by some

poultrymen that eggs be gathered three or four times daily (9).

would be too low to be practical for on-the-farm cooling, as the expense
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of comstructing a cooler that could reasonablyvmaintain such a tempera-
ture would be prohibitively expensive, The temperatures at which the
experimental cecolers were maintained f§110wed the recommendation of
Dawson and Hall (2), and were held close to 60o F, A recording hygro-
-thermograph was installed in each cooler to keep a record of the interior
temperatures, It was placed on the top Shelf-of the 7mc§se cooler and
~on the floor of the 25-case cooler, The instrument charts were changed
weekly, It is believed that the recorded temperature was representative
of the entire box , as the fan blowing air over the evaporator coils of
the cooling wnit circulated the air within the cooler,

The records of ambient air temperatures were kept by means of hygro-
thermographs., In case of the 25-case cooler, an instrument was mounted
on a shelf that was attached to the outside of'the egg cooler, approxi-
mately five and one-half feet above the concrete floor on which the
cooler was setting, For the 7-case cooler, a hygf@thermograph was
placed within fhe egg cleaning and grading room in which the cooler
was located, to record the ambient temperature., The ambient tempera-
ture ﬁould have a direct bearing on @égﬁéooiing costs, as the temperam
ture differential across the coolef‘wall would determine the amount of
heat that passes through the wall,

Recording watt-houwr meters were used to record the amount of elec-
trical eneréy consumed by the individual coolers, A record of electrical
energy consumption was also made from the daily readings taken from a
visual accumulative-type watt-hour meter, This variable (energy consumed)
is influenced by the rest of the factors that were»discussed above,

In ofder.thét the number of cooler door openings per day could be

recorded, a form for the door log was drawn up which provided space in
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which to record the time the door was opened, and the pounds of eggs
deposited within, if any. It was believed that the workload of the re-
frigeration system would be influenced a great deal by the number of

times the cooler door was opened because of the interchange of warm and

cool air,



CHAPTER V
ANALYSIS OF DATA AND PRESENTATION OF RESULTS
-Method of Analysis

:Mﬂrphy(14)9stated that in order for ah engineer to successfully
build an object, it is desirable that he be able to predict its be-
havior before it is comstructed. Of the three prediction methods that
are presently available (formulas based eh numerous experiments, ex-
periments on full sized units, or model studies), Murphy only presents
additional»information on similitude or ﬁodel study, By means<qf the
theory of similitude and dimenmsional analysisg performance of a system -
can be ;;redictedo

The writer is aware that dimensional analysis is not a new con-
cept in amalyzing data, but since it is not as widely used as some of
the other methods, a word of explanation was thought to be necessary
on how the data pertaining to this study was anal&zedo

Diménsiomal analysis is based upon two axioﬁs, as set forth by
Murphy (14),

Axiom 1., Absolute numerical equality of quantities may exist
only when the quantities are similar qualitatively,

Axiom 2. The ratio of the magnitudes of two like quantities is
independent of the wnits used in their measurement, provided that the
same units are used for evalwating each,

As stated elsewhere, the object of this study was to develop a

prediction equation whereby the consumption of energy for egg cooling

under given conditions may be predicted with reasonable accuracy. This

23
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\is to be aceomplished by means of the Buckingham Pi Theorem. The theerem
states, in general, that the relationship. among. the variables of ahy phenomenon
may be expressed by dimensionless and independent terms whose number must
équal the quantities involved, less the number of dimensi,ens used to-measure |
the quantities. . Equation-wise, the the;@rem is expre;sséd by s =n - b.
~ s.is.the number of dimehsi@n}@;ss.a‘.ndindependem; ’a;‘_erms9

n is the total number of quantities invelved, and

b is the number of basic dimensions involved,

. le‘hedimensi@nless and iﬁdependent terms referred to in..ﬂl@ general state-
meunt of Buckingham's theorem will hereafter be called Pi terms. From the
theorem ,. it follews that if a phenemenen such as egg Q@Qling_ were described in
eight quantities, and the eight quantities were measured in five basic dimensions,

it wquld require.three Pi terms to express the rel;atid‘nship,of the variables in-
volved. . The relationship equation may then be written asfﬂi -F (‘ﬁ”zg ﬁgé)o

. The Pi terms fer any phe‘m)men@n may be formulatedjby combining the

qua[i;ftities involved in any manner whatseever, so leng as the terms stay

dimensionless and independent.
. The Analysis

. Er@m the list of factors first thought to be pertinent to the‘v egg,c@oling
,pmcei'ss (see page 8), the following Equant;itjes were finally selected:

Symbelic

No. . Symbol Quantity and Usual Dimension Dimension
1 Q Energy use by cooler in 24 hours-- 4
; btu/24 hrs. ‘ : CHT ~

2 A;e ‘ .Gathefing time average egg temperature
less avg. cooler temp. --deg. F, o
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| o ‘Symbolic
No, Symbol " Quantity and Uswal Dimension Dimension
3 Zkte Average ambient temperature less average
cooler temperature--deg, F, i < N8
4 )\ Amount of cooler surface--ft2 12
5 U, Mean "U" value for cooler, btu/ftzmm )
deg, Fo - hr, ‘ ar-lr-2p-1
6 /CD Amount of eggs placed in the cooler in 1
24 hours--1bs/24 hrs, MT™
7 Co Specific heat of eggs—-btu/lb.~deg. F. m-lo-1

Note that threelof’the original quantities have been dismissed
énd that the three temperatures involved have been reduced to two
- temperature differentials. ~The three quantities; number of times the
cooler door is opened, etc, (SGe pagé 8), were omitted after prelim-
inary studies indicated that they were not pertinent to the study.

Analysis of the data was first attempted on a weekly bésiss but
the results seemed to be inconclusive, Since the temperaﬁure and
amounts of eggs put in the cooler sometimes varied'widely within a
week, it was felt that the resultant dimensionless values were not
’sensiti#e enough, and that the trend of the data would have been more
eiearly indicated if the time ihterval had been twenty-=four hours‘in==
stead of one week, It was decided that the length of time the eggs
were stored in the cooler would mot be pertinent if more refimed Pi
terms were obtained by putting the analysis on a 24-hour basis,

fhe variable of time between egg gatherings'was omitted in the
final amalysis for the following reason, The overall egg temperature
wouid vary somewhat with the time interval between gatherings, but it
ﬁas felt that this variable was given due cdnsideration by taking inté

account the difference between cooler and average egg temperature.
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For imstance, if the egg gathering interval‘were three homré instead
of two hours, the>temperature differential would be somewhat smaller,

Thg number of times the cooler doors were opened was deemed un-
important after the prelimimary-study“indicated that cooler door open-
ings had insignificamt effect on the relatiomship of the other vari-
ables, Another conclusion drawn from the trial study was that the
length of time they were closed, was insighifieant°

The Pi terms formed of the given quantities are as follows:

I = I
YL

3 t¢
“IIy = Un A 2 e
Ce/C)Ate

For each twenty-four hour period of June, July and Auwgust, inl’
vhich precise data could be recorded, values for the four varying quan;
~tities (Q,°; Aty, At,) were determined for each cooler as listed in
Tables VI and VII of tﬂe Appendix. Q was determimed by converting the
daily amount of electrical emergy used into equivalent btuf’s, /‘D was
‘computed by totaling the amount of eggs entered om the door logs as
having beeh put in the cooler during each twenty-four hour peried.
gkte andAt, were determined daily by subtracting the average cooler
temperature from the average aﬁbient temperature and average gather;
ing time egg temperature respectively, The values for egg cooling
qmamtity constants for each cooler are listed in Table VIII of the
Appendix,

Values for the Pi terms for each cooler were computed and are lis%)
ted in Table IX, The corresponding values for TI; and TI, of each

cooler were plotted on the same chart, Separate regression curves and
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coefficients (By and BZ) were computed for each set of data, The values
for tﬁ@ individual regression coefficients fpr th@ 25;case and 7-case
coclers were ,7345 and .8977 respectively, Figure 10 portrays the re-
sults of ﬁhe individual regression analyses as plotted on logélog
paper, along with a common regression curve obtained by an analysis of
coévariance (See Table X), All statistical analyses was carried out as
outlined by Snedecor (13)D

Significance was not obvious, and a test of the hypothesis that
By = By was made by means of the "F" test, From the analysis of co-
vérianceg F= 5032, vhich corresponds to the 3,1 per cent point in an
F table for 1 and 106 degrees of freedom, Hence, there are only about
threeuchances in 100 that two samples will be drawn fgom populations
that are the same that will have a larger value for F, Evidently, the
regression coefficients are for populations with different means, i.e.,

the initial hypothesis is rejected, Although the regression curves do

either Pi term may be caleculated if the other is known to be within
the limits of the extremes of the curve as drawn,

The sought after prediction egquation as shown in Figure 10 was

1, II; = 68 II4°81

- ~ Um A At :
Since II7 = “E“%?EE“ and IIp = S ;?zzﬁglu the above
e e e e

equation may be written,

24 WQ — = B8 '%)\At@ -81
Ge/DAte Qe Ate .
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Since Q, the energy used in cooling eggs, deserves special attention,

the equation can also be written

30 Q=68 (Uy M) (0, O At

ﬁéte that equations 1 and 2 are dimensionless; whereas, equation
(3) has dimensions of btu’s/24 hours, Equation 3 could be used to
prédict the amownt of energy required for a farm egg eooler before it
is built if the other quantities are known, The quantities raised to
the .81 power indicate the amount of heat gained through the wall, while
those quantities raised to the .19 power indicate the heat load from
the eggs. Observe that the value for any one of the quantities involved
in the Pi terms may be determined in much the same manner as was done

in determining the value for Q,



CHAPTER VI
SUMMARY AND CONCLUSIONS

‘Because of the growing interest in maintaining the quality of
eggs by on;thenfanm cooling; a sfudy was made of egg cooling at the
Oklahoma State Unlver51ty poultry farm in cooperation with the Poultry
Department,' A 25-case and a 7:oase egg cooler were constructed and in-
Stalled in different 1ocatione on'the farm, Data were kept on those
factofs thought to be pertinent.to the egg cooling pfoeess5 and the
subsequent analysis of the data was completed by means of dlmwn81ona1
analy31so | | |
The following conclusions were reached as a result of the study,
l, For an array of faetofsvin#olved in. e'phehomenon such as egg
cooling, dmmen31onal analy31s seemed to be the most efficient
":method of analy21ng the data. S
fé; Although the data obtained from the 7:ease cooler appeared to
. be signifioantly‘diffefent from the data of the 25;case cooler,
the regression llnes were so similar 1n slope and elevation
that a common regress1on line was believed to ‘define a relatlon:
shlp that was reasonably accurate., Further, it was felt that thls
curve could be used for computatlonal purposes w1th 11ttle re-
servatlon w1th1n the. llmlts of the data range,
3. The variables that were flnally selected as belng important to
| thlS study are as f0110WS° ; |

(a) The amount of energy used by the coolers.

30



(b)
(c)
(d)

(e)
(£)

(g)
(h)

31

The specific heat of a hen egg.

The ambient temperature at the coolers,

The temperature at‘which the cooler interior was
maintained, '

The average egg temperature at gatheringAtimeu
The mean heat trahsfer coefficients of the cooler
sides, |

The amount of cooler surface area,

The amount of eggs deposited within the coolers,

4, Those variables considered, but dismissed as being relatively

wunimportant were:

(a)
(b)

(¢)
(d)

- Time interval between gatherings.

Cooler surface efficiency, ie., the volume/surface
ratio of the cooler as compared to a sphere of equal
volume.,

The egg average holding period.

The mumber of times that the cocler doors were

opened.,

5. The prediction equation II1 = 68 IIz°81 is very versatile, and

may be put into meny differemt forms, The cost of egg cooling

is of paramount interest to many egg producers, and this may

easily be predicted by substituting quantities in the initial

equation

o81
: Q = 68 n ) Ate and solving
Co P Aty Co O At

019

for @ Q= 68 (Uy A Ote)°Sh (Co P AL
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TABLE IV

AVERAGE EGG SHELL TEMPERATURE WHEN
PLACED IN EGG COOLER

(Two Hour Gathering Interval)

Co Ambient Avg, Egg
Date Temp. F. Sheli Temp. F,
April |
12 . 66 68,64
12 74 \ 72,54
12 78 | 80.80
12 % 80,55
19 63 _" 69.31
19 67 74,16
19 69 74,77
19 | 68 - 73,65
2% 76 80,30
26 | 84 85,47
26 | 88 90,58
26 87 91,03
May -
4 65 76,48
4 73 , 77.71
4 79 79,90
4 | 79 80,46




TABLE V

EGG SHELL AND INTERIOR TEMPERATURES

(Two Hour Gathering Interval)

Avg, Egg Egg Interior
Date Shell Temp. F, Temp, F,
May '
10 82,0 84,0
10 ) - 83,8 86,5
10 84,5 87,0
10 84,8 86,5
15 81,0 92.0
15 80,2 87.5
15 82,2 93,0
15 82,8 - 83,5
24 82,5 98.8
24 80,8 94,8
24 80,0 95,0
24 82,0 99,5
June
15 85,6 90,1
15 85,2 88.4
15 85,4 87.0
15 85,0 85,2
18 91.0 93.4
18 91.4 93.9
18 9602 - 100,06
18 96,2 59,9
20 95,1 99,1
20 95,5 99,6
20 94,4 97.6
20 94,3 95,3
21 93,0 94,8
21 95.4 160.1
21 95.8 95,9
21 95,6 95.9
22 95,8 98,8
22 95,03 97.7
22 98,1 100,0
22 98.8 102,0
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TABLE VI

EGE COOLING QUANTITY VALUES FOR TWENTY-FOUR

HOUR PERIODS (TWENTY-FIVE

CASE COOLER)

37

50,542,0

2 At
Date Energy Lbs, ef . Egg Temip, Ambient Temp,
, Use=--BTU | Eggs Put - Cooler ~ Cooler
' In Cooler Temperature Temperatwure
June ‘
1 23,222,0 120,22 26,7 5.5
4 32,101.0 134.64 29,0 13.5
5 32,442,5 134,98 28,7 16,5
6 36,540.5 111.82 31.4 17.90
7 38,589,5 131,44 31.4 21.0
8 34,491,5 130,34 31,0 20,5
11 35,857,5 129,64 31.4 18,0
12 34,833.0 127,72 32,2 19,5
13 35,857.5 . 128,76 31,0 18.5
14 30,735.0 109.18 36.4 19.0
15 34,833,0 107.58 30,4 17.5
18 40,980.0 193,28 34,6 27.0
19 41,321,.5 105,38 34,6 26,0
20 45,761,9 106,08 34.6 27,0
21 45,419,5 103,58 34,6 27,0
. 22 42,346,0 103.46 35.4 28,5
25 39,955,5 83.04 34,6 24.5
26 38,931,0 84 .64 31,0 20,5
27 39,272,5 89,88 3444 26,0
28 34,150,0 84,48 29,4 25,5
29 39,614,0 87,88 30,8 19.5
July , o
2 40,980,0 98,58 33.6 26,0
9 32,442,5 87,74 31.2 21,5
12 44,736,5 81,64 33,6 25,0
13 47,468,5 95 .44 35,0 29,0
16 44,053,5 87,16 35.4 27,5
- 17 36,199.0 86,76 31,8 27,5
18 39,955,5 85,56 33.4 24,5
19 35,516.0 75.64 31.4 23,0
20 34,833,0 84,76 334 22,5
23 33,467,0 62,96 31.4 18.5
24 39,955,5 66086 33,0 22.5
25 44,395,0 64,06 35,8 27,0
26 47,468,5 77,18 36,6 28,5
27 46,444,0 74.68 35,0 29,0
30 - 39,955,5 58.94 35,4 28,0
31 71,58 35.4 28,5



TABLE VI (Continued)

/

Q

D te At
Date Energy Lbs, of BEgg Temp. Ambient %empo
Use-~-BTU Eggs Put - = Cooler = Cooler
In Cooler Temperature Temperature
Aug, - ;
1 52,591,0 71.46 38.4 30,5
2 46,785,5 87.06 37.6 30,0
3 48,151,5 86,78 38.4 31,0
6 49,176.,0 7766 40,8 34.0
7 48,834,5 69,16 40,4 34,0
10 41,663,0 57046 36.4 30,0
13 47,127,0 55,96 4004 35,0
14 59,079,5 49,86 40,0 35,5
15 49,517,5 48,56 40.4 35.0
16 58,055.0 49,46 41,2 35,5
17 78,886,5 52,26 41,6 36,5
20 30,052,0 55,96 30,1 11.0
21 26,295,5 36036 31,7 13,0
22 35,857.5 44,74 35,6 20,5
23 40,638,5 43,26 38,0 27.0
24 38,931.0 44,34 39,2 28,5 -
27 40,297,0 50,02 36,8 27,5
28 46,444.0 63,76 38.4 32,0
29 44,053,5 55096 3702 28,0
30 45,761,0 66,36 39,7 34,5
31 31,759.5 82,26 33,6 19.5

i




. TABLE VII

EGG COOLING QUANTITY VALUES FOR TWENTY-FOUR
HOUR PERIODS (SEVEN-CASE COOLER)

39

At

/ = N
Date Energy ‘Lbs, of Egg Temp. Ambient Temp,
Use-=-BTU Eggs Put = Cooler = Cooler
In Cooler Temperature | Temperature
June \
1 12,635.5 38,18 29,7 23.0
4 15,367.5 40,08 34,0 28,5
5 12,635,5 37,78 32,7 27,5
6 16,733.5 39,28 33.4 29,0
7 20,148,5 37,28 34.4 35.5
12 13,660,0 34.28 34,2 26,5
13 14,343,0 35,38 33,0 25,0
14 12,294.0 33,28 32,4 22,0
15 12,977.0 32,48 32,:4 22,5
18 16,733.5 27,12 36,6 31.5
19 15,709,0 31,68 36,6 30,0
20 17,416,5 27.48 36,6 33.5
21 17,075.0 23,68 36,6 35,0
25 15,709,0 20,32 31,5 31.5
26 14,343,0 26,60 33,0 27.5
27 16,050.5 20,46 37.4 33.5
28 - 11,269.5 21.66 32.4 19.0
29 14,684,5 21,36 33,8 23,0
July '
2 13,318.5 20,28 36,6 25,5
9 11,952.5 38,14 34,2 15,5
12 14,684,5 29,70 37,6 25,5
13 15,0260 31,50 38,0 27,0
16 16,050,.5 32,90 39.4 - 30,5
17 15,026,5 31.89 35,8 29:0
18 15,367.5 32,30 o cximens
19 13,318.5 32,30 o e
20 11,952,5 29,70 35.4 16,0
23 12,977.0 32,60 33.4 20,5
24 14,001,5 28,60 36,0 24,5
25 13,318,5 35040 39.8 22,0
26 14,343,0 17,70 40,6 23,5
30 12,635,5 9,48 39,4 25,0
31 14,3430 9,08 39.4 25,5
Aug, .
1 11,611,0 19,20 39.4 26,5
2 13,660.0 10,08 38,6 26,0
3 14,343,0 10,38 38.4 24,5
6 14,001.5 10.78 40,8 24,0




TABLE VII (Continued)
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Q A te' A tC
Date Energy Lbs, of Egg Temp, Ambient Temp,
Use~-=-BTU Eggs Put -~ Cooler = Cooler
In Cooler Temperature | Temperature
Aug,

7 14,001.5 10,98 40,4 2500
10 13,660.0 9,38 37.4 25,5
13 14,343,0 9,88 41,4 27.0
14 16,392.0 9,08 41,0 2605
15 14,684.5 10,68 41.4 27,5
16 15,709,0 11.18 42,2 28,0
17 14,343,0 10.48 " 42,6 30.0
20 11,269.5 15,78 30,1 - 16,0
21 9,220,5 13,68 31,7 9,0
22 11,611.0 15,68 35.6 15,5
23 13,660,0 18.68 37,0 20,0
24 13,318.5 19.88 39,2 23,5
27 14,343,0 18.86 37.8 26,0
28 16,733.5 30,98 39.4 30,0
29 15,026.0 31.38 37,2 27,5
30 16,392,0 40,80 39,7 30,0
31 11,611,0 30,48 33.6 21.0




TABLE VIII

CONSTANT EGG COOLING QUANTITIES

Symbol | 7-Case Cooler

25-Case Cooler

Upy 0893 0867
A 68,56 ft2 220 ft2
Ce | o772 o T72
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TABLE IX

PT VALUES FOR THE TWENTY-FIVE CASE
AND SEVEN-CASE EGG COOLERS

42

Twenty-Five Case Cooler

Sevénacase Cooler

23,01

9274

IT; I, I I, I,
——Q __ |UnA At DATE Q&  UnA Ate
Ce RPATe |Ce P ATe Ce PAte |C, P A%e

June
9.37 0042 1 16,05 - 0179
... 10,64 " ,085 4 17,12 0194
- 10,84 105 5 15,09 2201
13.47 +119 6 17.57 2186
12,11 2126 T 22,29 +240
11,05 2125 8 e EE—
11,34 " L,109 11 e e
8,59 0117 12 16,03 0190
11.64 . 0114 13 16.94 -180
11,99 141 14 15,74 o172
13,80 132 15 17,02 -180
14,85 186 18 23,10 2266
14.68 0176 19 18,19 0217
16,15 2182 20 23,72 279
16.41 »186 21 26599 339
14,97 «193 22l s memenes
18,01 0210 25 28,94 0355
19,22 193 26 22,53 264
16.45 .208 27 29,53 377
17.81 0254 28 22,92 0236
18,95 .178 29 28,91 277
July ‘
16,02 " ,194 2 25,31 +296
15,35 0194 9 13.01 0103
21,12 225 12 19,06 0202
18,40 . 0214 13 7,20 0194
18,49 0220 16 17.85 - 208
16,99 0246 17 19,524 5227
18,10 0212 18 S S
19,37 239 19 T e
15,94 2196 20 15.60 0128
21.93 231 23 16.42 2158
23 .45 0252 24 19,21 0206
25,07 0291 25 13,61 6137
21,76 249 26 28568 28T .
29 PRSI, -



TABLE IX {(Continued)
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Twenty-Five Case Cooler

Seven-Case Cooler

IIq 11, 11y 11,
DATE
23,01 0274 27 e
25,81 +331 30 48,76 2589
25,84 0278 31 57.80 .629
Aug, '

24,83 0274 1 20,40 2285
18,51 0226 2 46,68 0544
18,72 0231 3 46,61 -487
20,35 0265 6 41,23 0432
22,64 »300 7 40,88 0447
25,80 2340 10 51.82 0592
27,00 0382 13 46,54 0536
38,37 439 14 58,46 2578
32,55 -438 15 44,08 »505
36,90 -430 16 34,10 -482
47,00 o414 17 42,61 +545
23.47 0161 20 30,73 0267
29,54 0278 21 27,54 +164
29,16 0318 22 26,94 0220
32,02 2406 23 24,96 0223
29,01 -404 24 22,13 0239
28,35 0368 27 26,76 0297
24,57 0322 28 18,22 200
27.41 0332 29 16,67 0187
22,50 0323 30 13,11 0147
14.88 +300 31 14,66 0162
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TABLE X

ANALYSIS OF COVARIANCE

Deviations From
No, of B » Reg. Regression‘,
Line| Cases |[dfJZX° |SXY [ V' |Coef. | . . S y*— [Mean

Lt Sare

1 7 51 |2,03208 | 1.82420 | 1,97535 | .8977 | 50| 33777 |.00676
2 25 57 12,26016 | 1,66016 | 1.44839 | .7345 | 56 | .22888 |,00409

3 |Within 106 | ,56665 |.,00535
Reg.
4 |Coef, 1] ,02847 |,02847

5 |Common |108 4,29224 | 4.29224 3,42374 | ,8118 | 107 | ,59512 .00556

- . 2
7.Case = 5 Y ~LEXYL = 1,07535 - ALe82420) . 4 gys35 _ ;. 63758

e 2,03208
= 033777
25-Case = 1,44839 - %:gggg)z = 1,44839 - 1,21951 = ,22888
Common = 3 /% %7% = 3,42374 - 2,82862 = 59512
F = nf&—%%%- = 5,3214, d.f, = 1,106

Significance level = 3%
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